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Part 2 Products 
 

2.01  Materials 
 

  Provide only new products of the manufacturer's latest design. 

 

2.02  Substitutions 

 

 A. Where the words "equal to" follow or precede the listed acceptable manufacturers, 

equal products of other manufacturers are acceptable and request for substitution 

may be made during submittal stage. 

 

Part 3 Execution 
 

3.01  Installation 
 

 A. The complete installation is to be accomplished by skilled electrical tradesmen, with 

certified or suitably qualified individuals performing all special systems installation and 

testing.  All workmanship shall be of the highest quality, sub-standard work will be 

rejected. 

 

 B. Schedule the work and cooperate with all trades to avoid delays, interferences, and 

unnecessary work.  If any conflicts occur necessitating departures from the Drawings 

and Specifications, details of departures and reasons therefore shall be submitted 

immediately for the Engineer's consideration. 

 

 C. Do not stub up conduits prior to receipt of approved shop drawings showing conduit 

entry locations. 

 

 D. Prior to final inspection, clean all dirt, mud and construction debris from all boxes, 

cabinets, manholes and equipment enclosures. 

 

3.02  Certification and Tests 
 

 A. Prior to request for final review, test all systems and repair or replace all defective 

work.  Submit, with request for final review, written certification that all electrical 

systems are complete and operational. 

 

 B. At the time of final review of electrical work, demonstrate the operation of electrical 

systems.  Furnish labor, apparatus and equipment for systems' demonstration. 

 

 C. After final review and acceptance, turn over to the Owner all keys for electrical 

equipment locks.  Present to the Owner or the Owner's designated representative, 

demonstrations and oral instructions for proper operation and maintenance of the 

electrical equipment and systems. 

 

END OF SECTION 
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Part 1 General 
 

1.01  Scope 
 

 A. The electrical demolition work commences with the point where indicated on the 

Drawings and includes furnishing all equipment, materials and labor to accommodate 

new work. 

 

 B. Scheduling:  Coordinate all demolition and modification work with the requirements of 

Division 1 of these Specifications. 

 

 C. Methods of demolition work shall provide for a safe conduct of work, and protection of 

property which is to remain in service and undisturbed. 

 

1.02  Submittals 
 

  Submit to the Owner for review, a written detailed procedure and method for each 

structure to be demolished or modified.  The submittal shall include approximate dates 

and times of deenergization of services. 

 

Part 2 Products (Not Used) 
 

Part 3 Execution 
 

3.01  Demolition 
 

 A. Coordinate and schedule all demolition work and outages of existing services prior to 

starting work. 

 

 B. Existing services and facilities damaged or otherwise interrupted by the Contractor 

through negligence or through use of faulty materials or workmanship shall be 

promptly repaired, replaced, or otherwise restored by the Contractor without additional 

cost to the Owner. 

 

 C. Interruptions of services necessary for connection to or modification of existing 

systems or facilities shall occur only at pre-arranged times approved by the Owner.  

Interruptions shall only occur after the provision of all necessary temporary work and 

the availability of adequate labor and materials has been assured that the duration of 

the interruption will not exceed the time agreed upon. 

 

 D. Existing materials shall remain the property of the Owner and shall be stored at a 

location and in a manner as directed, or if classified by the Owner as unsuitable for 

further use, shall become the property of the Contractor and shall be removed from 

the site. 

 

 E. All underground ductbank and conduits which are not in conflict with the new work 

shall be abandoned. 
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 F. All exposed conduits in structures or buildings to be removed, shall be cut and 

plugged flush with structure or floor. 

 

 G. All wiring to be removed shall be disconnected at distribution panels or MCC's.  All 

wiring which serves equipment to be removed shall be removed. 

 

 H. Schedule:  Demolish electrical equipment from structures as indicated or as required 

to facilitate the installation of new equipment and work. 

 

 I. All wiring, conduit or equipment designated on the Demolition Plan shall be disposed 

of in a safe manner in accordance with all applicable local, state and federal 

environmental agencies. 

 

 

 

END OF SECTION 



 Section 16111 
 Conduit 
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Part 1 General 
 

1.01  Scope 
 

 A. Rigid metal conduit and fittings. 

 

 B. Intermediate metal conduit and fittings. 

 

 C. Flexible metal conduit and fittings. 

 

 D. Liquidtight flexible metal conduit and fittings. 

 

 E. Non-metallic conduit and fittings. 

 

1.02  Submittals 
 

  Do not submit equipment specified in this Section. 

 

Part 2 Products 
 

2.01  Acceptable Manufacturers 
 

 A. Conduit:  Allied, Republic, Triangle or Wheatland. 

 

 B. PVC Coated Conduit and Fittings:  Ocal, Permacote or Robroy. 

 

 C. PVC Conduit:  Amoco, Carlon or Certainteed. 

 

 D. Flexible Conduit:  Anaconda, Thomas & Betts, Electric Flex or Triangle. 

 

 E. Fittings:  Appleton, Crouse-Hinds, Oz or Thomas & Betts. 

 

 F. Nonmetallic Flexible Conduit and Fittings:  Carlon Carflex. 

 

 G. Substitutions:  Products equal to those listed. 

 

2.02  Rigid Metal Conduit and Fittings 
 

 A. Rigid Steel Conduit:  UL 6; ANSI C80.1; hot dip galvanized; minimum size 3/4-inch. 

 

 B. Rigid Aluminum Conduit:  UL 6; ANSI C80.5; minimum size 3/4-inch. 

 

 C. PVC Coated Conduit:  NEMA RN-1 or UL-6 rigid steel conduit with factory applied 

external 40 mil PVC coating and urethane interior coating.  Prior to coating, treat 

conduit with a heat polymerizing adhesive so the bond between metal and coating is 

greater than the tensile strength of the coating.  Minimum size 3/4-inch. 

 



16111 - 2  
Conduit 

12/06/07    2016-029\XA16111 

 D. Fittings and Conduit Bodies:  NEMA FB-1; zinc coated; taper-threaded type, material 

to match conduit.  Where PVC coated conduits are indicated all couplings, fittings, 

conduit bodies, pipe straps, U bolts, beam clamps, flex connections and other 

accessories shall be stainless steel or shall have factory applied PVC coating.  Use 

PVC coated hubs for connection of coated conduits - locknuts are not acceptable. 

 

2.03  Intermediate Metal Conduit (IMC) and Fittings 
 

 A. IMC:  UL 1242; hot dip galvanized; minimum size 3/4-inch. 

 

 B. Fittings and Conduit Bodies:  Use fittings and conduit bodies specified above for rigid 

steel conduit. 

 

2.04  Flexible Metal Conduit and Fittings 
 

 A. Conduit:  UL 1; FS WW-C-566; single steel continuous strip with galvanized coating; 

minimum size 3/8-inch. 

 

 B. Fittings and Conduit Bodies:  NEMA FB-1; malleable iron squeeze type. 

 

2.05  Liquidtight Flexible Conduit and Fittings 
 

 A. Conduit:  UL listed liquidtight consisting of an extruded thermoplastic cover over a 

galvanized steel core.  Minimum size 3/4-inch.  Exception:  Where connected to 

devices with manufacturer supplied 1/2 or 3/8-inch hubs, match conduit size to hub 

size. 

 

 B. Fittings and Conduit Bodies:  NEMA FB-1; galvanized steel compression type with 

O-ring.  Where PVC coated conduits are indicated, provide PVC coated fittings for flex 

connections. 

 

2.06  Rigid Nonmetallic Conduit and Fittings 
 

 A. Conduit:  NEMA TC-2; Schedule 40 PVC. 

 

 B. Fittings and Conduit Bodies:  NEMA TC-3. 

 

2.07  Liquidtight Flexible Non-Metallic Conduit and Fittings 
 

 A. Conduit:  UL listed, liquidtight consisting of a hand PVC spiral with flexible PVC 

covering.  Minimum size is 3/4-inch. 

 

 B. Fittings:  UL listed, molded from high-strength, glass-filled thermoplastic. 
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Part 3 Execution 
 

3.01  Conduit Schedule 
 

 A. Except as noted, use only rigid steel or IMC conduits. 

 

 B. Use liquidtight flexible steel conduit for connections to motors, transformers and other 

vibrating equipment.  Maximum length is 3 feet unless approved by the Engineer. 

 

 C. EMT may be used where concealed in spaces above hung ceilings and in hollow 

spaces of interior partitions. 

 

 D. Non-jacketed flexible steel conduit may be used for connections to lighting fixtures in 

suspended ceilings. 

 

 E. Use PVC coated conduits where conduits are in direct contact with earth.  Provide 24 

inches minimum cover. 

 

 F. Rigid nonmetallic conduit may be used for underground concrete encased duct banks 

and in or below slab on grade.  Exception:  Use rigid steel or IMC conduit for analog 

signal circuits; 4 to 20 mA and AC or DC signals less than 25 volts. 

 

 G. Where PVC conduit is indicated, make a transition to rigid steel below grade or slab 

and continue above with rigid steel conduit.  Exception:  PVC may enter switchboards, 

motor control centers or other floor standing electrical equipment enclosures.  Provide 

bell ends or socket end bell at enclosure entry. 

 

 H. Where aluminum conduit is indicated, conduit may not be installed in direct contact 

with concrete or masonry surfaces. 

 

3.02  Conduit Arrangement and Support  
 

 A. Arrange conduit to maintain headroom and present a neat appearance.  Run exposed 

conduits parallel or perpendicular to building surfaces and adjacent piping.  Group 

conduit in parallel runs where practical and provide rack space for 25 percent 

additional conduits.  Use concentric bends for parallel runs. 

 

 B. Avoid sources of heat when possible.  Where unavoidable, maintain 3-inch clearance 

when crossing hot pipes and 12-inch clearance between parallel hot pipes, flues, 

heating appliances and other heat sources. 

 

 C. Support conduits to prevent distortion of alignment by wire pulling operations.  Fasten 

single conduits with one hole malleable iron straps.  For multiple runs use channel and 

clamps.  Wire, perforated pipe straps and the like are not acceptable support means. 

 

 D. Support conduit at a maximum of seven feet on center and within three feet of each 

box, cabinet, or fitting.  Hang trapeze assemblies with threaded rods not less than 

3/8-inch diameter.  Remove all temporary supports prior to pulling conductors. 
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 E. Do not support conduits from electrical distribution equipment or control panels. 

 

3.03  Conduit Installation 
 

 A. Cut conduit square using a saw or pipecutter and de-burr cut ends.  Paint threads with 

zinc compound.  Bring conduit to the shoulder of fittings and couplings and fasten 

securely.  All connections are to be wrench tightened and electrically continuous.  No 

running threads are permitted. 

 

 B. Use conduit hubs for fastening conduit to cast boxes, and for fastening conduit to 

sheet metal boxes in damp or wet locations.  Use conduit bodies to make sharp 

changes in direction.  For sizes 2-inches and larger, use "LBD" or similar fittings to 

permit a straight pull from either direction.  In no case shall a fitting be used which 

results in bending radius too small for the cable. 

 

 C. The maximum length between pull points is 400 feet.  This length shall be reduced by 

one foot for each degree of bend. 

 

 D. Use hydraulic one-shot conduit bender or factory elbows for bends in conduit larger 

than 2-inch size.  Crushed or deformed conduits may not be installed. 

 

 E. Avoid moisture traps where possible; where unavoidable, provide junction box with 

drain fitting at conduit low point. 

 

 F. Use suitable conduit caps to protect installed conduit against entrance of dirt and 

moisture.  Install threaded PVC end caps on conduits stubbed up for future use. 

 

 G. Provide a 200 pound tensile strength polyolefin line pulled through and tied off at each 

end of all empty conduits. 

 

 H. Install expansion joints equal to Crouse Hinds type XJ where conduit crosses building 

expansion joints and for straight runs in excess of 100 feet.  

 

 I. Where conduit penetrates fire-rated walls and floors, provide mechanical fire-stop 

fittings with UL listed fire rating equal to wall or floor rating. 

 

 J. Provide watertight seals, equal to OZ type WSK, FSK, or CSM, where conduit 

penetrates exterior walls and where conduit passes between spaces normally at 

different temperatures.  Seal duct bank and underground conduit entry with GE or 

Dow silicone sealant.  Stub duct bank and underground conduits up a minimum of 2-

inches above equipment pads and provide bushing. 

 

 K. Provide silicone sealant equal to Dow or GE for conduit entry in outlet boxes and 

equipment enclosures (all conduit ends except pull boxes and fittings) for the following 

areas: 

 

  1. Filter Building - Exterior 
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  2. Filter Building - Bottom Floor 

 

 L. Obtain approved shop Drawings showing conduit entry space before stubbing 

conduits in floor standing electrical gear. 

 

 M. In locations where the conduit cannot be turned, provide three piece threaded rigid 

couplings.   

 

 N. Provide clamp backs for conduits on exterior or damp surfaces to prevent the 

raceway from bearing directly on the damp surface. 

 

 O. Route conduits in slabs above grade above the bottom reinforcing and below the top 

reinforcing.  Maximum size for conduits in slabs above grade is 1-inch and minimum 

cover is 2-inches.  Route so conduits in slabs above grade do not cross.  For slab on 

grade route conduits in a trench below slab at sufficient depth to permit vertical exit 

from slab.  Home runs shall not be routed in slabs except where indicated. 

 

 P. Protect conduit threads from rust and damage during construction. 

 

 Q. PVC Conduit Bends:  Do not use methods which will deform or change the physical 

characteristics of the conduit.  Use PVC-coated rigid steel factory elbows for bends in 

runs longer than 100 feet, and in runs which have more than two bends, regardless of 

length.  Exception:  Where concrete encased in slab or ductbank, GRS elbows may 

be used in lieu of PVC coated. 

 

 R. Wipe plastic conduit clean and dry before joining.  Apply full even coat of cement to 

entire area that will be inserted into fitting.  Let joint cure for 20 minutes minimum. 

 

 S. PVC Coated Conduit:  Exercise care not to damage the coating during cutting, 

threading, bending, and assembly.  Follow the manufacturer's installation instructions. 

Use vise jaws, bending equipment, strap wrenches, and other tools which are 

specifically designed for coated conduits.  Do not use chain vise, pipe wrench, 

channel locks or the like.  Nicks or small damaged areas (1/2-inch maximum) may be 

repaired with a manufacturer approved compound.  Replace items if coating is 

damaged in excess of 1/2-inch.  Fill space between PVC coating and reducing fittings 

with silicone sealant. 

 

 T. Conductor Protection:  Provide bushings on metallic and bell ends on PVC conduits 

unless conduit terminates in a hub or similar fitting. 

 

 

END OF SECTION 
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Part 1 General 
 

1.01  Scope 
 

 A. Building wire. 

 

 B. Cable. 

 

 C. Wiring connections and terminations. 

 

1.02  Submittals 
 

 A. Submit product data. 

 

 B. Submit test results as listed in Part 3. 

 

Part 2 Products 
 

2.01  Acceptable Manufacturers 
 

 A. Low Voltage Conductors:  Equal to Aetna, American, Cablec, Continental, Okonite, 

Pirelli, Southwire or Triangle. 

 

 B. Signal Circuit Conductors:  Equal to Belden, Continental, Dekoron or Penn. 

 

 C. Low Voltage Connectors:  Equal to Burndy, Thomas & Betts, Ideal or OZ. 

 

 D. Pulling Compounds:  Water soluble, equal to Polywater J. 

 

 E. Wire and Cable Markers:  Plastic, split sleeve or tubing type, equal to Brady Type XC 

or T & B Type SM. 

 

2.02  Building Wire 
 

 A. Thermoplastic Insulated Building Wire:  NEMA WC-5. 

 

 B. Feeder and Branch Circuits:  Single conductor; 98 percent conductivity copper; 75/90 

degrees C; 600 volt PVC insulated with nylon jacket; Type THWN/THHN for sizes #1 

AWG and smaller.  Sizes larger than #1 AWG are XLP insulation type XHHW.  

Minimum size #12 AWG. 

 

 C. Control Circuits:  Same as specified above for feeder and branch circuits, except 

minimum size #14 AWG. 
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2.03  Remote Control and Signal Cable 
 

 A. Control Cable for Class 1 Remote Control and Signal Circuits:  Copper conductor; 600 

volt insulation, rated 60 degrees C; individual conductors twisted together, shielded, 

and covered with a PVC jacket; UL listed. 

 

 B. Control Cable for Class 2 or Class 3 Remote Control and Signal Circuits:  Copper 

conductor, 300 volt insulation, rated 60 degrees C, individual conductors twisted 

together, shielded, and covered with a PVC jacket; UL listed. 

 

 C. Plenum Cable for Class 2 or Class 3 Remote Control and Signal Circuits:  Copper 

conductor, 300 volt insulation, individual conductors twisted together, shielded, and 

covered with a fluoropolymer jacket; UL listed for use in air handling ducts, hollow 

spaces used as ducts, and plenums. 

 

 D. Instrumentation Signal Cables:  #16 AWG stranded tinned copper conductors; 600 

volt polyethylene insulation; twisted pair or three conductor construction; 100 percent 

coverage aluminum polyester shield; #18 stranded tinned copper drain wire; vinyl 

outer jacket; UL listed. 

 

Part 3 Execution 
 

3.01  General Wiring Methods 
 

 A. Use only stranded conductors.  Exception:  Solid conductors size #12 and #10 AWG 

may be used for receptacle branch circuit wiring.   

 

 B. Use 10 AWG conductor for 20 ampere, 120 volt branch circuit home runs longer than 

75 feet, and for 20 ampere, 277 volt branch circuit home runs longer than 200 feet. 

 

 C. Place an equal number of conductors for each phase of a circuit in same raceway or 

cable. 

 

 D. Identification:  All conductors shall be identified throughout the electrical system.  For 

control and signal conductors use wiremarkers at all terminals and connections.  Color 

code power circuit conductors as follows: 

 

 120/208 Volt System 277/480 Volt System 

Phase A Black Brown 

Phase B Red Orange 

Phase C Blue Yellow 

Neutral White Grey 

Ground Green Green 

 



 16120 - 3  
 Wire and Cable 

12/06/07    2016-029\XA16120 

 E. For conductors larger than #6 AWG color coding may be accomplished with 1-inch 

wide colored tape applied at each end of the conductor or at points where conductor 

is accessible so as to be visible inside the enclosure. 

 

 F. Neatly train and lace wiring inside boxes, equipment and panelboards.  Support to 

prevent conductor movement under fault conditions. 

 

 G. Provide separate pull and junction boxes to keep analog signal separate from control 

and power wiring. 

 

3.02  Wiring Installation in Raceways 
 

 A. Unless otherwise indicated, install all conductors in conduit. 

 

 B. Pull all conductors into a raceway at the same time.  Thoroughly swab raceway 

system before installing conductors.  Use wire pulling lubricant for all pulls.  Do not 

exceed the manufacturer's pulling tension. 

 

 C. Install wire in raceway after interior of building has been physically protected from the 

weather and all mechanical work likely to injure conductors has been completed. 

 

3.03  Wiring Connections and Terminations 
 

 A. Avoid unnecessary splices.  Splice only in accessible junction or outlet boxes. 

 

 B. Make connections to circuit breakers, disconnect switches, panel mains, etc. with 

solderless lugs. 

 

 C. Use mechanical connectors for splices, taps, fixture and motor connections.  

Exception:  Square thread helical spring plastic cap (wire nut) type connectors are 

acceptable for solid conductor splices and taps.  Provide adapters as required for 

terminations of multiple conductors.   

 

 D. Use insulated throat, spade type crimp on connectors for strap screw device 

terminals.  Exception:  Receptacle back wiring provisions may be used for terminating 

solid conductors. 

 

 E. Where possible use connectors with integral, insulating covers.  Otherwise tape 

uninsulated conductors and connectors to 150 percent of the insulation value of 

conductor. 

 

 F. Thoroughly clean wires before installing lugs and connectors. 

 

 G. Make splices, taps and terminations to carry full ampacity of conductors without 

perceptible temperature rise. 
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3.06  Field Quality Control 
 

 A. Inspect wire and cable for physical damage and proper connection. 

 

 B. Torque test conductor connections and terminations to manufacturer's recommended 

values. 

 

 C. Continuity Tests:  Ring all conductors for continuity and replace any open conductors. 

 

 

 

END OF SECTION 
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Part 1 General 
 

1.01  Scope 
 

 A. Outlet boxes. 

 

 B. Pull and junction boxes. 

 

1.02  Submittals 
 

  Submit product data. 

 

Part 2 Products 
 

2.01  Acceptable Manufacturers 
 

  Boxes shall be equal to Appleton, Crouse Hinds, Hoffman, Raco, or Steel City. 

 

2.02  Outlet Boxes 
 

 A. Sheet Metal Outlet Boxes:  NEMA OS-1; galvanized steel, with 1/2-inch male fixture 

studs where required. 

 

 B. Nonmetallic Outlet Boxes:  NEMA OS-2. 

 

 

 

 C. Cast Boxes:  Cast feralloy with galvanized or cadmium finish, deep type, gasketed 

cover, threaded hubs. 

 

 D. Floor Boxes:  Full adjustable, cast iron, water and concrete tight. 

 

2.03  Pull and Junction Boxes 
 

 A. Sheet Metal Boxes:  NEMA OS-1; galvanized steel.   

 

 B. Cast Metal Boxes:  NEMA 250; Type 4, galvanized cast iron box and cover, neoprene 

gasket, stainless steel cover screws, UL listed as raintight.  Provide flat-flanged type 

for surface mounting and outside flange recessed cover type for underground use.  

Boxes for sidewalk or other traffic areas to have appropriate duty cover with non-skid 

finish. 

 

 C. Corrosion Resistant Boxes:  UL 508, NEMA Type 4X Type 316 stainless steel equal 

to Hoffman Bulletin A-4. 
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Part 3 Execution 
 

3.01  Coordination of Box Locations 
 

 A. Provide boxes as shown on Drawings, and as required for splices, taps, wire pulling, 

and equipment connections. 

 

 B. Box locations shown on the Drawings are approximate unless dimensioned.  Verify 

box locations prior to rough-in.  Coordinate mounting heights and locations of outlets 

mounted above counters, benches, backsplashes, and other furnishings.  Locate 

outlet boxes to permit handicap access per ANSI A117.1.  Any outlet may be 

relocated by up to 10 feet before it is permanently installed without incurring additional 

cost. 

 

3.02  Installation 
 

 A. Do not install boxes back-to-back in walls.  Provide minimum 6-inch separation, 

except provide minimum 24-inch separation in acoustic-rated walls. 

 

 B. Locate boxes in masonry walls to require cutting of masonry unit corner only.  

Coordinate masonry cutting to achieve neat openings for boxes. 

 

 C. Support boxes independently of conduit.  Provide knockout closures for unused 

openings. 

 

 D. Use multiple-gang boxes where more than one device is mounted together; do not 

use sectional boxes.  Provide barriers to separate wiring of different voltage systems. 

 

 E. In inaccessible ceiling areas, position outlets and junction boxes within 6-inches of 

recessed luminaire, to be accessible through luminaire ceiling opening. 

 

 F. Provide recessed outlet boxes in finished areas; secure boxes to interior wall and 

partition studs, accurately positioning to allow for surface finish thickness.  Use 

stamped steel stud bridges for flush outlets in hollow stud wall, and adjustable steel 

channel fasteners for flush ceiling outlet boxes. 

 

 G. Align wall-mounted outlet boxes for switches, thermostats, and similar devices.  Align 

adjacent devices at different elevations in one vertical line.  Set floor boxes level and 

flush with finish flooring material. 

 

 H. Unless otherwise noted, use only cast boxes.  Sheet metal boxes may be used where 

concealed above ceilings or in dry walls, exposed in electrical closets, and for 

telephone wiring. 

 

 I. Field drill conduit holes in tap, junction and pull boxes so as to afford the maximum 

bending radius for the conductors. 
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 J. Use PVC coated boxes wherever PVC coated conduit is indicated.  Exceptions:  

stainless steel is permitted for boxes larger than 5 inches square. 

 

 K. Label cover of junction boxes with circuit numbers of conductors in the box. 

 

 

 

END OF SECTION 
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Part 1 General 
 

1.01  Scope 
 

 A. Squirrel cage induction motors. 

 

1.02  Related Work 
 

  All motor driven equipment sections except hermetic refrigerant motor compressors 

and submersible motors. 

 

1.03  Work Specified Elsewhere 
 

  Except as noted, equipment specified in this Section is provided under other 

Divisions.  Include under this Section, receiving, storage, handling and wiring. 

 

1.04  Quality Assurance 
 

 A. Equipment Standards:  NEMA MG-1. 

 

 B. Efficiency:  Premium design; guaranteed minimum values determined in accordance 

with IEEE Standard 112, Test Method B including stray load loss as follows: 

 

 

 

HP 

Synchronous RPM 

 3,600 1,800 1,200 900 & Less 

20 - 49 91% 92.4% 92.4% 90.2% 

50 - 99 92.4% 93.6% 93% 93% 

100 & Above 94.1% 95% 94.1% 93% 

 

 C. For motors rated 1 to 19 HP, provide efficiency in accordance with ASHRAE Standard 

90.1 - 1989, Table 5-1.   

 

1.05  Submittals 
 

 A. Submit shop drawings showing certified dimensions and nameplate data. 

 

 B. Submit expected and guaranteed minimum efficiency values for operation at 100, 75, 

50 and 25 percent load. 
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Part 2 Products 
 

2.01  Acceptable Manufacturers 
 

  Motors shall be manufactured by General Electric, Reliance, Toshiba, Siemens or 

Teco-Westinghouse. 

 

2.02  Ratings 
 

 A. Horsepower (HP):  As noted.  Where no value is noted, match the requirements of the 

driven equipment. 

 

 B. Phase 

 

  1. Less than 1/2 HP:  Single phase. 

 

  2. 1/2 HP and Larger:  Three phase. 

 

 C. Voltage 

 

  1. Single Phase Motors:  115/200/230 volt reconnectable.  Exception:  Single 

voltage motors will be permitted if the voltage matches the supply 

characteristics shown on the Electrical Drawings. 

 

  2. Three-Phase Motors:  200/230/460 volt reconnectable.  Exception:  Single 

voltage motors will be permitted if the voltage matches the supply 

characteristics shown on the Electrical Drawings. 

 

 D. Speed, Revolutions Per Minute (RPM):  As noted.  Where no value is noted, match 

the requirements of the driven equipment. 

 

 E. Torque and Starting Current:  NEMA design B unless otherwise noted.  Exceptions:  

Provide NEMA design C or D where required by the driven equipment.  Unless 

specifically noted NEMA design A motors are not acceptable. 

 

 F. Service Factor:  1.15.   

 

 G. Insulation and Temperature Rise:  Except as noted, Class B or Class F insulation with 

temperature rise, measured by resistance, corresponding to the insulation class in 

accordance with NEMA standards for operation in a 40 degree C ambient.   

 

2.03  Construction 
 

 A. Enclosure:  Totally enclosed fan cooled (TEFC) unless otherwise noted. 



 16150 - 3  
 Motors 

02/21/08    2016-029\XA16150 

 

 B. Windings:  Copper.  Exception:  Aluminum windings are acceptable where the 

aluminum to copper transition is done by the manufacturer with copper leads brought 

out to the motor conduit box. 

 

 C. Bearings:  Minimum 100,000 hours for direct coupled and 40,000 hours for belted 

applications B-10 life rating per AFBMA standards. 

 

 D. Multispeed Motors:  Two-winding type. 

 

 E. Starting:  Suitable for full voltage starting. 

 

2.04  Accessories 
 

 A. Provide lifting eyes for 182 and larger frame size.  Provide oversized conduit box for 

250 and larger frame size. 

 

 B. Where noted provide normally closed thermostat for winding protection. 

 

 C. Where noted provide 120 volt, single phase space heater.  Size heater to increase 

motor temperature approximately 10 degrees C above ambient. 

 

 D. Nameplate:  Permanently affixed and stamped so as to permit recovery of the 

nameplate data in the event the nameplate is painted over. 

 

2.05  Inverter-Fed Motors 
 

 A. Equipment Standards:  Inverter duty and in accordance with NEMA MG-1, Part 31, 

"Definite-Purpose Inverter-Fed Motors".  Usual service conditions per MG-1 31.10.2 

apply unless otherwise noted. 

 

 B. Service Factor:  1.0. 

 

 C. Insulation and Temperature Rise:  Class F insulation with temperature rise in 

accordance with Class B limits. 

 

 D. Peak Voltage and Rise Time:  In accordance with MG-1 31.40.4.2. 

 

 E. Provide shaft grounding or insulated bearings for motors larger than 320 frame size.  

If insulated bearings are used, provide insulated coupling if the driven equipment 

bearings are susceptible to damage by current flow. 

 

Part 3 Execution 
 

3.01  Installation 
 

 A. Verify clearances and alignment prior to operation. 
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 B. Lubricate in accordance with the manufacturer's instructions. 

 

 C. Check rotation and correct as necessary.  Make correction to preserve conductor 

color coding. 

 

 

 

END OF SECTION 
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Part 1 General 
 

1.01  Scope 
 

 A. Conduit and equipment supports. 

 

 B. Fastening hardware. 

 

1.02  Submittals 
 

  Do not submit equipment specified in this Section. 

 

Part 2 Products 
 

2.01  Acceptable Manufacturers 
 

  Prefabricated structural systems shall be equal to B-Line Systems, Kindorf, 

Powerstrut or Unistrut. 

 

2.02  Material 
 

 A. Support Channel:  Galvanized or painted steel.  

 

 B. Hardware:  Corrosion resistant. 

 

 C. Threaded Rods:  3/8-inch diameter, galvanized. 

 

 D. Where corrosive or NEMA 4X areas are indicated, use stainless steel channel, straps, 

hardware and rods. 

 

Part 3 Execution 
 

3.01  Installation 
 

 A. Fasten hanger rods, conduit clamps, and outlet and junction boxes to building 

structure using expansion anchors. 

 

 B. Use toggle bolts or hollow wall fasteners in hollow masonry, plaster, or gypsum board 

partitions and walls; expansion anchors or preset inserts in solid masonry walls; and 

self-drilling anchors or expansion anchor on concrete surfaces. 

 

 C. Do not fasten supports to piping, ductwork, mechanical equipment, or conduit. 

 

 D. Do not use powder-actuated anchors. 

 

 E. Do not use perforated straps or wire. 
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 F. Make all supports from the structure, not the work of other trades.  Do not drill 

structural steel members.  Install supports so as not to weaken the structure. 

 

 G. Fabricate supports from structural steel or steel channel, rigidly welded or bolted to 

present a neat appearance.  Use hexagon head bolts with spring lock washers under 

all nuts. 

 

 H. Install free-standing electrical equipment on concrete pads. 

 

 I. Install surface-mounted cabinets and panelboards on channel with minimum of four 

anchors. 

 

 J. Bridge studs top and bottom with channels to support flush-mounted cabinets and 

panelboards in stud walls. 

 

 

 

END OF SECTION 
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Part 1 General 
 

1.01  Scope 
 

 A. Work provided under this Division includes final system design implementation, 

furnishing all components, system programming and configuration, system 

installation services, required support services, and complete documentation for the 

Plant Control System (PCS).  This work shall include all materials, labor, and tools 

required to fabricate, deliver, unload, handle, erect, adjust, field calibrate, and test a 

complete and operable PCS as indicated on the Drawings and Specifications.  Install 

all panels and designated instrumentation devices and provide all mechanical and 

pneumatic interconnections between the various components and their local sources 

of supply. 

 

 B. The intent of these Specifications is for the System Manufacturer to provide a 

complete and operational Filter control system which can be readily integrated into 

the PCS when it is upgraded in a future project.  Additional items of equipment, 

materials, or labor not specifically called for by these Specifications, which may 

reasonably be considered to make the system complete and operational, shall be 

supplied as part of this work. 

 

1.02  Definitions 
 

 A. Provide:  Furnish, install, and connect. 

 

 B. Product Data:  Catalog cuts and descriptive literature. 

 

 C. Shop Drawings:  Factory prepared documentation, specific to the installation. 

 

 D. Indicated:  Shown on the Drawings. 

 

 E. Noted:  Indicated or specified elsewhere. 

 

1.03  Work Specified Elsewhere 
 

 A. Installation of Inline Instruments:  Instruments such as venturi tubes, magmeters, and 

control valves, which are specified in this Division and mounted in process piping, are 

installed under other Divisions. 

 

 B. Vendor-Supplied Devices:  Field instrumentation and panels supplied as part of 

mechanical equipment or equipment packages shall be furnished, installed, and 

calibrated under other Divisions. 

 

 C. Conductors:  Discrete signal conductors, twisted pair analog signal conductors, and 

RTD conductors are furnished and installed under Division 16.  All other 

instrumentation and signal conductors, including digital data conductors and fiber 

optic cables are furnished under this Division and installed under Division 16.  Special 
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cables for a particular instrument device which are specified in this Section are 

installed under Division 16. 

 

 D. For RS-485 cable, use Belden 9841 or equal. 

 

 E. For ethernet Cable use CAT-6 Ethernet 

 

 F. Raceways:  All raceways and pulling of conductors (including placement in cable 

trays) are furnished under Division 16. 

 

 G. Terminations:  All control and signal conductor terminations in LCPs and on Field 

Instruments are provided under this Section.  This shall include, but not be limited to, 

terminations for all control panels provided in this Section and termination of the RS-

485 data connections to motor protection relays, power monitoring units, and Modbus 

resident devices.  Exceptions:  HVAC control terminations are provided under 

Division 15.  Interconnections between equipment and integral equipment control 

panels (i.e., package air compressors, pumps supplied with Pump Control panels) 

are provided under the applicable equipment Section.  Terminations to motor control 

centers and all power wiring terminations for new equipment are provided under 

Division 16. 

 

1.04  Plant Control System Description 

 
 A. The PCS consists of programming and configuration, operator interface, Plant 

Control Network, local control panels, field instruments and control devices, and other 

appurtenances noted in these Specifications.   

 

 B. Major components of the PCS are as follows: 

 

Panel Location Area Controlled New/Existing 

HMI Operator Control Room All Areas Existing 

40-LCP-01 Filter Control Room, 

Adjacent to Filter Control 

Gallery 

Filters and Appurtenances New 

41-LCP-1-3 Filter Control Gallery Filters 1 and 3 New 

42-LCP-2-4 Filter Control Gallery Filters 2and 4 New 

41-LCP-5-7 Filter Control Gallery Filters 5 and 7 New 

42-LCP-6-8 Filter Control Gallery Filters 6 and 8 New 

41-LCP-9-11 Filter Control Gallery Filters 9 and 11 New 

42-LCP-10-12 Filter Control Gallery Filters 10 and 12 New 

  

 C. The System Manufacturer shall integrate data from the motor protection relays and 

the power monitoring modules furnished under Division 16 into the plant control 

system.  The System Manufacturer shall provide a separate monitoring graphic 

screen to view the data retrieved from the modules as shown on the Drawings. 
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 D. Modifications to Existing Panels 

 

  1. This Project will be accomplished without interrupting the operation of the plant 

beyond those scheduled outages of two filters at a time, or one blower and one 

backwash pump at a given time interval agreed upon with the Owner, the 

Engineer and the Contractor.  Functional control of the filters shall migrate from 

the existing 41-LCP-01 to the New 40-LCP-01 by two filters at a time.  The 

control pf a single blower and a single backwash pump shall move at the same 

time as the first two filters, and the control of the remaining backwash pumps 

and blower shall migrate at the time of the last set of filters.  The migration of 

control of the last backwash pump and the last blower will not occur until the last 

pair of filters is functionally moved to the New 40-LCP-01 Local Control Panel. 

 

  2. When the Control of a pair of filters is functionally moved from the 41-LCP-01 to 

the 40-LCP-01, all wiring connections to the old panel shall be lifted, insulated 

and secured.   

 

  3. When all filters and accompanying appurtenances have been changed over 

from the old panel to the new Panel, the Old panel shall be demolished and 

removed. 

 

  4. Although the ability to perform an Automatic Backwash is the goal once all filters 

have had their control moved to the 40-LCP-01, automatic backwash control will 

not be available until some time following completion of the control panel 

changeover.  After the control of all backwash pumps and air scour blowers 

have been moved along with the control of the backwash flow controller, the 

automatic backwash control program will be installed and tested.  Until that is 

possible, an operator initiated manual backwash sequence must be in service 

for all filters in service. 

 

  5. When modifying existing panels, the System Manufacturer shall provide the 

required hardware and labor for installing all terminals, control system hardware, 

instrumentation devices, etc., including the termination of new signals in the 

existing panel.   

 

  6. The System Manufacturer shall investigate the existing control panel prior to 

modification.  Any installed new components, sub-panels, etc., shall not block 

access to any existing instrumentation, control system hardware, or 

terminations.  Existing documentation may be of some help to the System 

Manufacturer, but may not be completely correct.  The System Manufacturer 

shall determine the existing wiring, logic, and functionality via a combination of 

field investigation and communication with plant operation and maintenance 

personnel.  Existing wiring, logic, and functionality shall be documented by the 

System Manufacturer prior to any changes being made or wires being 

disconnected so that re-wiring can be completed accurately. 
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  7. The modifications shall follow the general installation guidelines, where 

applicable, for new panels listed in paragraph 1.04, B.  Provide all nameplates, 

wire markers, wire duct, surge protection, and any additional components 

required by this Section  for new panels. 

 

 E. Filter Control 

 

  1. The control system shall provide for the operation of the filters in the "variable 

declining rate" method of filter control.  Flow will be dependent upon the head 

loss through the units and the resultant level in the filters.  Flow will be measured 

at the effluent of each filter by means of a rectangular weir and a sonic level flow 

transmitter.  A staff gauge calibrated in flow (MGD) and feet shall be mounted 

on the filter wall at the weir.  Minimum flow will be an alarm condition which will 

initiate backwash.  Backwash shall be initiated on the basis of low flow, during 

certain allowable backwash time intervals, or manually initiated and controlled. 

 

  2. Filter Main Control Panel (40-FCP-01) - The filter main control panel shall 

primarily control automatic backwash sequencing and flow control functions, 

and indicate the status of all filter operations.  The filter main control panel shall 

be equivalent in construction to the local control panels described in Division 17. 

 Control panel shall be PLC based with PLCs in accordance with Division 17. 

 

  3. Backwash sequencing shall provide for placing filters in a queue for initiation of 

the backwash cycle and controlling the cycle once initiated.  Filter backwash 

sequencing shall normally be initiated from the filter main control panel unless a 

call to backwash is initiated manually from a filter pedestal.  In such a case the 

call from the filter pedestal shall be given immediate backwash priority upon 

completion of any ongoing backwash cycle.  Multiple calls for priority backwash 

shall be queued so that the oldest call shall be processed first.  Upon 

completion of a backwash cycle, the filter shall be placed at the end of the 

sequencing queue.  The normal interval of backwash sequence shall continue 

through any required priority backwashes so that the next regular backwash 

shall occur at the time as if no priority interruptions had occurred or as soon as 

possible thereafter. 

 

   a. Backwash sequencing shall also control valve operation at each filter to 

open or close valves as appropriate.  Backwash operation shall provide 

for sequencing of all filter valves and backwash related valves, and 

returning them to normal positions following the backwash cycle.  

Transition from one step to the next shall rely on verification of a set 

condition or conditions such as filter water levels, Valve positions, and 

pump and blower status.  Timer overrides or operator holds will be 

provided to allow for failed level indication, or failure of a valve to reach its 

appointed position.  The Failure shall be clearly indicated on the HMI and 

the appropriate Filter Pedestal  



 17000 - 5  
 Instrumentation and Controls 

02/22/08    2016-029\XA17000 

 

   b. Chlorine Feed:  The control system shall provide a dry contact to open 

and close the chlorine vacuum valve (61-BLV-01) when any chlorine 

solution valve is opened and a master chlorine feed selector switch at the 

filter main control panel is on. 

 

   c. The filter main control panel shall control the backwash air blowers and 

backwash water pumps and flow controller during the backwash cycle.  A 

choice of automatic or manual backwash control shall be provided.  In the 

automatic mode the backwash blowers, pumps and water flow rate control 

system shall be controlled from the control system based upon preset 

values in coordination with filter valve operation.  In the manual mode 

start, stop and rate adjustment shall be manually adjusted from the filter 

main control panel.  Upon initiation of the automatic backwash cycle the 

filter shall be readied for backwash by closing the influent and effluent 

valves and opening the drain valve.  Blower and flow control shall consist 

of five separate sequential timed intervals.  The system shall provide for 

the selection of the following for each interval:  duration (minutes), 

backwash air (yes or no), backwash water (one of three rates or zero 

flow), and chlorine solution (yes or no).  The interval shall begin when the 

selected status is achieved.  Upon the end of the last interval the control 

system shall shut down the blowers and pumps and return the filters to 

the operating position.  Verification of proper valve position will be 

provided prior to proceeding to the next step in any sequence.  Backwash 

water flow shall be controlled by the backwash water flow control logic 

which shall  determine the flow set point for the backwash rate controller.  

Backwash flow shall be available at three rates and zero flow.  Each rate 

shall involve a flow set point and a number of pumps on line to achieve 

that flow.  These values shall be adjustable.  Knowledge of the pump and 

system curves along with field trials shall be used for initial settings. 

 

  4. During normal operation the filter main control panel shall provide remote set 

points of required variables.   

 

  5. Backwash Water Flow Control:  A single rate-of-flow controller shall be provided 

in the filter main control panel serving all filters.  The filter control system shall 

provide for a signal to control the flow during backwash.  Flow rate shall be 

separately programmable or variable in steps for each filter.  Rate of flow shall 

be adjustable from 4,000 to 8,000 gpm. 

 

  6. Backwash Water Pumps:  Three backwash water pumps will be provided. One 

pump will provide the maximum backwash water flow of 3,850 gpm, the other 

two pumps will be operated as standby pumps.  The lead pump shall be rotated 

to the standby position upon shutdown, cycling all three pumps for equal run 

time.  Failure of the lead pump to provide the required flow within 10 seconds 

shall produce an alarm and shall immediately call a standby pump to run.  At no 

time shall more than one backwash pump be permitted to run simultaneously. 

(A shift supervisor Password override shall be provided for two pump operation; 

three pumps shall never be allowed to run concurrently).  High level alarm from 

the backwash drain tank (41-LT-02) shall immediately stop a filter backwash 



17000 - 6 
 
Instrumentation and Controls 

02/22/08    2016-029\XA17000 

sequence, shut down all backwash pumps, and close all filter drain valves.  If 

any filter drain valve fails to close completely, that condition shall be alarmed. 

 

  7. Backwash Air Blowers:  Backwash air blowers shall be called to start during the 

backwash cycle when the backwash air valve is fully opened.  Blowers shall 

alternate operation with each backwash cycle.  The lead blower shall shut down 

and become the lag blower upon completion of each air backwash cycle.  At no 

time shall more than one blower be permitted to run simultaneously. (A 

hardwired interlock shall be installed per Drawings). 

 

  8. Chlorine Feed:  The control system shall provide a dry contact to open and 

close the chlorine vacuum valve (61-BLV-01) when any chlorine solution valve is 

opened and a master chlorine feed selector switch at the filter main control 

panel is on. 

 

  9. The following shall be indicated at the filter main control panel, via touch screen. 

 

   a. Filter Influent Valve Position:  Fully open or fully closed. 

 

   b. Filter Effluent Valve Position:  Fully open or fully closed. 

 

   c. Filter Backwash Water Valve Position:  Fully open or fully closed. 

 

   d. Filter Backwash Air Valve Position:  Fully open or fully closed. 

 

   e. Filter Drain Valve Position:  Fully open or fully closed. And all points in 

between – very important to know that this thing is 100% closed when it is 

supposed to be 

 

   f. Filter Chlorine Solution Valve Position:  Fully open or fully closed. 

 

   g. Filter Chlorine Feed:  On/Off. 

 

   h. Filter Backwash Mode:  Off/Manual/Automatic. 

 

   i. Backwash Pump Status for each back wash pump:  Run/Fault. 

 

   j. Backwash Blower Status for each blower:  Run/Fault. 

 

   k. Backwash Water Flow Rate and Unit Flow Rate (per SF). 

 

   l. Backwash Air Flow Rate and Unit Flow Rate. 

 

   m. Filter Effluent Flow Rate and Filter Unit Flow Rate (total 12). 

 

   n. Filter Influent Channel Water Level (41-LIT-01). 

 

   o. Backwash Holding Water Level (41-LIT-02). 

 

   p. Filter Unit Flow (total?  Can we do that?) Since Backwash (total 12). 
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   q. Filter Time Since Backwash (total 12). 

 

   r. Filter Time to Next Timed Backwash (total 12). 

 

   s. Combined Effluent Flow all Filters. 

 

   t. 24 hour Trend of combined Filter Effluent Flow. 

 

   u. 24 hour Trend of Plant Influent Flow. 

 

   v. Filter Building Influent High Level Alarm (see note below). 

 

   w. Filter Building Influent Low Level Alarm (see note below). 

 

   x. Filter High Flow Alarm (total 12) (see note below). 

 

   y. Filter Low Flow Alarm (total 12) (see note below). 

 

   Note:  High and Low Alarms to be generated from analog signals. 

 

  10. The following signals shall be provided for remote control at the filter control 

panel 40-LCP-01 or any of the Filter Pedestal. 

 

   a. Filter backwash pump start/stop command, dry contact closed to run, 3 

total. 

 

   b. Filter backwash air blower start/stop command, dry contact closed to run, 

2 total. 

 

   c. Chlorine vacuum valve open/close command, dry contact closed to close 

valve. 

 

   d. Backwash flow control valve position command, 4-20 mA. 

 

   e. Backwash air flow, 4-20 mA. 

 

   f. Backwash water flow, 4-20 mA. 

 

   g. Filter influent channel water level, 4-20 mA. 

 

   h. Spent Backwash Tank water level, 4-20 mA. 

 

  11. The following signals shall be received from the plant instrumentation system or 

remote equipment for indication 

 

   a. Filter backwash pump run and fault status, dry contacts closed on run and 

fault, 3 total. 
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   b. Filter backwash air blowers run and fault status, dry contacts closed on 

run and fault, 2 total. 

 

   c. Plant influent flow, 4-20 mA. 

 

   d. Backwash air flow, 4-20 mA. 

 

   e. Backwash water flow, 4-20 mA. 

 

   f. Filter influent channel water level, 4-20 mA. 

 

   g. Backwash Drain Tank water level, 4-20 mA. 

 

 F. Filter Pedestal:  Six filter pedestals shall be provided by the Systems Integrator.  Each 

pedestal shall serve two filters.  Pedestals shall be free standing units consisting of 

touch screen units fully compatible with the main control panel PLCs with controls 

mounted in an inclined position, for easy operation by a standing individual.  Filter 

pedestals shall provide manual operation of the filters and allow automatic operation 

from the filter main control panel.  Pedestal generated commands shall supersede 

filter main control panel commands.  Pedestals shall be able to generate any 

commands that can be generated at the main filter control panel 40-LCP-01, which 

are related to the two filters and related appurtenances controlled by that pedestal.   

 

  1. Backwash control shall be selectable from Automatic or Manual modes.  In the 

automatic mode, control of backwash will be handled from the filter main control 

panel.  In the manual mode, backwash control will be handled at the pedestal by 

operating valves and selecting the backwash flow rate (one of three rates and 

zero flow).  When the backwash water or air valves are fully opened the pumps 

or blowers shall start as appropriate.  In the off mode valves may be opened 

and closed without affecting pump or blower operation. 

 

  2. The following shall be indicated at the filter pedestal: 

 

    a. Filter Influent Valve Position:  Fully open or fully closed. 

 

    b. Filter Effluent Valve Position:  Fully open or fully closed. 

 

    c. Filter Backwash Water Valve Position:  Fully open or fully closed. 

 

    d. Filter Backwash Air Valve Position:  Fully open or fully closed. 

 

    e. Filter Drain Valve Position:  Fully open or fully closed. 

 

    f. Filter Chlorine Solution Valve Position:  Fully open or fully closed. 

 

    g. Filter Flow. 

 

    h. Filter Level. 
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    i. Backwash Water Flow (41-FE-20). 

 

    j. Backwash Air Flow (42-FE-30). 

 

    k. Total Flow since last backwash. 

 

    l. Time since last backwash. 

 

    m. High Level Alarm:  Backwash request (see note below). 

 

    n. Low Flow Alarm:  Backwash request (see note below). 

 

    Note:  High and Low Alarms to be generated from analog signals. 

 

 G. Instrumentation:  Instruments shall be provided by the accordance with Division 17, in 

order to provide a completely functional control system. 

 

 H. Provide the following status for remote indication at the plant instrumentation system 

for each filter. 

 

  1. Filter flow, 4-20 mA (2 per pedestal). 

 

  2. Backwash status, dry contact close on backwash (2 per pedestal). 

 

1.05  Quality Assurance  
 

 A. The Contractor shall ensure that the PCS is an integrated system furnished by the 

System Manufacturer who shall provide all of the equipment and appurtenances, 

regardless of manufacturer and be responsible to the Contractor for correct operation 

of the entire system. 

 

 B. The System Manufacturer shall be responsible for the detailed design implementation 

and the proper functioning of the PCS, programming and/or configuration of all digital 

hardware, preparation of required submittal data including operations and 

maintenance manuals, preparation of test procedures, factory and field tests, start-up 

including field calibration, operational demonstrations, providing technical supervision 

for installation and connections to equipment, and training of the Owner’s operating 

personnel. 

 

 C. The System Manufacturer shall be regularly engaged in the type of work called for 

under these Specifications and must have capital facilities, personnel, plant, and 

service capabilities required to successfully perform the work.  The System 

Manufacturer shall employ competent personnel experienced in the design, 

manufacture, and programming of equipment and systems required.  The System 

Manufacturer shall assign an experienced person who shall act as Project Manager.  

This person shall have responsible project experience on similar systems of a 

comparable complexity to that specified herein. 
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 D. The System Manufacturer shall have in employment, a permanent field service 

organization capable of providing service and maintenance of the system. 

 

 E. The System Manufacturer shall have installed similar systems which have been in 

satisfactory operation to establish the reliability of the equipment proposed to be 

furnished. 

 

 F. The Filter Underdrain System Manufacturer has provided in their pre-selected 

price/proposal up to 200 hours of programming assistance and review of the filter 

control system to be provided by the System Manufacturer.  The Engineer 

recommends that the System Manufacturer work closely with the Filter Underdrain 

System Manufacturer regarding system operation.  If more than 200 hours of 

programming assistance from the Filter Manufacturer is desired by the System 

Manufacturer, the System Manufacturer shall contract with the Filter Manufacturer for 

that work for no additional charge to the Owner. 

 

 G. Acceptable Manufacturers 

 

  1. Control Instruments, Inc., Smyrna, Georgia 

   

  2. Revere Control Systems, Birmingham, Alabama 

 

  3. M/R Systems, Inc., Norcross, Georgia 

   

1.06  Submittals 
 

 A. The System Manufacturer shall make submittals in accordance with the requirements 

of Section 01340.  The submittal shall be divided into separate sections as listed 

below.  Refer to related work Sections for additional requirements. 

 

 B. Field Devices:  This Section shall include primary elements, transmitters, switches, 

analytical instruments, etc.  List all dimensions, power requirements, enclosure types, 

ranges, and signal form or value.  Provide data, including proposed length, on special 

cables required between sensing elements and electronics units and data on any 

special equipment used for calibration or maintenance of a particular device.  Field 

device submittals shall also include specific data sheets for each device which shall 

contain the following information: 

 

  1. Tag number per Specifications and Drawings. 

 

  2. Manufacturer’s complete model number with complete model number 

breakdown. 

 

  3. Input – output characteristics. 

 

  4. Range, size, and graduations. 
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  5. Physical size with dimensions, NEMA enclosure classification and mounting 

details. 

 

  6. Materials of construction of all components. 

 

  7. Instrument or control device sizing calculations where applicable. 

 

  8. Certified calibration data on all flow metering devices. 

 

  9. Environmental requirements during storage and operation. 

 

  10. Power requirements. 

 

 C. Digital System Hardware:  This Section shall include computer hardware complete 

with printers, magnetic storage devices, cables, UPS systems, and other peripherals. 

Include PLC hardware, communications hardware, and LAN and data highway 

conductors. 

 

 D. Digital System Software:  This Section shall include documentation on system 

software, standard software packages supplied, and custom software developed for 

reports, process control, and graphic displays.  Include software developed for both 

the operator interface and PLC system. 

 

 E. Control Panels:  This Section shall include dimensions, terminal block designations, 

front panel arrangement, back panel layout, and ladder logic diagrams for both PLC-

based and discrete component type control panels, etc.  Provide catalog sheets for 

all panel components, indicate ranges, and provide nameplate schedules.  All 

connections for new instruments terminating in the System Manufacturer’s panels 

shall be clearly shown.  All devices installed in each panel or connected to each 

panel, shall be identified on the panel drawings by the tag number included in the 

Specifications and Drawings.  Any miscellaneous equipment not clearly falling into 

one of the above volumes, including recommended spare parts list shall be included 

in the control panel volume. 

 

 F. Loop Diagrams:  This Section includes no more than 10 typical loop diagrams for 

approval of format only.  The submitted loop diagrams shall represent different types 

of process measurements.  Loop diagram examples are attached to this Section. 

 

 G. Factory Test:  This Section shall include the witness test and final checkout 

procedural outline detailed in Article 3.04 – B. 

 

1.07  Construction Documentation 
 

  The System Manufacturer shall provide loop diagrams to the Contractor.  The 

Contractor shall provide loop diagrams to the electrical subcontractor.  Loop 

diagrams shall be issued as a group with the delivery of their respective control panel 

or area instrumentation.  Two sets of loop diagrams shall be issued to the electrical 

contractor and one set to the Engineer. 
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1.08  Record Documentation 
 

 A. General:  Record documentation shall be provided in accordance with Section 01720. 

Additionally, provide all information listed in Article 1.06 above, corrected to reflect the 

system as installed.  Include also any instruction books, operation manuals, and other 

information pertaining to service and maintenance.  Bind record documents in 3-ring, 

hardback notebooks complete with tabs and index.  Include name, address, and 

telephone number for each manufacturer’s service contact.  For all major 

components, provide a recommended spare parts list. 

 

 B. Loop Diagrams 

 

  1. Provide an individual wiring diagram for each analog and discrete loop showing 

all terminations, terminal numbers, conductor numbers, cable numbers, the 

location of the DC power supply, power panel, and circuit numbers for all 120 

VAC power to field instruments, MCC and bucket numbers for all 480 VAC 

power to motor operated valves, signal polarity, the location of any dropping 

resistors, surge protectors, shielding, grounding, etc.  Devices shall be identified 

by the tag number included in the Specifications and Drawings.  Cabling 

between sensors/elements and associated transmitter shall be included.  The 

loop diagrams shall meet the minimum requirements of ISA S5.4 plus the 

requirements below. 

 

  2. Each loop diagram shall be divided into areas for identification of device 

locations (e.g. panel face, back-of-panel, field, etc.)  Loop diagrams shall be on 

11 x 17-inch drawings. 

 

  3. The loop number shall be incorporated into the loop diagram drawing number.  If 

the System Manufacturer does not have any specific loop diagram drawing 

number requirements, the drawing number shall be the loop number (the 

drawing number for loop F-1004 would be 1004).  If a requirement exists (one 

requirement may be to incorporate the project number XXXXXX), the loop 

number shall be included as the suffix.  The drawing number for loop F-1004 

would be XXXXXX-1004. 

 

 C. Instrument Hardware:  Record documents shall include bills of material, front views, 

assembly drawings, component layout drawings and schematics, nameplates, 

schedules, electrical schematics, electrical connection diagrams, and tubing/piping 

connection diagrams.  Electrical and piping connection diagrams shall show all 

terminations of equipment, complete with instrumentation, wire, equipment, and cable 

designations.  Interconnecting diagrams shall be prepared in a neat and legible 

manner on 11 x 17-inch or 24 x 36-inch sheets. 

  

 D. Software Documentation:  In addition to the hard copies of drawings, programming 

and literature generated specifically for the project, two sets of compact disks shall be 

provided to the Owner with copies of all custom files specifically created for the 

project, including all panel drawings, I/O drawings, termination drawings, 

communication architecture drawings, data sheets, bills of material, operating 
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procedures, etc.  Additional files included in this set shall be PLC programs and 

copies of the operator interface software application program.  Drawing format shall 

be AutoCAD 2000.  All Drawings shall also be furnished as Acrobat *.pdf files.  

Include copies of all *.shp and *.shx files used in the AutoCAD drawings.  Compact 

discs shall have a complete listing of their contents along with the names and version 

numbers of the software used to generate each file.  Discs shall be clearly identified 

by the following: 

 

  1. Project Name 

 

  2. Volume Number 

 

  3. Labeled “AS-INSTALLED” 

 

 E. Configuration Documentation:  Instrument Configuration and Calibration sheets shall 

be generated for all instruments requiring configuration and/or calibration.  The intent 

of the Instrument Configuration and Calibration sheets is to provide all necessary 

information required to enable the Owner to calibrate and/or configure a replacement 

instrument identical to the original instrument.  One sheet shall be provided for each 

instrument.  The sheets shall be 8-1/2 x 11 inch size and shall be included in the 

O&M Manual.  Each sheet shall list the instrument tag number (as depicted on the 

Drawings and Specifications), the date, the System Manufacturer company name 

and phone number, the name of the individual who filled out the sheet, the instrument 

manufacturer’s name and phone number, the complete model number, the calibrated 

range, and all configuration information. 

 

 F. SCADA Documentation:  Generate a SCADA software document containing the 

following information for each SCADA related software product purchased. 

 

  a. The facility/plant name where the software is installed. 

 

  b. The computer name that the software is installed on (master SCADA 

workstation, historical data computer, etc.) 

 

  c. The computer manufacturer and model, processor speed, and installed RAM. 

 

  d. The computer operating system (model and version). 

 

  e. The product name, version, and serial number. 

 

  f. The name and quantity of client licenses (if applicable). 

 

  g. The product name and version of all supporting software installed. 

 

  h. The date purchased and the company name it was purchased from. 

 

  i. The name of the person purchasing the software, and the person’s company 

name. 

 

  j. The date the software was installed. 
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1.09  Environment 
 

 A. Local Control Panels:  Local control panels shall be capable of operating between 32 

degrees and 120 degrees F and 5 to 95 percent relative humidity without 

condensation.  A 120 VAC single-phase, three-wire grounded power source will be 

supplied. 

 

 B. Field Devices:  Field devices shall be housed in NEMA 4X enclosures.  Ambient 

temperature rating shall be suitable for the project locale.  All enclosures, including 

field instruments and control panels, which are located out-of-doors shall be provided 

with adequate sunscreens. 

 

1.10  Delivery, Storage, and Handling 
 

 A. After completion of shop assembly and tests, control panels shall be enclosed in 

heavy polyethylene envelopes to provide complete protection from dust and moisture. 

Desiccant materials shall be placed inside the envelope prior to sealing.  The 

equipment shall then be mounted on skids, enclosed in protective boxes, and braced 

for final transport.  Removable lifting rings shall be provided on all sections weighing 

more than 150 pounds to permit moving without removal of protective covering.  

Shipping weights shall be shown on shipping tags together with instructions for 

unloading, transporting, storing, and handling on the job site.  If practical, termination 

cabinets shall be delivered first to permit field wiring to be complete and checked out 

before receipt of remainder of equipment.  None of the control room equipment shall 

be delivered until the environmental services required by the Specifications and 

Drawings are available and operating in accordance with manufacturer’s 

specifications. 

 

 B. The Contractor shall be fully responsible for moving the equipment through new and 

existing facilities and setting it in the proper location. 

 

1.11  Warranty 
 

 A. Warranty Period:  One year following the date of system acceptance. 

 

 B. Warranty Requirements:  In accordance with Division 1 and the following: 

 

  1. Corrective hardware maintenance shall be performed by a trained service 

technician specifically trained to service the equipment involved.  The technician 

shall be available, on-site, within 24 hours after notification by the Owner. 

 

  2. Software maintenance shall be performed by suitably qualified individuals from 

the System Manufacturer’s software service staff.  Representatives from third 

party software sources may additionally be involved, but the System 

Manufacturer shall be represented at all times during on-site services.  Software 

service representative shall be available for consultation within four hours and, if 

required, on-site within 16 hours after notification by the Owner. 
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  3. Deliver a copy of all service reports to the Owner on the day the work is 

performed. 

 

Part 2 Products 
 

2.01  Equipment 
 

 A. Quality Standards:  It is not the intention of these Specifications to detail every 

component, accessory, signal conditioning device, etc. that is required to provide a 

complete system.  The System Manufacturer shall provide all required components, 

using equipment from established manufacturers with a proven history of service and 

support. 

 

 B. Electronic Equipment:  All solid state, printed circuit boards and components shall be 

suitable for the specified environment.  Provide complete circuit diagrams for 

troubleshooting and repair.  All parts shall be replaceable with standard commercial 

components without degrading the performance of the completed assembly. 

 

  Field Instruments 
 
2.02  Level Transmitter - Ultrasonic 
 

 A. Type:  Non-contact, ultrasonic, microprocessor-based with input or output filter 

capability. 

 

 B. Sensor: 

 

  1. Mounting:  The System Manufacturer shall coordinate mounting to ensure that 

the sensor is mounted away from vessel walls and other obstructions in 

accordance with the manufacturer's recommendations.  The System 

Manufacturer shall provide appropriate standoff distance for sensor face from 

the highest liquid level to accommodate blanking distance. 

  

  2. Range:  Sufficient range for the application. 

 

  3. Cable Length:  Sufficient to connect sensor and transmitter. 

  

  4. Enclosure:  NEMA 4X, rated for mounting in hazardous area as required by 

schedule. 

 

  5. Automatic Temperature Compensation:  Required. 

 

  6. Face Material:  CPVC or PTFE. 

 

  7. Process Connection:  [8 inch] ANSI flange. 



17000 - 16 
 
Instrumentation and Controls 

02/22/08    2016-029\XA17000 

 

 C. Transmitter: 

 

  1. Digital Indicator:  Required. 

 

  2. Output:  Isolated 4-20 mADC.   

 

  3. Enclosure:  NEMA 4X, aluminum, polycarbonate, or fiberglass. 

 

  4. Power Supply:  120 VAC. 

 

  5. Accuracy:  ± 1.0 percent of calibrated range or better for ranges greater than 25-

inches. 

 

  6. Mounting:  Remote, 2” pipe. 

 

 D. Schedule: 

 

 

 

Tag 

Level 

Range (Feet) 

Indicator 

Scale Units 

Location / Area 

Classification 

41-LT-01 

 

8  FT Intermediate Floor 

(Filter Gallery) 

42-LIT-02 

 

8 FT Intermediate Floor 

(Filter Gallery) 

41-LT-03 

 

8 FT Intermediate Floor 

(Filter Gallery) 

42-LIT-04 

 

8 FT Intermediate Floor 

(Filter Gallery) 

41-LT-05 

 

8 FT Intermediate Floor 

(Filter Gallery) 

42-LIT-06 

 

8 FT Intermediate Floor 

(Filter Gallery) 

41-LT-07 

 

8 FT Intermediate Floor 

(Filter Gallery) 

42-LIT-08 

 

8 FT Intermediate Floor 

(Filter Gallery) 

41-LT-09 

 

8 FT Intermediate Floor 

(Filter Gallery) 

42-LIT-10 

 

8  FT Intermediate Floor 

(Filter Gallery) 
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Tag 

Level 

Range (Feet) 

Indicator 

Scale Units 

Location / Area 

Classification 

41-LT-11 

 

8  FT Intermediate Floor 

(Filter Gallery) 

42-LIT-12 

 

8 FT Intermediate Floor 

(Filter Gallery) 

 

 E. Acceptable Manufacturers:  Siemens Milltronics, Endress+Hauser. 

 

2.03  Flow Transmitter - Ultrasonic 
 

 A. Type:  Microprocessor-based ultrasonic flow transmitter.  Unit shall have output or 

input filter capability. 

 

 B. Sensor:  Sensor shall have sufficient range for the application and shall be supplied 

with sufficient cable length for arrangement indicated. Unit shall be supplied with 

automatic temperature compensation.  Sensor shall be rated for mounting in a 

hazardous area if required in the table below. 

 

 C. Accuracy:  ± 0.5 percent of full scale. 

 

 D. Output:  Isolated 4-20 mADC. 

 

 E. Enclosure:  NEMA 4X, aluminum, polycarbonate or fiberglass.  For transmitters 

located outdoors provide thermostatically controlled space heater. 

 

 F. Power Supply:  120 VAC. 

 

 G. Schedule: 

 

 

Tag 

Level 

Range 

Flow 

Rate 

Indicator Scale 

Units 

Sensor Area 

Classification 

Transmitter 

Location 

41-FT-01 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 

42-FT-02 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 

41-FT-03 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 

42-FT-04 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 

41-FT-05 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 

42-FT-06 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 

41-FT-07 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 

42-FT-08 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 

41-FT-09 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 

42-FT-10 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 

41-FT-11 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 
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Tag 

Level 

Range 

Flow 

Rate 

Indicator Scale 

Units 

Sensor Area 

Classification 

Transmitter 

Location 

42-FT-12 Note 1 0-3360 GPM UNCLASSIFIED  PIPE GALLERY 

 

 H. Acceptable Manufacturers:  Milltronics (OCM III), Endress+Hauser (FMU-861 with 

FDU-80 transducer). 
 

Notes:   Calibrated level range vs flow by System Manufacturer based on Primary flow 

element manufacturer recommendation.  

 

2.04  Enclosure 
 

 A. Provide wall mounted, stanchion mounted, free-standing, or walk-in enclosures as 

scheduled. 

 

 B. Provide NEMA 12 enclosures for control panels located indoors and NEMA 4X 

stainless steel for outdoor locations (except walk-in) unless otherwise noted. 

 

 C. In all NEMA 4X enclosures, provide a thermostat controlled space heater and 

corrosion inhibitor blocks.  Provide NEMA 4X rated devices on front of enclosure or 

mount devices on interior panel and provide door mounted tempered glass or 

polycarbonate viewing window. 

 

 D. Free-standing enclosures shall be a minimum of 20-inches deep. 

 

 E. NEMA 12 and general purpose enclosures shall be fabricated from a minimum 14 

gauge steel, unless noted otherwise, with all seams ground smooth, all corners 

rounded, and all flat surfaces smooth with no ripples, dimples, or surface 

imperfections and no screws, bolts, or nuts visible from outside.  Provide panel 

stiffeners as required to provide a rigid, non-bowing surface.  Thoroughly clean and 

degrease the steel shell before painting.  Apply one coat of a rust inhibiting primer 

and two coats of air dry enamel or acrylic with flattening agent to produce a smooth 

semi-gloss finish.  Colors are to be chosen by the Engineer. 

 

 F. Install a continuous hinged front access door.  For freestanding enclosures, furnish 

a three point latch.  A single point latch is acceptable for wall-mounted enclosures.  

Wire door mounted instruments and controls to stationary components with suitable 

flexible connections and protection where wiring crosses the hinge.  Provide double 

or multiple doors as required for stability and smooth mechanical operation. 

 

 G. Terminate all tubing and electrical connections at the bottom of the panel to 

bulkhead fittings and terminal strips, with all external connections properly identified 

for field connections.  Space shall be provided at the bottom of the panel for excess 

wiring to be laid out before landing on the associated field terminal strip.  Space 

shall also be provided at the top and sides of the panel for routing cables entering 

from the top of the panel. 

 

 H. For panels with 120 VAC power supply, provide appropriately sized circuit breaker, 

single pole, 22,000 AIC, mounted in the rear of the panel to disconnect power.  
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Mount an engraved nameplate (white letters, red background) to read “WARNING 

– This panel energized by foreign control power sources.  Equipment will be live 

with panel disconnect in either on or off position”. 

 

 I. Internal panel sub-feeds of 120 VAC power shall be divided into separate circuits 

protected by properly sized circuit breakers or fuses.  The following separate circuit 

divisions shall be provided: 

 

  1. Panel light(s) and panel fans (where used). 

 

  2. Each receptacle. 

 

  3. Power to the panel UPS (where supplied). 

 

  4. Thermostatically controlled heaters (where supplied). 

 

  5. Each power supply (including 24-volt power supplies, power supplies for 

PLCs, power supplies for fiber optic transceivers, etc.) 

 

  6. 120-volt power to field mounted instruments (each instrument shall be 

provided with a separate circuit). 

 

 J. Provide 1/4 x 12-inch copper ground bus bar(s) in the rear of the panel.  All bus 

bars shall be bonded together.  Ground bus shall be capable of accepting System 

Ground Grid connection and Power System Ground connection. 

 

 K. Provide 20 percent spare, contiguous panel/sub-panel mounting area to 

accommodate future panel expansion, unless noted otherwise. 

 

 L. The System Manufacturer shall investigate the space allocated for control panels 

on the accompanying drawings and inform the Engineer of any potential problems. 

 

 M. If indicated in the control panel schedule, control panels shall be provided with a 

drip shield or heat shield. 

 

  1. A 304 stainless steel drip shield shall be provided to prevent ice buildup on the 

panel door, door hinges, and front of panel-mounted devices.  Minimum 

overhang shall be one inch on the front and side of the panel. 

 

  2. 304 stainless steel heat shields shall be provided to prevent excess heat 

inside the panel.  Shields shall be provided for the top, front, back, and both 

sides of the panel.  Shields shall be mounted to provide one-inch air space 

between the shield and the panel.  Each shield shall have the same height and 

width as the panel side being protected.  Cutouts shall be provided for access 

to front of panel-mounted devices. 



17000 - 20 
 
Instrumentation and Controls 

02/22/08    2016-029\XA17000 

 

 N. All indicator lights shall be push-to-test.  In cases where it is not practical to use 

push-to-test indicator lights (Engineer’s approval required), then a lamp test circuit 

with a lamp test pushbutton mounted on the front-of-panel shall be provided.  

Pressing the lamp test pushbutton shall illuminate all indicator lights without 

interrupting control circuits. 

 

  Lamp Colors: Red   Running, Open 

     Green  Stopped, Off, Closed 

     Amber  Alarm 

 

 O. Provide one 120 VAC duplex receptacle and fluorescent light(s) as scheduled.  

Incandescent lights may be used where panel size prohibits the use of fluorescent 

lights.  Provide one standard on/off light switch for the lights.  Receptacles and 

lights shall be provided with a separate circuit breaker and shall be fed from the 

120 VAC power supply to the panel.  Receptacles and lights shall be fed from 

uninterruptible power supplies. 

 

 P. All PLC discrete outputs shall have interposing relays installed in the control panel. 

 

 Q. Where Intrinsic Safety (IS) barriers have been supplied as a means of providing 

electrical hazardous area protection for the associated field device, all IS barriers 

and associated IS wiring shall be separated by at least two inches of air space from 

all regular non-hazardous wiring inside the control panel.  Per NEC Article 504-30, 

grounded metal or other insulated partitions with lesser distance requirements shall 

be permitted.  IS wiring entering the control panel shall be located in dedicated 

conduits, which also shall be separated from any non-hazardous wiring.  IS Barriers 

shall be located in electrical non-hazardous areas. 

 

 R. Conduits containing IS wiring where entering enclosures containing regular, non-IS 

wiring shall be externally sealed to prevent transmission of gases from hazardous 

areas.  Conduit installation and sealing is to be provided under Division 16. 

 

 S. All FRP panels located in direct sunlight shall be provided with at least two coats of 

UV protective coating to prevent discoloration and cracking. 

 

 T. All control panels shall be either padlockable or have a lock installed in the door 

handle.  All Contractor provided locks shall be keyed alike – consult with the Owner 

for preferred keying system. 

 

 U. Front of panel devices, such as analog controllers or annunciators, that have rear 

mounted terminal strips shall be accessible without standing inside the control 

panel (i.e. mounted on panel door or swing-out panels).  Walk-in control panels are 

excepted. 
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2.05  Wiring 
 

 A. Install a minimum of #16 AWG copper stranded, 600 volt, extra flexible type for all 

control wiring 50 volts and above, and a minimum of #18 AWG twisted, shielded 

pair for analog signal conductors.  Color code wires as follows: 

 

  1. Ground:  Green. 

 

  2. Neutral:  White. 

 

  3. Line Conductor (150 volts or less to ground):  Black. 

 

  4. Control (150 volts AC or less):  Red. 

 

  5. Control (150 volts DC or less):  Blue. 

 

  6. Interlock control circuits supplied from external power source:  Yellow or pink. 

 

  7. Intrinsic Safety Conductors:  Light blue. 

 

  8. Signal, Shielded and Special Cables:  Identify with wire markers. 

 

 B. Mark all wires with approved wire markers at all terminations, per Section 16195.  

Clearly mark all terminal blocks with typewritten or ink markings.  Label all devices 

mounted on the steel sub-panel.  All instrument and control devices (current 

switches, MiniCAS II relay modules, etc.) located inside control panels shall have 

engraved lamacoid nametag affixed on or near the device and shall bear the tag 

number and service description.  Label all devices mounted on the panel front with 

engraved lamacoid nameplates, fastened with screws.  Nameplates shall be three-

layer laminated plastic, black letters on a white background.  Letter height to be 

1/8-inch for individual devices and 1/4-inch for panel designation. 

 

 C. Neatly bundle and secure all wiring with plastic ties.  Route back-of-panel wiring in 

slotted plastic wireways with snap-on covers. 

 

 D. Terminal blocks shall be provided for all field wiring connections to the panel.  This 

includes shield terminals for shielded cables.  Terminal blocks may be mounted 

horizontally or vertically and shall be easily accessed from panel door(s).  Terminal 

blocks shall be DIN rail mounted, screw clamp, feed-through type with 600 volt 

minimum rating.  A minimum of 20 percent extra terminals shall be provided on the 

terminal blocks.  Each terminal shall be clearly and permanently marked.  Provide 

fused terminal blocks for all 120 VAC discrete inputs and outputs.  All terminal 

blocks shall be suitably sized for #12 AWG (minimum) stranded wire.  All terminal 

blocks shall be grouped apart, depending upon type of signal per Paragraph E. 

below. 
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 E. AC or DC power wiring shall not run in any raceway with any type of instrument 

wiring.  Wiring is to be divided into categories and shall be carried in separate 

raceways.  The minimum acceptable groupings are: 

 

  1. 120 VAC, 60 Hz AC power wiring and chart drive power wiring. 

 

  2. DC power to electronic instruments (does not include loop powered 

instruments), contact closure input and output wiring. 

 

  3. All wiring carrying pulsed information. 

 

  4. Standard range analog DC signals, thermocouple and up to 200 mV DC 

signals. 

 

  5. All intrinsic safe wiring. 

 

 F. It is the responsibility of the System Manufacturer to provide appropriate protection 

against transients and surges for all field wiring, interfacing with the control panels. 

This protection equipment shall reside in the appropriate control panel.  All 

instrument analog signal wiring, data transmission wiring, and 120 VAC power 

supply wiring shall be protected against lightning strikes, and other transient surges 

at all control panel termination points.  All control power wiring, AC control power 

wiring, I/O cabinet discrete input wiring and discrete output wiring which is routed 

outside of buildings shall be protected against lightning strikes, and other transient 

surges at all control panel termination points.  Lightning and surge devices shall 

protect the system from induced surges in analog, discrete and control circuitry and 

power supply lines.  The protective devices shall not interfere with the normal 

operation of the panel hardware and shall be designed not to have a maximum 

clamping voltage in excess of what the protected device is capable of withstanding. 

Protection devices for all internally mounted power supplies shall be installed on 

individual 120 VAC supply wiring.  Each surge/lighting protector shall be 

independently grounded to the panel ground bus.  Protector mounting rail shall not 

be used to ground the protector. 

 

 G. The System Manufacturer shall provide required hardware and labor for termination 

of new signals in existing termination cabinets where required.  This hardware and 

workmanship shall match existing work with respect to method, materials, and 

workmanship. 

 

 H. All control panels furnished under this Section shall carry a UL label which certifies 

the control panel meets the requirements of UL-508A (latest version). 
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2.06  Control Panel Schedule 
 

Panel No. Mounting Type Enclosure Rating Light/Receptacle Heat Shield/ 

Drip Shield 

40-LCP-01 Free-Standing NEMA 12 Yes/Yes No 

41-LCP-1-3 Pedestal NEMA 12 Yes/No No 

42-LCP-2-4 Pedestal NEMA 12 Yes/No No 

41-LCP-5-7 Pedestal NEMA 12 Yes/No No 

42-LCP-6-8 Pedestal NEMA 12 Yes/No No 

41-LCP-9-11 Pedestal NEMA 12 Yes/No No 

42-LCP-210-12 Pedestal NEMA 12 Yes/No No 

 

2.07  Control Description 
 

 A. In general, simple analog and discrete control, logic and indication requirements are 

depicted on the Process and Instrumentation Diagrams (P&IDs) supplied as part of 

this package.  Where additional information is necessary, it is included in the 

descriptions that follow. 

 

 B. The items described in Paragraph 2.09 are general loop requirements for typical plan 

unit operations.  It is intended that these general requirements shall be followed where 

applicable. 

 

 C. The items described in Paragraph 2.10 are loop descriptions for typical plant unit 

operations.  It is intended that these descriptions, in conjunction with the P&IDs, 

provide sufficient system configuration information for the majority of simple control 

systems.  Where additional descriptions are necessary or where control logic deviates 

from the general and typical descriptions, it is described in the paragraph.  

 

 D. Software Alarms 

 

  1. All analog inputs to the plant control system shall have low and high software 

alarms.  Where low and/or high software alarms are not specified elsewhere in 

this Specification, they shall initially be turned off or set for 0% (low alarm) and 

100% (high alarm) of the signal range.  This will help eliminate nuisance alarms 

during checkout and start-up. 

 

  2. All software alarms shall be reviewed with the plant superintendent, or his 

designee, during programming or panel checkout and again during filed 

checkout or start-up.  The System Manufacturer shall change all software alarm 

setpoint values as instructed by the plant superintendent.  For critical alarms, 

the System Manufacturer shall configure the associated graphic symbol to flash 

or change color when in an alarm condition. 

 

2.08  Loop Descriptions - General 
 

 A. Equipment protection interlocks and safety interlocks (motor temperature and 

moisture switches, emergency stops, low-low level shutdowns, etc.) shall be 
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hardwired and shall not reside in the plant control system.  Hardwired equipment 

protection interlocks and safety interlocks shall be functional at all times, regardless of 

operating mode (HAND, AUTO, LOCAL, REMOTE, etc.)  Equipment protection 

circuits shall be fail-safe, the circuit shall open to stop equipment. 

 

 B. All motor control logic in the plant control system shall include COMMAND 

DISAGREE logic.  The plant control system shall generate a COMMAND DISAGREE 

alarm to alert the operator that a fault has occurred for any of the following conditions: 

 

  1. When a motor is called to run by the control system and no run feedback is 

received by the plant control system within a preset, adjustable period of time.  

This shall only be applied to those motors which have run feedback to the plant 

control system. 

 

  2. When a motor is running based on a manual command generated through the 

plant control system, or based on an automated sequence in the plant control 

system, and run feedback is lost by the plant control system for a preset, 

adjustable period of time.  This shall only be applied to those motors which have 

run feedback to the plant control system. 

 

  3. When a motor is called to run based on a manual command generated through 

the plant control system, or based on an automated sequence in the plant 

control system, and the feedback from a HAND/OFF/AUTO or similar field-

mounted switch indicates that the unit is not in the AUTO mode.  This shall only 

be applied to those motors which have UNIT IN AUTO feedback to the plant 

control system. 

 

 C. All control valve logic in the plant control system shall include COMMAND DISAGREE 

logic.  The plant control system shall generate a COMMAND DISAGREE alarm to 

alert the operator that a fault has occurred for any of the following conditions: 

 

  1. When a valve is called to open by the control system and the open feedback is 

not received by the plant control system within a preset, adjustable period of 

time. 

 

  2. When a valve is called to close by the control system and the closed feedback 

is not received by the plant control system within a preset, adjustable period of 

time. 

 

 D. All analog inputs shall be monitored by the plant control system to identify out of 

range signals (less than 4 mADC or more than 20 mADC).  When the control system 

detects an out of range signal which continues for more than five minutes, an alarm 

shall be generated by the plant control system.  The alarm shall identify the particular 

analog signal which is out of range. 

 

 E. In general, all analog input scaling shall be performed in the operator interface 

software. 
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2.09  Loop Descriptions - Typical 
 

 A. Typical Motor Status Monitoring – Constant Speed Motors 

 

  1. Motor run (typically designated XI and annotated RUN) and overload (typically 

designated XA and annotated OVERLOAD) status will be indicated in the plant 

control system. 

 

  2. Where conditions other than motor overload are sensed in the MCC (e.g., 

motor temperature or moisture switch activated), the fault condition is combined 

with motor overload and the resulting fault (typically designated XA and 

annotated FAULT) status will be indicated in the control system. 

 

  3. Total unit run time (typically designated KQI and annotated RUNTIME) will be 

provided for the motor in the plant control system. 

 

 B. Typical Motor Control Loop – Local/MCC HAND-OFF-AUTO Switch 

  

  1. When the HAND-OFF-AUTO switch is in the HAND mode, the equipment will 

run continuously regardless of the automatic control logic.  In the HAND mode, 

personnel protective and equipment protective interlocks shall be enabled to 

shut down the equipment.  In the HAND mode, the equipment will run even in 

the event of PLC or control system failure. 

 

  2. When the HAND-OFF-AUTO switch is in the OFF mode, the equipment will not 

run under any circumstances. 

 

  3. When the HAND-OFF-AUTO switch is in the AUTO mode, the equipment will 

run in response to a single automatic contact from PLC or hardwired logic 

functions. 

 

  4. Where UNIT IN AUTOC feedback (typically designated XI and annotated UNIT 

IN AUTO) is required, it will be shown on the P&ID’s. 

 

 C. Typical Motor Control Loop – Local/MCC LOCAL-OFF-REMOTE Switch 

 

  1. When the LOCAL-OFF-REMOTE switch is in the LOCAL mode, the equipment 

will run continuously regardless of the remote control logic.  In the LOCAL 

mode, personnel protective and equipment protective interlocks shall be 

enabled to shut down the equipment.  In the LOCAL mode, the equipment will 

run even in the event of PLC or control system failure. 

 

  2. When the LOCAL-OFF-REMOTE switch is in the OFF mode, the equipment will 

not run under any circumstances. 

 

  3. When the LOCAL-OFF-REMOTE switch is in the REMOTE mode, the 

equipment will run in response to a single remote contact from PLC or 

hardwired logic functions. 
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  4. Where UNIT IN REMOTE feedback (typically designated XI and annotated 

UNIT IN REMOTE) is required for a control loop, it will be shown on the P&IDs. 

 

 D. Typical Motor Control Loop – Local START-STOP Switch 

 

  1. The START-STOP switch is typically set up for three- wire momentary control 

logic. 

 

  2. In the event of loss of power, the motor must be manually restarted. 

 

  3. Hardwired START-STOP switches shall operate equipment even in the event of 

PLC or control system failure. 

 

 E. Typical Software Control Switches 

 

  1. Where an automatic control strategy is implemented in software and it is 

necessary to disable the automatic operation, a software MANUAL-OFF-AUTO 

switch (typically designated HS and annotated MANUAL-OFF-AUTO) may be 

provide on the P&IDs.  In the AUTO mode, the automatic control logic operates 

the control system output.  In the OFF mode, the control system output remains 

open.  In the MANUAL mode, the output contact remains closed or is controlled 

by a software START-STOP switch. 

 

  2. Where no automatic control strategy is implemented in software, but it is 

necessary to disable the automatic operation elsewhere, a software ENABLE-

OFF switch (typically designated HS and annotated ENABLE OFF) may be 

provided on the P&IDs.  In the OFF mode, the output contact from the control 

system remains open.  In the ENABLE mode, the output contact remains 

closed. 

 

  3. Where a software START-STOP switch (typically designated HS and annotated 

START-STOP) is shown on the P&IDs, the control system shall provide one 

normally open contact which closes for an adjustable time period to start the 

equipment and one normally closed contact which opens for an adjustable time 

period to stop the equipment.  Where an automatic control sequence interfaces 

with a hardwired START-STOP momentary logic circuit, the control system shall 

provide one normally open contact which closes for an adjustable time period to 

start the equipment and one normally closed contact which opens for an 

adjustable time period to stop the equipment. 

 

  4. When a software RUN-STOP switch (typically designated HS and annotated 

RUN-STOP) is shown on the P&IDs, the control system shall provide one 

normally open contact which closes for as long as the control system logic calls 

for the equipment to run. 

 

  5. Where a software OPEN-CLOSE switch (typically designated HS and 

annotated OPEN-CLOSE) is shown on the P&IDs, the control system shall 

provide one normally open contact which closes when the control system logic 

calls for the valve to open and another normally open contact that closes when 
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the control system logic calls for the valve to close.  The outputs remain closed 

until the valve has reached its new position, as confirmed by the valve limit 

switches. 

 

   a. When the valve is fully closed or is traveling, the valve closed indicator in 

the plant control system, ZIO shall be on.  When the valve is fully open, 

the valve open indicator in the plant control system, ZIO shall be off. 

 

   b. When the valve is fully open or is traveling, the valve open indicator in the 

plant control system, ZIO shall be on.  When the valve is fully closed, the 

valve open indicator in the plant control system, ZIO shall be off. 

 

 F. Typical Analog Loop – Indication and Alarm 

 

  1. Analog values (designated LI, PI, etc.) will be indicated in the plant control 

system.  Readouts for pressure, temperature, flow and analytical loops shall be 

in engineering units based on the field transmitter range specified in Section 

17300.  Readouts for special analog loops, analog signals from equipment not 

supplied under Division 17, etc. will be listed in the Initial Software Settings list 

attached to this Section or described in the project specific loop descriptions. 

 

  2. Required software alarm functions (designated LAL, TAH, AAL, etc.) derived 

from analog variables are shown on the P&IDs.  Initial setpoints for software 

switches will be listed in the Initial Software Settings list attached to this Section 

or described in the project specific loop descriptions. 

 

 G. Typical Analog Loop – Control and alarm 

 

  1. All software PID (proportional, integral, derivative) controllers (designated LIC, 

PIC, FIC, AIC PDIC) must show setpoint, process variable, and manipulated 

variable and allow access to tuning parameters from the operator interface 

software package.  Any software controller shall have the capability of being 

placed in MANUAL mode and have the capability of manually adjusting the 

output in MANUAL mode from the operator interface software package.  

Indicator readouts for software PID controllers shall conform to the 

requirements given in the Typical Analog Loop – Indication and Alarm 

description above. 

 

  2. Required software alarm functions (designated LALL, TAH, AAL, etc.) derived 

from analog variables are shown on the P&ID’s.  Initial setpoints for software 

switches will be listed in the Initial Software Settings list attached to this Section 

or described in the project specific loop descriptions. 

 

 H. Manual Analog Control Setting:  A software manual analog control (designated HIC) 

input is shown on the P&IDs.  Initial control ranges will be listed in the Initial Software 

Settings list attached to this Section or described in the project specific loop 

descriptions. 
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 I. Timer Control 

 

  1. A software time control function (designated KIC or KC) is shown on the P&IDs. 

 Initial time settings will be listed in the Initial Software Settings list attached to 

this Section or described in the project specific loop descriptions. 

 

  2. Where times are used for cycle/duration control logic, the controlled unit will 

remain off for a preset, adjustable cycle time (designated KIC or KC and 

annotated CYCLE).  At the end of the cycle time, the controlled unit will turn on 

for an adjustable duration time (designated KIC or KC and annotated 

DURATION).  At the end of the duration time, the cycle timer resets and starts 

again. 

 
2.10  Project Specific Loop Description  
 
 A Filter Flow Control - not included in the design.  Filters in service will run until the flow 

drops below 500 gpm.  At which time they will be entered in the backwash cue. 

 

 B. Backwash will be controlled by the Backwash Master controller and may be either 

automatic, with Manual or automatic initiation, or operator assisted.   

 

  1. Automatic Backwash, if selected will automatically remove the next filter in the 

Backwash queue from service and begin backwash. 

 

  2. Automatic Backwash, with operator initiation will alert the operator when the 

next filter from the queue is available for backwash, and the operator will initiate 

the automatic backwash operation. 

 

  3. Operator assisted Backwash will await the operators permission at the end of 

each step during the backwash operation. 

 

  4. Manual Backwash will require the operator to set up the valve configuration for 

each stem of the backwash cycle, and start and stop the backwash pumps and 

air scour blowers manually. 

 

2.11  Automatic Backwash 
 

 A. Take filter out of service 

 

  1. Close the influent valve, verify closed.  Drain water until Level is 2 feet above 

filter medial (adjustable).  Allow 300 seconds. 

 

  2. Close Effluent Valve, verify closed.  Open BW Drain Valve, verify open. 

 

  3. Open BW  Air Valve, verify open.  Open BW Water Valve, verify open.  Open 

BW Flow Control Valve to 25%. 
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 B. Air Scour 

 

  1. Start BW air blower.  Monitor for low pressure, alarm and switch to alternate 

blow on low pressure alarm. 

 

 C. Backwash 

 

  1. Start BW water pump.  Establish 3,840 backwash flow.  When water reaches 

top of weir, start step 5 timer.  Allow 600 seconds to reach top of weir before 

overriding with timer.  Alarm on low flow and switch to standby pump on low 

water flow. 

 

 D. Rinse 

 

  1. Stop BW air blower, close BW air valve.  Verify closed. 

 

  2. Stop BW pump.  Close BW valve. 

 

 E. Drain-Down 

 

  1. Close BW drain valve, open effluent valve to 25% position.  Advance to step 9 

when level reaches 3 feet (adjustable). 

 

 F. Put filter back in service 

 

  1. Open influent valve.  Verify open.  Open effluent valve 100%, verify 100%. 

 

2.12  Spare Parts 
 

 A. The System Manufacturer shall supply spare parts for the Plant Control System. 

 

 B. The System Manufacturer shall provide a list of all spare parts being provided under 

this Division.  The spare parts list shall be included in the documents to be reviewed 

by the Engineer during the shop drawing review process.  The spare parts shall 

include, but shall not be limited to, the items included in the list below.   

 

  1. Two of each type PLC processor. 

 

  2. Two each type of PLC I/O card. 

 

  3. Two each type of PLC power supply. 

 

  4. One lot of PLC I/O Card Fuses, 10 spare fuses for each type of fuse used in 

PLC I/O cards. 

 

  5. One lot of PLC Fuses, 5 spare fuses for each type of fuse used in PLC 

hardware (excluding I/O cards). 
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  6. One Plant Control Network backbone Fast Ethernet switch. 

 

  7. One spare for each different type of media converter (fiber-to-copper, etc.). 

 

  8. Five fiber optic patch cards with connectors. 

 

  9. One lot of Terminals, 10 spare terminals for each type of terminal used in local 

control panels. 

 

  10. One lot of Terminal Fuses, 5 spare fuses for each type of miscellaneous fuse 

used in local control panels. 

 

  11. One heavy-duty relay. 

 

  12. Two ice-cube relays. 

 

  13. One spare for each different type of timing relay. 

 

  14. One lot of surge protectors, including 5 spare of each type used. 

 

  15. One 24 VDC power supply 

 

  16. Two of each type of Intrinsic Safety Barrier provided. 

 

  17. One lot of Zener type Intrinsic Safety Barrier Fuses, standard lot cartons equal 

to 10 percent of the number of furnished IS Barrier fuses provided, two cartons 

of each type size and type of fuse minimum. 

 

  18. Other spares as noted in other Division 17 Sections. 

 

Part 3 Execution 
 

3.01  Installation 
 

 A. The System Manufacturer shall assign a full time representative to provide 

coordination and supervision of on-site PCS construction work.  The individual is to 

be on-site during all times when PCS work is being done. 

 

 B. The system, peripherals, and accessory equipment shall be installed in accordance 

with the manufacturer’s instructions and located as shown on the Drawings unless 

otherwise approved by the Engineer. 

 

 C. All work shall be executed in full accordance with all applicable codes and local 

rulings.  Should any work be performed contrary to said rulings, ordinances, or 

regulations, the System Manufacturer shall bear the full responsibility for such 

violations and assume all costs arising therefrom. 
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 D. The Contractor shall investigate each space in the building through which equipment 

must pass to reach its final location.  If necessary, the manufacturer shall ship the 

equipment in sections sized to permit passage through such areas. 

 

3.02  System Noise Rejection 
 

 A. Electrical isolation shall be provided between input systems and the processor units.  

Noise rejection for common mode shall be at least 100 decibels from 0 to 100 Hertz, 

and up to 175 volts.  Normal voltage rejection shall be not less than 35 decibels at 60 

Hertz. 

 

 B. All instrument signal wiring, control wiring, and AC control power wiring shall be 

protected against lightning, spikes, and other transient surges at all field and control 

panel termination points per the requirements of Section 17120. 

 

3.03  Grounding 
 

 A. Bond all instrument and control panel enclosures to the power system ground. 

 

 B. Ground analog signal conductor shields at the control panel end only. 

 

3.04  Tests and Acceptance 
 

 A. The equipment and programs shall be factory-tested prior to shipment for compliance 

with the conditions of this Section, these Specifications, and for environmental 

conditions. 

 

 B. Factory Testing:  Factory-test setup shall demonstrate peripheral performance, 

including all displays and graphics.  All discrete and analog points shall be verified.  A 

100-hour burn-in test shall be performed on all solid-state devices.  The Owner 

reserves the right to witness the factory tests.  At least 20 days written notice shall be 

given to the Owner and the Engineer by the Contractor prior to the date of starting 

factory tests.  Submit detailed witness test and final checkout procedural outlines for 

approval to the Engineer not less than 60 days prior to starting factory tests.  Testing 

shall include the complete system with all cabinet doors in place and peripherals 

attached, for an agreed to period time, with documentation via periodic printouts. 

 

 C. After installation of the complete system, the System Manufacturer shall provide the 

services of a qualified systems engineer to test the complete system under the 

observation of the Owner or Owner’s representative to verify that all functions 

specified are performed without error or malfunction.  As a part of the test procedure, 

Contractor’s personnel, when requested by the system supplier, shall cause each 

remote process to change state or value three times to verify all functions during the 

checkout period.  This shall be repeated until the system performs correctly to the 

satisfaction of the Owner or Owner’s representative. 
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3.05  Start-Up Assistance 
 

  The System Manufacturer shall provide the on-site services of a project engineer for 

a minimum of two weeks (10 days at 8-hours per day) for start-up assistance.  The 

individual provided shall be familiar with the Project and with all software packages 

and supplied hardware.  This individual shall be capable of modifying PLC 

programming or operator interface configuration during the start-up period. 

 

3.06  Training 
 

 A. The System Manufacturer shall provide the following training courses for designated 

Owner’s personnel.  The courses shall be taught by professional, full-time instructors. 

All course materials required to adequately support the material presented shall be 

included.  The System Manufacturer shall bear the cost of student transportation, 

meals, and lodging for any courses taught away from the Owner’s facility.  The 

System Manufacturer shall set the schedule for all courses with the Owner at least 20 

days prior to the proposed date.   

 

  1. Computer Process Control Overview 

 

   a. Length:  Four hours 

 

   b. Number of Students:  5 

 

   c. Location:  Owner’ plant site 

 

   d. This course will familiarize students with the basic structure of a computer 

process control system and will explain the interrelationships between 

hardware, software, and the process. 

 

  2. System Hardware Maintenance 

 

   a. Length:  Eight hours 

 

   b. Number of Students:  5 

 

   c. Location:  Owner’s plant site 

 

   d. This course will instruct the computer maintenance personnel in 

maintenance and repair practices used to support the system hardware. 

 

  3. Application Software 

 

   a. Length:  Eight hours 

 

   b. Number of Students:  5 

 

   c. Location:  Owner’s plant site 
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   d. This course will provide the student with a working knowledge of all 

software supplied with the computer system.  Topics covered shall include 

the operating system software, file structures, and application software.  

Include lab sessions to reinforce classroom lessons. 

 

  4. Operator Familiarization 

 

   a. Length:  Eight hours 

 

   b. Number of Students:  5 

 

   c. Location:  Owner’s plant site 

 

   d. This course will be taught on-site to ensure that plant operating personnel 

will be thoroughly familiar with the PCS as delivered.  The students will be 

instructed in PCS start-up and loading procedures, loop tuning via the 

operator’s pedestal, and all computer features. 

 

  5. HMI Software Training 

 

   a. Length:  Three days 

 

   b. Number of Students:  8 

 

   c. Location:  Owner’s plant site 

 

   d. This course will familiarize students with the HMI software and shall 

include such topics as generating graphics, database modifications, short 

and long term historical data, reporting, and scripting.  This course will 

cover the basics of configuring the Industrial SQL package including 

configuring and printing reports, adding and deleting points, modifying 

data storage parameters, etc. 

 

  6. PLC Software 

 

   a. Length:  Three days 

 

   b. Number of Students:  8 

 

   c. Location:  Owner’s plant site 

 

   d. This course will provide the student with a working knowledge of the 

software used to program the PLCs.  Topics shall include ladder logic 

programming, data transfer between PLCs, program debugging, and 

program simulation.  Include lab sessions to reinforce classroom lessons. 

 

  7. Report Generation Software 

 

   a. Length:  One day. 
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   b. Number of Students:  Three. 

 

   c. Location:  Owner’s plant site. 

 

   d. This course will provide the student with a working knowledge of the 

software used to generate custom reports.  Topics shall include data 

storage, data retrieval (including queries), report layout, and automatic 

report generating and printing for daily, weekly, and monthly reports.  

Include lab sessions to reinforce classroom lessons. 

 

 B. The System Manufacturer shall provide a four-hour training course taught by the fiber 

optic cable manufacturer for Owner’s personnel.  Topics of the training course shall 

include a general overview of fiber optic systems, fiber optic cable testing, connector 

and termination methods, splicing methods, and general maintenance and 

troubleshooting.  The training course shall be taught on-site.  The System 

Manufacturer shall bear the cost of the instructor’s transportation and lodging. 

 

 C. In addition to the courses enumerated above, the System Manufacturer shall provide 

training courses taught by the equipment and software manufacturers, or their 

certified training provider, for the Owner’s personnel as follows.  The courses shall be 

purchased in the names of the individuals designated by the Owner.  The Owner will 

bear the cost of student transportation and boarding. 

 

  1. Wonderware 

 

   a. Provide two individual Industrial SQL Clients training passes for the 

Owner’s personnel.  This course shall provide ActiveFactory training 

including trending, live and historical data retrieving and displaying, and 

report generating. 

 

   b. Each pass shall serve as tuition for one individual in the specified course 

taught at InSource Software Solutions in Duluth, Georgia, (770) 935-9364. 

 

   c. The passes shall be valid for a minimum of 12 months from the date of 

purchase. 

 

 

 

 

 

END OF SECTION  
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Part 1 General 
 

1.01  Scope 
 

  Programmable logic controllers (PLC). 

 

1.02  System Description 
 

 A. This Section covers the technical requirements for programmable logic controllers 

(PLC) that will receive discrete and analog inputs, and through the use of an internal 

ladder logic program, control output relay operations and perform data handling 

functions. 

 

 B. The capabilities of the individual PLCs shall be as required to perform the control 

functions associated with the particular control panel or system. 

 

 

 

 C. The System Manufacturer shall determine the actual amount of memory and I/O 

requirements necessary for each control panel to function as specified or shown on 

the Drawings.  Each processor shall have 50 percent spare memory capacity (not 

less than 1K).  Where rack type PLCs are used, each rack shall have a minimum of 

10 percent spare I/O points per type (but not less than four discrete inputs, four 

discrete outputs, two analog inputs, and two analog outputs) and a minimum of 25 

percent spare slots (not less than two). 

 

1.03  Submittals 
 

 A. For each individual PLC, the following record documentation shall be furnished in 

addition to documentation requirements in other Sections: 

 

  1. Complete software documentation, including annotated ladder logic diagram 

printout.  Printout shall include a complete set of comments identifying relays, 

function of logic blocks, I/O points, etc. 

 

  2. Narrative description of the sequence of operation.  Description shall 

reference, as applicable, the ladder diagram. 

 

 B. For the PLC system, documentation shall consist of descriptive literature and 

installation, operation, and instruction manuals, and shall be included in prints for 

approval and prints for record.  In addition, record drawings shall include PLC 

manufacturer’s recommended list of spare parts with prices, and availability/cost of 

maintenance contracts and similar support services available. 

 

Part 2 Products 
 

2.01  Acceptable Manufacturers 
 

 

 

 A. Programmable logic controllers shall be manufactured by Allen-Bradley (Control 

Logix 5555).  
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 B. Program development software shall be as distributed by the PLC manufacturer. 

 

2.02  General Requirements 
 

 A. All components in the PLC system shall be the product of a company who regularly 

manufactures and services this type of equipment.  Wherever possible, all 

assemblies and sub-assemblies performing similar functions in separate controllers 

purchased under this Section shall be interchangeable. 

 

 B. Components:  In compliance with normally recognized industry standards and 

regularly sold to heavy industry installations.  All connecting cables shall be 

constructed so as to withstand, without damage, all normal use and handling. 

 

 C. The PLC system shall be of a modular design with a plug-in processing unit, 

input/output frames or assemblies, and plug-in peripherals.  All necessary cables 

shall be included. 

 

 D. Mark all major assemblies, sub-assemblies, circuit cards, and devices with the 

manufacturer’s part or identification number. 

 

 E. All components of the PLC system shall be capable of continuous operation at 

temperatures of 0-60 degrees C, and humidity levels of 5-95 percent. 

 

 F. Electrical supply voltage to the individual controllers shall be 115 VAC ± 10 percent 

48-63 Hz.  Controller system power supplies shall have circuit breakers or fuses for 

overload protection. 

 

 G. Each controller, including output devices, shall orderly shut down and alarm in the 

event of a disruption of program execution or scan, a loss of logic power, loss of 

communication between controller essential devices, or a memory error.  A failure 

of one controller shall not disrupt operation of other controllers in the system. 

 

2.03  Central Processing Unit (CPU) 
 

 A. The CPU shall contain the program memory in static RAM, PROM, or a combination 

of both. 

 

  1. CMOS or RAM shall have a battery backup system capable of retaining all 

memory for a minimum of six months and shall require no external cooling or 

special vents.  The backup batter shall be capable of being replaced without 

interruption of memory integrity with AC power off. 

 

  2. Provide visual indication of backup battery status with alarm in the event of low 

battery voltage before battery failure. 

 

  3. Provisions shall be made for connecting an external DC voltage to the system 

to provide auxiliary protection for CMOS RAM memories. 
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 B. The program memory shall be capable of being expanded in the field by card 

exchange. 

 

 C. At least 1,024 internal storage registers shall be available for data storage.  These 

registers shall be independent of and in addition to program storage memory. 

 

 D. Provisions shall be made for the processor to check all logic words for parity when 

read from memory.  A parity error shall cause an immediate shutdown with alarm 

and visual indication. 

 

 E. Nominal memory scan time shall be no longer than 4 milli-seconds per 1K of ladder 

logic memory.  Only the portion of memory being used shall be scanned, and the 

memory shall be automatically repositioned up or down when contacts and rungs 

are added or deleted.  Service each input on every scan. 

 

 F. The system shall have the capability of servicing the I/O at any point in the user 

program as many times as desired during a scan.  Provide the capability of not 

servicing the I/O during a scan if the user so chooses. 

 

 G. Software or key locking arrangement at the CPU shall prevent memory modification 

by unauthorized personnel. 

 

 H. The processor unit shall be expandable to a minimum of 4,000 I/O points.  Any 

number of normally open or normally closed contacts shall then be available from 

these references for use in the program.  Any internal coil shall be capable of 

assuming a relay, latch relay, one-shot, timer, or counter function. 

 

 I. The system software timers and counters shall be capable of the following: 

 

  1. Timers shall have a selectable time base of 0.01, 0.1, and 1.0 second, or 0.1 

minutes.  Each timer shall be capable of the maximum time preset. 

 

  2. Both up-counters and down-counters shall be available.  Each counter shall be 

capable of a fixed preset of at least 0-999 and at least a register preset of 0-

65535. 

 

  3. Presets shall be from internal constants and internal storage registers.  Timers 

and counters shall have the capability of being reprogrammed from the 

keyboard, as specified below, at anytime without halting system operation. 

 

  4. Timers and counters shall be capable of causing an output relay operation, 

and display of the time or count through programming software. 

 

  5. Timers and counters shall be capable of using the same contact for enable 

and reset functions. 

 

 J. The system shall have math capability available. 

 

  1. Math functions shall be a minimum of four digit (0-9999) addition, subtraction, 

multiplication, division, equality, greater than, and less than.  In addition, 
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signed addition and subtraction, and floating point addition and subtraction 

shall be available. 

 

  2. Include capability to handle data in lists or tables.  These lists shall be a 

minimum of 16 bits wide, with capability of a length of 255.  Include a sort 

function with a sort capability of 192 items, and the ability to generate FIFO 

and LIFO stacks. 

 

  3. The system shall have matrix logic capability up to 16 x 255.  Matrix logic 

functions shall include AND, OR, XOR, and Compare. 

 

  4. The numerical data for a math function, data list, or matrix shall be input from 

timers, counters, keyboard entry, and other math functions, data lists, or 

matrices. 

 

  5. The system shall be capable of using the results from math functions, data 

handling functions, and matrix functions for presets to timers and counters, 

and for operating system outputs and CRT displays. 

 

 K. The status of latch relays and one-shots, and all data from timers, counters, and 

math functions shall be retained during any power outage as specified above. 

 

 L. The system shall have the capability to conditionally skip execution of all or part of 

the user program. 

 

 M. The system shall be capable of performing a minimum of 16 sub-routines.  These 

sub-routines shall be called up by a programmed instruction at any time during the 

main body user program. 

 

 N. The system shall have a minimum of 16 priority interrupt inputs which will cause an 

immediate jump to the associated sub-routine of the main body user program. 

 

2.04  Input/Output (I/O) Devices 
 

 A. Discrete Inputs/Outputs 

 

  1. Discrete inputs shall be available in 24 and 115 VAC/DC.  Discrete outputs 

shall be available in 24 VDC and 115 VAC. 

 

  2. Discrete inputs shall be guaranteed “on” if at least 78 percent of nominal 

voltage is present.  Discrete inputs shall be guaranteed “off” if 20 percent or 

less of the nominal voltage is present. 

 

  3. Minimum isolation between input/output and logic voltage shall be 1,500 V 

RMS per NEMA standards via optoisolation. 

 

  4. AC discrete outputs shall be rated at 20 amps inrush, 2 amps continuous.  DC 

discrete outputs shall have a 2 amp rating.  All outputs shall have 3 amp 

normal fuse protection. 
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  5. Each discrete input and output shall have an LED or other visible indication of 

on/off status. 

 

 B. Analog Inputs/Outputs 

 

  1. Analog inputs shall be available in 4-20 mADC, 1-5 VDC, and 0-10 VDC.  

Analog outputs shall be available in 4-20 mADC, 0-10 VDC, and –10 to +10 

VDC. 

 

  2. All of the above inputs and outputs shall have at least 11 bit resolution with an 

accuracy of ± 1 percent over the rated temperature range. 

 

  3. Minimum isolation between input/output and logic voltage shall be 1,500 VDC 

per NEMA standards via optoisolation. 

 

  4. All analog inputs interfacing with 120 VAC or 24 VDC (non-loop) powered 

devices shall be provided with isolated analog input modules. 

 

  5. All analog outputs shall be isolated. 

 

 C. Frames or racks for mounting all types of inputs and outputs shall be 

interchangeable, and inputs and outputs shall be interchangeable within the same 

frame. 

 

 D. All PLC terminal blocks shall be 300 V minimum NEMA rated, and accommodate 

no fewer than two #14 gauge wires. 

 

 E. Marker strips shall be attached adjacent to the field wiring and the status indicating 

lights to allow easy identification of inputs and outputs by the user.  These markers 

shall not change when devices are replaced during repair or maintenance.  Color 

code marker strips according to voltage. 

 

 F. Field wiring shall not have to be removed in order to replace an I/O device during 

repair or maintenance. 

 

2.05  Data Processing 
 

 A. The controller system shall have the ability to perform the following data processing 

functions without significantly slowing down or interrupting the logic processing: 

 

  1. The controller system shall be capable of storing, displaying, and printing 

messages containing numerical information, including information from timers, 

counters, math functions, and analog functions.  These messages shall 

contain the full range of alphanumeric characters and shall be capable of 

assuming user required formats.  A minimum storage capacity of 64,000 

characters in addition to program memory and storage registers shall be 

available for these messages. 
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  2. Provide proportional, integral, derivative (PID) fixed point control with ability to 

solve 32 PID loops with a repetition rate of one second. 

 

  3. The controller system shall have data storage capability which will allow the 

storage of recipes or other information in a structured file system.  The file 

system shall be accessible from the user program. 

 

2.06  Program Development Software 
 

 A. Provide current version of Windows-based programming software. 

 

 B. Programming capabilities shall include the ability to alert the programmer to errors 

in order to prevent not closing logic circuits, entering non-allowable addresses, or 

missing addresses. 

 

 C. Programming field for each rung shall be 70 elements minimum.  Program changes 

shall be allowed element by element such as adding, deleting, or reversing (NO to 

NC) contacts without replacing an entire rung.  It shall be possible to delete or 

insert entire rungs inside the program. 

 

 D. A search feature shall allow the operator to call up any contact or coil in the 

program by reference.  The search feature shall be provided by a special 

pushbutton on the keyboard. 

 

 E. The controller system shall allow an operator to override inputs and outputs on or 

off from the development software.  The override function shall be provided by a 

special pushbutton on the keyboard. 

 

 F. The programming software shall have off-line, on-line, and monitor modes of 

operation, controlled by password to provide an additional tier of security. 

 

  1. Normal programming shall be in the off-line mode.  The PC shall not need to 

be connected to the control system for off-line programming. 

 

  2. In the on-line mode, the programming device shall be connected to the control 

system, and the two-way communications shall exist between individual CPUs 

and the programming device.  On-line programming shall include the ability to 

make program edits, upload data and download data while the CPU is 

running.  The status of contacts and coils in the ladder logic program shall be 

displayed on the PC.  The PC shall be able to display the current values of 

timers, counters, and internal registers, and the operator shall be able to 

modify these values through the development software while in the program 

display mode. 
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  3. In the monitor mode the programming device shall be connected to the control 

system, and disabled communication shall exist from the CPU to the 

programming device.  The programming device shall be able to read from but 

not write to the CPU.  The status of contacts, coils, timers, counters, and 

registers shall be displayed on the PC, but an operator shall not be able to 

modify them. 

 

2.07  Program Development PC 
 

  A program development PC is not included in the Project.  It shall be the 

responsibility of the System Manufacturer to supply a PC for its own use for the 

development of the PLC program. 

 

Part 3 Execution 
 

3.01  Installation 
  

 A. PLC equipment is to be mounted on the back panel of the local control panels, 

unless otherwise noted, and incorporated in the panel design by the System 

Manufacturer. 

 

 B. The Contractor is responsible for furnishing required footage for the data highway 

to the System Manufacturer.  Data highway conductors shall be furnished by the 

System Manufacturer for installation by the Contractor. 

 

 C. Data highway routing shown on the Drawings is based on a loop feed system.  

Dual radial or other configurations which meet the redundancy requirements 

specified above will be permitted so long as the Contractor provides any additional 

raceways or conductors required and coordinates all clearances, at no cost to the 

Owner. 

 

END OF SECTION



 




