
s e c t i o n  mm
VALVE ACTUATORS

FART 1 - GENERA L

un  SECTION INCLUDES

A. Manual and powered actuators for proper opération o f all valves required for equipment or 
systerris.

1 M  RELATED SECTIONS

A. Section 09900—Painting and Coating.

B. Section ! 5060—Pipe and Pipe Fittings.

C. Section 15100—Vsfres, Cocks and Hydrants.

D. Section 15103 Butterfly Valves

E. Section 16010—-Générai Electrical .Requirements.

X.03 REFERENCES

A. AMSÏ 8 9 3 .U 4— Pneumatic Fluid Fower-Systems Standard for Industrial Machineiy.

B. AWWA C500-—Metai Seated Gate- Valves for Water Suppîy Service,

C. AWWA C540—-Power-Actuating Devices for Valves and Sluice Gates.

D. NF.MA ICS-2---Industrial Control and Systems Controllers, Contactors, and Overload Relays 
Not More Than 2000 Volts AC or 750 Volts DC.

1.04 SUBMITTALS

A. Submit under provision of Section 0133 0.

B. Product data: Provide complete data, on valve accessories sufficient to verify compliance with
the Specification's:

1. Provide manufacturer's catalog information with size, dimensions, number o f turns to 
open, materials and assembled weights.

2. Provide wiring and control diagrams for valves with electric actuators,

Î ,05 OPERATION AND M AINTENANCE MANUAL

A. Submit, under provisions of Section 01805.

B. Maintenance data: Include installation and maintenance instructions, recommended spare 
parts lists and exploded assembly views o f actuators and accessories.

i .06 DELIVERY, STORAGE AND HANDLING

A, Deliver, store, protect and handle products to site under provisions of Section 0 j 600.

B. Prepare valves accessories for shipment according to AWWA C.>'10, Section 7.2.

PA RT 1 - PRODUCTS

2.01 MANUAL ACTUATORS

A. General:

1, Provide a manual actuator except where vaives are to have motor or cylinder actuator.
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2. Buried valves or valves operated through floor boxes and as indicated on drawings: 
Wrench nuts.

3. Adequate to seat, unseat, and maintain valve position under ail operating conditions.

4. Provide w ith position indicator o?s each actuator or each operating nut.

5. Position valve actuators so that they are easily accessible, and for ease o f  operation

B, Rotation:

1. Counter clockwise (to the left) to open.

2. The w ord "OPEN” 5 and an arrow indicating the direction to open cast on  each valve body
or aetua

C. Handwheel actuator:

1 - Totally enclosed worm  gear actuator.

uciwneei diameter: o - + A  mcn.es,

3. M ax pull required: SO lb.

A . W ithstand 200 lb puli without damage.

D. Chain wheel actuator:

1. Totally enclosed worm gear actuator, perm anently lubricated and with sealed bearings.

2. Equipped w ith chain guide to permit rapid chain handling o f the chain without “gagging’ 
the wheel and to  permit reasonable side puii on the chain.

3. W ith extensions as required to prevent interference with adjacent, piping or equipment.

a. Hot-dip galvanized carbon steel excqrt where specified otherwise.

b. Looped to extend within 3 feet to 4 feet o f  the floor or finish grade below valve.

c. Smooth, welded, closed link type.

d. Overlapping;, open link type is not acceptable, 

nil] required: 80 lb.

tnstauu 200 1

For valves p laced in a horizontal run, provide 90 degree or 270 degree gearing for 
aclua

8. Install chain wheel actuators o f valves that are higher than 6 ' above floor or oilier 
working platform s

E. W rench nuts:

1. AW W A C500* Section 19.

2. W ithstand 300 foot lb torque without damage.

3. Readily locked in the open, closed, and not less than five intermediate positions.

F. Extension stems:
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1. Provide where indicated on Drawings, or as specified, or as required for proper operation 
and for buried valves.

2. Non-rising stems:

a. Solid steel shafting with O.D. not less than O.D. of valve stem or galvanized steel 
pipe with I.D. not leys than O.D, of valve stem.

b. Connected to the valve by a flexible socket coupling.

c. All other connections pinned, keyed, or socket.

3. Rising stems:

a. Stainless steel or carbon steel shafting with O.D. nor. less than O.D. o f valve stem,

h. Bronze or stainless steel sleeves securely attached to stem.

c. Sleeve length and location to extend through each stem guide throughout the M i
vertical travel o f the stem.

4. Stem guides:

a. Cast iron, bronze bushed, adjustable in 2 directions.

b. I f  extension stem length exceeds 120 inches or the weight exceeds 20 Jb, provide a 
suitable thrust bearing to carry extension stem weight.

c. Maximum spacing:

1) Non-rising stems: i 00 times stem O.D.

2) 10 feet max,

5. Buried valves:

a. Siem extend to within 6 inches of grade.

b. Provide spacers to center stem in valve box.

c. Provide 2” square wrench nut,

6. Operating stands:

a. Provide where indicated on Drawings or as specified.

b. Cast iron or fabricated steel.

e. Thrust bearing: Suitable to carry weight o f  extension stern.

d. Handwheel or lever as indicated on Drawings or as specified:

1 ) Approximately 36 inches above floor.

2) Handwheel minimum diameter; S inches.

e. Sleeve: Provide standard weight galvanized steel pipe for opening in floor beneath 
each operating stand.

G. Valve boxes:

1. Provide for all. buried valves.

2. Cast iron extension sleeve type with boxes and covers.

3. Depth as required for valve.
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4. Minimum diam: 5 inches.

5. Minimum thickness: 3/] 6 inches.

6. Box. cover, and base coated by dipping in asphalt varnish.

7. An appropriate word designating the valve service cast on cover,

2.02 MOTOR ACTUATORS—  MODULATING AND OPEN/CLOSE SERVICE (VALVES 
6  INCHES AND GREATER)

A. Provide motor actuators where indicated on Drawings, for automated system operation or as 
specified for individual systems.

B. Each motor actuator to consist o f motor, gearing, handwheel, l imit ,  and torque switches, 
hjbri.cants, beating elements, wiring, terminals, and integral reversing controller co.nstru.cted as 
a sell-contained unit.

C. Housing: Cast, weatherproof.

D. Operating time from fully open to fully closed or the reverse for modulating valves:
Adjustable from 15 seconds to two minutes.

E. Motors:

1. Mounted horizontally adjacent to or vertically above gearing.

2. Do not mount with motor vertical below gearing.

3. Totally enclosed, high torque, designed expressly for valve operator service.

4. Capable of operating valve under lull differential pressure for two complete open-close
cycles without overheating,

5. Designed in accordance with N3BMÀ Standards.

6. Insulation: Class F or better.

7. Bearings: Permanently lubricated.

8. Voltage tolerance: ±  10 percent,

9. Voltage rating: 1.20 Vt 60 Hz, 1 phase or 480 V, 60 IT?., 3 phase as required.

10. Produce ) .5 times required torque.

P. Gearing:

1. All grease lubricated,

2. Service factor: 2,0.

3. Effectively sealed against entrance o f foreign matter.

4. AGMA nameplate not required.

5. Designed to permit field ratio changes.

6. Designed so motor comes up to speed before stem load is encountered in opening and
closing direction,

7. Conform to AWWA C540.

Gv Handwheel mechanism:

J. Designed so handwheel doesn't operate (hiring motor operation.
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2. Designed so motor doesn't rotate when handwheel is rotated.

3. Provide declutching extensions ro allow declutching of all electric actuators from floor 
level.

4. Actuator responsive to electrical power and control ai all limes, instantly disengaging 
.handwheel.

5. Roiaikm: Counter clockwise to ope;)..

6. An arrow indicating die open direction and the word '"OPEN” cast on the handwheel.

7. Max force required; 801b.

H. Torque switches:

1. Provide opening arid closing torque and thrust limit switches.

2. Micrometer adjustment on each switch:

a. Reference setting indicator.
b. Variability 40 percent.

3. Contact .rating: 6 amp inductive at 120 V AC arid 2.2 amp at 115V  DC.

L Geared limit switches:

1. Space for 4 geared iitttii switch assemblies.

2. Each assembly with 4 separate limit switches.

3. Each assembly geared to driving mechanism and independently adjustable to transfer at
any point between fully open, and fully closed valve position.

4. Contact rating: 6 amp inductive at 120 V ac and 2.2 amp at 1 ) 5 V dc.

5. Set limit switches a> indicated on drawings.

6. Provide 2 limit switch assemblies, 

j. Heating elements:

1. Provide in motor and geared limit switch compartment.

2. Rated 1.20 V ac.

3. Continuously energized.

K. Terminal facilities: Provide for connection to motor leads, switches, siide-wire type position 
transmitter, if  required, and heating elements in geared limit switch compartment.

L. Controller:

1. Integrally mounted reversing motor starter in geared limit switch compartment.

2. Motor overload protective device in each phase.

3. In 480 V. units, a control power transformer with fused and. grounded 120 V secondary,
with voit ampere capacity suitable for starter control plus continuous service to heater 
elements in motor housing and limit switch compartment,

4. A. nameplate o f  permanent type construction on the controller enclosure identifying the 
equipment controlled as with letters and numerals not less than 3/4 inch high,

5. Mechanically and electrically interlocked.
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6. Provided with the necessary direct operated auxiliary contacts for required interlocking 
and control,

7. Pilot devices:

a. In ü weatherproof enclosure dose  coupled to actuator housing if  actuator is easily 
accessible; if  actuator is not easily accessible, locate pilot devices on nearby wall 
or mounting station,

b< Local Open-Stop-Close momentary push buttons.

c. Local-Oiï-Remoîe maintained selector switch.

d. Local Red "Open” and Green “Closed” indicating lights,

S. NEM.Â. Size J. minimum,

9, For modulating valves, provide manual-automatic switch and solid stare modulator to 
receive 4-20 M.A control signal and actuate valve to signaled position.

M, Manufacturers:

1. Modulating service:

a. Tyco/Keystone Series 77.

b. Liiiiitorque Series LI20.

c. Or accepted substitution.

2. Open/Close service:

a. Tyco/Keystoue Series 777 (HPT),

b. J.imitorque Series L120.

c. Or accepted substitution.

2.03 M O TO R  ACTUATORS— GPEN/CLOSE AND M ODULATING SERVICE (VALVES 4
INCHES AND SM ALLER)

A. Provide motor actuators where indicated on Drawings, for automated system operation, or as 
specified for individual systems, Refer to Section 15100 for requirements for small diameter

■ quarter-tum value actuators.

B. Bach motor actuator to consist o f motor, gearing, limit switches, lubricants, heating elements, 
wiring, terminals, and integral reversing controller constructed as a self-contained unit,

C. Housing: NEMA 4 die cast aluminum with baked-on powder coated epoxy,

D. Motors:

1. Thermal overload sensor,

2. 50 percent duty cycle.

3. Voltage rating: 120 V, 60 Hz, 1 phase.

4. Produce 1,5 times required torque.

B. Gearing: Hardened steel gear train.

P. imbrication: Gear train and drive components immersed in multipurpose grease suitable tor
service of 32 degrees F to 150 degrees F.
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G, Limit switches:

1, 2 end of travel limit switches.

2, Activated by independently adjustable stainless steel cams.

3, Contact rating: '! 0 amp inductive at 120 V ac.

R. Heating elements:

1. Provide in motor and geared limit switch compartment.

2. Rated 120 V ac.

3. Continuously energized.

I. Controller,

1. Integrally mounted reversing motor starter.

2. Motor overload protective device, 

j. Manufacturers:

1. Lirriitorque I.,Y Series, Model J 001 with Modutronie Position Control Package for 
modulating valves.

2. Or acc epied equal.

2.04 ACCESSORIES

A. Limit switches:

1. Adjustable mounting or fixed with adjustable cam.

2. Totally enclosed contact rated 6 amp, inductive, at 120 V ac, ntinimum.

3. End of travel or knee action as indicated on Drawings.

.PAST 3 - EXECUTION

3.01 INSTALLATION— GENERAL

A. Install actuators in accordance with the manufacturers instructions.

B. Provide adequate support for aJJ valve actuators to prevent damage or movement m pipe due 
to weight or torque o f actuator.

C. furnish and install any adaptors or accessories needed to mate the valves and actuators 
furnished on the project.

D. Install actuators such that position indicators are visible by standing on operations floor or 
from permanent platform.

E- Valve control stations:

1. Provide for all powered actuators.

2. Install where accessible by standing on operations floor or from permanent elevated 
platibrm.

3. If  valve is not within reach or easily accessible by standing on operations floor or from 
permanent elevated platform, instaii remote valve control station at location acceptable to 
Engineer.
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F.

3.02

A.

B. 

3.03

Â .

B,

Provide minimum distances required from wails and other piping to center of valve to 
accommodate actuator dimensions and to facilitate maintenance of actuator. Immediately 
notify Engineer o f all conflicts or discrepancies.

ADJUSTMENTS

Check and adjust valves and accessories for smooth operation in accordance with 
manufacturer' 3  instructions.

Powered Actuator: Adjust ihnii and torque switches as indicated on Drawings.

FIELD QUALITY CONTROL

Coordinate- inspection of all valves by manufacturer's representative and instruct plant 
personne] on their operation and maintenance.

Provide manufacturer's field services for valves with powered actuators and for other valves as 
required per Contract Documents.

END OF SECTION 15090
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SECTION 15905 

HVÀC INSTRUMENTATION AND CONTROLS

PART 1 -  GENERAL

1.01 SUMMARY

A. Section Includes: This section covers the general requirements for the following:

I. furnishing and installing a complete, fully 
specification and the Construction Documents,

functional control s;ystem per this

2. Pre-assombled control panels.

3. Actuators, thermostats, sensors, transmitters, 
hardware as applicable.

themiowells, gauges. arid mounting

4, Control valves, dampers, linkages, and mounting hardware.

5. Construction supervision.

6. Startup and commissioning.
'-i Demonstration and training.

B, Related Sections: Drawings and general provisions o f the contract, including General and 
Supplementary Conditions, Division 1 Specification Sections, and Section 15500 apply to this 
section.

L Division 15 equipment and system sections with specific control requirements,

2. Section 15990MTesting, Adjusting, and Balancing." for respoiVxifoiJities and procedures o f 
the TAB contractor.

3. Division 16 sections for electrical equipment and wiring requirements and any electrical 
interface to the controls and instrumentation.

€ . Products Supplied, But Not Installed Under This Section:

1. The automatic temperature control valves, separable wells for immersion sensors, and
taps for flow and pressure instruments shall be provided by the Controls Contractor tor
installation by the Mechanical Contractor under the Controls Contractor s supervision,

2, The Controls Contractor shall provide all automatic temperature control dampers, not 
provided by unit manufacturers, lor installation by the Mechanical Contractor under the 
Control Contractors supervision.

1.02 DEFINITIONS

A. It is the intention of these specifications and drawings to call for finished work, tested, and 
ready for operation. Wherever the word ‘'provide" is used, it shall mean "furnish and install 
complete und ready for use. "

B. "Contractor” shall mean the Controls Coutvacror performing work under this Division o f the 
Specifications.

C. Where this specification states work to be performed by the words ‘’shall’* or "secure” or other 
performance functions, it shall he assumed that such, work shall be performed by this 
Contractor unless stated otherwise.

D. The word "Mechanical" applies to ail work specified herein wherever applicable.
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E.

1.03

8 .

C.

1.04

A.

B,

(  *! 

LOS

A.

The phrase "Architeci/Bnginesr* implies that cither may perform the task ai hand 

SYSTEM  DESCRIPTION 

Design Requirements:

1. Type o f System: The automatic temperature control system shall be packaged Digital 
Controls for each piece o f equipment with electric components as required.

2. All digital and analog control loops shall be microprocessor (DDC) controlled unless 
otherwise shown on the Drawing*.

3. Coordination: This Contractor shail interface with controls furnished with equipment. 
Provide additional control devices, interlock, relays, and signal conditioners when 
necessary to accomplish specified sequences.

4. The system shall include all interlocks, field devices, wiring, piping, hardware, and 
software required to provide a complete, functional system in accordance with these 
specifications and drawings.

5. Electrical wiring in connection with the automatic temperature control system, where 
shown on the Division 16 drawings, shall be performed by the Electrical Contractor, AD 
other wiring required for proper operation o f the automatic temperature system shail be 
performed by this Contractor.

6. Adjustments of manual balancing devices, as required to obtain design air and/or water 
flows, shall be by the Balancing Contractor. The Controls Contractor shall provide 
assistance to the Balancing Contractor with control adjustments as required to obtain 
design flows by:

a. Providing on-site instruction on the proper interfacing and operation o f their 
equipment

b. Providing the necessary software for use with the Balancing Contractor's personal 
computer for interfacing with their control equipment. Where proprietary 
software, equipment or gateways are required, this equipment shall be provided for 
the Balancing Contractor’s use.

Unless otherwise indicated, all equipment and performance data listed is for job site 
conditions.

Drawings are not to be scaled.

SUBSTITUTION APPROVALS

Equipment and/or materials manufactured by any one o f the manufacturers listed in this 
specification or on the drawings shall be acceptable.

Where no specific manufacturer is listed, a first-class item of cataloged manufacture shall be 
furnished.

Prior Approvals: Refer to Division 1, Substitutions.

SUBMITTALS

Subm it under provisions of Section 01330.
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B. Schedule: Submittal dam and control drawings for all equipment and systems shall be 
submitted to the Architeci/Engincer for review prior to ordering or fabrication o f  the 
equipment. The following inform ation shall be included iti these submittals:

1. 30 Days or Less Alter N otice to Proceed.:

a. Control valve and dam per schedules.

b. The valve and dam per .schedules shall also be submitted to the mechanical
contractor for rev iew by the piping and sheet m etal eon tractors.

c. Product data for aU products used in conjunction w ith the control system.

2. 60 Davs o r Less After Notice to P roceed:

a. Control drawings,

b. Software information.

c. Test F lau  and procedures.

3. 60 Days, or . M ors Prior to Scheduled Starluff o f the First Controlled S y stem :

a. Software program m ing data.

b. Test plan and procedures,

4. 10 Days o r M ore Prior to Scheduled System  Deworss•.r a 1011:

a. Operational logs as described in Part ?>,

b. Test plan w ith hardware and software- testing results,, calibration reports and
technician cerofical io n .

5• Upon C om pletion o f Training C lasses:

a  V ideotaped record o f all tra in ing .

b. One copy o f  all training materials,

C. Shop Drawings:

1. General:

a. Drawings shall be prepared using com puter aided drafting that can produce files in 
the AutoCAD format,

b. The final or record drawings will become permanent record drawings and shall be 
prepared on 24" x 36”, 4-mil Mylar.

c. Product data shall be in a three-ring binder. Ail. product information shall be 
indexed and tabbed. The product data sheets shall be marked w ith the tag number 
as indicated by the drawings. Ail options, ranges and voltages that are to be 
provided shall be clearly indicated on each product data sheet.

d. Product data shall be submitted describing the operating systems associated with 
the DDC controllers and the workstations. W orkstation software product data 
shall include information on  the connectivity o f  the system using telephone and 
other supported means.

HVAC INSTRUMENTATION AND CONTROLS 
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2. Val ve and Damper Schedules:

a. Valve schedules may be included on the drawings or m the product data. The
valve schedule shall include the following information:

1 ) Valve tag number.

2} System and service.

3 ) Quantity, manufacturer and model number.

4) Type (two-way or three-way).

5) Fail Position.

6) Body Size,

7) Flow (gpm).

8) Cv.

9) Rangeabilily.

10) Actual pressure drop.

11} Ciose-ofi'rating-

12) Actuator model number.

J 3) Spring range.

h. Damper schedules may be included on the drawings or in the product data. The
damper schedule shall include the following information:

1) Damper tag number.

2) System and service.

3) Quantity.

4} Size.

5) Manufacturer and model number.

6) FaiJ position.

?) Type (opposed, parallel).

8) Actual pressure drop.

9) Quanti ty of actuators.

10) Actuator model number.

11) Actuator spring range.

3. Drawings:

a. Drawings that cannot represent the total information on one sheet shall include 
appropriate match lines, cross-vetereiices and key pians. An example of this is a 
building floor plan.

h. The drawing package shall include:

I ) Cover sheet with a drawing index listing all included drawings.
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2) A network diagram showing the network architecture and the une
relationships o f the panels on the network. This drawing snail include ail 
network devices including; surge suppressors, lightning arresters, repeaters, 
modems, gateways and routers. The power source, panel address, and 
physical location (room num ber) shall he shown for each device. Where 
external batteries or other' pow er supplies are used they shall be shown on this 
drawing.

3) Control schematics and flow diagrams for each system  monitored or
controlled. These diagrams shall include:

a) A  ladder diagram showing all wiring and pneum atic tubing associated 
with the controller. The location o f the electrical power panel with 
breaker num ber shall be show a  for all power sources.

h) Details showing the interconnection w ith m otor starters, variable
frequency drives and the associated bypass sections, chillers, boilers and 
other types o f equipment. These details shall include w ire numbers and 
terminal designations. The m ounting locations o f  aii control equipment 
shall be included.

c) A bill o f  materials shall be included with each control schematic. The 
bill o f  materials shall include the tag name used on the control drawing, 
description o f the product, name o f  the manufacturer, complete model 
number, m easurem ent range (ifapplicable) and quantity.

d) A complete input/output schedule for each DDC controller shall be
included w ith each control schematic. The point name (the same one
used in the software), and a functional description o f  the point shall be 
included in the I/O summary.

e) A  sequence o f  operation shall be included with each control schematic. 
The sequence shall reflect actual programming, including all time delays 
and software interlocks. Copies o f  the sequence that appear in this 
specification are not acceptable.

f) F loor and ro o f plans showing the location of control panels, sensor, and 
mechanical equipment. The floor plans shall show the location o f duct 
and space static pressure sam ple points.

D. Software; Software submittal shaii iucJude the following:

1. Point listings shall include all hardware and software points, A  description o f the point 
shall be provided. The default values o f  each point shall he shown.

2. Program listings for each piece o f controlled equipment shall be provided. The program 
listing shall be com plete with all data required for controller operation.

3. Submit a color printout o f  each graphic. The graphic shall show temperature, status, 
position and. all data points that will appear on the screen. At the con tracto r's  option, the 
graphics m ay be submitted on CD or disk provided that all required software for me 
display o f  the graphics is also furnished.

4. A  listing o f  all alarm s and the alarm limits and tim e delays shall be provided.
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E. Quality Assurance/CoMroi Submittals;

:. Test Flan and Procedures: T he test plan shall include the following :

a. Certification documentation for each hardware point. Certify that the point was
tested and cycled to prove functionality. Include the calibration data, initial and 
final readings and the required offset.

b. Procedures to r the seven-day test.

c. C ertification docum entation for software sequence o f operation,

d. The test plan shall be coordinated w ith Section 15990 “Testing, Adjusting, and
Balancing” Contractor.

F . C S o seout Su bmi tt al s :

1. Project Record Documents:

a. Upon com pletion o f  the installation, provide a com plete set o f  record (ay-built) 
drawings on a clear and Legible set o f  M ylar transparencies. The content and 
ionisât o f  the drawings shall be as described previously.

b. Prior to final com pletion o f the installation, prepare com plete Operation and
M aintenance (O&M ) manuals. R efer to Division 1. Section 01300, and Division 
15, Section 15500, for requirements, Aiso provide one set o f  CAD-prepared 
drawings in AutoCAD. Format shall be .DWG files.

Assist Division 15 Contractor in preparation o f  a simplified description o f  the 
operation o f  all systems including the function o f  each piece o f  equipment 
w ithin eaeli system. These descriptions shall be supported w ith a schematic 
How diagram when applicable.

Tem perature control diagrams including an explanation o f the control 
sequence o f  each system along with the following instruction wherever 
applicable.

a) Emergency procedures for tire or failure o f  m ajor equipment.

b) Normal stalling, operating, and shutdown, 

e) Summer or w inter shutdown.

c. The tem perature control diagrams are to be wail-mounted under glass (or in 
plastic) in an accessible location, preferably in the m ain m echanical equipment 
room.

d. Control System Program m er s manual with complete description o f the custom
control language and associated editor, including sample-written programs.
Provide com plete sets o f  all programming forms, applications memorandums, mid 
addenda to  the program mer's manual. All software and firmware fiigorithms shall 
be com pletely described and documented.

e. M aintenance, installation, and engineering m anuals) that el early explain how to
debug hardware problems; how to  repair o r replace hardware; preventative 
m aintenance guidelines and schedules; calibration procedures; and how to
engineer and install new points, panels, and operator interfaces.

1)

2)
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f. Documentation o f  all software: List separate]y all software parameters that may 
need updating by the Owner., suck as, though not lim ited to, daily start/stop 
schedules; setpoints: alarm points; control loop cascade, and P1D parameters, etc.

g. All programs, code, databases, graphic files, CAD drawings.-and symbol libraries 
generated for operation o f  the system shall be included as part o f  the system 
documentation. This information shall be submitted both in hard copy bound 
formal and electronic format.

h. input/output schedules, data sheets, and all other items required. Describe all 
regular maintenance that will need io he performed on the DDC hardware. 
Provide list o f  recommended spare parts. List all replacem ent parts with part 
numbers.

i. Com plete original issue documentation, installation, operation manuals, and 
supporting software for all third-party hardware and software lum ished and 
installed as part o f  the system or required for the operation o f  the system, 
including remote terminals, u se rs  com puter workstation, monitors, graphics and 
memory hoards, network servers, printers, and modems.

j. All software licenses, w arranty certificates and documentation for all hardware
and software including third party hardware and software shall be provided.

k. AÜ testing, startup, calibration and checkout reports and checklists.

I. A  list o f  recommended spare parts w ith part num bers arid supplier.

in. Recommended preventive maintenance procedures for all system components
including a schedule o f  tasks (inspection, cleaning, calibration, etc.), time between 
tasks, and task descriptions.

Î.06 QUALITY ASSURANCE

À. Qualifications:

1. A pproved Controls M anufacturers and Installing Contractors:

a. Honeywell. Factory branch office.

b. Johnson Controls. Factory branch office.

c. Siemens Building Factor)-’ branch office.

?.. M anufacturers not listed in item A above may request approval by submitting a proposal
at least 30 days prior to bid date. The proposal shall include the information listed
below.

a. A  listing o f  all personnel that will be assigned to this project, their position, and a 
resum e o f  experience.

b. A n analysis o f  com pliance to this specification. Indicate for each paragraph
com pliance or exception. I f  the product or service does not completely match the
requirem ents, indicate exception and describe fully the area{s) o f  deviation and 
their impact on system functionality. This analysis shall be presented i n  the 
opposing page format. The specification shall he presented on one page with the 
com pliance or exception described on the opposing page.

c. A sample o f  the as-built docum entation for a project o f  sim ilar magnitude. This 
sam ple shall include item s specified in Section j 590.5 insofar as possible.
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d  A list o f  references w ith p ro jec t descrip tions fo r five locai installations o f  sim ilar 
scope and  m agnitude. Include con tac t nam es and phone num bers fo r an operating 
e n g in e e r , facility m anager and the co n su lting  eng ineer fo r  each reference.

B . R egulator)' R equ irem ents- R efer to  S ection  15500 fo r general code, standard, and regulatory 
requirem ents.

C . T h is installa tion  shall no:: be  used  as a  test site  for any  new  products unless explicitly  
approved by the O w ner's rq>resentative in w riting . 'This requ irem ent is no t intended to 
restrict the C ontractor to the  use o f  ou tdated  equipm ent.,

D. A ll products used m  this insta lla tion  shall he new  and  currently  under m anufacture. Spare 
parts shall be availab le  for a t least five  years after com pletion  o f  th is  contract.

.07 WARRANTY

A. R efer to S ection  15500 for general w arran ty  requirem ents.

B . Special W arranty:

). T h e  w arranty  period  shall begin as authorized by  th e  O w n e rs  represen tative in w riting. 
C om pletion  shall no t occur before th e  C on trac to r has perform ed the tests required  in 
A rticle 3.

2. T he contro l system  shall he  w arran ted  to b e  free from  defects in  m aterial and 
w orkm anship  and in softw are design  and  operation  for a  period  o f  one year after 
com pletion  o f  the  contract. T he C ontrac to r shall provide the  necessary skills, labor, and 
parts to  ensure that all system  and com ponent failures are prom ptly  repaired. This 
w arranty shall becom e effective starting  on the  date o f  com pletion .

3. T he C ontrac to r shall rece ive  calls during  the w arranty  period  fo r all p roblem s or 
questions experienced  in the  operation  o f  the  installed  equipm ent and  shall take steps to 
correct any  deficiencies that m ay exist. T he response tim e to critical p roblem s shall he 
four (-0  hours m axim um .

4. T he C ontrac to r shall m ain tain  a  backup o f  ail softw are installed  in  the system . The 
backup  shall be  updated  m onth ly  o r w henever a change to  the softw are is m ade. A 
re load  o f  backup  softw are in to  the system  shall h e  perfo rm ed  by the C ontractor 
im m ediately  upon notifica tion  by th e  O w ner. T he re load  shall be free o f  charge unies? it 
is due to  a  p ow er failure o f  a dura tion  lo n g e r  th an  the battery  backup.

5. T he C ontrac to r shall op tim ize all control softw are to  ensure acceptable operating  and 
space cond itions and peak energy  efficiency. T h is -shall include changes needed to 
optim ize operation, o f  the system s even  i f  n o t exp lic itly  described  in C ontro l Strategies.

6. T h e  C ontrac to r shall provide and  insta ll at no ex tra  cost all hardw are, firm w are, and 
softw are u pdates released p rio r to  and  during the w arranty period. T hese updates shall 
be installed and folly im plem ented  on  every  device to  w h ich  they  apply, th roughout the 
p ro ject. W ritten  au thorization  by the O w ner m ust he ob tained  p rio r to  the insta lla tion  o f  
these changes.

7. A t the end o f  th e  w arranty period, the  C on trac to r shall supp ly  updated  copies o f  the 
latest versions o f  all p ro ject record  docum entation  as described above in  P ro ject R ecord 
D ocum ents. T h is includes final updated draw ings, softw are docum entation, arid 
m agnetic  m edia backups that inc lude  all changes that have been  m ade to the  system  
during  fhe w arran ty  period,
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1.08 D E M O N ST R A T IO N  AND T R A IN IN G

A .  This Contractor shall provide a m inim um  o f  eight hours o f system and control demonstration
tim e at the jo b  site for the Ow ner's personnel.

B. This Contracter shall provide at least 12 hours o f classroom training sessions at times and
location as directed by the Owner. The training shall focus on design, operation, and
maintenance procedures o f the products installed and shall eov er;

1. Hardware configuration including .PC boards, switches, communication and point 
wiring, and location o f  all sensors and control devices.

2. Hardware maintenance, calibration, troubleshooting, diagnostics, and repair instructions.

3. Operation o f  central workstation, including logging on and off, interrogating the system, 
producing reports, acknowledging alarms, overriding com puter control, changing 
iirm ware and software param eters, and generating and linking graphic screens.

4. The operational sequence o f  each system including normal and abnormal operating 
modes, operating control strategies, and operator actions required to reset, o r m onitor the 
system.

5. Programming, using the editor, program design, syntax, compiling, and loading o f 
custom control software.

6. Recovery procedures from pow er failures.

7. Alarm formats and assignment.

8. M aintaining software and program m ing backups.

C. The instructor^) for the above sessions shall be em ployee^) o f  the control Contractor whose 
prim ary function is custom er training and applications support.

D. Provide the Owner w ith a complete video (digital format) o f  all dem onstration and training 
sessions conducted under this section.

k .  The training may be phased. Owner may elccl to conduct training in four-hour sessions over
the life o f  the warranty period. The iuli compliment o f insfaicr.io.ua] material shall he 
available to each em ployee at each training session up to a maximum o f  ten (10) individuals.

1.09 OWNERSHIP OF PROPRIETARY MATERIAL

A. All project-developed software and docum entation shall become the property o f  the Owner.
The Owner shall retain the right to duplicate and/or modify such for use at this facility. 
These docum ents shall not be copyrighted. These include but are not lim ited to:

Project graphic images.

2. Record drawings.

3. Project database.

4. Job-specific application program m ing code.

5. All project specific docum entation,

P A R T  2 - PR O D U C T S 

2.01 MANUFACTURERS

A. DDC system shall he by Honeywell. Johnson Controls, o r Siemens Building Technologies.
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B, Electric control devices shall be manufactured by Honeywell. Johnson Controls, Siemens 
Building Technologies, or S1EBE.

C- Regardless of the manufacturer, the specific products and design chosen shall meet die 
requirements of this specification.

D. Electric actuators shall he UL listed as manufactured by Belimo, Honeywell, Johnson 
Controls, Siemens Building Technologies, or SIEBB.

2.02 CO NTROL W IRING

A. Cables shall be shielded when so recommended by manufacturer. Conductor size shall he in 
accordance with manufacturer's recommendations subject to specified minimum size. Sec 
Parr. 3 for allowable types.

B. All Sow-voltage cables in ceiling plenums, not in raceway, shall he UL listed for air plenum 
service.

C. All insulated wire to be copper conductors, UL labeled for 90 °C minimum service.

D. Raceway for wiring shall he per Division 16.

2.03 TRANSIENT VOLTAGE  PROTECTION

A. TVSS surge protectors,, for incoming 120 VAC power to controllers: Leviton 51020WM, or
equal. Surge protectors furnished shall be UL 1449 listed. The rnax-imuni single-pulse 
transient current shall be 26kA; noise rejection at 50 ohms -40 to -50 for 5K lo lOOmhz, the 
cat B3 combination wave peak clamping voltage shall be L-N 300 V, L-G 350 V, the UL 
1499 ratings shall be L-N330V, L-G 400V, Fault current rating (AIC rating assigned per UL) 
shall he 5.000A.

}. Transient voltage protection for all twisted pair, telephone and coaxial data 
communication lines between controllers shall be per manufacturer recommendations. 
Provide ail required repeaters to ensure signal, integrity.

2. Lightning arresters on all communications and other lines -hat exit the building shall be 
per manufacturer recommendations,

2.04 CONTROL DAMPERS

A. Motorized control dampers, unless otherwise specified elsewhere, shall be as ibiiows:

1. Control dampers shall be parallel or opposed blade type as below or as scheduled on 
drawings.

a. Outdoor and/or return air mixing dampers and face and bypass (F&BP) dampers 
shall be combination parallel/opposed blade, approximately 57% OB, arranged to 
direct air streams towards each other. Ruskln CD 403 type or equal.

b. Other modulating dampers shall be opposed blade type.

c Two-position shutoff dampers may be parallel or opposed blade type with blade
and. side seals.

2. Damper frames shall be built to the structural equivalent o f 13-gauge steel channel and 
shall be galvanized or extruded aluminum with reinforced corner bracing.

3. Damper blades shall not exceed 8 inchcs in width or 48 inches in length. Blades are to 
be suitable for medium velocity performance (2,000 fpm). Blades shall be not less than 
16 gauge.
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4. Dam per shaft bearings shall be oil im pregnated bronze or stainless sled ,

5. Ail blade edges ami top and bottom o f  the frame skill be provided with replaceable butyl 
rubber or neoprene seals. Side seals shall be spring loaded stainless steel. The blade 
seals shall provide for a m aximum leakage rate o f  10 cfm per square foot at 4 inches w.c. 
differential pressure. Pressure drop shall not exceed 0.10 inch w.c. at a wide-open face 
velocity o f 1,500 ipm. The dampers shall have triple V type blades.

6. Individual dam per sections shall not be larger than 48i! x 60". Provide a minimum o f  one 
damper actuator per section.

7. Dampers shall have exposed linkages. Dampers with exposed gear linkages are not 
acceptable.

%. Ruskin or equa l

2.05 LOCAL CONTROL PANELS

A. All indoor control cabinets shall be fully enclosed JNTEMA 1 construction with hinged door, 
key-lock latch, baked enamel finish, rem ovable subpanels. walUmcrurited or freestanding. All 
temperature control panels on the proj ect shal i. be keyed alike.

B. AH outdoor control cabinets shall be fully enclosed N EM A  12 construction with hinged door, 
external key-lock latch, baked enamel finish, rem ovable subpanels, wail-mounted or 
freestanding. A il temperature control panels on the p ro ject shall be keyed alike.

C. Panels shall house the microprocessor, communication interlace, ail controllers (except those 
required at VAV boxes), relays, indicators, transmitters, switches, pilot lights, override 
timers, etc., to allow quick access for adjustm ent and troubleshooting.

D. Manual switches and indicating devices shall be Hush-mounted on panel face. Provide 
engraved plastic or lithographed m etal nam eplates for all item s on the panel face.

E. Internal com ponents shall be securely mounted on removable subpaneh. Bach component 
shall be individually labeled w ith (unction and device identification, as shown on 
control/interlock shop drawings.

F. Interconnections 'between internal and face-mounted devices prewired with color-coded 
stranded conductors neatly installed in plastic troughs and/or tie-wrapped. Terminal blocks 
shajj be provided ib r  all field con/iecnons, and shall be UL  listed for 600-volt service, 
individually identified per control/interlock drawings, w ith adequate clearance for field 
wning,

1. Control term inations for field connection shall be individually identified per control 
drawings.

2, All internal wiring betw een panel m ounted devices and Held term inai blocks shall be 
marked on both ends with the appropriate identifying tag.

G. Provide on /o ff pow er switch w ith over-current protection for control power sources to each 
local panel.

R. Provide Ethernet connection at cach m ain  DDC panel in each mechanical room.
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2.06

A.

B.

2.07

À.

CONTROL DEVICES - ELEC TR IC  

Room Thennostats:

1. All wall-mounted room thermostats or sensors shall have locking covers will} concealed 
selpoim adjustment Omit thermometers when possible.

2. Line voilage thermostats sha! 1 be UL listed, SPDT, SPST, or DPST with contact rating 
suitable for application, maximum 2°F differential.

3. Low voltage thermostats shall be single or multi-stage heating and/or cooling type as 
required by application.

a. Combination heating/cooling thermostats shall have independent adjustments for 
heating and cooling setpoints and shall not allow setpoint crossover.

b. Provide individual heat or cooling anticipator for each control stage. Anticipator
shall be matched to connected load, or shall be adj astable.

c. Suitable switch, sub-bases shall be provided when required by application, with 
switch functions clearly identified by permanent label*. Field-applied "stick-on*’ 
labels are not acceptable.

d. Microprocessor-based programmable type thermostats, when used, shall not lose 
lime or program on power fai lures of i 2 hours or less,

4. Provide scale ranges (minimum) with locking type stops for various applications as 
follows:

a. Heating - Occupied areas: range 55-85”F, 72° max. -- stop.

b. Cooling - Occupied areas: range 55~S5°F, ?5:: min. -  stop.

5. Provide metal guards with security screws for ail thermostats located in public areas 
such as lobbies, corridors, gyms, cafotenas, etc.

Duet, Immersion, and Outdoor Thermostats:

1. Provide single or multistage type with contact arrangement and rating suitable for 
application. Line voltage units shall be UL listed.

2. Sensing element shall be liquid -filled remote bulb type or bi-metal type as required

a. Remote bulb type shall have sufficient capillar/ lengths to allow mounting of
thermostat at convenient location for adjustment.

b. Provide separable wells for immersion applications, 

o. Provide sun shields for outdoor sensing bulbs.

d. Provide ambient temperature compensation where thermostat body is subjected to
outdoor ambient temperature variations.

3. .individual stage differential -2°F maximum (fixed). Provide adjustable differential type 
when thermostat is used for capacity control o f DX refrigeration or to cycle fans.

s o l i d - s t a t e  s e n s i n g  d e v i c e s

Temperature sensors shall be thermistor (10K or 20K), or platinum RTD type (100-ohm wire 
wound, or 1,000~ohm, thin film. Accuracy shall be ±0.5°F with stability o f 0.25~F over live
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years. Sensors used for BTU calculations shall be accurate to i0 .2 °F  or 1% o f span, 
whichever is less,

1. Space (room) sensors shall be surtace-m ounted in a suitable protective enclosure. Space 
sensors serving V AV boxes or duct heating coils .shall have a setpoint adjustment. YAV 
term inal sensors shall have a netw ork co rrec tio n  jack. Covers shaii be blank, without 
any company logos. Provide insulating m ounting base on all sensors on exterior walls.

2. Duct and im mersion sensors shall he im m une to m oisture and shall bave a junction box 
for  electrical connections. Sensing elem ent shall be suitable for the application.

a. Provide averaging elements for rn ixed air applications.

b. Provide separable wells and insulation extension tor im m ersion applications.

c. Provide sun shields for outdoor sensors.

B, Thermowells for all immersion sensors shall be brass or stainless steel as recommended by 
manufacturer for the application. They shall have l/2-m ch or 3/4-i.uch external N PT threads 
and shall provide for extension o f sensor electrical j unction box on insulated pipes.

C. Carbon Dioxide sensor: Unii shall have a non-dispersive infrared (NDIR) detection cell, 0" 
2,000ppm m easurement range, adjustable span, automatic electronic zero, ±75 ppm annual 
drill, ±20 ppm  repeatability and 5% accuracy. Unit shall require calibration not m ore than 
annually, shall have 4-20 m a analog output, high limit N.O. alarm relay, 4-digit digital 
display, and duct sampling tubes for duct-mounted applications, Provide calibration kit. Kele 
CD -I or equal.

2 M  TRANSMITTERS - SOLID-STATE

A. Transmitters shall have sensing elements suitable for application.

B. Transmitters shall have dkect-aclm g, linear output signal compatible with control 1er, w ith full 
scale accuracy as described below. Zero and span shall be field-adjustable.

1. Transm itter range (span) shall be suitable lor application, typically as follows: 

s. Static Pressures:

1) Building S.P. -0.1 inch to -H \1 inch w.g.

2} Supply duct S.P. 0 inch to 3 inch w.g. or 1.0 inch to 4 inch w.g.

3) W ater pressure. O tolO O psig .

4) W ater differential pressure 0 inch to 300 inch w.g.

2. Transm itter sensing elem ents shall w ithstand continuous operating conditions plus or 
minus 50% greater than calibrated span without damage.

2,09 AUXILIARY DEVICES - ELECTRIC

A. Damper end switches shall be UL listed, line voltage SPOT snap-acting, pilot duty rated (125 
VA minimum) NEM'A 1 enclosure, with, roller type actuating arm suitable for damper 
pos i tion appl ication.

B. W ater pressure switches shall be diaphragm  operated w ith fully adjustable setpoint. Switch 
shall have visible set point indicator. Unit shall have 316 SS diaphragm. Operating range 
shall be as required by the process. United Electric series 490 or equal.
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€ . Control relays shall be UI, listed plug-irj type with dust cover and LED ’’energized'1 Indicator.
Contact rating, configuration, and coil voltage suitable for application. Idee series RH/-L. 
ULAC or equal. Provide diodes to limit back EMF on. all DC relays and MO’Vs on AC.

D. Time delay rdays shall be UL listed solid-stale plug-in type with adjustable time delay. 
Delay shall be adjustable plus or minus 200% (minimum) from setpomt shown on plan*. 
Contact rating, configuration, and coil voltage suitable for application. Provide NEMA 1 
enclosure when not installed in local control panel. Seimens scries CR or equal.

E. Control transformers shall be UL listed. Class 2 current-limiting type, or shall be famished 
with cverourrent protection in both primary and secondary circuits for Class 2 service.

F. Manual control switches shall be UL listed for use in NEMA 1 enclosures with contact 
arrangement and rating suitable for application. Bat handle or knob actuator with nameplate 
clearly identifying function of each switch position.

G. Current-operated switches shall be self-powered, solid state split core with' manually 
adjustable trip current. The switches shall be selected to match the current of the application 
and output requirements o f  the DDC system. Where used in conjunction with variable 
frequency drives the current operated switch shall be recommended for such service by the 
manufacturer, The Current switch shall have a maximum hysteresis of 0.01A in the 1.5A to 6 
amp range. Manufacturers; Neilsen-Kuljian, Yeris industries or equal.

H. Current transducers shall be 4-20 ma output soiid state with :t0.5% of fui I scale accuracy. 
Unit shall have reverse voltage protection, and a Hat frequency response from 20 to 100 IT?.. 
The range shall be selected to meet the application. Manufacturers: Neilsen -KuJjian AT-420, 
Yeris Industries Haw key e 720, or equal,

L Power Supplies:

1. Unit output shall match the required output current and voltage requirements. Current 
output shall allow for a 50% safety factor. Output ripple shall be 3.0 MV maximum P-P 
Regulation shall be 0,10% line and load combined, with 50-microsecond response time 
for 50% load changes. Unit shall have built-in over voltage protection,

2. Urnt shall operate between 0°C and 5U°C EM/RF shall meet FCC Class B and VDE
087; for Class B, and MIL Standard 810C for shock and vibration.

3. Unit shah be UL recognized.

4. Sola or equal.

2.10 ACTUATORS AND PO SITIO N ER S - ELECTRIC

A. Externally mounted damper actuators

1. Electronic direc t-coupied actuation shall be provided.

2. The actuator shall be direct-coupled over the shaft, enabling it to be mounted directly to 
the damper shaft, without the need for connecting linkage. The fastening cEamp assembly 
shall be o f a !lV ” bolt design with associated "V'* shaped toothed cradle attaching to the 
shaft for maximum strength and eliminating slippage.

Spring return actuators shall have a "Vi! clamp assembly of sufficient size to be directly 
mounted to an integral jae.kshait o f up to 1.05 inches when the damper is constructed in 
this manner. Single boh or set screw type fasteners are not acceptable.
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3- The actuator shall have electronic overload or digital rotation sensing circuitry to prevent 
damage to the actuator throughout the entire rotation o f  the actuator. Mechanical end 
switches or magnetic clutch to deactivate the actuator at the end of rotation arc not 
acceptable.

4. For power-failure/safety applications, an internal mechanical spring return mechanism 
shall be built into the actuator housing. Non-mechanical forms of fail-safe operation are 
not acceptable.

5. AJJ spring return actuators shall be capable of both clockwise or counterclockwise spring 
return operation by simply changing the mounting orientation.

6. Proportional actuators shall accept a 0 to 10 VDC or 0 to 20 mA control input and 
provide a 2 to 10 VDC or 4 to 20 mA operating range. An actuator capable of accepting 
a pulse width modulating control signal and providing full proportional operation o f the 
damper is acceptable. All actuators shall provide a 2 to 10 VDC position feedback 
signal.

7. All 24 VAC/VDC actuators shall operate on Class 2 wiring and shall not require more 
than 10 VA for AC or more than 8 watts for DC applications. Actuators operating ou 
120 VAC  power shall not require more than 10 VA. Actuators operating on 230 VAC 
power shall not require more than ) 1 VA.

S. All non-spring return actuators shall have an external manual gear release to allow 
manual positioning o f the damper when the actuator is not powered. Spring return 
actuators with more than 60 in-lb torque capacity shall have a manual crank tor this 
purpose.

9. All modulating actuators shall have an external, built-in switch to allow the reversing of 
direction o f rotation.

10. Actuators shall he provided with a conduit fitting and a minimum three-foot, electrical 
cable and shall be pre-wired to eliminate the necessity of opening the actuator housing to 
make electrical connections.

11. Actuator size and rating shall be suitable for intended application.

12. Damper actuators shall be selected per manufacturer’s recommendations to provide 
sufficient close-off force to effectively seal damper. Modulating actuators shall provide 
smooth modulating control under design llow and pressure conditions. Furnish a 
separate actuator for each damper section.

13. Actuators shall be Underwriters Laboratories (UL) Standard 873 listed.

14. Actuators shall be designed for a minimum of 60,000 foil stroke cycles at the actuator's 
rated torque and shall have a 2-year manufacturer's warranty. Manufacturer shall be 
IS0900Î certified. Actuators shall be as manufactured by BEL1MO or equal

B. Valve and internally mounted damper actuators:

1. Electric actuators shall be either push-pull magnetic, hydraulic, direct coupled or rotary 
(gear-train) type for two-position or modulating set vice as required by application. All 
electric actuators shall be UL listed with NEMA 1 enclosures, unless otherwise 
specified,

2, Actuators shall be permanently lubricated; gear-train units shall be oil-immersed type or 
shaii have permanently lubricated high-density polymer gears.
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3. Actuator housings shall be o f sturdy construction.

4. Ambient temperature range shall be at least 40° to 120°F. except actuators subjected to
outdoor ambients shall have ambient range ot‘-20® to 125°F minimum.

5. Input signal requirements and voltages compatible with controller output signals.

6. Actuator size and rating shall be suitable for intended application,

7. Damper actuators shall be selected per manufacturers reeommendations to provide
sufficient close-off force to effectively seal damper. Modulating actuators shall provide 
smooth modulating control under design flow and pressure conditions. Furnish a 
separate actuator for each dam per section.

8. Valve actuators shall provide tight close-off at design system pressure. Modulating 
actuators shall provide smooth modulation at design flow and pressure conditions.

9 . Actuators shall have a spring return to fail to the safe position as indicated on the 
drawings. Actuators relying on batteries axe not acceptable.

10. Approved manufacturers/models are:

a, Honeywell M600, M70G, M'800. M900 series.

b. Johnson M l00 series. DA3000 series.

c, Belimo.

d. Siebe.

C. Electric actuators .for ball Valves shall be 24 VAC electronic proportional spring return with
input aud feedback output signals o f 2 to lu  VDC. Actuator shall rotate 95° in 150 seconds 
or less and shall spring return to normal closed position in 20 seconds or less on power 
failure. A.cruator shall have hex crank manual override.

1. Actuators and all accessories shall be provided by the valve manufacturer and shall be 
factory-mounted and aligned to the valve body,

2. Actuators shall incliKie weathertight covers when located outdoors.

3. Relimo or equal.

2.11 SAFETY CONTROLS

A. Low Temperature Limit Safety Controller: Shall be ÜI, listed, manual reset type, with 20-
foot, non-averaging elements and auxiliary contacts for alarm purposes. Any one foot of 
element sensing temperature below aetpcint shall trigger fan shutdown. Provide one Low 
Temperature Limit Safety Controller for each coil section of each coil bank (e.g., one coil 
with three sections requires three Low Temperature Limit Safety Controllers). Wire Low 
Temperature lim it Safety Controller to protect unit in both hand and automatic operation.

FART 3 -  EXECUTION

3.01 EXAM INATION

A. The project plans shall be thoroughly examined for control device and equipment locations, 
and any discrepancies, conflicts, or omissions shall be reported to the Architect/Engineer for 
resolution before rough-in work is started.
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R. The contractor shall inspect the site to verify that equipment cm  be installed as shown, and
any discrepancies, conflicts, or omissions snail be reported to the Architect/Engineer for 
resolution before rougli-in work is started.

3.02 CONTROL WIRING

A. All control and interlock wiring shall comply with the nations] arid local electrical codes and
Division 16 o f these specifications. Where the requirements o f this section differ with 
division 16 the more restrictive requirements shall take precedence. Control wiring shall be 
concealed except in equipment rooms.

R. All Power (line voltage) and Class I wiring shall he UL listed in approved raceway per'NEC
and Division 16 requirements.

€ . All Power limited circuits (Class 2 or Class 3) .shall also be in metal raceway, except as
follows:

1, Concealed and accessible locations including ceiling return air plenums: Approved 
cables not in raceway may be used provided that:

a. Circuits meet ’NEC Class 2or Class 3 (current-limited) requirements. (Low* 
voltage power circuits shall be sub-fused when required to meet Class 2 or Class 3 
current-Rmit.)

b. All cables shall be UL listed for application, i.e. Cables used in ceiling plenums 
shall be UL listed specifically for that purpose,

D. Approved Cables not installed in raceway s shall be subject to the following :

1. Install wiring in sleeve where wiring passes through walls and floors. Maintain the fire 
rating (if any) at all. penetrations.

2. Cables shall be supported from or anchored to structural members. Cables shall not be
supported by or anchored to ductwork, electrical conduits, or ceiling suspension systems.
All pleuum cable and installation shall comply with the requirements o f the NEC,

3. Network data cables shall be identified with permanent labels installed every 12 feet.

4. Exposed splices shall not be permitted. Cable shall be installed without splices between
terminal points.

5. Maintain a minimum o f 6 inches from high temperature equipment (e.g.. steam pipes, 
flues, etc,).

L. Ail cable conductors shall be minimum 18 AWG stranded, except 19 AWG may be used for
home runs to central control panels, and minimum 22 AWG. twisted pairs for resistance type 
sensors and/or data communication cables. Cables shall be shielded when so recommended 
by the manufacturer. Line voltage power and interlock wiring conductors shall be TMHN, 14- 
gauge minimum. Size wire m accordance with N!*C.

F. All wiring shall be installed as continuous lengths with no splices permitted between 
termination points.

G. Aii control wiring shall be installed in a neat and workmanlike manner parallel to building 
lines with adequate support. Install without splices between terminât points.

H. This Contractor shall terminate ail control and/or interlock wiring and maintain updated (as- 
hiiiit) wiring diagrams with terminations identified at the job site.
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I. F lexible metal conduits and isquid-dgfK, flexible metal conduits sb.aH not exceed 3 feet in 
length and shall be supported at each end. Flexible metal conduit less than 1/2-inch electrical 
trade size shall not be used. In areas exposed ro moisture, liquid-tight flexible metal conduits 
shall be used,

J. Provide conduit seahofis where portions o f  an interior raceway system pass through walls, 
ceiling or floors that separate adjacent room s having substantially different maintained 
températures or when a racewav goes from indoors to outdoors.

K. W iring for analog inputs shall not be run in conduit containing 120 VAC wiring or any wiring 
thaï carries sw itched signals or any noise-generating sources.

Ï,. Follow m anufacturer’s installation recom m endations for all communication and network
cabling. N etw ork o r communication cabling shall be ran  separately from other wiring. When 
plenum  cable is not allowed, network or communication wire shall be installed in  a dedicated 
raceway. O ther w iring in communications raceway is not allowed.

3.03 TRANSIENT VOLTAGE PROTECTION

Â. This Contractor shall provide and install:

1. Transient voilage protection, on all incom ing 120 VAC power to ali controllers (except 
VAV controllers).

2. Transient voltage protection for all twisted pair, and coaxial data communication lines 
between controllers. Provide all required repeaters to ensure sig nal integrity.

3. Transient voltage protection on all phone lines.

4. Lightning arresters on all communications arid other wiring that exit the building. 
Locate the arrester at the point oi'building  entrance.

5. Provide ground connection sized and installed in accordance w ith the manufacturers 
instructions.

3.04 CONTROL DEVICE LOCATIONS

A. Room therm ostats and sensors shall be m ounted 44 inches from the finished floor to the 
center o f  the device for AD Â Compliance.

B. O utdoor tem perature sensing bulbs and sensors shall be located on north exposure, in shaded 
location, when possible, unless shown otherwise. P rovide &im shield for tem perature sensors.

C. Rem ote control devices not in local panels shall be accessible for adjustment and service -  
below 6 feet above the finished floor w henever possible.

D. Averaging type sensing elements shall be firmly supported in ductwork or air handling unit. 
The element shall serpentine vertically across the duct o r plenum. Each bend shall be affixed 
w ith copper capillary clips installed w ith sheet metal screws. Spans o f ten feet or m ore shall 
be supported at ten foot or less intervals to conduit m ounted horizontally within the duct. The 
conduit shall be rigid;}' affixed at each end and the sensor shall be attached to the conduit 
using plenum -rated tie  wraps. Do not wind averaging elements around conduit.

Ti. Low tem perature lim it sensing elements shall be firmly supported in ductwork or air handling
unit. The elem ent shall serpentine horizontally across the coil face. Bach bend shall be 
affixed with copper capillary clips installed w ith sheet m etal screws.

P. Provide therm al conducting compound for ail sensors in therm owells.
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G. L ocate ali control dev ices wired by th e  Electrical C on trac to r under D iv is io n  16.

H. AU analog- pressure and  differential pressure transm itters to r a ir service shall be located in the 
D O C  control panels. M ounting  air pressure  transducers at the ductw ork is no t acceptable.

I. Seal, the w all open ing  arid w ire penetration  o f  all w ail mounted, tem perature  sensors to prevent 
airflow  iro m  the  w ail cavity , from  affecting the sen so r reading.

3.05 CONTROL PANELS
A. F ield w iring to panels shall be enclosed in m e ta l racew ay,

R . P anels shall be m ounted  at eye level for accessib ility  and  service.

C. L ocal control panels shall be located w ith in  50 feet, o f  system  served  unless otherw ise show n 
on  plans.

I). M ount panels on so lid  non-v ibrating  surfaces in. area? free from m oisture  o r w ater 
accum ulation . W here such  surfaces arc no t read ily  accessible, m o uni th e  panel on rigid
uuistru t stand attached to  the floor. T h e  sides o f  duets and  a ir handling  un its are not
acceptable m o u n tin g  suri ts4CC.k*.

E. C on tro l devices shall be  installed  in  panels. C on tro l and status re lays are to be located in 
designated  enclosures only. T hese relays m ay also  be located w ith in  packaged  equipm ent 
contro l pane] enclosures. C ontro l relays shall no t be located  w ith in  C lass 1 starter enclosures. 
A t the con trac to r’s option , the relays m ay be insta lled  in  the sam e enclosure as the  controller.

r \  V A V  controllers shall be  installed  in m etal enclosures w ith  a rem ovab le  cover. T he V A V
con tro lle r num ber shall h e  labeled on the  ou tside  o f  the enclosure. W here perm itted  in o ther
sections o f  th is  specification , plenum  cable m ay d irectly  en ter the  enclosure i f  a plastic 
bushing is provided.

3.06 FIELD DEVICE INSTALLATION

A. A ctuators: M oun t and link  control dam per actuators per m anufac tu rer’ s instructions.

) .  T o  com press seals w hen  spring  re tu rn  actuators are used on  norm ally  closed dam pers, 
p o w er ac tuato r to approxim ately  a 5 degree open  position , m anually  c lose the dam per, 
and then tig h ten  the  linkage,

2. C heek  operation  o f  damper-;'ac?.uator com bination  to  confirm  that actuator m odulates 
dam per sm ooth ly  th roughout stroke to  b o th  open and  ciosed positions.

B . F low  Sw itch in stalla tion : C oord inate  installa tion  w ith  o ther contractors to  com ply  w ith  the 
follow ing:

1. Install u sing  a T hread-O -L et in steel pipe, In copper p ip e  use C x C x F T ee. no pipe 
ex tensions o r  substitu tions allow ed.

2. M ount, th read-o-ie i a m inim um  o f  5 p ipe d iam eters up stream  and  5 p ipe diam eters 
dow nstream  o r  2  feet, w h ichever is greater, from, fittings and  o ther obstructions.

3. C ut h o le  in p ip e  w ith  h o le  saw, clean, and  debun- surfaces. H ole diam eter shall be in 
accordance w ith  tlow  sw itch  instructions.

4. Install in  accordance w ith  m anufacturer instructions.

5. F ile  padd ie  edges as required to clear thread -o-iet and  pipe.

6. U se correct padd ie  for p ip e  d iam eter.
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3.07

A.

3.08

A.

B.

A.

7. Assure correct flow direction and alignmem.

8. Mount in horizontal piping -  flow switch on top o f the pipe,

9. Use thread-locking compound on paddle screw.

10. Adjust flow switch in accordance with manufacturer instructions.

IDENTIFICATION

All control equipment shall be clearly identified by control shop drawing designation as 
follows:

1. Control valves -- brass tags.

2 . Other remote control devices and sensors: metal tags; plastic laminate labels; or, on non- 
porous surfaces only, permanent label tape as produced by the Brother “Easy lonely ' 
label maker. Do not attach tag or label to removable cover?;, etc. Rivet or stick to device 
or adjacent surface.

3. Control panel doors -  engraved nameplate with panel number and systems served.

4. Devices in control panels: engraved plastic tags; metal tags; or, on non-porous surfaces 
only, permanent label tape as above, mounted to panel adjacent to control device. 1/4- 
inch high letters minimum

5. All wiring, including wiring within factory-fabricated panels, shall be labeled within 2 
inches o f termination with DDC point number/controller number or other descriptive 
information.

6. AJi metal, and plastic engraved labels shall be secured with chains, nylon tie-wraps. or 
rivets. Screws with exposed threads are not acceptable. Permanent adhesive is 
acceptable only when mechanical fasteners would damage the labeled equipment.

7. AU switches, relays, and panel components shall be labeled. .Relays shall be labeled 
such that, removal of the relay does not move the label.

8. Raceway identification: For ease o f  identification, junction and pull box covers shall be 
color-coded. Coordinate the color o f the junction box covers with Division 16 and the 
Owner.

PROTECTION

The Contractor shall protect all work and materia! from damage by bis work or workmen, and 
shall be liable for all damage thus caused.

The Contractor shall be responsible for work and equipment until finally inspected, tested, 
and accepted; he shall protect work against theft. injury, or damage; and shall carefully store 
material and equipment received on site that is not immediately installed. He shall, close open 
ends o f work with temporary covers or plugs during storage and construction to prevent entry 
o f foreign objects.

CLEANUP

At the completion of work, ali eonipment provided by this section shall be checked and 
thoroughly cleaned including under- equipment and any and all other areas. Clean exposed 
surfaces of ail equipment and panels of all grease, plaster, or other foreign material. Remove 
all stick-on labels and clean surfaces.
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B- At the completion o f the work, remove from the building, the premises, and surrounding
streets, alleys, etc., all rubbish and debris resulting from work performed under this section 
and. leave all equipment spaces absolutely clean and ready for use,

C. A t the completion o f work, all equipment furnished under this section shall be checked far
paint damage, and any factory-finished paint, that has been damaged shall he repaired to match 
the adjacent areas. Any metal cabinet, jacket, or enclosure that has been deformed shall be
replaced with, new m aterial and repainted to m atch  the adjacent areas.

3 JO TESTING

A. Prior to substantial completion, the control system  shall undergo a series o f tests to verity
operation and compliance with this specification. These tests shall occur after the Contractor 
has completed the installation, started up the system, and performed their own performance 
tests.

B  The tests described in this section are to  be perform ed in addition to the tests that the
Contractor perform s as a necessary part o f  the installation, startup, and debugging process,
Control system testing shall be coordinated with the Commissioning Contractor and 
scheduled with the O w ner's representative.

C. The Contractor shall provide at least tw o m en equipped w ith two-way communication, and 
shall test actual field operation o f  each control and sensing point for all modes o f operation 
including day. night, summer, winter, occupied, unoccupied, fire/smoke alarm, and power 
failure modes. The purpose is to test the calibration, response, and action o f every point. 
Any test equipment required to prove the proper operation shall be provided by and operated 
by the Contractor. The Com missioning agent and the O w ner's Representative (at their 
discretion) m ay observe and review these tests.

1. The system software shall be complete such that each control loop shall, function as 
specified in the Sequence o f  Operation. This contractor shall be required to furnish the 
software program  and test the operation o f  every branch and control loop.

2. This contractor shall be responsible for ail necessary revisions to the software as 
required to provide a com plete and workable Bystem consistent w ith the letter and intent 
o f  the specification. Control performance criteria is specified in the sequence o f 
operations.

D. A  point to point verification shall be made for each input and each output to  the system. The 
check shall include the operator workstation such that the correct point, assignment at the 
workstation is also verified. The calibration o f all input and output points shall be tested, 
docum ented and adjusted as needed.

Xi. The operation o f  each hardwired safety and interlock shall be tested. This testing shall verify
the correct operation o f the safety or interlock in the hand and automatic modes o f  operation.

F. Each alarm shall be tested. The receipt o f  the correct alarm message shall be verified tor each 
alarm and device receiving the alarms. Dial out alarms shall be verified.

G. Power failure restart and software back up during pow er failure shall be tested.

H. Demand limiting (where used): The contractor shall supply trend data output showing the
action o f  the dem and-lim iting algorithm. The interval selected shall cover a time period when
load shed is active. The data shall docum ent the action on a minute-by-minute basis over ar.
least a one-hour period. Included in the trend shall be building KW, demand limiting 
sctpoinl, and the status o f  sheddable equipm ent outputs.

TETRA TECH: 8/12
HVAC INSTRUMENTATION AND CONTROLS 

15905-21 U4339A



I. Operational logs for each system that indicate all setpoints, operating points, valvc/datuper 
positions, mode, and equipment status shall be submitted to the Arch i tect/Ki i gin eer. These 
logs shall cover a 48-hour period and have a sample frequency of not more than ten iïîiüutes. 
The data collection star!' time and sample frequency shall be the same for each point on a 
given system. Outdoor air temperature and humidity shall be included whh each log. Digital 
points shrill indicate the on condition as 100% and the off condition as 0%. The logs shall be 
provided rn graphical format with sufficient resolution to see the ten-minute data intervals. 
All points associated with a system including start and status points shall be included on die 
same graph. The logs shall also be submitted in text format on disk.

.T. The contractor shall supply trend data output in a graphical form showing the step response of 
each DDC loop. The test shall show the loop’s response to a change in set point that 
represents a change of actuator position o f at least 25 percent of its lull range. The sampling 
rate o f  the trend shall be .from one second to three minutes depending on the speed of the 
loop. The trend data shall show for each sample the selpoint, actuator position, and the 
controlled variable values. Any loop that yields unreasonably under or over damped control 
values shall require further tuning by the contractor.

K, The control systems wiJJ not be accepted as meeting the requirements of Completion until all 
tests described in this section have been performed to the satisfaction o f both the Engineer 
and Owner and all required documentation has been submitted and successfully reviewed. 
Any tests that cannot be performed due to circumstances beyond the control o f the Contractor 
may be exempt from the Completion requirements if stated as such in writing by the Owner's 
representative. Such tests shall then be performed as part of the warranty.

L. Aller the- system has operated properly for 90 days following startup o f  the final component
o f  the healing m d  air conditioning systems, an as-built copy o f the software shall be 
transmitted to the Owner 1er permanent record purposes. Any software upgrading or 
enhancements to improve the system operation or as required tor proper operation o f the 
system during the first year o f  operation is the responsibility of this Subcontractor. Any 
changes to the software shall be immediately transmitted to the Owner, and shall be installed 
at the job site by the Controls Contractor.

3 J  Î CONTROL EXECUTION -  GENERAL

A. This Contractor shall provide all required control interlace relays, including control 
contactors for single-phase pumps and fans ( i/2  hp or less} and any isolation relays required 
for interface to three-phase magnetic starter control circuits. All power wiring to single-phase 
motors and three-phase starters by Division 16; all control function (interlock) wiring by the 
Controls Contractor,

B. This Contractor shall be responsible for providing control power to all bis controllers and 
devices requiring control power including installation o f any required breakers, unless such 
wiving is shown on the Division 16 drawings.

C. Accessibility: Install ali control devices in readily accessible locations as defined by Chapter
1, Article 100, Part A of the NBC.

D. Hand-Off-Auto switches at the MCC shall energize equipment in both the 'hand' and 'auto' 
mode (when auto is commanded on for auto mode). Safeties shall protect equipment in the 
hand and auto modes. Where fans are interlocked with damper end switches, the hand and 
auto positions shall open the dampers and the damper end switch shall energize the fan..

END OF SECTION 15905
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SECTION 17010

INSTRUM ENTATION AND CO NTROL SYSTEMS

F A R T \ ~  GENERAL 

1.01 SUMMARY

A. Scope:

1. GENERAL: This section specifies générai requirements applicable to process 
instrumentation systems consisting o f process sensors, monitoring and control devices, 
and accessories required to provide a complete and fully functional monitoring and 
control system.

2. RESPONSIBILITY: The Contractor shall provide, configure, calibrate, test, and 
commission ail Mechanical ami Electrical components o f the jnstramefltation, control, 
communications, and network systems suppiied unless specifically noted otherwise 
(UNO). The Contractor shall place the completed systems in operation, and making final 
adjustments to instruments as required during plant start-up. The Contractor shall 
provide the services o f instrument technicians for testing and adjustment activities.

3. Programming o f PLC/SCÀDA systems, including rise PLC Ladder Logic» HMl, network, 
and communications systems programming, will be performed by others, and is excluded 
from the contractors scope o f work.

4. Programming of vendor suppiied equipment is excluded from the contractor’s scope of 
work,

5. RELATED REQUIREMENTS: Division 17 is an extension of, and includes all of the 
requirements of Division 16, Electrical. All work performed under Division 17 shall 
also comply with the applicable sections o f Division 16 as well as the general provisions 
o f Divisions 0 & L

B. Contract Requirements:

1. General Conditions, Supplementary Conditions, and Division i apply to Work in this 
section.

C. Definitions:

1. General: The definitions o f terminology used in these specifications shall be defined in 
ISA Standard S51.1, unless otherwise specified.

2. APPROVED EQUAL: Items that are accepted and approved by the owner, the owners 
designated project representative, or the engineer as being functionally equivalent for the 
application and acceptable substitutes tor items specified in the contract documents.

3. Contractor: The general contractor is responsible for overall project construction. The 
party with whom the contract is executed.

4. CS1: Control System integrator. An organization engaged in the business o f detail 
design, component purchase, assembly., and implementing process control and industrial 
electronic systems. Data Sheets: Data sheets as used m this specification shall refer to 
ISA S2G.

5. Galvanic Isolation: Pertaining to an electrical node having no direct current path to 
another electrical node. As used in this specification, galvanic isolation refers to a 
device with electrical inputs and/or outputs which are galvamoallv isolated from ground, 
the device case, the process fluid, and any separate power supply terminals, but such
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inputs and/or outputs are capable o f  being externally grounded without affecting the 
characteristics o f  the devices or providing path for circulation o f ground currents.

6. HMI: Human M achine Interface.

7. Integrated Circuit: A  number o f  circuit elem ents inseparably associated or- or within a 
continuous body to perform the function o f  a circuit,

8. N A: N ot Apphcabie

9. Panel: An instrument support system which may he either a flat surface, a partial
enclosure, or a complete enclosure for instruments and other devices used in process 
control systems. Panels may provide mechanical protection, electrical isolation, and 
protection from dust, dirt, and chemical contaminants which may be present in the 
atmosphere. "Panel" shall be understood to  include consoles, cabinets, and racks.

10. O.IT: Touch screen Operator Interface Terminal. Used for HMÏ as specified.

1 ]. PROJECT: In reference to a person the term project shall be used to refer to the owner or
representatives o f  the owner designated by the owner. Synonymous w ith PROJECT
REPRESENTATIVE,

12. PACKAGED SYSTEM: Integrated equipment systems that are specified in other 
divisions and sections o f  the specifications. These systems include process and 
m echanical equipm ent as well as electrical and controls equipment that conform:; to die 
requirements o f Division 16 and 17. These systems may include skid mounted and loose 
items. Some items provided w ith the equipm ent may require installation and connection 
by others. Some related items identified as "supplied by others" may not be supplied 
w ith the system but may nonetheless be required for some o f  the functions o f  the system.

13. SCADA: Supervisory' Control and Data Acquisition.

14. Signal Types: The following types o f  signals are used in systems specified in this 
division.

a. Low Level Analog: A  signal that has a full output level o f  I GO millivolts or less. 
This group includes thermocouples and resistance temperature detectors.

b. ‘ D igital Code: Coded information such as that derived from the output o f  an analog
to digital converter or the coded output from a digital com puter or other digital 
transmission term inal. This type includes those cases where direct line driving is 
utilised and not those cases where the signal is modulated.

c. Pulse Frequency; Counting pulses such as those emitted from speed transmitters.

d. H igh Level Analog: Signais with full output level greater than .100 millivolts but 
less than 30 volts, including 4-20 mA transmission.

e. M odulated Signals: Signals emanating from modems or low level audio signals. 
Norm al signal level is plus 4 dBm to minus 22 dBm. frequency range is 300 to 
] 0,000 hertz.

f  Discrete Events: Dry contact closures monitored by solid-state equipment, i f  the
conductors connecting to dry contacts enter enclosures containing power or control 
circuits and cannot be isolated from such circuits in accordance w ith NEC Article 
725. this signal shall be treated as low voltage contro l

g. Low Voltage Control: Contact closures m onitored by relays, or control circuits
operating at less than 30 volts and 250 milliamperes.
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h. High Level Audio Signals: Audio signals exceeding pins 4 dBm, including loud 
speaker circuits.

I  Radio Frequency Signais: Continuous wave, alternating current signals with
fundamental frequency greater than 10 kilohertz.

j. 120 VAC control: Contact closures monitored by relays, or control circuits
operating at 120 volts AC.

15. Solid Stale: Circuitry or components o f a type which convey electrons by means o f solid 
material such as silicon or crystals. or which work on magnetic principles such as ferrite 
cores. Vacuum tubes, gas tubes, siide wires, stepping motors, or other devices are not 
acceptable substitutes for solid-state components or circuitry.

16. Two-wire Transmitter: A transducer which derives operating power supply from the 
signal transmission circuit and therefore requires no separate power supply connections. 
As used in this specification, two-wire transmitter refers to a transmitter which produces 
a 4 to 2G-miIliampere, current-regulated signal i n  a series circuit with a 24-volt direct 
current driving potential and a maximum circuit resistance of 600 ohms.

17. UNO: Unless specifically Noted Otherwise. Ail general requirements statements shall 
apply as stated except where specific exceptions are stated, in which case the genera! 
requirement shall be modified by the stated exception..

D. REFERENCE SECTIONS: Requirements of the sections listed below apply to and are related 
to the work o f this Section. Other Sections, not referenced below, may also apply and be 
related to the proper performance o f this work. The Contractor is responsible to perform all 
the work required by the Contract.

). Division 01: All Sections, as applicable

2. Section 16010: General Electrical Requirements

3. Section 16123: Control-Voltage Electrical Power Cables

4. Section 16130: Raceways and Boxes

5. Division 17: Instrumentation and Control, all included sections

1.02 QUALITY ASSURANCE

A. REFERENCED STANDARDS: The latest edition o f the documents listed below are included 
it; the Contract where referenced. The most stringent collective interpretation of the 
requirements shall govern where conflict or overlap exists between any o f these documents 
and the Contract Documents.

1. American National Standards Institute (ANSI)

2. Institute o f  Electrical and Electronic Engineers (IEEE)

3. Underwriters’ Laboratories (UE)

4. The Instrumentation, Systems, and Automation Society (ISA)

5. API RP550: Manual on Installation o f Refinery Instruments and Control Systems, Part
1 -  Process Instrumentation arid Control Sections 1 Through 13

6. API RP 5 5 1 : Process Measurement Instrumentation

7. API RP 552; Transmission Systems - First Edition

TîïTR A  TECH. 8/12
INSTRUMENTATION & CONTROL SYSTEMS 

17010-3 3 34339A



8. ANSt'ISA 55.4: Instrument Loop Diagrams

9. ISA S20; Spécification Forms fot Process M easurement and Controi Instrumentation,
Primary Elements. arid Control Valves

10. ANSI/ISA S5.1 : Instrumentation symbols arid Identification

11. ANSI/ISA S5 L I: Process Instrumentation Terminology

12. ISA S5.3; Graphic Symbols for Distributed Control/Shared Display Instrumentation, 
Logic, and Com puter systems

13. ISA R PÎ2.2.02; Recommendations for the Preparation. Content, and Organization o f
Intrinsic Safety Control Drawings

*4, N F P A 70 National Electric Code {NEC}, Title 24, Part 3, California Electrical Code 
(CEO)

15. N F P A 79  Electrical Standards for Industrial M achinery

16. NFPA 820Fire Protection in W astewater Treatm ent and Collection facilities

17. ÏBC 1632 International Building Code

IS. 1/jL 508 industrial Control Equipment

B. Listing:

1. Ail -materials and equipm ent specified herein shall be within the scope o f Nationally 
Recognized Testing Laboratory (NRTL) examination services, be approved by the 
N RTL for the purpose for which they are used, and shall bear the appropriate 
listing/label

2. Equipment shall be listed/labeled by an NRTL acceptable to the local authority having 
jurisdiction.

3. When a product is not available with a listing/label for the purpose for which it is to 
serve, the product may be required by the inspection authority to undergo a special 
inspection at the m anufacturer’s place o f  assembly o r as a completed assembly in the 
Held. A il costs and expenses incurred for such inspections shall be included in the 
original contract price.

1.03 SU B M ITTA LS

A. GENERAL: Submit inform ation per Division i,

R. MEDIA: All submittals shall be provided in hard copy (paper) in accordance with Division 1
and electronic format. Electronic format shall be PDF format on CD that is compatible with 
M icrosoft W idows /  Adobe Reader. One CD shall be provided for each hard copy required per 
Division L

C. ORGANIZATION AND FORM AT: Submittal organization shall be the same as the 
specifications. Provide subm ittals bound with section coversbeets and tabbed dividers with 
specification section num bers for submittal organization. Bill o f  materials, cut sheets, shop 
drawings, schematics, panel layouts, schedules, etc., shall be cross-refercnced, indexed, or 
otherwise related by unique identifier for each item. The project may reject improperly 
organized or notated submittals. Provide .pdf file page numbers in table o f contents as well as 
bookmark links to section coversheets in p d f file.
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D. REV IEW S A N D  RE SU B M ITTA LS: Suppliers shall provide re-subm ittals w hich include 
responses to  all subm ittal rev iew  com m ents separately  and at a level o f  detail com m ensurate 
w ith each  com m ent. S upplier responses shall indicate how  the  supplier resolved the issue 
perta in ing  to each rev iew  com m ent R esponses thaï: only indicate that the  rev iew  com m ent 
w as noted, w ill be looked into, etc., a re  no t satisfactory. R e-suhm ittals w hich  do not com ply 
w ith this requirem ent m ay he re jected  and returned  w ithou t review . C ontractor shall be 
allow ed no extensions o f  any  k ind to  any part o f  th e ir  contract due to the  rejection o f  non 
com plian t subm ittals. Subm ittal review ' com m ents no t addressed by the contractor in re 
subm ittals shah  continue to  apply  w hether restated or no t in subsequent review s until 
adequately  addressed by the  contractor to  the satisfaction  o f  the  review ing and approving 
authority.

E. P R O D U C T  D A TA ; Subm it catalog  cu t sheets fo r all products. Identify  all cut sheets by 
un ique  bill o f  m ateria l item, num ber, index, or key. N otate catalog  cuts to indicate only those 
item s, m odels, options, o r scries o f  equipm ent to  be furnished. Cross ou t or otherw ise 
ob literate ah extraneous m ateria ls and inform ation. C learly  identify  all configuration  options 
fo r the  equipm ent to  be furnished.

F. B IL L  O F M A T E R IA L S: Subm it bill o f  m ateria ls including all item s, products, and assem blies 
supplied. D ocum ents shall be updated fo llow ing subm ittal review , factory1 test, and 
com m issioning. U pdates shall be provided to  the  P ro ject R epresentative in a tim ely  m anner. 
B ill o f  m aterials shall include the fo llow ing inform ation:

1. Item  num ber, index, o r  key  relating  to subm itted cu t sheets, draw ings, schedules, etc.

2. item  m anufacturer’s nam e, m odel, and part num bers. Supplier unique p a n  num bers are
no t acceptable.

3. D escrip tion

4. Q uantity  supplied

5. S upplier contact inform ation

G. N O T A T E D  SPE C IFIC A T IO N S: Subm it copies o f  ali D iv ision  17 specification sections with 
each  paragraph notated  to  indicate com pliance. A  check  m ark shall indicate com plete 
com pliance. E xplanations shall be p rovided  fo r all non-com plian t item s in accordance w ith 
D iv ision  I.

H. N O T A T E D  P & II) D R A W IN G S: Subm it copies o f  all p ro jec t Process and Instrum entation 
draw ings w ith  each draw ing  e lem ent notated to indicate com pliance. A  check m ark shall 
indicate com plete com pliance. E xplanations and  m arkups shall be provided for all nou- 
com pliau t item s and in accordance w ith  D ivision 1

L N O T A T E D  E L E C T R IC A L  A N D  IN ST R U M E N T A T IO N  D R A W IN G S: In the ease o f  
deviations from  th e  con tract docum ents, particu larly  related  to  the im pact o f  the  configuration 
o f  subm itted  packaged equ ipm ent supplied to  the  project, subm it m arked up copies o f  
applicab le  E lectrical and Instrum entation contract draw ings notated  to  identify  and explain all 
proposed  deviations from  the con trac t docum ents. Item s no t no tated  on the subm itted  m arked 
up copies shall be assum ed to  be 100%  com pliant w ith the  bid docum ents. This requirem ent 
applies to  electrical one lines, M C C s, M C C  control schem atics, panel schedules, and control 
schem atics. T his requirem ent does no t apply  to p lan  draw ings and conduit schedsile w hich 
shall be m arked up to  re flec t the as constructed p ro ject configuration  and subm itted as record 
draw ings.

J. SEISM IC: Subm it Seism ic design inform ation. Include a  list o f  equipm ent w eighing 200 
pounds or m ore.
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K. 0&.M: Submit operation and maintenance information as specified in any Division 17 
specification section. 0&.M manuals shall include product data for aï] materials and items 
supplied in compliance with the submittal requirem ents o f this section.

L. DJV 17; Submit information as required by all Division 17 specification sections.

M. CSfcThc OS! win be engaged under separate contract with the Owner. Contractor shaii not be
responsible for work carried out by the CSÏ.

N . DRAW INGS; Submit ail drawings described in this and other Division 17 sections including
elementary, loop, schematic, fabrication, installation, field wiring, panel layout and assembly, 
etc., drawings. Drawings shall be updated following subm ittal review, factory test, and 
commissioning. Updates shall be provided to  the Project Representative in a timely manner. 
Cross reference drawing elem ents with BOM  and catalog cut sheet unique references. 
Drawings shall use project tag  formats and numbers. Unique and separate drawings shall be 
provided for each item supplied including but not limited to all panels and ail M CC units. 
Typical drawings that apply to multiple panels o r m ultiple MCC motor control units are not 
acceptable. Individual VO schematics diagrams are to be provided for each I/O slot based on 
the typicals in the design and the PLC I/O List. Individual m otor starter schematics are to be 
provided for each starter unit including FVNR, VFD and breaker units as well as spare or 
space units.

O. PACKAGED EQUIPM ENT; All packaged equipm ent suppliers shall provide submittals in 
com pliance with Division 17. This shall include packaged equipment purchased under the 
contract as well as any pre purchased packaged equipment assigned to the contractor.

P. COM PONENT DRAWINGS: Dimensional, installation, and wiring diagrams and drawings
for all supplied components.

Q, TESTING AND CALIBRATION: Test plans, calibration forms, test forms, test results, and 
test reports required by any Division 17 specification section. Per Section 17804,

R, SPARE PARTS: Spare parte lists

? M  SE R V IC E  R E Q U IR E M E N T S

A. E3W3ÏRONMENTAL CONDITIONS: All equipment shall be suitable for operation in the 
following ambient conditions. M odify equipment i f  necessary as required to function in the 
specified environment,

1. Atmospheric contaminants:

Hydrogen sulfide 
Chlorine 
Ammonia 
Dust

0.5 mg/'L 
50,0 ug/m3

0.1 mg/L

2. Electromagnetic radiation : 

27/500 M Hz

3, Control Rooms:

) 0 volts/m

Temperature
Humidity

A. Outdoor Field Locations;

60 to  95 degrees f  
20 to 80 percent

Temperature
Humidity

-10 to 120 degrees F
10 to 100 percent
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! M  DESCRIPTION OF SYSTEM
A. General;

1. SYSTEM  SCOPE: The instrumentation and control system shall include the instruments, 
control devices, programmable controllers, input arid output devices, sensors, interfacing 
devices., communications devices, cabinets, enclosures, and other components, as 
required to implement the functional requirem ents o f  the Contract.

2. DESIGN AND ASSEM BLY; The instrumentation and control system shall be designed 
by the CSX to  be an integrated system composed completely o f  components that are 
specifically designed and intended to be used for and in conjunction with the control and 
operation o f  motor-driven pumps and process equipment. The control system shall be 
designed and assembled by the CSi to provide:

a. Control o f  m otor driven pumps, equipment, and processes

b. M onitoring o f  operation o f m otor driven pumps, equipment, and processes

c. Indication o f  operating status o f  m otor driven pumps, equipment, and processes

d. The capabilities indicated and im plied by Contract documents.

e. Reliable communications with the plant SCADÀ system.

3. Contractor shall be responsible for proper function o f the electrical and mechanical 
com ponents o f  the instrumentation and control system, as outlined in the Functional 
Specification, Section 17810. Electrical and mechanical functionality specifically 
excludes all PLC/H M i programmed functions o f  the instrumentation and control 
system, and includes all electrical and mechanical functionality of:

a. Control Panel electronics and devices,

h. Field instruments and devices

c. Local control stations used tor Auto/M anual control o f  PCTF systems and devices

d. Electrical and network wiring

e. Vendor supplied systems and devices, excluding the programming o f those
systems and devices. The programmed functions o f  vendor supplied systems 
shall be the responsibility o f  the CSI, who w ill be engaged by the Owner under 
separate contract.

4. Contractor shall work with the CSI, and shall inform the CSI o f deficiencies in the 
CSl-designed instrumentation and control system. Contractor and shall recommend 
solutions to the CSI so that the electrical and mechanical functional requirements o f 
the system can be achieved. Authority for resolution o f deficiencies in the electrical 
and m echanical control system design shall ultimately reside with the CSI.

5. CUSTOM  PART'S; System com ponents shaii be com m ercial off-the-shelf (COS) 
components. Custom designed or manufactured components shall require Project 
Representatives approval.

B. Functional Requirements:

1. BID DOCUaMENTS: A s defined in. Division 17 specifications and the contract drawings.

2. M ANUAL FUNCTIONS: The system shall readily enable manual operation o f any and 
all equipm ent functions. M anual equipment operation shall not be reliant on any 
programmable electronic devices or equipment.

TETRA TECH: 8/12
INSTRUMENTATION & CONTROL SYSTEMS 

17010-7 134339A



3. FAULT TOLERANCE: The system shall be immune to single point failures to the 
maximum extent practical.

4. LOCATION OF FUNCTIONS: The system shall include manual» automatic, 
programmed, and hardwired functions. The devices that provide these functions shall be 
located at field mourned control stations, packaged system local control panels, motor 
control equipment, process area controi panels, and plant SCADÀ equipm ent

reselected hqiiipment:

FUNCTIONAL. REQUIREM ENTS: Preselected equipment purchased outside o f  the 
contract by KFP shall be governed by the RFP m â  equipment procurement contract. The 
components, configuration, functions, and features o f preselected systems and equipment 
shall be as negotiated during the selection process and as approved by the project upon 
vendor selection. The selected vendors wili prepare and submit system drawings and 
documents as required by the RTF w hich shall include but not he limited to the 

n m :

a. Process and Instrumentation drawings and detailed control strategy for the system.

b. Detailed control panel shop drawings, loop drawings, communications drawings, 
field wiring drawings, etc.

c. System layout plan drawings and elevations showing the location o f  all Division 16 
and 17 components

d. A list o f all Division 16 and 1? items supplied by the vendor that requite 
installation or connection by the contractor.

e. A  list o f  items required by  the .system that are scheduled to be provided  by others.

f. The preselected system shall be assigned to the contractor for installation and 
mechanical and electrical integration during the execution o f the contractor's 
contract. The system supplier shall, provide a full, detailed, and complete snbmittal 
concurrent with the contract submittal phase.

g. The integration o f  preselected system program ming with the PCTF PLC/SCADÀ 
system shall be assigned to the CSL

D. Hierarchical M onitoring And Controi System Architecture:

L Plant systems have been designed to include operator interfaces for all system functions. 
A ll systems have bee?) designed to  be manually operable via discrete devices and via 
programmed Hum an M achine Interface devices. Systems have been designed to be 
m onitored and controlled m  a hierarchical manner. Basic functions have been designed 
to be provided at field stations, local panels, and M C C ’s by discrete panel switches, 
indicator lights, and displays. The overall plant wide SC ADA system has been designed 
to provide m onitoring and control o f  all systems and equipment at the plant, Ail 
programmable devices and systems have been designed to, and shall communicate over a 
TCP/1? plant Ethernet network. The CS.Ï, the Contractor, and packaged equipment 
suppliers shall ensure that ail. components o f  supplied plant systems fully and seamlessly 
integrate into this system architecture.
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1.06 CONTRACTOR AND SUBCONTRACTOR SCOPES O F W ORK

A, GC Responsibility:

1. All programmed functions of the PLC/SCADA instrumentation and industrial electronic 
shall be provided under the supervision of a single Control System Integrator, contracted 
directly by Owner, who is regularly engaged in the design, configuration, and installation 
of similar systems of equal or greater scope and complexity. The Control System 
Integrator shall NOT be enjoined by the Contractor as a Subcontractor. Programming of 
the PLC and the SCADÀ system will be performed by others, but the associated 
hardware will be supplied by Contractor. Contractor shall be responsible for ensuring 
operability o f alt equipment in the instrument and control system ineluding network 
systems, field equipment, panels, work stations, server racks, control panels, and 
instruments . Programmed functionality of all equipment in the instrument and control 
system shall be the responsibility o f the CSJ. The Contractor shall work with CS1, 
equipment vendors, and any third party PLC/SCADA programmer to test, commission 
and start up the automated and programmed f unctions o f the plant.

2. ITEMIZED RESPONSIBILITIES: The Contractor shall be responsible for the following 
equipment and services:

a. Detailed Design o f Control Panels: The drawings depict the functional and
operational requirements o f the control system and are at times diagrammatic. The 
Contractor shall provide detailed, scaled design o f all components on and in control 
panels and determine specific physical, thermal, and electrical requirements.

b. Detailed Design o f Control Circuitry: The drawings depict the functional and 
operational requirements of the control system and are at rimes diagrammatic. The 
Contractor shall be responsible for the final selection of all control system 
components, except for components specified as “no equal”, and all detailed circuit 
design and component interconnection required to meet the general and functional 
requirements indicated in or implied by the Drawings and Specifications. Where 
components are specified as "no equal”, the Contractor shall provide all detailed 
design, including specification of miscellaneous or interfacing components 
required to integrate the specified component into the Contractor's control system 
design. It is the responsibility of the Contractor to ensure that all devices selected, 
and the proposed interconnection of those devices, perform as intended to provide 
a complete and operable system meeting the requirements of the anticipated 
environment and area classifications. The Contractor shall define all requirements 
for all interfacing components and shall supply all appurtenances, accessories, and 
all such devices which may be required for proper functioning and interfacing of 
components as pail of the control system. An example o f such appurtenances 
would be interposing relays or analog isolators. All such aforementioned 
necessary ancillary components not specifically indicated in the Contract 
Documents shall be considered incidental to the contract and shall be required just 
as if  they had been specifically indicated.

c. INTERCONNECTING WIRING; The design o f all interconnecting wiring of 
control equipment, including remote control panels, packaged equipment panels, 
mechanical equipment with control components, ctc. Provide PLC I/O schematics 
for each PLC slot and Motor Starter schematics for each starter unit in the MCCs 
showing all the external and internal wiring.
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d. M OTOR CONTROL. CENTERS: Supplying the M otor Control Equipment and/or 
Motor Control Centers (MCCs) in accordance with Division \6.

e, EQUIPM ENT TESTING: Testing o f  the Motor Control Equipment in the CSPs 
shop. Testing o f control panels in the Contractor’s shop mute; simulated operating 
conditions. Per Section 17804.

t\ INTEGRATION TESTING: Integration testing o f all system and related
components simultaneously in the Contractors facility. This testing shall include 
all panels, instruments, process switcher?, test fixtures* MCCs, m otor controllers., 
available equipm ent packages, communications and networking equipment. 
SCADA system hardware. PLC system hardware, etc. Per Section 17804

e. CALIBRATION: Calibration o f  ail field instruments UNO, Per Section 17804.

h. COMMUNICATIONS AND NETW ORKS: Set up, configure, test, and verify all 
communications equipment, channels, and networks including new and reused 
telephone circuits.

f. STARTUP AND TESTING: System start üp, commissioning, electrical and 
m echanical testing, arid functional testing o f systems that are not programmed 
following installation. Per Section 17804. Contractor shall provide electrical and 
mechanical support to the CSI during the CSI functional testing o f systems that are 
programmed.

j. INSTRUM ENTS: Provide aii instruments specified unless specifically noted
otherwise. Some instruments shall be provided by packaged equipment vendors, 
'fire Contractor shall not be responsible for program integration o f vendor provided 
instruments and equipment.

k. CONFIGURATION Configure all supplied devices, and equipment unless
specifically noted otherwise. All computers are to be configured for application 
programming by others. Configuration and programming o f  devices and equipment 
supplied as a part o f  packaged systems shall be provided by the vendor o f each 
packaged system, Per Section 17802

i. EQUIPM ENT SUBM ITTAL REVIEW: Review all equipment and packaged 
system subm ittals which include Division. 17 items. N otify the CSI o f  any and all 
needed m od ifica tion  to submitted equipment, package system scope o f  services or 
supply, or CSI programming required to accommodate and integrate submitted 
equipment into the Contractor's work. Specifically note how submittals which 
include variances from the contract documents will impact CSI provided programs 
if accepted by the contractor.

B. intent O f Drawings And Specifications:

1. GENERAL: Due to the fact that the contract documents cannot dictate the use o f specific 
brands or .models o f com ponents and equipment unless there is a  compelling reason to do 
so, the control system  drawings are intended to primarily convey detailed functional and 
operational requirem ents o f  the control system rather than specific component selection, 
assembly, and interconnection information. The substantial interconnection information 
provided in the Contract Drawings is general in nature and is provided for the purpose o f 
indicating the general scope o f work and the aforementioned functional and operational 
requirements, and shall not be construed to represent detailed shop drawings or parts 
thereof.
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2. ANCILLARY COM PONENTS REQUIRED: Components not explicitly indicated in the 
Contract Documents but none-the-Jess implied, required for the environment or area 
classification indicated, or required for the proper functioning o f the system as indicated 
shall be considered required ju st as though they had been explicitly indicated. The 
aforementioned components shall be considered incidental to the Contract and shall not 
constitute a basis for claim by the Bidder for additional compensation or time allowed to 
com plète the Work.

3, CONFLICTS IN DOCUMENTS'. In any case o f  conflicting statements or requirements 
sn the contract drawings and specifications, the most dem anding statement or 
com bination o f statements shall govern. All stated requirements shall be met or 
exceeded.

Control System In teg rato rs Responsibilities:

1. SOLE RESPONSIBILITY': in accordance with À and 8  above, the Control System 
Integrator (CSX) shall be- solely and com pletely responsible for the detailed design.,, and 
com m issioning o f the programmed functions of the control system with the exception o f 
control equipm ent provided as a part o f  packaged equipment systems or otherwise noted 
as exceptions.

2. DESIGN AND PERFORM ANCE: The control system hardware and assemblies shall be 
designed by the Contractor to provide the control capabilities and functions indicated in 
and implied by the drawings and these specifications and to provide trouble-free 
operation w ith a minimum o f maintenance.

3. COORDINATION AND INTEGRATION: The CS1 shall be directly responsible for the 
coordination and integration o f  the control system with m otor controls, packaged 
equipment controls, and other related equipment. The CSÏ shall be responsible to obtain 
submittal information on equipm ent specified or provided by the Contractor or other 
suppliers or disciplines and to programmatically integrate all the equipment into the 
control system to form a com plete working system as outlined by the Contract 
Documents.

4. PROACTIVE COM M UNICATION: The CS1 shall communicate directly with the 
Contractor, m anufacturers) and supplier*» o f all related equipment to determine ail 
details o f  the equipm ent that m ay influence or affect the programmed functions o f the 
control system. The CST shall determine all requirements for and shall cause integration 
o f the control system into a unified operating system. All correspondence shall include 
Carbon Copying (ec:) the General Contractor.

5. ITEM IZED RESPONSIBILITIES: The CSX shall be responsible for the following 
equipm ent and services:

a. INTEGRATION TESTING: Integration testing o f all programmed systems and 
related components simultaneously in the CSTs facility. This testing shall include 
all panels, instruments, process switches, test fixtures, MCCs, motor controllers, 
available- equipment packages, communications and networking equipment, 
SC ADA system software (LrNO), PLC system software (UNO), etc. Per Section 
17804.

b. COORDINATION W ITH CONTRACTOR: The CSÏ shall supply the Contractor 
with ail necessary detailed written instructions for installation o f all control 
com ponents and sensing devices as required for proper system operation.
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c. CALIBRATION: PLC/SCADA system calibration o f  all field instruments UNO. 
Per Section 17804.

d. COM M UNICATIONS AND NETWORK'S: Set up, configure, test, and verify o f 
ail programmed com munications equipment, channels, and networks including 
new  and reused telephone circuits.

s. STARTUP AND TESTING; System start up. commissioning, and functional 
testing o f all programmed systems following installation- Per Section 17804.

f. INSTRUMENT'S: The CSI shall integrate vendor provided instruments and 
equipm ent into the PLC/SCADA system.

g, CONFIGURATION Configure all supplied devices, and equipment into the 
PLC/SCADA software unless specifically noted otherwise. All computers are to be 
configured for application program ming by the CSI. Configuration and 
programming o f  devices and equipment supplied as a part o f packaged systems 
shall be provided by the vendor o f each packaged system. Per Section 17802

ii. APPLICATION SOFTW ARE DEVELOPM ENT: Per Section 17802.

i. EQUIPM ENT SUBM ITTAL REVIEW : Review all equipment and packaged 
system submittals w hich include Division 17 items. N otify the Contractor o f  any 
and ail needed m odifications to submitted equipment, package system scope o f 
services or supply, or CSI supplied program ming required to accommodate and 
integrate submitted equipment into the C ontractors work. Specifically note how 
submittals which include variances from the contract documents will impact 
Contractor provided control panels and MCC's if  accepted by the Contractor.

D. General A nd Electrical C ontractor’s Responsibility; The General and Electrical Contractor 
shall be responsible for the following equipment, and services:

1. CSI SUBM ITTAL REVIEW : Review o f the CSS's submittals and wiring diagrams for 
coordination with space requirements;, raceway requirements o f  field wiring, etc.

2. EQUIPM ENT SUBMITTALS: Supply the CSI w ith information submittals on all 
equipment which impacts or connects to the control system, which the Integrator must 
incorporate into their PLC/SCADA programs and integrate into the project. This 
includes items such as pumps., motors, packaged control panels, other equipment, valve 
actuators, etc.

3. INSTALLATION :

a. Installation o f  control panels provided by the Contarctor.

b. Installation o f  M otor Control Equipm ent (M CC) provided by the Contractor.

c. Installation o f  interconnecting wiring in accordance with the contract documents 
and the Contractor's w iring diagrams.

d. Installation o f  Instrum entation and Control System components in accordance with 
the contract documents and instructions o f  the Contractor.

1,07 SHOP BRA WINGS

A- GENERAL: The Contractor, suppliers o f packaged control systems, and suppliers o f  MCCs 
shall develop all shop drawings required for design, fabrication, assembly, installation, 
operation, and maintenance o f  the supplied control system components. Drawings shall be 
prepared utilizing a com puter aided drafting program, CAD shop drawings shall be updated
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and provided to  the Project Representative prior to  factory testing, prior to system installation, 
and with the O&M  manuals. All drawings shall be supplied in hardcopy and electronic file 
formats per paragraph 1.3.B o f this section.

1. DIAGRAM S: SubrrsH detailed interconnection diagrams, wiring diagrams, elementary 
diagrams., communications diagrams, and loop diagrams with all electrical and electronic 
com ponents clearly identified by project tag num ber consistent with the contract 
drawings and schedules. Diagrams for each circuit or elem ent shall be separate and 
unique. Typical diagrams are not allowed, Diagrams shall carry a date and brief 
description o f  the revisions. D iagram s shall carry- a uniform and coordinated set o f  wire 
and terminal block numbers in compliance with pane! work wiring, Section i 7 i 10.

2. PANEL LAYOUTS: Submit detailed construction drawings for panel layouts arid 
equipm ent enclosures with dimensions in inches. Show both exterior and interior views,

3. W IRE AND TR NUMBERS: W iring and loop diagrams shall carry a uniform and 
coordinated set o f  wire numbers and termina] block numbers in compliance with 
Division 16 and Section 17)10 and with the numbering schemes shown on the contract 
drawings.

4. UNIQUE DRAWINGS: Each control circuit, control loop, control panel layout design, 
m otor control schematic, etc., shall be presented on a unique drawing. Control circuits, 
loop diagrams, and panel layouts referenced to typical diagrams arc not acceptable.

5. SYM BOLS: Drawing symbol format shall com ply with INTFPA 79, ISA 5.1, ISA 5.3 and 
where appropriate, ISA R ?  i 2.2.02,

6. RECORD DRAW INGS: Provide record drawings per Division J ,

7. FORM AT: Drawings shall be prepared utilizing a com puter based drafting program and 
shall be formatted as follows:

a. SIZE: Hardcopy plots shall be 1 i-inch  by 17-inch (half-size).

b. TEXT: M inimum  Text size: 0.125 inch for 22 x  34 inch drawings, 0.063 inch for 
1 1 x 1 7  inch drawings,

e. BORDERS: D rawings shaii have borders and title blocks identifying, the Contract,
facility, system, revisions to the drawing., and type o f drawing.

d. REVISIONS: Each release o f a drawing shall carry a revision number, date, and a 
b rief description o f the changes. Ail changes associated with a given release shall 
be indicated on the drawing by a revision flag. Changes on the latest revision shall 
be indicated by clouding.

e. CAD: Drafting software shall be AutoCAD 2008 or latter. Bind aH x-refs.

S, FIELD EQUIPM EN T TERM INALS: All schematics, diagrams, and drawings showing 
connections to field equipm ent shall provide correct terminal block numbers for the 
connections at the field equipment. This includes packaged system control panels. 
M CCs, stand-alone motor controls, valve actuators, instruments, switches, etc. The 
contractor, subcontractors, and suppliers shall coordinate as needed to accomplish this.

B, ELEM ENTARY AND LO OP DIAGRAMS: Provide elem entary diagrams for ail discrete 
loops. Loop diagrams shall be prepared in compliance with ISA S5.4 and shall be provided 
for all analog loops. Elementary diagrams and loop diagrams shall show circuits and devices 
o f  a system. These diagrams shall be arranged to emphasize device elements and their
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functions as an aid to understanding the opération o f a system and maintaining or 
troubleshooting that system.

1. Provide complete elementary diagrams for equipment control.

2. Comply with NFPA 79.

3. Show wire numbers, color codes, signal polarities, and terminal block numbers. Tables 
for w ire numbers, signal polarity, and term inal block numbers are not acceptable.

C. SCHEM ATIC DIAGRAM S: Provide schematic drawings showing all control panel 
components, the interconnection o f  all control panel components, all field devices, and the 
connection o f  all field devices to control panels. Schematic diagrams shall also show all 
communications components, their interconnection, arid their interface with other control 
panel components. Provide wire and terminal block numbers in compliance with panel work 
wiring, Section 17H 0.

D. PANEL FABRICATION AND ARRANGEM ENTS DRAW INGS: Provide arrangement
drawings o f  all panel front and internal-mounted instruments, switches, devices, and 
equipm ent indicated. All panel m ounting details shall be shown. Outer dimensions o f ail 
panels shall be included on the drawing. Deviations from approved arrangements shall require 
Project Representatives approval prior to installation. Arrangem ent drawings shall be drawn to 
scale using star]dard Architectural or Engineering scales.

E. Record Drawings:

1. Also referred to as as-built drawings.

2. SHOP DRAW INGS: All submitted drawings shall be updated over the course o f the
construction project to reflect the installations and equipment as-built. A lull set o f
record drawings shall be provided to the Project Representative upon completion o f the
project and shall be included in the O&M  manuals. Record drawing requirements shall 
be die same as submittal drawing requirements.

3. CONTRACT DRAW INGS: The contractor shall maintain a set o f  record pian and P&ID 
markup drawings on site during construction. The contractor shall mark up the record 
drawing set to indicate any and ail deviations o f the installed systems from the contract 
documents;. The m arked-up drawings shall be provided to the project representative at 
project close out.

F. W iring Diagrams:

3. Panels: comply with NFPA79.

2. Show com ponents o f  a control panel in an arrangement similar to the actual layout o f the
panel.

.3. Show internal wiring between devices within the panel.

4. Show all term inal blocks w hether used for internal, or field wiring. Those used for field
wiring shall be cleariy identified as such.

5. W iring diagrams shall indicate insulation color code, signal polarities, wire numbers, and 
terminal block numbers.

G. Interconnection Diagrams:

:. Submit com plete interconnection diagrams for field wiring.

2. Show each panel and field devices.
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3. Show wire numbers, cable numbers. panel numbers, and field device tag numbcrs-

4. Comply with NFPA79.

II. Certifications:

1. Temperature; Provide test data certified by die manufacturer to demonstrate that field 
electronic devices are suitable for the specified ambient temperatures.

2. Corrosion: Provide test data showing design features o f the electronic equipment 
provided to protect against damage by the specified atmospheric contaminants and 
specific evidence that similarly protected electronic equipment has operated in similar 
environments for a period of not less than five years without failure due to corrosion.

LOS SEISM IC DESIGN

A. Procedure and submittals: per Section 160 iO.

B. Structures and equipment shall be braced to prevent damage from specified forces.

C. Equipment shall not be required to function properly during periods of seismic disturbance, 
but shall be capable of manual restart without repair or modification following a disturbance.

1.10 PRECED ENCE O F REQUIREM ENTS

The Contractor, Sub Contractors and equipment suppliers shall comply with all requirements 
specified in the contract documents, individually and in combination, hi the case o f redundant, 
overlapping, or conflicting requirements, the most stringent and demanding interpretation of 
the requirements statements collectively shall govern unless specifically clarified by the 
project. The Contractor and equipment suppliers shall request needed clarification of 
requirements during bid, otherwise the project's interpretation shall govern. The System 
Supplier shall diligently scrutinize all parts of ail bid documents prior to bid.

FA RT 2 - PRODUCTS

2.01 ACCEPTABLE M ANUFACTURERS

PRODUCTS: All products provided by the Contractor shall be manufactured to comply with 
the listing requirements identified in Part 1 and other requirements as indicated in the 
Contract. System components shall be commercial, off-the-shelf components to the maximum 
extent possible. Custom designed or manufactured components shall require Project 
Representative1 s approval.

2.02 M ATERIALS

A. GENERAL: Material shall be new. free from defects, and o f the quality specified. All 
equipment and materials utilized in the system shall be the products of Manufacturers with at 
least five (5) years of experience in the manufacture of similar equipment. Similar items in 
the system shall be the products of the same Manufacturer. All equipment shall be of 
industrial grade and of standard construction, shall be capable of long, reliable, trouble-free 
service, and shall be specifically intended for control and monitoring of operation of motor- 
driven pumps and process equipment. Ail equipment shall be of modular design to facilitate 
interchaugeahility o f parts and to assure ease of servicing.

B. ELECTRONIC COMPONENTS: Unless otherwise specified, electronic equipment shall be of
solid-state construction. Components o f standard electronic assemblies shall not be replaced 
with components o f different characteristics in order to meet the performance requirements of 
the specification. Pails shall be as shown in the instruction manuals and shall be replaceable
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w ith  standard  com m ercial com ponents o f  the  sam e descrip tion  w ithout degrading the 
perform ance o f  die com pleted  assem bly.

2.03 IN S T R U M E N T S

A pplication  requirem ents are specified  in the  individual specification sections, and/or on the 
draw ings. The m ajor instrum ents required  io  im plem ent th e  process instrum entation and 
contro l system s are identified on the  P& fD s. Instrum ents identified shall be supplied w ith the 
exception o f  those  identified w ith in  the lim it o f  supply o f  vendor equipm ent. Instrum ents 
w ith in  vendor boundaries w ill be supplied  by  equipm ent suppliers. A ll instrum ent functions 
specified on the P& JDs and con trac t d raw ings have D ivision 17 spécification references and 
shall be provided by the C ontractor. A ny  additional instrum ents or devices required to 
com plete  the instrum ent loops because o f  unique characteristics o f  the particular equipm ent 
selected by  the- C ontractor (such  as iso lation  I/Is) shall be provided. Such additional 
instrum ents shall be considered  incidental to  the contract and shall be provided and included 
in the  orig inal contract price even w hen no t specified in the contract draw ings.

2.04 S P A R E  F A R T S

A . In add ition  to  spare parts m entioned  e lsew here in D iv ision  16 & 17 specification sections, the 
C on trac to r shall supply the fo llow ing  spare parts fo r use by the  D istrict:

1. Q ty  1 R elay  o f  each type used o r 10% , w hichever is the greater am ount

2. Q ty 10 lam ps o f  each type used  o r 100% . w hichever is the  greater am ount.

3. Q ty 200%  spare fuses, tw o  spare fuses fo r each type e f fu s e  supplied m inim um  

F A R T  3 - E X E C U T IO N

3.03 D E S IG N  A N D  A S S E M B L Y

A . G EN E R A L : W ith the exception o f  any packaged  equipm ent control system s, the  supplied 
control system s shall be designed  by the  C on trac to r p er paragraph 1.06. The supplied control 
system  shall be com pletely  assem bled  in  th e  shop o f  and  by the C ontractor. A ll com ponents 
and  equ ipm ent shall be prew ired  to  the m axim um  ex ten t possible.

B. E L E C T R IC  AX. A N D  M E C H A N IC A L  IN T E G R A T IO N : The C ontractor shall determ ine all 
requirem ents fo r and shall cause electrical, m echanical and  netw ork in tegration  o f  the supplied 
control system s, M C C s, arid any  supplied packaged equipm ent control system s into a 
com plete  and  un ified  system . T he C ontrac to r shall be responsible for the  electrical and 
m echanical coordination  and in tegration  o f  the  supplied control system  w ith  m otor controls 
and o ther related equipm ent.

C. PR O G R A M  IN T E G R A T IO N : T he C SI shall determ ine all requirem ents fo r and shall caisse 
program m ed integration o f  the supplied  con tro l system s, M C C s, and  any supplied packaged 
equ ipm ent control system s in to  a com plete  and unified system . The CSI shall be responsible 
fo r the program m able coord ination  and  integration o f  the supplied control system  with m otor 
controls and  o ther re la ted  equipm ent.

D . R E V IE W  O F SU B M IT T A L S: T he C ontrac to r shall be directly responsible to  obtain subm ittal 
inform ation on related equipm ent supplied  by others  and to  integrate this inform ation as 
required  w ith the overall control system  to  form  a com plete w orking package.

E. C O O R D IN A T IO N : T he C ontractor shall com m unicate d irectly  w ith  the M an u fac tu re rs ) and 
S u p p lie rs )  o f  all related equipm ent to  determ ine all details o f  the  equipm ent th a t m ay 
In iluence o r affect the supplied contro l system  com ponents. The C ontractor shall w ork  w ith 
the CSI to  m ake any and  all ad justm ents or revisions required to  integrate the subm itted
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3.02

A.

B.

C.

3.03

A.

B,

TET BA

equipment into the job  at no additional expense to the owner and with no extension o f the 
schedule.

D E L IV E R Y , ST O R A G E , AND H A N D L IN G  

Shipping:

1, Anchor, brace, snd protect equipm ent during shipping handling.

?.. No interna! wiring shall be disconnected for transportation.

Delivery Inspection: Notify the Project Representative and provide access for inspection upon 
arrival o f  any m aterial or equipment to be incorporated into the work. Remove protective 
covers when required.

Supplied Control Panels:

1. Com pletely wired and tested in the factory prior to  being shipped to the job  site.

2. Shipped as a single unit to job  site after testing is complete.

3. No internal w iring shall be disconnected for transportation.

IN STA L L A T IO N

General:

1. INSTALLATION BY CONTRACTOR: The control system and associated instruments 
and connections shall be installed by  the contractor.

2. INSTALLATION INSTRUCTIONS: The control system shall be installed in accordance 
with the installation drawings and instructions provided by the CSI. packaged system 
suppliers, and other equipment suppliers.

3. SUPERVISION: The Contractor's instrumentation and controls project engineer shall 
supervise and coordinate all activities related to the installation o f  Division 17 
requirements.

4. EXPERTISE OF INSTALLER: Installation shall be performed by the workers who are 
skilled and experienced in the installation o f  electrical instrumentation and control 
systems. Installation shall include all elements and components o f the control systems 
and all conduit and interconnecting wiring between ail elements, components, sensors, 
valve operators, etc.

5. LOCATION: Equipm ent shall be located so (hat it is readily accessible for operation and 
maintenance.

6. INSTRUM ENT TECHNICIAN: The Contractor shall provide the services o f  skilled 
instrum ent technicians for testing, calibration, and adjustment activities per 17804.

Signal Connection And Transmission:

1. Unless otherwise specified, analog signal transmission between electric or electronic 
instruments not located within a common panel shall be 4 to 20 rmlliamperes and shall 
have a loop compliance o f at least 500 ohms.

2. Two-wire loop transmitters shall operate at 24 VDC.

3. Unless otherw ise shown, milliam pere signals from the field shall be converted to 1 to 5 
VDC signals at the field terminal block o f  each pane.:. Conversion error shall not exceed 
0,1%. Aii instruments within a panel shall be parallel wired w ith 1-5 VDC signals.
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4. Loops shall be grounded at the field termina] block by bonding to the instrument panel 
signal ground bus. Separate grounded conductors shall be provided for each loop. Daisy 
chaining o f  grounded conductors from one loop to another is not allowed.

5. Provide isolating amplifiers for üeid equipment possessing a grounded input or output, 
or having a common  mode voltage other than system ground.

6. Convert high frequency (greater than 50 Hz) puise rate signals from -field transmitters to 
analog 1- 5 VDC signals at the panel.

7. Convert platinum resistance temperature detector (RTD) outputs to 4-20 milliampere 
signals at the R ID , or where shown on the Drawings. The temperature miliiarnpere 
signal may be brought from the field to the panel and converted to a 1 “5 Volt DC signal.

S. All other transmission systems, such as impulse duration, low frequency pulse rate, and
voltage regulated, will nor be permitted. When transmitters with non-standard outputs 
are specified, their output shall be converted to 4 to 20 milliamperes at the Held 
instrument.

9. Equipment located in classified areas shall be explosion-proof or intrinsically safe.
Provide intrinsic safety barriers approved by iJL. CSA, or FM

C. TAGGING: All field devices shall be labeled with tag number indicated in the bid documents
or consistent with project tagging conventions when not shown in the hid documents. Comply
with project naming and numbering conventions. Tag shall be iOga. 316 stainless steel with
stamped letters and numbers attached to device with 12ga. 3 ) 6 stainless steel wire.

D. Field Equipment:

1. INSTALLATION: Equipment shall be provided as specified on the d/swings such that 
ports and adjustments are accessible for in-place testing and calibration. Where possible, 
equipment shall be located between 48 inches and 60 inches above the floor or a 
permanent work platform. Instrumentation equipment shall be mounted for unobstructed 
access, but mounting shall not obstruct walkways. Equipment shall be mounted where 
shock or vibration will not impair its operation. Support systems shall not be attached to 
handrails, process piping or mechanical equipment except tor measuring elements and 
valve positioners. Instruments and cabinets supported directly by concrete or concrete 
block wails shall be spaced out not less than 5/8 inch by framing channel between 
instrument and wall.

2. SUPPORT SYSTEMS: Steel used for support o f equipment shall be hot-dip galvanized 
after fabrication, Support systems including panels shall be designed in accordance with 
the applicable building code and seismic zone and shall prevent deformation greater than 
1./B inch under the attached equipment load and an external load o f 200 pounds in any 
direction.

E. Electrical Power Connections:

1. DIVISION 16: Electric power wiring and equipment shall be in compliance with 
Division 16.

2. DISCONNECT SWITCHES: Power disconnect switches shall be provided within sight 
o f  equipment and shall be labeled to indicate opened and closed positions and specific 
equipment served, “Within sight o f 5 is defined as having a clear unobstructed view from 
the equipment served and within 50 feet o f  the equipment served. Disconnect switches 
shah be mounted between 36 inches and 72 inches above the floor or permanent work 
platform. Where equipment location is such that the above requirements cannot be met

TETRATECH: 8/12
INSTRUMENTATION & CONTROL SYSTEMS 

17010-18 134339A



by a single disconnect switch, two switches, one at the equipment and one at the work 
platform, shall be provided.

3, SURGE ARRESTORS: .Each disconnect switch serving equipment located outdoors 
shall be provided with a surge arrestor, General Electric 9U 5CCB00J, or equal. '1110 
surge arrestor shall be bonded to the plant ground grid with a No. S AWG bare copper 
conductor.

4, CONTROL PANELS: All control panels shall be provided with a main power 
disconnect equipped with auxiliary contacts as required to disconnect all power sources 
to the panel or shall be labeled to indicate the multiple power sources not disconnected 
by the main disconnect. Field wiring for all power sources not disconnected by the main 
disconnect shaii iand on fused disconnect type termina? blocks,

3.04 TESTS AND INSPECTIONS:

Per Section 17804.

3.05 CALIBRATION, START-UP, AND COMMISSIONING :

Per Section 17804.

3.86 SYSTEM MAINTENANCE AND WARRANTY

A. Contractor SOLELY RESPONSIBLE; The Contractor shall be solely and completely 
responsible for all electrical and mechanical maintenance o f control systems they supply from 
time o f installation to the date o f substantial completion o f all work under the contract. The 
Contractor shall correct all deficiencies and defects and make any and all repairs, 
replacements, modifications, and adjustments as malfunctions or failures occur. The 
contractor shall perform all such work required or considered to be required by the owner to 
properly maintain the system.

8. DEFECTS AND JRBPAJRS; The Contractor shall make any and all repairs, replacements, 
modifications, and adjustments required to eliminate any and ail defects in design, materials, 
and workmanship which are discovered within the one year guarantee period. The Contractor 
shaSi begin ail repairs, replacements, modifications and adjustments within twenty-four (24) 
hours of notification bv telephone by the owner and shall complété such repairs, replacements, 
modifications and adjustments within forty-eight (48) hours o f notification,

C  ACCEPTANCE OF WORK: The Contractor shall anticipate that the Owner may delay 
acceptance o f all work under the contract if, in the judgment o f  the Owner, malfunctions or 
failures in operation o f the supplied control system repeatedly occur after start-up to an 
unacceptable extent. 1 he Contractor shall not be entitled to an extension of time or to any 
claim for damages because of hindrances, delays, or complications caused by or resulting from 
delay by the owner in accepting the work because of malfunctions or failures in operation of 
the supplied control system.

D. .PACKAGED SYSTEMS: Packaged system suppliers shall provide warranty support meeting 
the above stated requirements for their supplied systems.
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3,07 OPERATION AND MAINTENANCE DATA

Â- O&M  MANUALS: The Contractor shall prepare and assemble six (6) sets o f electrical and 
rnecbankal operation and maintenance (O&M ) manuals in accordance with the project general 
requirements and Paragraph 1.3 o f this section. These manuals shall be submitted two weeks 
prior to training. O&M  manuals shall include, but not be limited to, the following:

1. Troubie-shooting procedures.

2. Calibration procedures.

3. Testing procedures.

A. Com ponent replacem ent procedures.

5. Preventative maintenance procedures.

6. Listing o f  recom m ended spare parts.

7. Listing o f  recommended maintenance tools and equipment.

8. Catalog data for all equipment and devices supplied, organized per submittal
requirements.

9. Configuration and setup manuals for all devices supplied including VFDs, instruments,
etc,

10. Communication channel test forms.

11. Calibration and test forms for all field switches, instruments, PLC 10, VFD IO, etc, per 
Section 1780!.

12. Configuration files to r all configurable electronic devices and equipment supplied for 
this project.

13. System user’s m anual covering all functions supplied by the contractor for this prefect as 
described below.

B. RECORD DOCUM ENTS: All contract 'P&ID drawings and control strategy specification 
sections and all submittal drawings shall be revised to reflect as-built conditions at the end oi 
the project. Record drawings and documents shall be submitted in accordance with the project 
general requirem ents and Paragraph 1.3 o f  this section. Record drawings and documents shall 
be submitted w ith the O&M  manuals. Record drawings and documents shall include the 
following:

j . Shop drawings per J .7 o f  this section

2. W iring diagrams o f  cabinet and enclosure contained assemblies

3. W iring diagrams o f ail system connections and interconnections including all loops, field
equipment, communications interfaces, networks, etc.

4. All other subm itted shop and installation drawings and details not listed

5. Bill o f  Material

6. Contract P&JD drawings

7. Contract control strategy specification sections
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3.08 SYSTEM  USERS MANUAL

A- SCOPE: The Contractor shall develop and submit a detailed user manual covering all aspects 
o f the operation and use o f the components and systems they supply. The manual shall cover 
the following

1. OVERVIEW; An overview o f the architecture o f the control system including control 
panels. MCCs, iield devices, networks, remote access, etc.

2. FUNCTIONS: Ail hardware/hardwired, manual, automatic, display, control alarming, 
networking, etc. features and functions o f the systems and components they supply.

3. HARDWIRED ELEMENTS: Descriptions of the meaning and function of all hardwired 
panel MCC, and field mounted discrete operator interface monitoring and control 
devices. Correlate functions to the control strategies,

4. START UP: System start up procedures tor electrical and mechanical systems supplied 
and configured by the contractor for the project.

B. USED IN TRAINING: The system users manual shall be completed prior to and shall be used 
for required training. The manual shall be updated to incorporate comments received during 
training and re submitted for inclusion in the O&M m anual Submit. 2 weeks prior to training.

C. PACKAGED EQUIPMENT: Packaged equipment suppliers shaii supply users manuals per 
the above requirements for the systems they supply.

D. PLC/SCADA SYSTEM MANUALS: The PLC/SCADA system OM&M Manuals shaii be the 
responsibility o f the C S I The Contractor shall support the CSi as needed for development of 
the CSI portion o f the OM&M Manuals

3.09 TRAINING

A. GENERAL: The Contractor shall conduct specifically organized training sessions to educate 
and train the owner's personnel in the maintenance and operation of all aspects and 
components of the control system they supply. Training on all system components shall 
include, but not be limited to. the following subjects:

1. All electrical and mechanical O&M manual items

2. All system users’ manual items

B. TRAINING SESSIONS: The Contractor shall provide a minimum o f 16 hours o f on-site 
instruction to the owners employees after start-up and commissioning of the system. The 
owner shall be allowed to video tape all or any part o f the training sessions. The Contractor 
shall prepare and assemble specific instruction materials for each training session and shall 
supply such materials to the Project Representative at least two (2) weeks prior to the time of 
the training. The O&M manuals and the system users’ manual shall be complete and shall be 
used in the training sessions.

C. PLC/SCADA SYSTEM TRAINING: PLC/SCADA System Training shaii be conducted by 
the CSI. The Contractor shall not be responsible for PLC/SCADA system training

D. VFD TRAINING: Training shall cover details of operation of VFD’s from the HIM (Human 
Interface Module). 'Training .shall provide detailed instructions on the modification of VFD 
operating parameters typically requiring adjustment by operators. The contractor shall develop 
and provide "cheat sheets" which provide step by step instructions required to accomplish the 
following:

1. Copy VFD configuration to HIM
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2. Copy HIM  configuration to VFD

3. Switch between auto and m anual inodes

4. M anually adjust speed

5. Adjust minimum and maximum speed limits

6. A djust acceleration and deceleration ramp times 

1. Access parameters and fault codes

END OF SECTION 17010
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SECTION 17221 

FIELD INSTRUMENTS GENERAL

Ï*ART t - GENERAL 

l.OÎ SUMMARY

À. This Section specifies general requirements for field instruments. This section applies to 
insirumenUilkm elements that quantitatively convert seased process energy into a fbrov'sigaaJ 
compatible with process measurement, control. and display devices and accessories.

B. Related Sections: The work o f the following Sections is related to the work o f this Section. 
Other Sections, not referenced below. may also be related to the- proper performance o f this 
work. It is the Contractor’s responsibility to perform all the work required by the Contract 
D ocum ent.

1. Section 17010: Instrumentation and Control Systems.

C. Performance Benchmarks: Items listed by part number axe intended to serve as performance
benchmarks. Submit most cwrrenf model .meeting the benchmark performance requirements 
for items that have been superseded or are otherwise obsolete UNO.

D. Not all products listed are required lor ail applications. Submit only products required for the 
application.

1.02 QU ALITY ASSURAIS CE

A. Referenced Standards: This Section incorporates by reference die latest revision o f the
documents listed below. In case o f conflict, between die requirements o f this Section and
those o f  the listed documents, the more demanding requirements shall govern.

S. ANSI B16.5 Pipe Flanges and flanged Fittings

?.. ÀPJ.RP550 Manual on Installation of Refinery instruments and Control Systems,
Pan 1- Process Instrumentation and Control

3. ÂSTM A276 Stainless Steel Bars and Shapes

4. NEMA 250 Enclosures for Electrical Equipment (1,000 Volts Maximum"»

13. Listing:

1. All materials and equipment specified herein shall be within the scope o f Nationally 
Recognized Testing Laboratory (NRTL) examination services, be approved by the 
NRTL for the purpose for whleh they are used, and shall bear the appropriate 
listing/label.

2. Equipment listed/labeled by an NRTL acceptable to the local authority having 
jurisdiction.

3. When a product is not available with a listing/label for the purpose for which it is to 
serve, the product may be required by the inspection authority to undergo a special 
inspection at the m anufacturers place o f assembly or as a completed assembly in the 
field. All costs and expenses incurred for such inspections shall be included in the 
original contract price.

1.03 SUBMITTALS

Per Section 17010-1.3.
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PART 2 ~ PRODUCTS

2 M  TM AN S M ITT ERS :

A. Unless otherwise specified, transmitters shall comply with the following requirements;

1. Two-wire type with operating power derived from the signal transmission circuit, unless 
otherwise specified.

2. Output shall be 4 to 20 niA, current reguiated DC.

3. Load variations within the range o f  0 to 500 ohms with the power supply at 24 VDC

4. Output, shall be galvanically isolated.

5. Time constant o f transmitters used for flow or pressure measurement, including level 
transmitters used for flow measurement, shall be adjustable from 0.0 to 5,0 seconds.

6. Output shall increase with increasing measurement.

7. Unless otherwise specified, enclosures shall be rated MEM A 250, Type 4X.

S. Provide with surge protectors when located outdoors:

9. Where two-wire transmitter is located in a classified area, use intrinsic safety barrier as
specified below.

10. DIGITAL COMMUNICATIONS: Provide KART or approved equal digital 
communications where available- Only one instrument communications protocol will be 
allowed.

11. Provide programming device and software utilities for communications capable devices.

12. Acceptable manufacturer: 

a. Rosemounl

h. Endress + Hauser

c. Yokogawa

d. Krohne

e. Approved equal 

2,02 OUTPUT INDICATORS

A. Provide with any transmitter that does not include an integral indicator,

B. Output indicator shall be a loop powered current-to-dighaJ display indicator.

C. Input current shall be 4-20 mA and display shall be a 3 1/2 active digit liquid crystal display 
with black numerals at least 0.35 inches high.

D. Display scalable with decimal point to read process engineering units.

E. Enclosed in a hockey puck type housing with glass window, classified as appropriate for the 
area in which the output indicator is installed.

f . A diode shall be provided to maintain loop continuity in case o f indicator failure or removal.

G. Accuracy shall he +/- 0.1 percent of reading.

1-1. Indicators, whether integral or separate, shah be calibrated in process units.

1. The units shall be engraved on the indicator scale plate.

J. The installed orientation of the output indicator shall enable operators to easily read the 
display from the operating floor.
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K. Acceptable Manufacturer:

1. Action Instruments models V561Tv’565

2. Precision Digital models 697/698

3. ■ Moore Industries models PSD/SPD

4. Approved equal

2.03 DETAILED INSTRUM ENT REQUIREMENTS

Detailed requirements for specific instruments are specified in other Division 17 spécification 
sections.

2.04 INTRIN SIC SAFETY BARRIERS

A, Shall he two-wire, active, isolating, loop powered type.

B, Mounting: DIN Rail

C, Acceptable Manufacturer:

1. Measurement Technology LTD, type MX3042

2. Staid 9005/0 i -252/: 00/00

3. Approved equal

2.05 SIGNAL C URRENT ISO LA TO R (FIELD MOUNTED)

A. Provides Galvanic isolation o f miUiampere transmission signals from transmitters with 
inadequately isolated output circuits. Rouse m a NEMA. 250, type AX/7  conduit body. Derive 
its operating power from die signai input circuit.

B. Input and output signals shall be 4 to 20 rnA and error shall, not exceed 0.1 percent of span. 
Input resistance shall not exceed 550 ohms with an output load o f 250 ohms.

C. Acceptable Manufacturer;

1. Action Instruments model T700

2. Moore Industries model SCX

3. Aeromag model i 50i

4. Approved equal 

FART 3 - EXECUTION 

3.03 INSTALLATION

A. Installation requirements per Section 17010.

R. Electrical Connections: Final connections between rigid raceway systems find instruments 
shall be made with jacketed flexible conduit with a maximum length of two feet.

C. Tagging: All field instruments shall be labeled with function and instrument number, i.e. ("FIT-
901-01/A-STREAM INFFLUiiNT FLOW METER). Tag shall be 10g3 316 stainless steel 
\vi fh stamped letters and numbers attached to device with 12ga 316 stainless steel wire.

3.02 TESTING

Testing requirements per Section 17010,

END O F SECTION 17221
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S E C T IO N  17231 

A N A L Y T IC A L  IN ST R U M E N T S

P A R T  1 -  G E N E R A L

1.01 SU M M A RY

A. This Section specifies requirements for analytical instrnments. This sectiou applies to
mstrnmemaiio.ft elements that quantitatively convert sensed process parameters into a 
lorm/signal compatible w ith process m easurem ent, control, and display devices and 
accessories.

O ther Sections, not referenced below, m ay also be related to the proper performance o f this 
work. It is the Contractor’s responsibility to perform  all the work required by the Contract 
Documents.

i . Section 17221: Field Instruments General

C. Performance Benchmarks: Items listed by par?, num ber are intended to serve as performance 
benchmarks. Submit most current m odel meeting the benchmark performance requirements 
for items that have been superseded o r are otherw ise obsolete UNO.

D, Not ail products listed are required for all applications. Submit only product?; required for the 
application.

! ,02 QU ÀL1TY ASSURANCE

Per Section 17221 Field Instrum ents General,

1.03 SUBM ITTALS

Per Section 17010-1.03,

P A R T  2 - PR O D U C T S

2.01 D E T A IL E D  INSTRUM ENT R E Q U IR E M E N T S

A. Requirements for instruments arc specified in this section and ou INSTRUSPEC sheets in Part 3.

B. Installation and application requirem ents are specified in Division 17 Sections, and/or on the 
contract Drawings.

P A R T 3 - EXECUTION

3.01 INSTRUSPEC SHEETS

A. INSTRUSPEC sheets provide detailed requirem ents for the instruments listed below,

I !NSTiu.:SPj?C Syrabol i : .liistrameitt Description 1 Instrument Function ;

B. Related Sections: The work o f  the following Sections is related to the work o f  this Section.

AIT3  i ....  PH Measurement

AÎT4 \ Process Fluid Analyzer \ Suspended Solids Measurement

In stru m en t Identification: 

instrument Function: 

instrument Description: 

Power Supply:

AIT3 (ÀE/ÀÏT pH)

pH measurement 

p ii  Analyzer

Signal Input:

120 VAC 

NA

Signal Output; 4-20 ma DC, HART

TO X A  TECH: 8-;!2
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Process Connection: Probe, subm ersible, V' MNTP

Product Requirements:

General:

1, M easurem ent o f  pH by the sensor is accomplished by immersing » glass or 
m etal d ee tio d e  and a reference electrode into a process solution. M easured pH 
is related to the logarithm  o f  hydrogen ion activity in the solution. This 
instrum ent also provides tem perature compensation.

2. Cable: Provide signal cable betw een die prim ary elem ent and transmitter by  the 
system m anufacturer, 15 feet m axim um  length.

Sensor:

!. Sensing electrode: fla t glass suitable for abrasive solutions.

2. Preamplifier; Rem ote, sensor to transm itter distance 15 feet maximum.

3. Tem perature range: 0 to \ 10 degrees C.

4. Pressure range: 0 to 100 psig.

5. Tem perature Com pensation: Integral prIOO sensor. Automatic compensation 
from 32 to 185 degrees R

6. M aterials o f  construction: Tefzel, glass, ceramic, Vi ton.

7. Submersion depth: 2.5 inches to 23 ieet.

8. M aximum pressure at operating tem perature: 100 psi at 65 degrees F, 50 psi at 
85 decrees F,

9. Pow er supply: Transm itter.

K). Provide Integral cable with quick disconnect

1 Ï . Approval: FM.

12 Rating: C lass 1, Division i , Groups A, B. C. and D; Class 2, Division 1, Groups 
E and G, hazardous locations, explosion proof, intrinsically safe.

13. Installation in hazardous location shall be intrinsically safe, FM certified, and 
listed p er N EC 504. Provide all required certificates, control drawings, and 
intrinsic safety calculations, etc, as required by the application.

Transmitter:

1. Enclosure: NEM A 4.X, IP65. N EM A  7B, suitable for area classifications.

2. Display; 2  line 7 segment LCD display.

3. Configuration: Provide softw are configuration tools and all required connection
accessories.

4. Am bient tempera rare range: -4 to 149 degrees F.

5. Relative humidity; 0 to 95%  non condensing.

6. Tem perature resolution: .1 degree C.

7. R.F1./BMI: EN -61326,C E.

8. M easurem ent range: 0 to 14 pH.

9. Preamplifier: Intégrai, sensor to transm itter distance 15 feet maximum.

TETRATECB: 8/12
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10 T em perature com pensation: Pt 
F.

R TO  located in  the sensor, 5 to 270 degrees

11. A ccuracy; *1 01V @  25degrees C ±  0  ,01 pH.

12. R epeatab ility : ±X m V  (ai 25deg;:ees C ±  0,01 pH.

] 3. S tability: .025%  p e r  year a t 7,5 d eg rees C.

14. In ternal d iagnostics.

15. M ounting  option: Field, as ind ica ted  on the  draw ings.

16. A pproval: FM ,

17. R ating : C lass I ,  D ivision  1, G roups Â , 8 ,  C , and D : C lass 2, D iv ision  1 > G roups 
E an d  G , hazardous locations, exp losion  proof, in trinsica lly  safe.

IS. in sta lla tion  in  hazardous loca tion  shall b e  in trinsica lly  saie-, FM  certified , and 
lis ted  p e r  N B C  504. P ro v id e  all req u ired  ce rtifica tes , contro l draw ings, and 
in trinsic  safe ty  ca lcu lations. etc , a.1) required  b y  the application .

A ccep tab le  M am ifacrurer:

1. E ndress +  M auser L iquiline C M 442  w ith  senso r C PF8 : 1)

H ach  G l i  sc200  dig ital rnnlti-charm el vvirh PEEK P D F  digital sensor

3. A pproved  equal.

installation:

C alibration :

1.

2 .

Instrument Identification:

In strum en t F unction: 

Instrum ent D escrip tion : 

P o w er Supply:

Signai Input:

S ignal O utput:

P rocess C onnection  :

P e r  the m an u fac tu re r’s in struc tions an d  recom m endations 

As show n on the  D raw ings.

S ensor M ounting;

a. in -line  v ia ball valve assem bly,

h . h i  a sam ple  line v ia tw ist-lock  tlow  cham bers,

c, In-Hne v ia tw ist-lock  bush ings o r tees.

ci. fa-silu  v ia e lec trode protection sleeve.

e. As ind ica ted  on the  drawing?-;.

C a lib ra te  p e r  S ections 17900 Schedules,

C a lib ra te  p e r  the rnanm ’actunsr's instruction*.

AÎT4 (TSS)

S uspended  Solids u ieasu rem enr 

T SS  A nalyzer 

120 V A C

(2) 4-20  rna D C , H A R T

Sensor, I 'A “ N P T  316 SS isolation valve  assem bly  and  m ale 
n ip p le  to  attach  to  1 H N P T  boss o r sadd le  in  pipe supp lied  b y  
con tracto r.

'JET.RA TECH: 8/12
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Product Requirements:

General;

i. Continuous oti.-lme m easurem ent o f  suspended sohds in ihe range ci" 0-o0,000 
ppm or mg/1 range. 'Normal operating range 0-500 ppm for this application.

Sensor:

1. Single NIR (N ear Infra-Red) fight beam generated by a light em itting diode 
(LED) and received by a silicon detector.

2. Sensor housing i.s to be m ade o f  5 16SS with glass lenses.

3. Designed for 90 psig (6 bar) working pressure and supplied with integral built-
in meeham oai stop.

4. Integra! SS flushing nozzle with check valve.

5. M ount in a 1 ..5” npi fem ale connection on pipe.

6. G ap betw een lenses is to be to be L5in;r;,

7. Sensor to be supplied w ith 33 ’ (10 m) o f  shielded 4-conductor cable with
polyurethane jacket and metallic M l 2-connector with oaring 'seal .

8. M easuring range o f  30-30,000 ppm

9. Sensor to have integral SS flushing nozzle.

Transm itter (Control Box):

} , Enclosure: N EM A  4X , 1P65

2. Support two sensors.

3. Tw o independent linearized 4-20 in A, max. 500 ohms gaivanscaüy isolated,
output signals (12 bit resolution) proportional to suspended solids
concentrations.

а . Illum inated graphical LCD display.

5. G raphical display to show solids concentrations in ppm, mg/1 or %  solids and 0- 
i 00%  o f  fflA output

б. Graphical display to show' calibration points and current suspended solids 
concentration. .

7. dam pening feature or integration, time, which can be set from 1 to 999 seconds.

8. Built-in heater' to m aintain proper tem perature down to -20 F outside 
temperature.

9. Approval: FM.

10. flu sh in g  solenoid valve prew ired in control box

i 1. O utput to be held  constant during Hushing cycle.

12. Flushing liquid to be 40-60psig filtered reuse water <x com pressed air.

'! 3. Control box to have (4) 3/16st holes for mounting.

14. Sun-light resistant com ponents, exposed to direct sunlight.

15. All program m ing and settings perform ed exterior to the control box by using a 
sell-instructing m enu, controlled by three touch pad keys.

'CFFRA TECH: 8/1?
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Acceptable Manufacturer:

1, Ceriic ITX-IL

2, Approved equal.

Installation:

Î. Per the .tnrmnfacturer's instructions and recoinmendaticms

2. As shown on the Drawings.

3. Sensor Mourning:

a. In-line via ball valve assembly. 

h. As indicated on the drawings.

Calibration:

1 f Calibrate per Sections 17900 Schedules. - 

2. Calibrate per the maftufaciurefs instructions.

END OF SECTION 17231

TET&À TECH: 8/12
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SECTION 17241 

FLOW TRANSMITTERS

PA R T 1 - GENERAL

1.01 -SUMMARY

A. 'ITiis Section specifies requirements for flow transmitters. This section applies to 
instrumentation. elements that quantitatively couvert sensed process flow energy into a
form/signal compatible with process measurement, control, and display devices and
accessories.

B. Related Sections: The work o f  the following Sections is related to the work o f this Section. 
Other Sections, not referenced below, may also be related to the proper performance of this 
work. It is the Contractor's responsibility to perform aii the work required by the Contract 
Documents.

I .  Section 17221: Field Instruments General

C. Performance Benchmarks: Items listed by part number are intended to serve as performance
benchmarks. Submit most current model meeting the benchmark performance requirements 
for items that have been superseded or are otherwise obsolete UNO.

D. Not. ali products listed are required for all applications. Submit only products required for the 
application.

1.02 QUALITY ASSURANCE

Per 1'7221 Field Instruments General.

1.03 SUBM ITTALS 

Per .17010-1.3.

PART 2 - PRODUCTS

2.0Ï DETAILED INSTRUMENT REQUIREMENTS

A. Requirements for instruments are specified in this section and on INSTRUSPEC sheets in Part 3.

B. Installation and application requirements are specified in this section, section 17901, and/or on 
the contract Drawings.

PART 3 - EXECUTION

3.01 INSTRUSPEC SHEETS

A. The following INSTRUSPEC sheets provide detailed requirements for the listed instruments.

H tNSXRUSPEC Symbol i instrum ent Description ; Instrum ent Function

j FM I i M agnetic flow  m eter ! F low  m easurem ent

! FM 2 ; P ropeller ftow m eter |  F low  m easurem ent

TiriRATECB: 8/) 2
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I n s tr u m e n t  Identification: F M I

instrum en t F unction: H o w  m easurem ent

Instrum en t D esc rip tio n - M agnetic  flow  m etering  system

P o w er Supply: 120 V A C  ( transm itter*

Signal Input: Induced  V o ltage

Signal O utput: 4 -20  m A  D C, D igital

P rocess C onnection : F lange, A N SI B 16.5 C lass 150, ra ised  la c e

P roduct R equirem ents:

G enera!:

M agnetic  flow  m e te r sh a ll b e  p rov ided  as a system  consisting  of a How tube 
and rem otely  m ounted  converter/transm itte r com plete  w ith  all necessary  
in te rconnec ting  cab les  ib r  tl>e flow  rube to  transm itte r separation  show n.

2. System  shall be su itab le fo r  m easu ring  w a te r  and  sludge flow .

3. P rovide g round ing  rings fo r  bo th  upstream  and  dow nstream  connections w ith  
the p rocess pip ing.

4. P rov ide m ech an ica l p ro tec tion  fo r the flow  tube flanges and liner during 
installation  o r  rem oval o f  the  flow  lube,

5. P rovide p ipe red u cer an d  ex p an d er w here  p ip e  run size is d iffe ren t from  
specified  flow  tu b e  size.

6 . T he red u c er and expander shall be un ifo rm ly  d iv e rg in g  and converg ing  sw ages 
w ith  a tot ai red u c in g  ang le  not ex ceed in g  8 degrees,

7. F low  T u b e  and  transm itte r sh a ll b e  th e  p roducts o f  the  sam e m anufactu rer 
recom m ended  fo r use together b y  the m anufactu rer.

F low  Tube:

1. T he in side  d iam eter o f  the flow  tube is show n the Process M echanical draw ings 
o f  the b id  docum ents.

2. F low  tube fea tu res: m easuring  tu b e  m ateria l 304 sta in less steel; line r m ateria l 
w ill b e  P o lyu re thane fo r side's less than  2 ’', and  hard  rubber 1er sizes 2 ” and 
larger.

3. P u lsed  D C  field  exc ita tion  w ith au tom atic  zero  p o in t co rrection .

4. Field coil insu lation  c lass I?.

5. F ield  rep laceab le  e lec tro d es rep laceab le  w hen flow  tribe is under operating  
p ressure.

6. E lec trode  m ateria l 316 T i sta in less steel

7. H ousing : N E M A  4X.

?.. G round ing  r in g  m ateria l 316 T i sta in less steel

F F R A  TECH: S/32
FLOW TRANSMITTERS

17241-2 134339A



Transm itter;

1. Signa.!, converter/transm itte r sha ll b e  su itab le  fo r an ad justab le  fu ll-scale flow  
w ith in  the lim its o f  from 1 to  30 fee t p er second.

2. S ignai converter /  transm itte r shall b e  rem otely  m oun ted  from  flow  tu b e  and 
m ic ro p ro cesso r b ased . P ro v id e  cab le  fo r 25 fo o t rem ote  connection . A ctual 
d istance to b e  verified  w ith  site  an d  custom er requirem ents.

3. B i-d irectiona l flow  and  to ta lization  m easurem ent.

4. Integral h igh-contrasr L C D  disp lay , in teg ra l con tro l panel.

5. A ccu racy  o f  0 ,3%  o f  Rate,

6. S ignal ou tpu t 4-20  raA  D C , g a lv an iea lly  iso lated  and in ternally  p o w ered  500 
ohm  driv ing  capability .

7. Low -Ü ow  cutoff: ad ju stab le  from  1 %  to  3%  o f  range

8. T erm ina ls and signal co n v e rte r  m odu les  p lug  in. and  rep laceab le  w ithout 
reca lib ra tio n  or re sc u in g  and  upg radeab le  !o com ply  w  » Hi fu ture 
com m unication  standards.

9. A d justab le  dam pening: 0.2 to 256  seconds

i0  P ow er 120 V A C .

11. E nclosure : N E M A  4X  w all m ount.

12. F low  ra te  ca lib ra tion  p e r  Section 17900 Schedules.

A ccep tab le  m anufactu rer:

1. E ndress 4- H au se r  P rom ag 50W

?.. A pproved  equals.

Installation:

1. Install in  acco rd an ce  w ith  m anufac tu re r's  instructions, A P I R P 550, and  the 
specified  functional requirem ents.

?.. Install ground rings upstream  and dow nstream  o f  the  How tube.

3. Insta ll the transm itte r on  the w all n e a r  to bu t rem otely  from  the flow  tube.

4. P ro v id e  signal cab le  betw een  the  prim ary elem ent and transm itte r by  the system  
m an u fac tu rer.

5. P rov ide a  su ffic ien t len g th  o f  cab le  fo r in sta lla tion  o f  a con tinuous ru n  betw een 
the prim ary  e lem en t and the rem otely  m ounted  transm itter.

C alib ration  :

1. R ange shall b e  p e r  S ection  17900 Schedules.

?.. In strum ent shall he calib rated  and  certified  a t the  factory  by  die m anufacturer. 

E N D  O F  S E C T IO N  17241

ÏB T R A  TECH: 8/12
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SECTION 17242 

LEVEL TRANSMITTERS

PART 1 - GENERAL

LOI SU M M A R Y

A. This Section specifies requirements for level transmitters. This section applies to 
instrumentation elements that quantitatively convert sensed process level into a form/signal 
compatible with process measurement,. control, and display devices and accessories,

B. The work of the following Sections is related to the work o f this Section. Other Sections, not 
referenced below, may also be related to the proper performance o f this work. It is the 
Contractor’s responsibility to perform all the work required by the Contract Documents.

i. Section 17221: Field Instruments General

C. Performance Benchmarks: items listed by part number are intended to serve as peiformanee 
benchmarks. Submit most current model meeting the benchmark performance requirement 
for items that have been superseded or are otherwise obsolete UNO.

1). Not all products listed are required for all applications. Submit only products required for the
application.

1.02 QUALITY ASSURANCE

Per Section 17221 Field Instruments General.

LÜ3 SUBMITTALS

Per Section 17010-1.3.

PART 2 - PRODUCTS

2*01 DETAILED INSTRUMENT REQUIREMENTS

A. Requirements for instruments are specified in this section and on INSTRUSPEC sheets in Part 3.

B. Installation and application requirements are specified in this section, section 17901. and/or on 
the contract Drawings.

PART 3 - EXECUTION

3,01 1NSTKUSFEC SHEETS

A. The following INSTRUSPEC sheds provide detailed requirements tor the listed instruments.

INSTRUSPEC Symbol Instrum ent Description Instrum ent h «action |

LTJ Submersible Gage Pressure Transmitter • :

LT2 fiead Monitoring Level Transmitter level Measurement

LT3 Leve: ('Differential Pressure) Transmitter Level M easureinen:

LT4 Ultrasonic Level Transmitter Level Measurement

1.15 Sludge Blanket Meter Level Measurement

TETRATECH: 8/12
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Pow er Supply: 

Signal Input: 

Signal Output:

Instrum ent Pimctior: : 

Instrum ent Description:

Level M easurem ent

Submersible Vented G age Pressure Transmitter

120VAC to rem ote transm itter

Process

Process Connection: 

Product Requirements: 

Sensor/Cable:

4-20 ma DC, digital, HART 

N A

1. Pressure sensoi shall be tem perature com pensated silicone pdzo-rcsisttve 
bridge type, shock and vibration-resistant design.

2. W etted parts shall be À STM  A'276, type 316 stainless steel minimum unless 
otherwise specified

3. Fluid n il shall be inert Silicone oiVgrease, unless otherwise specified.

4. Process connection: Teflon-coated flush elastouieric diaphragm with retaining 
ring, V ' diam eter minimum.

5. Sensor to he 2-wire device that will connect to remote transmitter

6. Cable: 2-wire plu.se ease ground, Polyurethane jacket, length 25 feet to remote
•transmitter (actual length to be determined in the Reid with custom er approval 
and may be less)

7. A gency approval: UL or FM listed

8. Rating: NBM A 250, Type 6 QP68). w aterproof form im m ersion to 3x range.

9. A tm ospheric reference: vent tube m olded into cable

1. Transm itter to be rem ote N EM À  250, Type 4X  enclosure

2. i 20VAC pow er supply

3. 4~20mA input channel

4. Terminal Enclosure: provides vent tube with w eatherproof bug*proof 
atm ospheric vent.

5. Location: unclassified area

6. Indicator: T ransm itters shall be  provided with an output Indicator which shall 
be 90-degree movement;, or LCD.

7. Indicator scale shall be calibrated in process units with tic marks for 
mil 1 iampere Input.

8. A ccuracy shrdl be withm 2 percent: o f  span.

d. R ange shall be selected so calibration point is betw een 20%  and 80% c i' the 
seaieable range.

Transmitter:

■RA TECH: 8/12
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Acceptable Manufacturers

1. G E/D ruek model PTX

2. Approved equal

InstruiiKrnt identification:

Instrumeîiî Fonction: 

Instrum ent Description: 

Pow er Supply:

Signal Input:

Signal Output:

Process Connection:

LT2

Level Measurement.

Head Mowkormg Level Transm itter

24 VDC

Process

4-20 urn DC, d ig ita l HART 

NA

Product Requirements:

•. Transm itter shall be "sm art” w ith  capacitance o r resonant-wire type.

?.. W etted parts shall be ASTM  A276, type 316 stainless steel minim um  unless
otherwise specified

3. Span shall be adjustable over a  6: i or greater range.

4. O ver range capacity w ithout affecting calibration shall he not less than 200 
percent: o f  m axim um  specified range,

5. Volumetric displacemem shall no? exceed 0.01 cubic inches over the specified 
span.

6. Fill fluid unless otherwise specified shall he  sihcone oil.

7. A djustable dam pening shall be provided.

8. Externa! zero and span adjustrnenl shall be provided.

9. Accuracy shall be  0,25 percent o f  span or better for spans greater than 5 inches 
w ater colum n, and 0.5 percent o f  span or better for spans less than or equal to 5 
inches w ater column.

10. M onitor shall he ! 50 !h,, 3 inch flange.

11. Indicator: T ransm itters shall be provided with an output indicator which shall 
he 90-degree m ovem ent, or LCD, 2-1/2 inch m ilham m eîer enclosed in a 
N’EM A 7/9 m eter case.

12. indicator scale shah be calibrated in process units w ith fie m arks for 
m illiam pere input.

13. A  diode- shall he  provided to m aintain loop continuity in case o f  metei 
m ovem ent failure o r rem oval

14. A ccuracy Bhaii he within 2 perce-it o f  span.

15. Range shall be selected so calibration point is betw een 20% and 80% o f  the 
s c a la b le  range.

16. K airez seal.

TETRÀ TECH- 8/12
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Acceptable M anufacturers:

1. Endress t- H auser Cerabar PM C 71

2. A pproved equal

Installation:

1. Per Section 17010.

2. Per ihe m anufacturer's instructions and recommendations.

3. Follow the recom m endations o f  API RP550.

Calibration:

1. Per Section 1790L

2. As required by the process.

1 ,1 3

Level M easurem ent

Level (D ifferential Pressure) Transmitter 

9-30 VDC

4-20 m a DC, digital, HART

Tw o 1/2-inch, female NPT flange adapters.

instrument Identification:

Instrument Function:

Instrum ent Description:

Power Supply:

Signal Input:

Signal Output:

Process Connection;

Product Requirem ents :

I. Pressure transm itter shall be capacitance or silicouepiezo-i'esistivc bridge type.

?.. U nless otherwise specified, w etted parts shall be ASTM  A276, Type 316 
stainless steel.

3. Rangeability: 15:1.

4. Unless otherw ise specified, fJ’j fluid shall be DC 200 Silicons oil.

5. A djustable dampening: 0.5 to Î0  seconds.

6. External zero adjustment.

7. A ccuracy shall be +0.J percent o f  span.

8. Transm itters shall be available in 10" W C  to 6*30 PSÎG ranges, Specific ranges 
shall be designated hi Section 17901 instrument Index.

9. Provide differential pressure transmitters with a three-valve m anifold per
Section 17211 and with four i/4-i.nch dram /vent ports, two plugged and two
provided with bleed valves.

10. Static pressure rating  shall be 2,000 psig or greater.

I I .  Sm art transm itter sub-carrier com patibility with digital protocol.

12. FKM  V iion seal.

TM '& a  TECH: 8/1.2
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Acceptable M anufacturers:

Î . Endress -*■ H auser D d tab ar PMD75 

2. A pproved equal

installation:

1. Per Section 3 7010.

2. Per the manufacturer's instructions and recommendations.

3. Follow the recom m endations of API RP530,

Calibration:

L Per Section 17901.

2. Calibrate as required by the process.

In s tru m e n t Identification: LT4

Instrum ent Function: Level measurement.

Instrument Description: Ultrasonic le v e l  Transm itter

Power Supply: 120VAC

Signal Input: . Ultrasonic

Signal Output: 4-20 m a DC, digital, HART

Process Connection: N on Contact

Product Requirem ents:

1. B eam  width shall be 6 degrees o r less.

2. Rangeabilitv shall be 100:1.

3< A ccuracy shall be 0.2 percent o f  calibrated range.

4. Provide integral or rem ote LCD display and configuration m odule as required 
by the application.

5. Provide available software configuration fools.

6. Approvals: Instrum ent shall bear the Cl? mark.

7. Housing: Alum inum  T12 N EM A  6P 1P6B. NliVtA 4X  IP66, w ith separate 
term inal com partm ent

S. Provide integrated tem perature sensor for temperature condensation,

9. Provide adequate cabJc for continuous connection to term inating device 
indicated on the drawings w ithout splices,

10. A m bient and process tem perature range shall be -40 to 140 degrees F.

11. Provide echo suppression function.

12. Provide m easured value resolution o f  .08“ or better.

1 3, M easuring error shall be less than +/- .16" Or .2% o f  m easuring distance. 

Acceptable M anufacturers;

1. Endress + H auser Prosonic FM U 90 with sensor FDU.

TETRA TECH: 3/12
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Installation:

2. Approved Equal

1. Install in accordance wifh the m anufac tu red  instructions. 

?.. Follow the recom m endations o f  API RP550.

3. Install a> required by  the application.

4. Install as shown on the drawings.

Calibration:

1. Calibrate per Section 17900 Schedules.

2. C oordinate instrum ent calibration wish the Project Representative a t the rime o( 
purchase and installation.

instrument Menfifkatioa:

Instrument Function: 

Instrument Description: 

Pow er Supply:

Signal Input:

Signal Output:

Process Connection: 

Product Requirements:

LT 5

Level m easurem ent o f  sludge blanket 

Sludge Blanket M eter 

120 VAC

N ear Infrared (NIR) Optical Sensor 

4-20 m a DC, digit a)

Travelling, Submersed

Sensor:

1. M easuring range: 1.5 to 26 feet

2. Cable: shielded 4-wire, polyurethane cable, length 36 ft.

3. M aterial: 316 SS

4. 'Location: Submersed

5. Lens material: BK7 glass

6 M easuring principle: NIR optical sensor

7. Sensor and transm itter shall he  compatible products m anufactured by  the same 
com pany and recom m ended by the m anufacturer tor the application

Transmitter:

TETRA TECH: 8/12

). Environment:

a. Location; Outdoor

b. Tem perature: -20 to 50 degrees C

2. Range: 1 to 26  feet

3. Accuracy: .25% o f  max range or 6 nun. w hichever is greater

4. Resolution: A %  o f  program  range or 2 mvü, w hichever is greater

5. Program m ing: LCD display, m em brane keypad

6. Pow er supply: 1 15V/60Hz

LEVEL TRANSMITTERS
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7. Power consumption: 20VA. lOVA standby, 70VA with heater

S. Analog Outputs: lour each 4-20 niA. max loading 750 ohms . 1% résolution, 
isolated

9. Relay output?: minimum 2 form A/ ] form € ,  all relays 5A., 250 VAC nor. 
inductive

10. Fhish water supply: W'  hose nipple

11. C able: Per manufacturers recommendations

12. Approvals'. CE, FM, CSA, UL

13. Enckvsure: N'BMA 4 

Acceptable Matiyiacturc-rs:

1, Ceriie CBX system with 4-cbrmnei control box 

?.. Or approved equal

Installation:

1. Install in accordance with uianufacturev's instructions

2. Install as required by the application

3. Install as shown on the drawings.

Calibration:

1. Calibrate per Section 17900 Schedules.

EN D  OF SECTION 17242

T E T R A T FŒ : 8/12
LEVEL TRANSMITTERS
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SECTION 17243

P R E S S U R E  TRANSMITTERS

PART 1 - GENERAL 

LOI SUMMARY

A. This Section specifies requirements for pressure transmitters. This section applies to 
mstrumentation elements that quantitatively convert sensed process pressure into a form/signal 
compatible with process measurement, control, and display devices and accessories,

B. The work o f the following Sections is related to the work o f this Section. Other Sections, not 
referenced, below, way also he related to the proper performance of this work. It is the 
Contractor’s responsibility to perform a!S the work required by the Contract Documents.

1. Section 17221: Field Instruments General

C. Performance Benchmarks: Items listed by part number are intended to serve as performance 
benchmarks. Submit most current model meeting the benchmark performance requirements 
for items that have been superseded or are otherwise obsolete UNO.

D. Listed instruments'. "Not all products listed are required for all applications. Submit only 
products required for die application.

1.02 QUALITY ASSURANCE

Per Section 17221 Field Instruments General.

LÜ3 SUBMITTALS

Per Section 17010-1.3.

PART 2 - PRODUCTS

Z M  DETAILED INSTRUM ENT REQUIREMENTS

A. Requirements for instruments are specified in this section and on INSTRÜSFHC sheets m Part 3.

B. Installation and application requirements are specified in this (section, Section 17901, and/or 
on the contract Drawings.

PART 3 - EXECUTION

3.01 ÎNSTRUSPEC SHEETS

A. The following INSTRUSPEC sheets provide detailed requirements for the listed instruments.

INSTRUSPEC Symbol ‘ r *

Differential pressure transmitter 

Gage pressure transmitter

Instrument Function

PGT

PDT Pressure measurement

Pressure measurement

TETRA 3*1:01: 8/12
PRESSURE TRANSMITTfcRS 
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Instrument Identification:

Instrument' Description: 

instrum ent Function:

D ifferential pressure transmitter 

D ifferential Pressure (Level) m easurem ent

9-30 VDC 

N /A

4-20 m A  DC. digital. HART

Tw o 1/2-inch fem ale NPT flange adapters.

PE /FD ÏT

Pow er Supply:

Signal Input:

Signal Output: 

Process Connection:

Product Requirements:

1. Pressure transmitter shall be  capacitance or silicone piezo-resistive bridge type.

2. Unless otherwise specified, wetted parts shall be A  STM A27fr, Type 316
stainless sled .

3. U nless otherw ise specified, iiii fluid shaii be DC 200 Silicone oil.

4. Adjustable dampening: 0.5 to 10 seconds.

5. Transm itters shall be available in 10" \VC to 600 PSIG ranges. Speciilc ranges 
shall he designated in Section 17901 Instrum ent Index.

6. Provide differential pressure tram; miners w ith a three-valve m anifold per 
Section 1"21 1 and with tour 1/4-ineh drain/vent ports, two plugged and two 
provided with bleed valves.

7. Static pressure rating shaft be 2,000 psig or greater.

8. Smart transm itter sub-carrier com patibility with digital protocol.

9. FKM  Viton seal

10, Transm itter shall have UistoRonv’M -D A T Setup/Diagnotic.

j 1. Span shall be adjustable over a 100:1 or greater range.

12. O ver range capacity  w ithout affecting calibration sh/sJJ be no t Jess than 200 
percent o f  maximum specified range.

13. Volumetric displacem ent shaii not exceed 0.01 cubic inches over the specified

14. Adjustable dam pening shall be provided, 

j 5. External zero arid span adjustm ent shaii be provided.

16. R eference A ccuracy shall be 0.075 percent o f  set span

17. Transm itter shall be remotely m ounted at a distance o f  25 feet (actual distance 
may be less, to be determined w ith ow ner's representative in field)

18. Range shaii be selected so calibration point is betw een 20% and 80% o f  the 
s c a la b le  range.

Acceptable m anufacturer:

1. Endress r  H auser D eltabar PMD75.

2. A pproved equal

TETRA T&CH: 3/12
PRESSURE TRANSMITTERS
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Installation:

1. Install in accordance with manufacturer's instructions

2. Follow the recommendations o f API RP551.

3. Provide root, valves at all process pressure taps.

4. Located pressure measurements as close as practical to the process tap and 
positioned to permit observation and maimeiurnce from grade or work platform 
unless otherwise specified.

5. Do not support pressure instruments from process piping, unless otherwise
v: .- .tr l

Calibration:

1. Per Section } 790 i Instrument index.

Instrum ent IcfrntifkatKm:

Instrument Description ; 

instrument Function :

Power Supply;

Signal Input:

Signal Output:

Process Connection:

mmr
Gage pressure transmitter 

Pressure measurement 

9-30 VDC 

NA

4-20 raA DC, digital, MART

Process connection shall be 3 ) 6L 1/2 MPT or i ” or 2>5 ilsnge 
based upon application requirements

Product Requirements:

Pressure transmitter shall be capacitance type or silicone strain gage type.

Unless otherwise specified, wetted parts shall be A STM Â276, type 316 
stainless steel.

Rangeabiiiy: 15:1 minimum.

4. Fill fluid shall be DC 200 Silicone oil, unless otherwise specified...

5. Range: Transmitters shall be available iu 0 to 600 PS1G ranges. Specific ranges 
shall be designated in Section 17901.

Transmitters with spans less than or equal to 25 psig shall be provided with one 
! /2-inch flanged process connection and two 1/4-inch drain/vent ports, one 
plugged and one provided with bleed valve,

?. Reference diaphragm shall be provided with a weatherproof, bug-proof
atmospheric vent.

8. Transmitters for spans greater than 25 psig shall be similar to the above except 
shall he designed for gage pressure service, and overpressure rating shall be 
greater than the lesser o f 2,000 psig and 1.50 percent o f  maximum range.

9. Provide smart transmitter sub-carrier capability compatible with digital 
protocol.

10. Transmitter shall be remotely mounted a!: a distance o f 25 feet (actual distance 
may be less, to be determined with owner’s representative in field)

TETRA TECH: 8/12
PRESSURE TRANSMITTERS
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1 j . Transmitter shall have Hi«voRom/M-.Dat Setup/Diagnotic software.

i 2, Sensor shall be ceramic

13. Span shall be adjustable over a 100:1 or greater range.

14. Over range capacity without affecting calibration shall be not less thaïs 200 
percent o f maximum specified range.

15. Volumetric displacement shall not exceed 0 .01 cubic inches over the specified 
span,

16. Transmitter enclosure shall be Aluminum 1F66/67 NEMA 6P

17. Adjustable dampening shall be provided.

18. External zero and span adjustment shall be provided.

19. Accuracy shall be 0.075 percent o f  span

20. Transmitters shall be provided with an output indicator which shall allow for 
90-degree movement, or LCD..

21. Indicator scale shall be calibrated in P S i

Acceptable manufacturer:

1. Endress -*• Hauser Cerabar PM C71

2, Approved equal

installation:

1. install in accordance with îmnufacturerk instructions

2. Follow the recommendations o f API RP550 to the specified requirements,

3. Provide root valves a: all process pressure taps.

4. Provide gage valves at the instrument' where the instrument is not within sight 
o f the root valve or where two or more instruments are connected to a single 
tap.

5. DO NOT1 connect safety instruments to the same process tap as instruments 
used for control, indication, or recording.

6. Unless otherwise specified, pressure instruments shall he located as close as 
practical to the process tap and shall be positioned to permit observation and 
maintenance trorn grade or a maintenance platform.

7. Pressure instruments shall NO T be supported from process piping.

Calibration:

1. Per Section \ 7901 Instrument Index.

END OF SECTION 17243

TETRA TECH: 3/12
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S E C T IO N  17245 .

TEM PERATURE TRANSM ITTERS

P A R T i - GENERAL

1.01 SUM M ARY

A. This Section spec-ill es requirements for temperature transmitters. This section applies to 
instrumentation elements that quantitatively convert sensed process temperature into a
form/signal compatible w ith process measurement, control, and display devices and
accessories.

B. Tire work o f  the following Sections is related to the work o f this Section, Giber Sections, not 
referenced below, may also be related to the proper performance o f this work. It is the 
Contractor’s responsibility to perform  ail the work required by the Contract Documents.

1. Section 17221; Field Tnstnunents General

C. Performance Benchmarks: Items listed by parr num ber are intended to serve as performance
benchmarks. Submit most current m odel meeting the benchmark performance requirements 
for items that have been superseded or are otherw ise obsolete UNO.

D. Not all products listed are required for all applications. Submit only products required for the 
application.

1.02 Q UALITY ASSURANCE

Per Section 17221 Field Instruments General.

1.03 SUBM ITTALS

Per Section 17010-1.3.

PART 2 - PRODUCTS

2.01 DETAILED INSTRUM ENT REQ UIREM ENTS

A. Requirements for mstraments are specified in this section and on 1NSTR.USPEC sheets in Fart 3.

B. Installation and application requirem ents are specified in this section, Section 17901. and/or 
on the contract Drawings.

PART 3 - EXECUTION

3.01 INSTRUSPKC SHEETS

A. The following 1.NSTRUSPEC sheets provide detailed requirements to r the listed instruments.

| INSTRUSPÊC Symbol | instrument Description j instrument Function

Temperature Transmitter J'empe-raiuî.e- ineasure.ineni

'£]'RA TECH: 8/12 j 34339A



TT

Process Connection; 

Product Requirements-' 

Sensor:

Instrument Function:

Instrum ent Description;

Pow

Signal Output*.

Signal Input:

T

Tem perature measurement

Tem perature transmitter

120VAC, 60 H z or 24 VDC. 8 VA maximum

2, 3 or 4 -wire RTD  100 Ohm Platinum, or T/C type J. K., E,  N . 
R, S, T or B

4-20 niA  D C , digital

Therm owell per Section. 17211

1. Provide a sensor in accordance w ith Section 1790

Transmitter:

1. Transm itter shall convert the sensor resistance or mV output to a m illiam pere 
transm ission signal output with an accuracy o f H U  percent o f  range o r better.

2. Input range: As specified in Section Î 7901.

3. input Sensitivity.

4. Input Impedance:

5. Accuracy and  stability: -f-0.1% o f  range or 0 . I degrees C, w hichever is greater, 
fo r 2 years with RTD sensor and 1 year w ith T/C sensor.

6. Isolation: Input/O utput/Pow er - 500 VAC minimum

7. Transm itter shall provide output pow er for sensor or Cold Junction 
com pensation for sensor, as required.

8. Display: 3--1/2 digit intégrai LCD display w/ dccimai point, m inus sign, and 
degrees Ceutigrade/Fahrenheit indicator.

9. Approvals; FM  Explosion proof and/or Intrinsically safe in hazardous areas

10. Enclosure;

a. NF.MA. 4X  in non hazardous areas

b. NE.VfA 7 in hazardous areas

c. M ax. D im ensions: 4.7 inch (120 mm) dia. x  5.2 inch (132 mm) Depth

11. Environmental:

a- Opera ring T em perature: -20 degrees C to + 70 degrees F

b. Humidity: 0 - 55% . non-condensing 

e. Altitude: 0 - 500 meters 

Acceptable Manufacturers:

\ . Endress + Mausei T H 13 

1. A pproved equal

TETRATECH: 8/12
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Installation: !

!. Insrall per inanulactnrei’s instructions aiîd recommendations.

2.. Follow the recommendations o f API RP~55J.

Calibration:

1. Application, sensor, aud calibration requirements per Section 17901. 

EN D  O F  SE C T IO N  17245
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SECTION 17251

PROCESS SWITCHES

PART 1 - GENERAL 

1M. SUMMARY

A. This Section specifies requirements for process and non process activated switcb.es.

B. Performance Benchmarks: Items listed by pari number are intended to serve as performance 
benchmarks. Submit most current model meeting the benchmark performance requirements 
for items that have been superseded or are otherwise obsolete UNO.

C. Not all products listed are required for ail applications. Submit only products required for the 
application.

1.02 REVERENCED SEC TIO NS

A. The work of the foJIov/ing Sections is related to the work of this Section, Other Sections, not
referenced below, may also he related to the proper perfonnajj.ee of this work. It is the
Contractors responsibility to perform all the work required by the Contract Documents.

1. Section 17010: Instrumentation and Control Systems.

L03 QUALITY ASSURANCE

A. Referenced Standards: This Section incorporates by reference the latest revision of the
documents listed below. In case of conflict between the requirements of this Section and those 
o f  the listed documents, the more demanding requirements shall govern.

j . ATI RP550 Manual on lnstalia.ti.on of Refinery Instruments and Control Systems,,
Part 1 - Process Instrumentation and Control

2. NEMA 250 Enclosures for Electrical Equipment (1000 Volts Maximum)

3. NEMA ICS 2 Industrial Control Devices. Controllers and Assemblies

4. NEMA JCS 6 Industrial Control and Systems: Enclosures

B. Listing

1. Ail materials and equipment specified herein shall be within me scope of Nationally 
Recognized Testing Laboratory (NRTL) examination sendees, be approved by the 
NRTL for the pmpese for which they are used, and shall bear the appropriate 
listing/label.

2. Equipment listed/Iabeied by an NRTL acceptable to the local authority having 
jurisdiction.

3. When, a product is not available with a listing/label for the purpose for which it is to 
serve, the product may be required by the inspection authority to undergo a special 
inspection at the manufacturer’s place o f assembly or as a completed assembly in the 
field. All costs and expenses incurred for such inspections shall be included in the 
original contract price,

1,04 SUBMITTALS

Per Section 170104.03.

TFfRA TECH: S/12
PROCESS SWITCHES 
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F A R T  2 - PR O D U C T S

2.01 GENERAL

A, SW ITCHES: UnJe&s otherwise specified, switches shall com ply with the following 
requirements:

1. Contact outputs used Tor alarm actuation shall be ordinarily closed and shall open to 
initiate the ahum,

2. Contact outputs used to  control equipment shall be ordinarily open and shah close to 
start the equipment.

3. Contacts m onitored by solid-stale equipment such as program mable logic controllers or 
annunciators shall he hermetically sealed and designed for switching currents from 20 to 
100 mA at 24 VDC.

4. Contacts m onitored by electromagnetic devices such as mechanical relays shall be rated 
NEM A ICS 2, designation B300.

5. Double barriers shall be provided between switch elements and process fluids such that 
failure o f  one barrier will not permit process thuds into electrical enclosures,

6. Switch electrical enclosures shall be rated Nii'MA 250, Type 4X  umiiuium,

7. Provide suitable intrinsic-safety barriers tor contacts in hazardous areas that are 
monitored by equipment in safe areas.

S. BUSSHD INSTRUM ENTS: Provide Device Net. Foundation Field Bus, or approved
equal for digital comm unications o f  process switch signals. Only one digital protocol lor 
process switches communications shall be allowed.

B, Requirements for instruments are specified in this section and on INSTRÜSPEC sheets in Part 3.

C, Installation and application requirements are specified in this section, section 17901, and/or on
the contract Drawings.

2.02 INTRINSIC SAFETY BARRIERS AND RELA Y S

A. Intrinsic safety barriers for process switches:

1. Dual input, passive type.

2. Shunt diode barrier construction with non-replaceahle fuse and internal current limiting 
resistor

3. Listings: UL,  FM  or C SA  certified ibr use in Class I  Groups A , B, C. I); Class II Groups
E, F, G,

4. A cceptable .manufacturers:

a. Rouan X57 Series

b. Turck MZ-61 Series

c. Approved equal

B. Intrinsic safety relays;

1. Isolates field contacts in classified location from control circuits in non-classified
location.

TETRA TECH: 8/12
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2. Input:

a. Maximum iieid contact current/voltage: lO m A /il VAC

b. Tum*un sensitivity: < 100K Glims

e. T urn-off sen siti vity : > 1 Megaohm

3. Output;

a, SPST N.O./N.C. switching action Held programmable

b. Rating: 1 A resistive si 24 VDC or 120 VAC

4. Power 100 to 130 VAC, 50-60 Hz, 4 VA maximum

5. listings: UL of FM approval for use in Class I Groups A. B, C, I), Class IT Groups 8, F, 
Cl

6. Enclosure: REMA )

?, Acceptable manufacturers:

a  Gems SafePak model 54820

b. Stahl ÏS Isolator Type 9170

c. Square-D series 850 ! TO orNY2

d. Warrick series 17 or 27

e. Approved equal 

PART 3 - EXECUTION

3.01 INSTALLATION

A. Installation requirements per Section 17010.

B. Electrical Connections: Final connections between rigid raceway systems and instruments 
shall be made with jacketed flexible conduit with a maximum length of two feet.

C. Tagging: All field instruments shall be labeled with function and instrument number, i.e. (FÎT- 
30 i/EFFLUENT FLOW METER). Tag shall be lOga 316 stainless steel with stamped letters 
and. numbers attached to device with 12ga 316 stainless steel wixe.

3.02 TESTING

Testing requirements per Section 17010.

3.03 KNSTRUSPEC SHEETS

The following JNSTRUSPEC sheets provide detailed requirements for the listed devices.

TETRA TECH: 8/12
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1NSTRUSPEC
Symbol

FS î

FS2

LSI

LK2

[.S3

LS4

PS

FDSH

PDSL2

TS

vs
ZSî

ZS2

In s tru m e n t D escrip tion

Therm al dispersion, flow switch for w ater, air, 
nitrogen

Insertion paddle type flow sw itch 

Level Switch, float 

Level Switch, stem  supported 

Level Switch, conductivity 

Level Switch, Displace? F loat 

Pressure sw itch

D ifferential Pressure switch, high range 

D ifferential Pressure switch, low  range 

D ifferential Pressure switch, Sow ranae

Tem perature switc

V ibration switch

D oor position sw itch

M echanical equipm ent position swiixi;

Instrument Function

Flow threshold detection

Flow threshold detection

Level m easurem ent

.Multi-level measurem ent

M ulti-level measurement

M ulti-ievel m easurem ent

Pressure measurem ent

Differential pressure 
tneasnrem ent

Differential pressure 
tneasurem ent

Differential pressure 
measurem ent, HP

Tem perature M onitor (Fluid 
immersion)

Lqmpmeni vibration m onitor 

Intrusion detection 

Position Liirsit detection

Instrument Type Symbol; 

in s tru m en t D escrip tion ; 

Instrum ent Function: 

P rocess C onnection : 

P ro d u c t R e q u ire m e n t: 

G enera l:

F S Î

T herm al d ispers ion  flow  switch.

Flow  th resho ld  detec tion  fo r w ater, air, an d  n itrogen  

3/4" o r la rg e r MNT'P. app lica tion  dependent.

Sensor:

i .  Sw itch  sha ll he su itab le  fo r flow  /  no  flow  detection  o f  w ater, air. and. n itrogen  
gas hi p rocess piping.

S ensor m aterial shall bo  316 sta in less steel.

O perating  tem peratu re ran g e  sh a ll h e  *50 to  350 deg rees F- 

M ax im um  op era tio n  p ressu re  sha ll be 4 0 GO psig.

R esponse tim e: 3 seconds 

R epeatab ility . +/- 0 .5%  o f  range 

P ro b e  length; 1.2” , 1.8” , custom

.T R A T L C tf: 8/12
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Transmitter:

1. Housing: ÜL'CSA rated explosion proof ad needed

2. Temperature: - 50  to 150 degrees JF

3. Power Supply: i20 VAC 60Hz 4 watts

4. Relay Output.; SPDT 3 amps resistive

5. Connections: 1 FNFT 

Acceptai) le m&ij ufacUu er :

1. Ameritrol fee.. FX series

2. Fluid Components International

3. Magnevrol Thennafel

4. Approved equal

Installation:

1. Install according to the manufacturers reeotfimendatiorss.

2. install as indicated on the Drawings.

Calibration:

\ . Calibrate per Section 17901.

Instrum ent Type Symbol: F52

Instrument Description: insertion paddle type flow switch

Instrument Function: Plow threshold detection for water

Process Connection; Insertion

Product Requirements:

1 Row switches shall be insertion paddle iype.

2. Provide snap action from C contract closure output

3. Set point shall be adjusted by the insertion length of'flow switch paddle 

A.  Paddle shail be 316 stainless steel.

5. Provided wûh. NEMÀ 4X junction box.

Acceptable manufacturer.

1. Gems FS-550

2. Approved equal

Installation:

1. Install according to the manufacturers recommandarions.

2. Install as indicated on the Drawings.

Calibration:

i . Calibrate per Section 17901.

TETRA TRCH: 8/!2
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L S I

L evel m easurem ent

F loat level sw itch

'N/A

N /A

C ontacts

N /A

I n s t r u m e n t  id e n tif ic a tio n ;

In strum en t F unction:

Instrum ent D escrip tion :

P ow er Supply:

S ignal Input:

S ignai O utput:

P ro cess  C onnection ;

P ro d u c t R equirem ents:

1. SPST  tilt ac tua ted  switch.

2. Sw itch  shall n o t con ta in  m ercury.

3. H igh  buoyancy , foam  filled , du rab le , corrosion  resis tan t floa t housing.

4. 14-AW G  w ire  type SO  ca b le  w ith  ? V C  o u te r jacket.

5. T ilt sw itch  sha ll be ra te d  fo r tw o am ps a t 120 V A C  m inim um .

6.  C able length  as needed , f ie ld  verify.

7. C ontacts: \ N O  o r I N C  

A c e ep la b  i e  m an u fac  rurer.

1. US F ilte r M odel 9G--EF

2. A nchor Scieu ?i û c  S o lo-F loat

3. A pproved  equal

Installation:

1. in s ta ll p e r  C on tract D raw ings.

2. Install p e r  the  m a n u fa c tu re rs  instructions.

C alib ration :

1, P er S ection  17901

Instrum ent Identification:

In strum en t F unction:

Ins m im en t D escrip tion :

L S 2

M ulti-leve l m easurem ent

S tem  M o u n ted  M ultip le  F loat Sw itch

P rocess: W aste  w a te r

Signal In p n t N A

S ignal O utput: C ontacts

P rocess C onnection : N /A

P roduc t R equirem ents:

1, Sw itch sha ll b e  a SPST.

2. S w itch  sh a ll b e  UL o r F M  approved.

PROCESS SW ITCHES 
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3. Provide four actuation levels.

4. Lead wire length shall be 24".

5. M ount and stem m aterial shall be 316 SS.

6. Floai: m ateria; shall be SS,

7. Float diam eter shall be M ir std.

S. Float operating tem perature lirait shall be up ro 150£,F.

9. Float operating maximum pressure shall be 100 PSI.

10. E lectrical connection junction box shall bo NEM A 4 type.

Acceptable manufacturer:

1. OHMS M odel LS700

2 . B arksdale BLS-800

3. A pproved equal

Installation:

1. Install, per m anufacturers recommendations.

2, P er the contract drawings.

Calibration:

1, Per Section 17901.

In s tru m e n t T ype  Sym bol: LS3

Instrum ent fu n c tio n : Multi Point level detection.

Instrum ent Description: Conductivity sensor.

Process Connection: 3-inch, male pipe thread.

Product Requirements:

Electrode Holder:

1. A ssem bly capable o t bolding up to sever) 1 /4-inch-dianteter rod type probes.

2. 3-inch m ale pipe thread attachment to electrode chamber.

3. D ie-east epoxy-coated aluminum terminal housing-.

4. 316 stainless steel body.

5. 3/4-i.uch boss îoï electrical conduit.

Electrodes:

1. 1 /4-inch 316 shunless steel rod tlireaded on one end for attachment to electrode 
holder.

2. PVC heat shrank sheathing.

3. Each probe cui: to exact length for the sensing elevations as shown on 
Dîawm&s.
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E lectrode R e lay  M odule:

1. P ow er supply: 120 V A C  60H z

2. Solid sta te  p lug-in  m odule.

3. O ne forrn-C  S PO T  load co n tac t per m odule.

4. M in im um  co n tac t ra ting  8 am p resis tive  a t J 20 V A C.

5. T em peratu re: -50  to  140 d eg rees F

6. D irec t o r inverse acting.

7. F ield  ad ju stab le  sensUivisy.

8. P rim ary  vo ltage 120V AC.

9 . S econdary  circu it: 11 V A C R M S , 2.3 m illiam ps

10. N B M A  I enclosure.

11. U L  approved  fo r h azard o u s location  use . in trinsically  safe. 

A ccep tab le  m anufacturer:

1. W arrick  C ontro ls S eries 3E  p robe fitting

2. W arrick  C ontro ls S eries 27  re lay  tuodu ie

3. W arrick  C ontro ls S eries 3B o r 3H  as req u ired  b y  the application

4. A ll com ponen ts shall b e  the  p ro d u c ts  ot‘ a sing le m anufacturer

5. A pproved  equal

Installation:

1. Install in  acco rd an ce  w ith  m anufacturer's instructions.

2. A s specified  on the D raw ings.

C alib ration :

1. S et an d  re se t points sha ll b e  p e r S ection  17901

2. A s specified  on  the D raw ings.

in s t r u m e n t  T y p e  S y m b o l: L S 4

Instrum ent F unction : M ulti-leve l m easurem ent

Instrum ent D escrip tion : L ev e l S w itch , D isp lace r F loat

P rocess C onnection : A s requ ired

P ro d u c t R equ irem en ts ;

I . L evel sw itches shall be sp ring  te.usioned cab le  supported  displace! 
u s in g  b u o yancy  princip le .

?.. S w itch  ac tion  sha ll b e  m ercu ry  sw itch , fo n a -C  co n tac t arrangem ent

3. A ll parts sha ll b e  316 o r  304 sta in less s te e l

4. E nclosu re  shall b e  epoxy  coated. N E M A  4 , or equal.
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Acceptable manufacturer;

1, M agnerrol Series A 15

2. A pproved equal

Installation:

1, Instaii in accordance with rm nufaorurers instructions.

2. As specified on the Drawing?.

Calibration;

]. Set and reset points shaii be per Section 17901.

2. As specified on the Drawings.

rs
Pressure measurem ent 

Pressure switch 

NA 

N A

Contacts

1/4-inch fem ale NPT.

Instrum ent Identification:

instrum ent Function:

Instrum ent Description:

Pow er Supply:

Signal input:

Signa] Output:

Process Connection:

Product Requirements:

I , Construction: Pressure elem ent and a  precision switch.

?.. Pressure dem em :

a. Type: D iaphragm  type w ith Buna-N diaphragm, or brass dual bellows.

h. Overpressure; Capable o t w ithstanding 10 times overrange pressure
without affecting calibration.

3. Switch:

a. H erm etically sealed SPDT. unless otherwise specified.

b. C ontacts ra ted  10 A at 120 VAC; 0.5 A at 120 VDC, resistive.

c. A djustable set-point and deadhand o f  approxim ately 10% fo 90% o f
operating range, unless otherwise specified.

4. Range: Am specified, Set point should fall betw een 30%  and 70% o f  operating
range. Set point and reset point shall be indicated on calibrated scales.

5. Accuracy: Repeatability and sensirivity shall be -1% o f  operating range or 
better.

6. Enclosure;

a. Cast alum inum  rated N EM A  4X or NEM A 7, as required,

h. Tw o 3/^-inch conduit connections.
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Acceptable manufacturers:

1. Square-D series 9012 Q

2. Ashcroft IP  Series

3. Mercoid Series i 000

4. Approved equal

Installation:

1. JjiStaJJ per manufacturers instructions and she recommendations o f API RP55Ô 
to ihe specified requirements.

2. Provide root valves at all process pressure taps except taps made for safety 
instruments.

3. Provide gage vaives at the uisinrmenf where fhe instrument is not within sight 
o f Üte root valve or where swo or more instruments are connected to a single

4, Do iioî connect safety instruments to Ihe same process tap as instruments used 
for control, indication, or recording. Unless otherwise specified, locate as close 
as practical to the process rap and position to permit observation and 
maintenance.

Calibration :

1. Application, calibration, and set points shall be per Section \ 7901.

Instrum en t identification: PDSH

Instrument Function: Differentia! pressure measurement

Instrument Description: Differential pressure switch, high range

Power Supply: N/'A

Signal Input: NA

Signal Output: Contacts

Process Connection: 1/8- or t/4-mch NPT high and low pressure taps.

Product Requirements:

1. Construction: Diffeientsal pressure element and a precision switch.

2. Pressure element:

a. Type: Diaphragm type wish Buna-N diaphragm, or as specified

b. Overpressure: Capable o f withstanding to  times over range pressure
without affecting calibration.

?. Swi ich:

a. Snap-action SPOT, unless otherwise specified.

b. Rated 15 A at 120 VAC

c. Adjustable set-point and dead baud o f approximately 10% to 90% of 
operating range, unless otherwise specified.
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4. Range: As specified. Set paint should fall between 30% and 70% of operating 
range. Set point and reset point shall be indicated on calibra red scales.

5. Accuracy: Repeatability and sensitivity shall be +-3% o f operating range or
better.

6. Enclosure:

a. Cast aluminum NEMA 4X

b. NHMÀ 7 for hazardous areas

c. Two 3/4-iiich conduit connections 

Acceptable manufacturers:

1. Square-D series 9012G

2. Ashcroft series ID A , D40Ü, D700

3. Mercoid series PG. SAi 100

4. Approved equal

Installation:

1. Install per manufacturer's instructions and the recommendations o f API RP55I 
to the specified requirements,

?.. Provide root valves at a!3 process pressure taps except taps made for safety 
instruments.

Provide gage valves a: the instrument where the msiTurneni is not within sight 
o f the root valve or where two or more instruments are connected to a single 
tap.

4. Do not connect safety instruments ro rhe same process tap as instruments used 
for control, indication, or reo^rdmg.

5. Unless otherwise specified, locate as close as practical to the process tap and 
position to permit observation and maintenance.

Calibration:

L Application, calibration, and set points shall be per Section 17901.

PDSL1

Differential pressure measurement

Differential pressure switch, low range

N/A

Process

Contacts

1 /8-iuch NPT high and low pressure taps-

Instrument Identification:

Instrument Function: 

instrument Description:

Power Supply:

Signal Input 

Signal Output:

Process Connection:

Product Requirements:

1. Service: Air and non-conjbustible, compatible gases.

2. Wetted Materials: Consult Factory.
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3. T em peratu re  Lim its: -30 to  180°F  (-34  to  S2.2°C ). 1823-00, -20 to 180eF (-28.9
to 82.2°C ).

4. P ressu re  L im its: 10 p s ig  (68.95 kP a) continuous, 25 psig  ( 172.4 kPa'> surge.

5. Sw itch  Type: S ingle-pole doub le-th row  (SPD T ).

6. R epeatability : ± 2%.

1 , B lec 'n ca i f e t in g :  15 A  @  120-4S0 V A C , 60 H z. R esistive 1/8 HP @  125 V A C,
1/4 H P  @  250 V A C, 60 Hz. D e-ra te  to  10 A  fo r opera tion  at h ig h  cycle rates.

8. E lec trica l C onnections: 3 screw  type, com m on, no rtnaiiy  open  and  norm ally
d o se d .

9. P rocess C onnections: 1/8" tern a le  N PT .

10. M ounting  O rien ta tion : D iaphragm  in vertical position . C on su lt factory  fo r o ther 
position  orientations.

11. S et P o in t A d ju s tm en t S crew  ty p e  in side  m ourn ing  spud.

3 2. Weigh;;: 1 lb , 5 oz (595 g).

13. A gency  A pprovals: CB, U ’L, C S A , FM .

14. S et P o in ts from  0 .0?" to 85 :' w .c.

15. R epetitive A ccuracy  w ith in  2% 

m anufactu rer:

’ . D w y er S eries 1800

2. A pproved  equal

Installation :

1. Install p er m anufactu rer’s in struc tions and the recom m endations o f  A P I RP550 
to the specified  requirenients.

2. P ro v id e  ro o t valves a t all p ro cess  p ressu re  taps excep t taps m ade  for safe ty  
instrum ents.

3. P rov ide gage valves a t the in strum en t w here  the  in strum en t is no t w ith in  sight 
o f  the  roo t valve  o r w here  tw o o r m o re  instrum ents a re  connected  to a single 
tap.

4 . D o  n o t connect sa fe ty  instrum ents to  the sam e p rocess tap as instrum ents used 
fo r con tro l, ind ication , o r  recording-.

5. U nless o therw ise specified , locate  as c lose  as p rac tica l to  the p ro cess  tap  and 
position  to  perm it observa tion  and m ain tenance.

C alib ration :

A pp lication , ca lib ra tion , and set po in ts  shall h e  p er Sect-on 17901.
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Instrument Identification:

Instrum ent Function: 

In strum en t D escrip tion; 

P o w er Supply:

S ignai Input:

S ignal O utput:

P rocess C onnection : 

P roduc t Requiterrjeutrs;

PDSL2

In fe re n t ia l  p ressu re  m easurem ent, low  range 

D iffe ren tia l p ressu re  sw itch . low  ran g e  EP

N /A

Process

C ontac ts P arag rap h  1723 6.

1/8-inch  N P T  h igh  and  low p ressu re  taps.

1. Sw itch  sh a ll b e  fo r low  ran g e  d iffe ren tia l p ressu res . w ith  repetitive accu racy  o f  
p lus or m inus 3 percen t o f  full sca le  th roughou t range.

2. Service: A ir a n d  non-com bustib le , com patib le  gases.

3. W etted  M ateria ls: Courrait factory.

4 . T em pera tu re  L im its: -40 to i4 0 'iF  {-40 to  60°C,î; 0 to 140'5F  {*17.8 to 60yC )for 
1950P-8, 15, 25, and 50. -30  to  13Ü T’ (-34.4  to 54.4°C ) fot 1950-02.

5 P ressure L im its: C ontinuous: 1950’s - -VS1’ w .c. (0.11 bar); J9 5 0 P ’s - 35 psi 
(2.41 bar); 1950P-5O on iy  -  70  psi (4.S3 bar). Surge: 1950’s - 10 psi (0 .69  bar); 
1950P ‘s - 50 psi (3 .45 bar); 1950P-50 on ly  - 90 psi (6 .2 ! bar).

f>, .Enclosure R ating : N E  M A  3 (IP54) ra in  tight. N E M A  7 and  9.

7. Sw itch T ype: S ingle-pôle double-throw  (SPO T).

8. E lec trica l R a ting : 15 A  (ill 125, 250, 480 V A C, 60 H z. R esistive Î./S H P  @  12.5 
V A C , 1/4 H P  @ 2 5 0  V A C , 60 H z.

9. E lec trica l C onnections: 3 screw  type, com m on, no rm ally  open  and  norm ally  
closed,

10. P rocess C onnections: 1/S" fem ale K PT.

1 i . M oun ting  O rien ta tion : D iaph ragm  in vertical position . C onsu lt fac to ry  for o ther 
position  o rien ta  tie n s .

1 ?.. Set P o in t A djustm ent: S crew  ty p e  on  top  o f  housing.

13. CE-, IT .  and  C S A  listed . PM approved  for use in C lass 1, D iv  1, G roups C and 
I) , C lass 11 G ro u p s H, F. and  G  and C lass HI hazard o u s atm ospheres.

14. W e a th e rp ro o f fea tu re s  include a  d ra in  p lug  an d  O -m tg  seal in cover.

15. M odels o ffe r  se t po in ts from  .03 to  20" w .c . (7,5  to 5 kP a) and  iVorn .5 to  60 psi 
(0 .035 to  3.5 bar).

1. Install p e r  m anufactu rer's in struc tions an d  the  recom m endations o f  A P I RP550 
to  d ie sp ec ified  requirem ents.

2. P rovide ro o t valves a t all p rocess p ressu re  tap& ex cep t taps m ade  for .safety
instrum ents.

A ceep  tab 1 e tuam tfac tu rer :

1. D w yer series 3 950

2. A pproved  equal

Installation:
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3. Provide gage valves a t the instrum ent w here the instrum ent is not within sight 
o f  the root valve or w here tw o or m ore instrum ents are connected to a single
tap,

4. Do not co n n ed  safety instrum ents to the same process tap as instruments used 
for control, indication, or recording.

5. Unless otherw ise specified, locate as d o se  as practical to the process tap and 
position to perm it observation and maintenance.

Calibration:

1. Application, calibration, and sef. points shall be per Section 17901-

Instrum ent Identification: TS

instrum ent Function: Tem perature monitor

Instrum ent Description: Tem perature switch, Capillary-type ^ l^d . immersion

Power Supply: "NA

>ir.s

Signal Output: Contacts

Process Connection: : 17" MPT

Product Requ irem ents :

3. Construction: Liquid-fUled bulb and capillary; pressure sensor, snap action 
switch.

2. Bulb and capillary: M aterial, copper or stainless steel, as specified. Length as 
needed.

3. Pressure element:

a. Type: Bourdon tube, copper or stainless steei as required

b. Overpressure: Capable o f  withstanding 300 psi capillary pressure

4. Switch:

a. G eneral purpose SPOT, unless otherwise specified.

b. Rated 10 A at 120 VAC; 0.5 A at 120 VDC.

c. A djustable ser-point and dead band o f  approxim ately i 0%  to 90%  of 
operating range, unless otherwise specified.

5. Accuracy: Repeatability and sensitivity shall be -t-2%  o f  operating range or 
better.

6 Enclosure:

a. Cast aluminum N EM A  4X

b. N EM A  7 in hazardous areas

c. 3/4-inch conduit connections 

Acceptable M anufacturers:

1. A shcroft series L, 400, 700
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2, Mercoid series 0

3. Approved equal

Installation:

i . Install per manufacrurei's instructions.

?.. Follow the recommendations o f API RP550.

3. As show:; on the drawings

Calibration:

1. Application, calibration, and set points shall be per Section 179Ô1.

Instrument F ac tion : 

Instrument Description: 

Power Supply;

Signai Inpat:

Signal Output:

Process Connection:

Sense Vibration o f Process Equipment 

Vibration Switch, Electronic 

120 VAC, 60 Hz or 24 VDC, 5 VA max 

NA

Triac, PET. 4-20 inA, see below 

Macluned surface w-;fasreners

Product Requirements:

1. Constraedon: Consists o f a self-contained seismic vibration sensor, electronic 
signal processing and ai arm circuitry with two alarm relays,

a, Intended to protect rotating machinery from damage due to mec 
malfunction and vibration.

b. Signal processing electronics shall convert seismic sensor output into
velocity signal, test for alarms, and transmit analog velocity signal.

e. Include an alarm inhibit feature that prevents the switch from tripping
during machine start up, as indicated by contact closure. After the inhibit 
period, the switch shall function normally.

d. Include m  alarm delay feature that prevents the switch from tripping
during short term transient vibration conditions. Under continued high 
vibration the switch shall trip after the delay period. Alarm delay period 
shall he programmable from 3 to 10 seconds.

3. Range;

a. Danger alarm sel-point: 0.15 to i .5 inches/sec

b. Warning alarm set-point: 10% to 100% of Danger ser-point

c. Analog signal: 0 to 150% o f Danger set-point

4. Accuracy: -f-5% full scale

5. Enclosure:

a. Cast aluminum or cast iron NEMÀ 4X.

TETRATECH: 8/12
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h. N lïM A  "  iu .hazardous areas.

c, Conduit fittings: 3/4-inch conduit opening for pow er and signal wiring.

6, Signal Output:

a. AC powered units; Solid-state tnae, rated 2 A  at 120 VAC.

b. DC pow ered units: Pow er FET, rated 3 A  a t 24 VDC.

c. A nalog output: 4-20 m A  into 0 to 500 Ohms 

Acceptable M anufacturer:

1. R ochester mode! VT-12152b

2. Robevtshnw model 566

3. A pproved equal

Installation:

1. Mount and connect per im niUactnrer’s instructions.

2. As shown in the Contract Drawings.

Calibration:

1. Application, calibration, and set points shall be per Section 17901.

Insfrim u 'M  T ype Sym bol: XS1

Instrum ent .Function: D oor position threshold detection.

Im trijrnem  Description: M agnetic reed switch.

1. Provide industrial grade switch suitable Tor harsh en v iro n m en t

2. Contacts: SPDT form C, .5 am p m ax, 100 VA C/DC max at .25 amps, ? VA 
max.

3. M agnetic reed switch.

4. Prevent sticking or freezing between the two switch plates that ib n n  the 
m agnetic fie Id.

5■ Electrical components herm etically sealed,

6. 316 Stainless Steel armored lead type.

7. O perating temperature: -40 to 150 degrees F.

8. (JL llisted,

9. W arranty exceeding 10 years for workmanship, material and factory defects. 

Acceptable mcinufacturer;

1. G E  Security Products 2500 sen  es

2. George Risk Industries

3. A pproved equal
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Installation;

1, install in accordance with manufacturer's instructions and the application 
requirements.

2. Suitable for metal door installation.

Calibration:.

1. Per site requirements.

Instrument Type Symbol: Z S T .

Instrument .Function: Position threshold detection.

Instrument Description: Limit switch,

Puxlucl Requirements:

1. Configuration as required by the application.

2. NEMA rating as required by the application.

3. Area classification listing as required by the application,

4. Contacts: SPDT, quick make and break, 120 VAC/DC, 20 amps continuous 
carrying capacity.

Acceptable rnanufaeturer;

1. Square D Class 9007

2. Alien Bradley

3. Approved equal

Installation :

1. Install in accordance with manufacturer's instructions.

2. Installation and actuation as required by the application,

Calibration:

1. Per site and equipment requirements,

E M ) O F  SECTION 17251
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SECTIO N  X79G0

SCHEDULES

FA RT I - GENERAL 

LOI SUMMARY

A. Scope: The following schedules are provided:

1. Section ] 7901 : Instrument Schedule (Instrument Index)

2. Section 17903: PLC I/O Schedule

B. Schedule fields are listed in Part 3.

1,02 REFERENCES

References to drawing numbers provided in these schedules are provided as a convenience 
only. An incorrect drawing number or the omission o f an appropriate drawing number shall 
have no impact on the scope of work required under this contract.

PART 2 -PRODUCTS

2.01 SCHEDULES

A. Data Fields: Schedules shall provide the data columns indicated in Part 3.

B. Instrument Schedule:

1. This schedule briefly describes major discrete devices required by the control system. 
Scheduled devices shall he provided as described in the schedules and in the referenced 
specification paragraph. Each instrument is located by a pane! reference or electrical or 
mechanical plan drawing reference (if  field mounted).

2. These schedules shall not be interpreted as a set of complete data sheets for the devices 
but only as a listing o f instruments with certain salient features described. Additional 
elemetits such as power supplies, current repeaters or isolators, mounting hardware, cord 
sets, and other such elements as may be required by a particular vendor in order to 
complete the system shall be provided even though not listed. The Contractor shall 
create complete ordering information for all instruments and shall submit this 
information to the Engineer for review prior to -manufacture.

3. Instrument Schedule column descriptions:

a. Tag number: These are instrument tag numbers which include the 3-digit 
instrument loop (LL) numbers and individual instrument prefixes and suffixes, or 
component name or circuit designation.

b. Description: Defines application o f the loop or identifies the type o f individual 
instrument within the loop.

c. Specification number: Numbers refer to spécification requirements for new
instruments which shall be provided.

d. Process drawing number (P&ïd): Numbers refer to basic process flow drawings 
showing the schematic locations of primary measuring elements and final control 
devices within the process.

e. Physical location drawing number: Numbers refer to instrument location drawings 
showing locations for individual field mounted instruments.
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FART 3 - EXECUTION

3.01 SECTION 17901 INSTRUMENT SCHEDULE 

A. Column Headings to Include:

h TAG NUM BER

2, DESCRIPTION

3. P&ID DRAW ING NUM BER

4, LOCATION DRAW ING NUMBER.

5. SPEC NUM BER

6. CALIBRATION RANGE

7. APPLICATION NOTES

3.02 SECTION 17903 PLC I/O SCHEDULE 

A. Column Headings to Include:

1. TAG NUM BER

2. DESCRIPTION

3. P&ID DRAW ING N UM BER

4. PANEL NUM BER

5. I/O TYPE

6. M ODULE TYPE

7. RACK

8. SLOT 

9- POINT

END OF SECTION 17900
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: P&IQ Physic?! | iPDP ^  H o
: Dwg No. : Loca tion  ; P ow er - P 811- • °

Tag Num ber D escrip tion OaSib. Rzme A pp lica tion  Notes
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!VRS- FPF.0PUMPS ____________
. .1
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f e / p it S i t  ' ■•/R3 A  f e « ;  r  r>* ' k'.- <■. r,-j r  j ,  s>r ! » ; . 2 r  ! 20VAC '! /2 » ’i

P D E /P D ll 9 Î-: tVRS A  T ra in  S t r M is ïH u n ir ia to r  Pressure D ifferentia ! I n h a l in g  T ransm itte r 20? 301’ 17243 0-200 ln /H2o
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L £ /U ~ •> i' 3 IV k S  A 1 ram a tr ip c a r Sum p Pressure  O if's^ant'a l •ruîc^îcinf? • oîAsrwdei jy.-i i .ju /. 17245 0-50 in /H2o

P0È/PÛM . 911 *;•) i f . -  '3  * j 1»* ►<»' '  v s s u re  DrfrerenJia; ind ica tiftg  \ w ï:.r< ;ü ? ï '  ! 1724? u-200 n ' r ^ o  f

iVftS - ?- TftAIW

FÇ/FIT S'! 2 ' i j  »•' r  -*i' ~i’  3 r  /•, ■'{•icstli/ig ! ;ï*i',STüts>ir /  A - iv jd - i 0 - ir jo  ow n
p D C /P D iï .912 • fv f t  v  o  y .-M i isbz-p&iif W ist f j im in a to r  p reas iire 25.0 SO.- !7243 0-200 i;vH 2o
p r jf ^ P b ; :r S12 ; 2 iV R S &  Tra in  S tripps r Trays  Pros-scre rjÿ ft*ien{ia ! If.dicatrog T ransm itte r 230 302 17243 0-50 sr./h^2o

' l  E / l . " 0-52 3 !VR 5 S Tram  S tr.pper S um p Pre ir;>:>;:-ior*çj T.-ar.&rriiî^or 210 302 17243 . 0-50 if./HZo

PD S /P D iT 0'<2 51 îVKS 8  T ra:o B iower Pressure  D 'ig T ra n s m ttftr "2 1 0 302 i> 200  ;Or‘W2.:-

î'«5.--'fîf.îJî.VJfe5
. L c / i  IT 9.20 . VRC: Psec A T rs ir .T « > ic U v ^ 'id rw w in a  ii : t ) : ir i : i« e r r 303 V r jiM 0-15 n

i£ M S 820 5 P n ü  Fe?a B T,’ £OT T w :k ic v v i  ip iJicatim ; r if tr tsm u tc r I 3D3 17242 0 - ! 5 « {

C'P j- f-E:ci.) i : - .....................

PÊ/FIT 82.1 PRS A  Tra io  ~ *s d  R o w  :oo:c&H'iO 1 rw fU tiii'ts r 213 303 12CVAC 17241 c -1 0 0  ae.-n ...................  ■!

P& /P IT S21 PRS A  T ra in  Pressure  (r.dicat<ru; *  rs fftfn id a r m 30? 17243 9-S3 .’c-

F Ê /R T 022 P ftS  8  Tiai"'- Peed Plow !r>c»icô!:i/;g T rs îis 'r iit te r 213 303 120VAC 17241 0-100 ;jpm

PÉ /P IT : 022 PRS t '  T ra ij i p ressu re  ind ica ting  T ransm itte r 215 303 17243 P-SC psi

? îW -A 'r^V tfyW S > .W <;'fK !N 'ïA N K S  .J" - - ' - - -

F E /F fr 921 2 p!^f> A  T ra in  L im e Flash T ank Pc-ort Plow indfcating ' v .n w . ' t i& 21* .  »P9 :?r:V A C 17231 0-60  p jjr,:

r  i s x r r f  321 PK’S A  T ra in  i : - v e  r te t 'n  ; an>c le v e l  lo c a t in g  T ransm itte r 214 ^ 303 17242 0-10 «

AB-'AiT 821 3Ü9 1 2 0 v *C 17231 ' • t o i i * cc - * :  :  * v r ' . v  '  - .  .’ i / »

L frL IV S21 2 P?<S À T r s . "  u<ve f- J--C'JC' t  3 r, 1,̂  j,>nr, * Jc^roiSrer 5.1.4 309 j 17242 0-10 f?

lj;K«£

:iAR!f!ES i
:.£/j.-:T 021 5 P ftS  A  T m c: !PC <-2ve< ind ica ting  '  rsnsm itte r j 2iS 309 na 0-10 f t ■'■.'•• \  - ' V i ,  '! . ’ -

F-fcV;*! r &21 3 i : ft-5 A  Tra in  IPC O verflow  r-'io«v lod ica ting  T ransm itte r : i s 503 " 120VAC 1724'-
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Tag Num ber D escrip to r;

................. i.,
P&iO 

Dwg Ho.
Physical
Location

ÎPDP
Power

Spft«:.No. Cniib. KxngH A pp lica tion  Notes

**$-AïfiA;N!?<C.5UifXyL PUMPS
t.3H- : s :: ' • PRS A Train IPC s:yi:ae> #1 Pürnp Lavei fiwt;:;-. 2 if. ?.ÜZ r.'j r,g Leak Oxinch'.r gü&yiik-:) wKfi Pu-mc»

Pf;/P:T ' S21 11 PR$ A Train iPC Sfaidgt* f t t  Prssoo:» io  ■■ 'yv.v.’ y  ■ 2J.S 303 17243 0-50 p3i
:..s k 521 *7V PfiS  A T.-ain i ” C Siudge #2 Pu.t p  Lavef Swrttfi f-ifgfi 216 305 OH n« Leak Oetoctor S«o&!iied (.vith Purrüj

PE/PÎT 521 12 PRS A '•■si:: ;'£C o!oc>gô-.¥_' Pressure ln«:-c-J*Kr.ft ï:*?s*>:;ifàc . 216 303 17243 0-5C psi

FtV fIT 921 . 4 PR; 2.16 y  ' ’ . r .  K ü-20 gpm
- STSAiN S.IMC ^ÊACTibN-TAWKS

t Z f ’r r : 3 22 2 PK; r * - , t :-iy 30 S IS ü v a C i r /A  ! 0 -50 gpm
■ J i ' i i r 322 p<“* * *  J t J  ,  J 7-:> 30& .SwV»,-' 17242 ü - lô  ft L/’itrasor.ic
AEV-iT 522 : PRS 3 Ti > 217 30S 120VAC 17231 1 lu 14 Two Proses ’.a Singis Tra-nsrüiîior, Two Analog Outputs

r.e:, :- " h t‘2:2 > • 2 ?> > - " i  r*. r  / • v i /V '- ' j  j-'S in i'te r ' n i 303 ?/CV'AC r \72A2 0-10 ft L-Ir/s.-WiC
Pitt- aT IU i»:iM d \K i‘ftrtA Tc CI-AKjrifR :

LE/LiT . 922 PKS B T ra;r, v.evei r ra rvw itis r 21Z 300 120 v AC­ '.12 « û- : û h Sluciot» DrttBr.K',')!’ S'.sisrr. PsurAnaif.fi Oütauts

322 : 3 1 « 1 • '  ’ i . r  .• • » '  j  M l .  % ■>'iÇ 3Ü3 'S 20 VAC 1/241 C -iao^ ir? !

PR5 - 3 TP.Wi [PC SLÜOGf W  *f*'
SJ5H 922 ‘ • ’ ‘ . » ;> r' . t -  ->.J| ^ 3 ii 303 : ik :<h IzzKOeiocio',

S22 11 i-'Kh k  1 rain !!-■«_; 5it<Mÿti#1 s-*ot»îç» rressufê  iPtiftcau:’#  rrar.smiîtçr 21S r  303 17243 0 W 2v .‘Q. væjj» s>

LSH 352 2 ■Prî;$ B Train IPC #?. Pyruc» i;£«ei 'S v râ * - 2J.S . 3.23 ns rs i.KS<ü8teüfor'S'jp:rfcfc-;i/.‘«r< Por>;p

P£/P(T 922 12 PRS d  T ia ifi !PC S iudoeÿz Pufrp  Pressure indîcoSînij-Tfôfscôttei"' 3ü3 17243 0-50. }:«< (sofâîif!? Oifi!?î!!'?.n<rl
f c / r r r 922 4 f  « Tn-iT'. !-“0  . ï lo o ij i  '[ invU*" V iovAC 17241 0-20 çpm

PS5 • 5m :C^£ STOSAoS TAKS'J
L S L m 323 ' PWS V--W -?<■«•& rp«o A frssri Siü-agç-Taiw-Lewi IpiliExfcoç.'Trar.srnütor ‘ y - I.20VAC 17242 0-1 h  ft uitrasoriiC

Lf./i.iT 9:-?> 2 --•< •-.* -> ^ -i l ' j  'V i i '  i.c/^1 Tv'SWfrjWc*' 22!) 304 *î OfA/û f* •17242
f'KS • FilTEft ■!

LSH •323 i* . ‘ • ' r>, • -* «• . • • • i- y /  : .v;4 n'i p

p c /p rr 923 1 ’■i'1*’  • • . • ■ ! .  .  .-.< yvO o :*: i -* ir.^ fîc ! n? îitter ’ 1 •>y i . 43 S  y .'sti'aKivq i?>i«wîKori

U K 623 • 2 PP f  iiïgr press Feed 8 TVîïs r, f’ wrw: ie v « f Switch 30-4 r?a 5*:oçï«>!.5upp:i:«i.with
PÊ/P1Ï 323 2 P ^ â  P f& i.t 'it& S .è  Train püovê Pressor® jftyfçziincj Transmitter J / i 304 s 72-<3 0-500 pÿ. ie4:4Sr<3 Èfàîi'Wis.Kr.

l.SH . S23 3 -'S  •"■ ir  Press rse o  S:-w:o&v9nm p  vove-sw ittr. 2/'| 304 .-.a TSj Lcol J > -^ c y s f-v?*-1 lr̂ :
••£'P!T a?.?. 3 P:<o r-ütef Press Peed iftaK dtyP um o JKOcc*>:<rt«; '  r«risrr*!U®r ?:•’> 304 17243 0-2ÜÛ psi S i '  •' f. .• • . <■

pH* - *  ÏW Sft PLÏSR «D5S 5
F k ’FST 924 1 -■ -, *̂i<ï«r A ~~roio ^ if^ iv ^  P*'(vv tï'0 ,C3fif'’5 "i y. 14 3<G ^ T ? 5 -/a c r  17241 C- 'fo gpm

S24 1 r  r -  /  jiiter 22 i S-1!) îs o v a c 17.-3': 0-100 mg/L KBGyirfi'i f luan vu&w
PR3 - B-TRAtN RLTER-PRESS ’
. FEfFlT 825 : 1 ^  i -'r ‘ ^ ^ ^ ^ 2.24 ?''() ■l^yVAC 17241 0-1? çjnoi

525 . ! - s«er rrs s s  sa i <o>n i-imase wjspBi-.oc-i: r icw w  ^o m yy jc i tro>>sv,r.j i ran^srsWir 254 310 12ÜVAC 17231 0-1DC mg'L ;v,c-:p;'rc-:« « s » ;

MPS-?e£6:Tdf«S :Y: : : : : / : : / . ; ......... .
. L £ /:.rr $3ü * ............ ..... ' ................y  *  ■> <■"■*■ 224 304 17242 0-12 ft

Œ /t.T r 930 2 Î24 iOA r 17242 0-12 ft
M rS- FÊSf! PUMPS

FG /Fiî 931 '  ^ r  5 ? S ' m 304 12fî VAC 17241 0-ICü.OPiTt
> '£ /r!T 331 : 1 W Pÿ A  ^ a i 'ï  ‘.-.die*t[i>o ■21-, 3Ü4 17243 0-50 csi

 ̂ FF:-'MT S32 M Pv 8  Tfai;>. Peod F!ow !;:;dv:^Sr*y r.-^os:o:i:e<r 225 3ü4 . 12ÜVAC 17241 C-lOOjjpm
PE '^IT 532 - r 17 V /.l S

MPS-A%TW:f<UMEREACT!0 .............................. :
> L E / t l f 53 1 *• s'  • :’ ?s î i i  i'T,\'.r,f. y;i<a<s©nis

' ItV :.:* 931 2 ► « i * j  ' : LÜbaîOMC

A£/A!T 931 i ; \ !& 5  *> "■ v '1 . > '*  1 » •* p f w y \y  V  4 7 -,p-;-n 126 ?■! r 12CVÂC 17231 • *0 • 41 :o

M ^-A T R A iN S O U O S S S rriW K

VVSH T  531 }iVP;> A Tfam P'COMiatirijj Oanr-sr «dKe Tcr^a® */i«!^t5C8! tooicatifirs ! ra r.sT i'fe f 11'! 311 . .  na „
M........ Clarifie'’
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p&iD : Physical 
: Owa No. : Location

POP
Calib. ftsnge Application Not&sTag «um ber d e s c r ip tio n Piiw tir

IW P S A  T ra in  f j y ^ i g i j i v g  C la ritia r Levc i i f t if to t i if la  T r&nsovtter 
|m p &  A  Tr5^ô'K:oco£;lj‘,;rCg y te ^ ifta r 0 vif.’f e w  -c-K A r^ w itc » ; ir.d lS Q ^ o  Trdîos<ît*îtâ<" 

iO fï i i i l f f fc r tô  O lo : : f : ô f  O v e r f lo w  P !< w w < J ;5 S iir re . r r s r is f c . i t t e r

1 7 2 4 2 •SiU'Jse Detection l ' \ ‘s<snï. t - n x  Apaloy Oulwris
I ^ C 'V A C  
I20VACr - t - ; . > i r  1 w j

M P S -  S T R A iN  j.SME f i tA C W

c / L 120VACî"S S ÎM 1.J L-Jf- n a i e r a t w
Ultrasonic* 7 2 4 2L e v e i  ! ’ .d;ri.s<[.".3 7

T Probes *0-irî'fi K tfKttiW l 1 / 2 3 ? 1 to 14A F v A 'T  
w  g 5 - 5 : r ’ ,‘ . r X ? S ' , - ? :-: ^  

W S X  I  * S 3 2

M-y-'j o  * t « i S W fc « i ! J

*  r rw . i- <>ry.<jQikc>;sC .ia ;ife : akk-5 i t rg u c  A.i;ayt;c9

0 Z ’̂ ’X- v&ve-: !<Ki:<-s:'c>:g TrarisiTiiSs Silirjot*. fiotoci'W * ■Sysife'js our Aoa;c* Cc.tpvis2ÜVAC 1 / 2 4 2! . « ? *  S r a m  riacti
ifisw  ôK-Afütivtical Tid'cstif>;t ~oins;r>:tk-: 

' j c w r w
•i ? O V A«►!K &  [JOiO r[.>»Wû!ÎJ10 a r c t iS i

1 7 2 4 1! J O V A ÜPE/FIT
wÇS^ciARifsen wat* 
r i T / l ' r l  $ r ' " " r 17242

üüVAC 1’241• F R ^ ' i T  }  9 3 6  1 { ^ P - a y i i ^ r  •■-.VAs /«  • ;<s?iO r i i v ' / i w  r u m  v r f . y j i ‘ ] ! ÿ . i i4 l< A t iO U & ‘

f  A£/fe.iT ' '} '''53e '  V |^y :V>:̂ >~Pras5 Airain f'ütrate St-xr.̂ prt̂ Si-iiic^  foiàryftoa: fotfc.àfovg T̂ afrarortwr 0-100 r-'ü-'L ? Æ 3 ) j '> a s  p i : « i v V V o : o :- 1 2 0 V >
1 7 2 4 - iÎ»S  Filter &<or-

Î  A l v A - iltsr Pre
. w ^ ' C U R t f i s c  vj*ret »vm k  abac, enrtss

92Z: 17243!asfte«\
'W P G  C .‘& ^  -  t‘ - i  ‘ • r,jn&:ri:tte

AWf:i-:p_y.-ft.“>:>:-)V,fjK &orrc<vts pump:
S3 Leak Dstectof Supposed «.yith 

bsoteWoa'fi'cispi'-s’-sigV!
Bcritorns t î  •''■ir’.'is îwoctsI M P S  S : & w : e o

C - i ô  o : - ;IMP’S. C!sfjfs«d \ Sortons »> Po:«tc. r^essore loœcsw»
jf'/PS ç:;.;;';^;; .waterT-apfe #2 Powp LevOi SvViteÔ

S-SiaofïKfî Water T or-k BoSo>r;s Pv;;>s Press'»!»? Tro:i»v.!:ir:<‘
IMPS

r  Si>p>tf(«&à Pof>«ût e s *  ù
UsPhiônÿ-OKipîsaaîr.1 7 2 4 3

0-50 aoro

wrssipojaC srca-vÇvstuos? 
u’S k |? ^ P S  * ! nk

_ _ _r-
(Leak Ü’Stertcr v/fiit PyrPp-stri FLCv.rvr^P la v o iS ^C 'T ir ii's ftï>to?ago ^rarssrfer r>ooi B
Ks*tsftnaOlsctwîiej«

■05K füetec-tof Suppiiied \vith Pmpp
2 jy .^ S  ?,‘:i<ïoy- S b r^ ijo  /fcs>T«''*:r Z  Pressure :pit*s$w{j'Tfa>ii;p:St<jf 0-1 S »!ii

PS Smdoe Stonsp.frX^ar.'tte-rffom f t-^>p;4f'tiby'Pürr»p Levs! .y.vltch High 
;s pres&ui-s {tdiC'aiifi&Transnvttar 1 / 2 4 3 « o r « p ;P i / P i T

MPSSyjrjC&SrQKAgETAWS.t :
S.'fpi? iS w iap pîoracitî K & p s fw  frafij-A • rain r lo w  cà?.'rî§ rfsnsm'ttc- . 2 4tï-JrV. c æ n ;/ . J ' M

i;*.{ra&:avrW 'r 'S  S h jîa e :5 S p r t» 3 « ;A  T r a io  T x c >  v & v 3 > y w 'i(> > s ;:r . ; 'T ra n & rr . !K e r 1 2 Ü V A C 17242
20VAC 1 ;24-:. • a n v r i î H & r

1 2 0 V .A G - I T i f t ‘- . ïS â ê * > r . r c1 7 2 4 2

M P 5 *- iL T £ R P « £ S S  ?££C. . . . . -----j
<.ox< Dc*tc-;^Oi -Siipi'ïfcK A-:tr*

j f t f p . ÿ .  Pflic-5 >; ; g â a  F a & d  A  'V a in  P m T i-p  ?T*.~ easu rg  "■

IMPS ^i.'te; ^ î e -î î  P ea t -% Tr*:n  P;^t>: t.eve: Switch H*ftln

0 - 2 0 o  o s soiat-ns Ctapnraci
t.saK Dsiector S^püWôà «V’Sf* f ’uwp
ïsôS-sti'JW1T243 C -2 C 0  p& :ress Fos<i 8  T:-5;o K*:»;n; y w s y .m ' ia â ^ in{S •f.îâi'5f'.V(tîS'->C/firr
ixol*: C'Sïoe'.or ̂ S-w:iîW«3 vyici:• F »  P ;!ïe>  V c -e d  S îs r : ; !  c y . r - w ? ï ;  i . * : ^  M -y l:

k G A C  F e e & t iO F 2 i

or %
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Tag  N um ber

........................................................................ ............................................................. .............

O sacrip tion
P&iO  

Osyg No.
Physicai
Location

IPDP
P o w er

Spec. Cg|ih Ronge A p plicatio n  Woies

1GAC m o  Ps;WPS ...................  .................. | ................. r
r - w ; v7C •-‘oA C  f-eed f-ssa Pressure Indicating f •< j »> 2<t0 305 17343 «‘Si

■ e .j£ K p p - 970 . LGAC re s d  FosrJ Fîiwlno':c3ti:i<3 Trar ’  * ,î<0 30ft 1 Î0V A C m i ' . 0-4Ou OPTi
AtJf-S T 97(3 3 1.GÀ.C Fead A r'a l/æ si indicating Trar,.s<r;itl3r ^40 3ÔS 150VAC 17231 •i to 14

j.C-A<: SVSTCM • vSSSEL-f'l

1XÏ&C. SYSTEM • VAlVf- îW f l f Â &■■ :
.......

. r-'£ 'f“-!T 57 : L G " ' . •* ..»‘ir ; v  \ r' 305 t  '^ « 3 Ü-1 50 DS!

P O E /P â rr 971 LG '-C  - <" _ v  -V --V I-I i : i* .M . 305 ’} 0 -500  os:
£  P £ /P  i f S?1 2 ■-GAG System Vessel ti?. Pressure ir.dicst'nç Trspsrïütar ?A?. 3Ü5 17243 0-1 SO pc-;

a D E rPjjrt 971 ' 2  ; LGAC System c--:-:e >2 :<<2 3' "■ »• rsmitter 242 306 17243 O-SCb psi
l-.SAf; SYSTEM - VESSEL «2

* i ..........
tLGAC BACKWAStlTANS

Ltvi.lF 972 :..GAC G a c k w a '  .> m T'C? 1 'l‘IJ 0-35  ît
iGAC 8ACKW4SH PUMPS . . . .

i-T:/V;T S32 - . i.G AC Boe v a s  ’ ;  -2e 0  n *  T •$•'*’&  n “  'nci'c.-.ti.'rt T ’j.nsmi?t8r ü l ÎG6 17243 0-30  P«
fè V F lï 572 LGAC Ba:;kw a-- 2c-.  ‘ :• c-:<  1 T 2-55 zoe 12GVAf; 17241 ü-1'00 ;;pro j

' LSH S?2 2A I  g a C  ÈBïîorp- Û w w  fransier *  P - .w p i svei àvVfWo-W-g» 2A5 ■305 r\a nü •_&hk O&i&ctpr S«op!i!*d with Pumo
p : ';p :t 372 ZA LGAC Sackwash fi.î3.:n:i O ra ivTrao sterA  Pyino Pressure Indicating Trsnsmitce.'" 24P 50o 172^3 0-30 psi •sfi-a'covj Difiphrc-.ÿ'îi

T O R T 372 2 A - Lô-Àw ÇgcifA'S-?!-. k <ti Oré-.y tôîo&fé; A  '* M !p  Pi::vv N:c!>‘X>:-î‘:>ÿ'Tr-srfg.ri!'vî!i- 2J& 305 120VAC 17241 O-loO spm

LS'.-i 372 • 23 LGAC B3:;kv^ash Soitoro Drav/ Transfer 3  Pump Levai Switch Higo ;.46 3ÜS ns na S.-55K detector Süsê^eS-Aith Pufr<p

PtVPlT S?2 23 *< *>'<«•* '  •iC *<-r| '3 ' f  *' r'f -  '  -'f i r ’ T ' .  > <;.- 240 305 17243 0 -30  PS) ic«îo:bt3
• FE|<F.T 972 ?Ji j  *1r.rtom i irjj'jÿ ! :-ji:wj»kc y  Vurop Haw  inritr-avmrr Tiwiisfrtnîçr 246 308 •17241 î^-100 LJO.T,

>Vf:sr.-^>c,?uWP >. . . !■

: AtVAiT &S0 .  .> • - t  "* J -  ► n ** . J c y -  : -1 fKi hi'  V  f i ” - W 7 M 2 17231 1 to 14
. L E -tiT  . 360 ' Cy'ij.’ $ ifl«c  -H<iorni)!o; 24V 302 v : .  •; 1 /24J !> 113 rf SuDmersübe Lsvai Elems-nt

PE 'P lT $SC fewrtjj Wsre'* SHje f  t o  ^  Pressure !r^-icaK<o fx-nso:>!t©f 24 7 3132 17243 y •t>;;

cast - slue s u m p  :
Ac/AST 931 •Sum». £ a s t-  i-icie f>l........., ,v,.ating Trsnsoi.tMr :v*s 308 ,;c  v 'V , 172Ô1 1 tO 14

LG/LIT 921 rS.;-:c.. Essï -  âîaê-tÆv^î.îriÿicaii^C! l (ansm itor 248 306 ' 120VAC •I 7 2 A ? •V I i, f? {«ijomersiitre f.evai Eieroent

P & P iT 361 Su»r.p. E ast-S ide: Puino Dischs ^ r 2-18 305 17243 IV.OI •;■..■■

fA s rA v fs r  sump dim ksiom  .

F F Æ it opn Sump, W est -Side H ow  Jnciicatno ; ransmtKer 243 3Ü2 " 20 VAC • } f u-lfrufli-iTi

A-ÔTKSAM AfÆA-SUWP- .

:-.LVL:T • 9Ô0 4 •'.50 301 i îô v A c 17242 fl-1o ft i  1 IfcS Level Element
PE/PiT 930 Sumo. W est - Area Sümç # '  Prot-sins !f<'ic;v:oo Tfansm iiter i50 3CM 17243 0-50 p&: {

PE /P iT 930 ? Sumo. W est - A-Stream Area Some 42  Pümp Pressure indicating Transmiiter 250 3C!l 17243 0-50 psi
PSî.iJ AKt'A. SpMX '

Ifc/LIT SSO a Vest - M PS rse d  Area  Surop Lbvoi !ndicaiingT:a::smiltef 2 'jl 304 ■ÙCVAC 17242. 0-15 ft Swiriersisbe Levei ètemers'

P£ /F*:r . 3f>r: . .  '  ■■ M PS Pe&d Area S u « T p il Pump P/^ssure ^nd;catirsp Tror>.srriittw 25: 304 17243 0-50 psi

p e /p r r 9SC 7 ,if>v  i f f ?  r « « i  v « 3  5 ' - ' I * * ,  f ' i ’ ll'f'W SSv'i^ ’• i ' j '. 304 17343 C.'.-Sü psi

w & w s -f t  p-Hfss s u m p '
LE /UT 930 S Stimp. w e s t - PK& r-«e.' Press Surr-» l.avc-l indicarincj frartsmoter 304 120VAC 17242 Sübmsrsübe Level Eiernfto:

P £ /P i7 3<50 s Son%c..- VAott •• PK& J-rfter-PreSi vü/ftG #  1 '?:üï?k Prfi-ssü?» iWJCîOMO T:s.-:sn;.-,»f 304 17243 0-50 ps.i

r£7P :T SflO 9 2Ü4 17243 O'-vC- i>si

JSAC.ARfiASUMPS
I-E/t-lf 581 4 ’30 0 • 'O '/A ;, 17242 O-'iTi U f

PS/F-ST &SI « w i n ^ 1 V  ■ »•->*.< tjf ; V > v «•«»*» vir+v*'.' t • 'O ' 306 0-SC £5!

PE /PIT 981 5 £S;:rnç, East - LGAC A:sa Siirr*p $?. ‘‘ u r'p  pressure indicating i ransmlrter i 253 306 17243 n-so psi

INSTRUMENT SCHEDULE 
SECTION 17900 Appendix-a 1 0 /2 3 /2 0 1 2



Tag dum ber D escrip tion
P&iP 

Ovvg N iî,
Physics!
Locafcïcso

iPDP
PBvver

Spec. No. Cai.’b. Range AppiicstîOn NM as

N*P$ FlOCCUlARNS OAWWf.R A««A SUMP' ! f
LE/uiT n SSI 6 - MPfî FLO Area Sumo leve l Indicates Transmitter ?04 30? Î50VAC 172 42 0-15 ft SubmsrsSise L&vel Eiftment
p ï / p ; : 1r  « j« 5 . rjij.-j'iç;, S.ast- MPS ^LC Are?. Sump 4 '  Pump P:cis>:ur® indicating TM-rcSirn'it-v 30? 17243 0-50 p:-:;
PE/PiT 831 7 Sunip, East - MPS r l.C Area Surrp #2 Purr. ’ «* j  j  j  '  554 207 17245 0-50 P3i

M W fli.m U A K E A S O M f ::::-- ?  ..........

t-E'Ll T SSI . 8 . S û t,p. ta s t  - MPS Firtrate Area Surnp* l.sve j 255 308 120VAC 17242 ü -1£ ft 3y jjo»rs i!b«  Fiisotent
»e,«"!T 5RÎ 3 S w i r w . E a s t - Si st r e^i  P'»*1 ° r c r  r  s ' - ô * i 255 396 17243 : 0-Sü psi
■PEfP'.T 981 • 9 r  c f  <> P i  '.natcatmp T;snsrr,rtter - j .' 3 .0 8 i / v j :< Ï - ÏÜ  PS!

m s  ?b.TF.fi pp.Ess.sywp
i.tv lJT 831 10 »» r  r rai»aniihfi|' -  i ^ 17242 i i',-15 ft vc* PJc-rrK'.r.t
PE/PiT SÔ1 . 10 v i f . - c . . .  m j .  , . j . . . ,. s . r ' j . .  r ■ ■* e  ifiQicatifio Trarîsnjiîter jijj* *'-2u ........

i P t/ ; - r r SS1 . 11 Sutnc-.East- WPS Fitter Prsss Skito #2 Pw pü Pojssurw ;nœca!i-'o fiaiismister ?.Sf. 30ft '  4 o-fiu o-y,
P«OC£55 WATER DiSTW8U7!ON'rteAriEP^!REVSiftN-ORA»t5ff[f5S:fflPTP£»AW.:fK5}:: f

PË/PIT &83 1 t^rocess W atei PCTP hsadc-i Piessor© indicating 7 ransrTiitter ?r.ri 5 -5 U-10Ü 051
• P '& 'f - M 983 1 "{process Water POTT Header ” icr*; Indicating nansfm itor ;.f;0 r?ui 120 VAC 17241 O-îOfiO-jpm
A!?OAP:vy/^C;r*.-/?A^.*NÜ:PliWP^ - "

l E/L:T 9G4 1 (Air Gs-p W ater Tsnfs.li&Mrjfx&wrtoio 7ra:>;nv.te.- 26Î r  305 1?^42 <5*35 ft
Pt/T>:T ÇŸ.A . A ir Gat’ Water Pump Discharge re o  ::Ks.g Traronnirtsr 265 r  30S <?24S 0- tOfi t.:«'

, F^ 'F IT S84 : A y Ga;: w a to r ' o  PCTF Flew indicating 7 ransmltter 263 3 OS (W ’. ' i r ■*7241 0-300 Qp.Ti
Ai« GAP W f i ï î  -  !>yS' 8*8 MANffOLt

•................ 1.................. I ..............  f

«Gr: pftf.5«.;pvr: w atek

.........  t ï .........
SAFETY WATER SV3TEM
. T& 7ÏT 985 ->afst.v vvatar System WCH : einj?erature indicating Transmit:?;

. .  -
r J-iQ F

:T3t. 9S5 bsrs’V vVsœr -System v \ t .n  f lo w  switco «iqü 264. 305 ............
---------- r ,  ~

T£/~!T 965 W ater System W C H T«rr j j.->srT‘,ittsr ;5 j- * 0 '
P3L 9PS 2 J Ssfety W ster Svsip!:1 VVCC f-loy so5 • » C * r<:*

ÜM Ï FÏED SVSTCW: .. 6.-.
LE/UT 987 r ~ r i.:n:e Peso Tank Levs! indiwrtins i .■aris'iintor ’/•o 120VÂC ! ! A*<. u -<o î : ultrasonic
p n ;p i'f 387 Lime Pc-sd i:- p «S  A Train Piessore indicating Transmitter ..M R  ... 305 17243 0-50 psi' isWiaiincj Diaphragm

IS H L.im̂ s read  ta P "S  A Train U ^'e l Sv/:t«h H:gr> 266 3G6 na na Leak Detector Supoisied with Purr.p

: PF./PiT' 35? ?. L!rr-« Fes?} to FRS S Train pressure indicating Tr^n.srTsittsr ?£5 300 Î724S 5a:!feS»:jj.43iû;-!!îfâ{!rf>
LSH OS? 2 tJrr>s fee-o: to  PRS S Train Levs; Sw fcn High ?.riÔ 306 na na Leak Detector Supplied M th Puirç»

: PE/PIT 9Ô7 •»> Um s Feed P«S Stawiby Pr&ssure Irutit^lir-g Î ^nsm itte r 260 30fi I7 :y,3 6-sa os? Mot C ontacted in  Pl.C.
LSH 987 a Liine Feed to PKS S Train Loval Sw-tch Hiyh 265 3(56 na tia Leak Uetscfor SuppWed with Pümp Not Connecwd ia PLC

: PE/PIT SS7 11 Lime Peed to MPS A Train Pressure indicstir>g T^ansmirtfer 257 f 306 17243 0-50 ps: fsolaçrny fJ iapw ayn
LSH 887 :1 Unie ^c-sd l !̂ MPS B Train Lev's; Switch hiipfi 2P7 30? na na Leak Oafacior Supnfife:! wilh Pumo

P £ /* !T  . y s / 12 C-ino read  to M P3 B Tract P ^ osuik îndicalino Transmitter l'o> 306 isolating yiapfrragm
t.Sri : ÿ<S? 12 Urns Feftd to MPS 8 Train Level Sw-tch H<nh lb? 306 oa na j.e ax  Detector Su!:oi'ied svitii Purrp

p£/p :T 387 13 fJros Feed MPS Standby Pi«s«ure indicating T ra n sm it." 267 30C 17243 0-50 ps- isoSatinq Diaphragm, N:ri Connscted w  P lO
LSH 987 13 L w a  Fee<! to M ^S & Tra:o r ^ 30fi na na r > <■ r  t ► ► J

WEMÔ8ANE iaU ÏF^f- i> '.5Tï.îv: ■ 1
................T ~ r r r .
PRS PC_VM£S - A 'f RAIN

■................... ..........s........  ■.......................................... ................ }

r  ?:■'<- T t 391 I  1 : !-*:• S .c:-:% : P . ss> i<’ . *'*i ■5/241 o -u î t i t 'i ï  s
PRS PQtYMSS B TftA|!>.

FÉ /flY 592 ' ^Cii-i-ç-r i-ç-^c ''‘Hr  . f- «. < i . .  ; »: * I f . 17241 0- tC o:ih j

M J«?Ü lïM E Ît-A ÏK A  «. r .......................

F-cVPIT 933 T  1 17?4-> ii i ( *..... v—_________ i
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PMD
Dwg No.

5  B-” rain P rocess W-3:<K .-'«•m ü -'s  S-tf;#. tûvif m

Physical : iPDP
Locftttan ; Power

333 j lg£VAC

5psc. No. : Calib. Range Application Nates

'..?A 0-10  9 p f i .
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