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SECTION 16050 
GENERAL PROVISIONS - ELECTRICAL 

 

PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of Contract, including General and Supplemental Conditions and 

Division 1 of the Specifications, apply to work of this section.  

 

1.2 DESCRIPTION OF WORK 

A. The work covered by this division of the Specification includes the furnishing of all labor, materials, 

tools, temporary power, transportation, permits, certificates, temporary protection and storage required 

to complete the electrical service entrance and electrical installation. 

B. All work included in this division of the work and its sections is complimentary to all the requirements 

and conditions set forth in other Divisions and Sections of the Specifications, and associated drawings 

wherever applicable to the Electrical Work.  

 

1.3 LICENSES, PERMITS, FEES AND TAXES 
A. The Contractor shall secure and pay for all licenses and permits necessary to perform work under this 

division, and pay all Federal, State, and Local taxes that may be required.  

 

1.4 CODES AND REGULATIONS 

A. The latest adopted edition of the codes and regulations of the following govern this section and shall be 

considered minimum requirements: 

1. National Electrical Code (NEC) 

2. National Electrical Safety Code (NESC) 

3. Underwriters Laboratories, Inc. (UL) 

4. National Fire Protection Association (NFPA) 

5. Applicable Electrical Codes as may be adopted by the Town of Mount Pleasant 

 

1.5 SKILLED TRADESMEN AND STANDARD OF WORK 
A. The work under this contract shall be performed by tradesmen skilled in each particular trade and shall 

be accomplished so as to be safe, neat and functional upon completion. 

B. Careful attention shall be paid to workmanship.  Any work which, in the opinion of  MPW,  is badly 

arranged or poorly executed shall be replaced in a proper and neat manner by the Contractor at no 

expense to MPW, and shall not delay the project schedule. 

C. All Contractor's work in progress or completed, as well as buildings, machinery, and equipment that 

may be damaged through the execution of this work, shall be protected by the Contractor.  Such 

protection shall remain and be maintained until its removal is approved by MPW. 

D. Cleanup and Housekeeping. The Contractor shall at all times keep the premises free from the 

accumulations of waste materials or rubbish caused by his employees or by the work.  Waste materials 

shall be removed and the work area cleaned regularly. The work area shall be kept in an orderly 

fashion such that no safety hazards are created or movement of other equipment is impaired. 

 

1.6 CONFLICTS BETWEEN PLANS, DIMENSIONS AND SPECIFICATIONS  

A. Bring any conflict between these specifications, design drawings, referenced national standards and 

codes immediately to MPW’s attention, and obtain clarification before proceeding. 

B. The contract drawings are diagrammatic and are not intended to show the work in every respect and do 

not show all structural and installation details. The Contractor shall be responsible for all dimensions 

required for laying out and installing his work.  

C. MPW reserves the right to make reasonable changes in the location of apparatus or equipment up to 

the time of roughing-in.  Such changes as directed shall be made by the Contractor without additional 

compensation. 

 

PART 2 - PRODUCTS 
2.1 GENERAL 

A. All electrical materials and equipment installed on this project shall be new and manufactured within 

one year of bid date. 

B. All electrical materials and equipment shall be UL listed. 

C. The intent of these specifications is to establish the quality and style of products to be furnished.  

Products are specified in these specifications or on the drawings by reference to manufacturer, vendor, 

trade name, product line and/or catalog number. 
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D. The design is based on the use of the specified product.  Should the Contractor choose to substitute an 

“equal” or “approved equal” product, then the Contractor shall insure that the product so substituted is 

compatible in all electrical, mechanical, structural and environmental aspects and that dimensionally it 

will fit within the space allowed.  The Contractor shall make all necessary adjustments to insure a 

complete, functional and neat installation in keeping with the intent of these specifications. 

 

2.2 MATERIAL SUBSTITUTIONS 
A. Material substitutions will not be considered due to the requirement to reduce un-necessary spare parts 

inventory by the Owner. 

 

2.3 SUBMITTALS 

A. Contractor shall provide submittals for all electrical materials and equipment. Wiring diagrams and 

material shop drawings shall be submitted and approved by the Engineer before procurement, 

fabrication, or delivery of such items to the job site. Partial submittals shall not be acceptable; such 

submittals will be returned without review. Submittals shall include a detailed equipment and wiring 

diagram for the complete control panel assembly including the identity, make, model, voltage rating, 

etc. of all components. 

B. Manufacturer's Data shall be manufacturer's descriptive literature, equipment drawings, diagrams, 

performance and characteristic curves, and catalog cuts. Each submittal shall include the 

manufacturer's name, trade name, catalog model or number, nameplate data, size, layout dimensions, 

capacity, specification reference, applicable industry specification references, and all other information 

necessary to establish contract compliance. 

1. Conduit and Fittings (each type). 

2. Insulated Conductors. 

3. Outlet and Junction Boxes. 

4. Circuit Breakers. 

5. All other Electrical Material and Equipment. 

C. Shop Drawings shall show types, sizes, accessories, elevations, floor plans, sectional views, 

installation, details, elementary diagrams, and wiring diagrams. Wiring diagrams shall identify circuit 

terminals and shall indicate the internal wiring for each type of equipment and the interconnection 

between the items. Drawings shall also indicate adequate clearance for operation, maintenance and 

replacement of operating equipment devices. If any equipment is disapproved, the drawings shall be 

revised to show acceptable equipment and be resubmitted. 

1. Panelboards. 

2. Conduit and Cable Layout Schematics. 

3. Standards Compliance 

D. When materials or equipment must conform to the standards of organization such as the American 

National Standards Institute (ANSI), American Society for Testing and Materials (ASTM), National 

Electrical Manufacturers Association (NEMA), and Underwriters Laboratories (UL), proof of such 

conformance shall be submitted to the Engineer for approval. If an organization uses a label or listing 

to indicate compliance with a particular standard, the label or listing will be acceptable evidence, 

unless otherwise specified. If no label or listing exists, the Contractor shall submit a certificate from an 

independent testing organization, which is competent to perform acceptable test and is approved by the 

Engineer. The Certificate shall state that the item has been tested in accordance with the specified 

organization's test methods and that the item conforms to the specified organization's standard. 

E. For materials and equipment whose compliance with organizational standards or specifications is not 

regulated by an organization using its own listing or label as proof of compliance, a certificate of 

compliance from the manufacturer shall simply state that the manufacturer certified that the product 

conforms to all requirements of the project specification and of the referenced standards listed. 

F. Certified Test Reports: Before delivery of materials and equipment, certified copies of all test reports 

specified in the individual sections shall be submitted for approval. 

G. MPW’s approval of drawings shall not relieve the Contractor from responsibility for deviations from 

the contract documents, unless he has, in writing, called attention to such deviations at the time of 

submitting, nor shall it relieve him from the responsibility of error of any sort. 

H. Review of manufacturer's drawings constitutes acceptance of general design only and will not release 

the Contractor from fulfilling the terms and intent of the drawings and specifications. 
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2.4 OWNER SUPPLIED MATERIALS AND EQUIPMENT 
A. The Contractor shall receive, store and install all MPW supplied materials and equipment.  Materials 

and equipment shall be stored in a place and manner approved by MPW.  The Contractor shall be 

responsible for all damage to Owner supplied materials or equipment except for damage specifically 

noted in writing on the bill of lading at the time of receipt. 

 

2.5 DELIVERY AND STORAGE 
A. Equipment and materials shall be properly stored and adequately protected and carefully handled to 

prevent damage before and during installation. Equipment and materials shall be handled, stored and 

protected in accordance with the manufacturer's recommendations and as approved by MPW. 

B. Electrical conduit shall be stored to provide protection from the weather and accidental damage. 

C. Cables shall be sealed, stored and handled carefully to avoid damage to the outer covering or insulation 

and damage from moisture and weather. 

D. Damaged or defective items, in the opinion of the Engineer, shall be replaced with new items at no cost 

to MPW. 

E. Cataloged Products:  Materials and equipment shall be the cataloged products of manufacturers 

regularly engaged in production of such materials or equipment and shall be manufacturer's latest 

standard design that complies with the specification requirements. 

F. When two or more units of the same type, class, and size of equipment are required, these units shall 

be products of a single manufacturer; however, the component parts of the system need not be the 

products of the same manufacturer. 

G. Each major component of equipment shall have the manufacturer's name, address, and the model and 

serial number on a nameplate securely affixed in a conspicuous place; the nameplate of the distributing 

agent will not be acceptable. 

H. Materials and Equipment:  Provide new materials of high quality which will give long life and reliable 

operation. Equipment shall not have been in prior service except as required by factory tests. 

Workmanship shall be of highest quality in every detail. 

 

PART 3 - EXECUTION 
3.1 WORK INCLUDED 

A. All work subject to the following: 

1. Instruction to Bidders 

2. General and Supplemental Conditions 

3. All drawings 

4. Specifications and Supplemental Documents 

5. Contract Agreement 

B. All materials and equipment to be furnished and installed as described in all sections and as shown on 

the contract drawings. 

C. The Contractor shall provide all labor, materials, and equipment indicated or reasonably implied to 

carry out the intent of the work complete. 

D. Turn over reusable motor controller components to owner for possible reuse. If MPW refuses 

acceptance of these components, they become the property of the contractor for disposal or reuse. 

 

3.2 SUPERVISION, SCHEDULING, AND COORDINATION 

A. Work shall be properly supervised at all times by a field supervisor or competent foreman employed by 

and representing the Contractor. The contractor shall pay particular attention to the phasing of the 

demolition as spelled out on the electrical and civil drawings. 

B. The Contractor shall acquaint himself with the plans for all other trades as necessary to properly install 

fixtures, equipment, conduits, etc., at proper stage of construction and shall work in advance of the 

others as required to eliminate all cutting and patching possible. 

C. It shall be the Contractor's responsibility to inform other contractors of necessary clearances and access 

openings for all electrical equipment. 

D. The Contractor shall coordinate all power outages with MPW, the utility, and other trades. 

 

3.3 MANUFACTURER'S RECOMMENDATIONS 

A. Where installation procedures are specified to be in accordance with the recommendations of the 

manufacturer of the material or equipment being installed, printed copies of these recommendations 

shall be furnished to the Engineer prior to installation. Installation of the item will not be allowed to 

proceed until the recommendations are received. Failure to furnish these recommendations can be 

cause for rejection of the material. 
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3.4 ADDITIONS, RENOVATIONS AND DEMOLITIONS 
A. For projects involving addition to, or renovation or demolition of existing facilities, the Contractor 

shall visit the site and thoroughly familiarize himself with all existing conditions.  No requests for 

additional compensation will be considered for work which a thorough examination of existing 

conditions would have shown was reasonably required in order to properly complete the work. 

B. Disconnect, relocate and reconnect any existing electrical equipment shown or required to be removed 

or relocated.  Contractor shall safeguard all existing equipment from damage during construction. 

 

3.5 RECORD DRAWINGS 

A. During construction, the Contractor shall keep an accurate record of all deviations between work as 

shown on the contract drawings and that which is actually installed. 

B. The Contractor shall maintain two complete sets of record drawings of the contract drawings for the 

purpose of recording field changes.  One set shall be used to record field changes in pencil; the second 

set shall be used by the Contractor to make a neat and accurate record in red ink of all changes and 

revisions to the original design which exist in the completed work.  Such drawings shall be available to 

MPW at the job site at all times and submitted to MPW upon substantial completion of the project 

pursuant to record drawing requirements specified elsewhere. 

 

3.6 MANUFACTURER'S RECOMMENDATIONS 

A. Where installation procedures are specified to be in accordance with the recommendations of the 

manufacturer of the material or equipment being installed, printed copies of these recommendations 

shall be furnished to MPW prior to installation. Installation of the item will not be allowed to proceed 

until the recommendations are received. Failure to furnish these recommendations can be cause for 

rejection of the material. 

 

3.7 DEMONSTRATION OF COMPLETED ELECTRICAL SYSTEMS 

A. The Contractor shall, upon request, demonstrate proper operation of all electrical systems and 

equipment in the presence of  an MPW representative or other designated persons. Five days notice of 

such testing will be provided to MPW. 

B. The Contractor shall provide all test equipment and personnel and submit written copies of all test 

results at no additional compensation. 

C. Devices Subject to Manual Operation: Each device subject to manual operation shall be operated at 

least five times, demonstrating satisfactory operation each time. 

D. Test on 600-Volt Wiring: Test all 600-volt wiring to verify that no short circuits or  accidental grounds 

exist. Perform insulation resistance tests on all wiring using an instrument which applies a voltage of 

approximately 500 volts to provide a direct reading of resistance; minimum resistance shall be 250,000 

ohms. 

E. Polarity Test: Contractor shall test receptacles to verify proper connection of grounded conductor. 

F. Grounding System Test: Test the grounding system to assure continuity and that the resistance to 

ground is not excessive. Test each ground rod for resistance to ground before making any connections 

to the rod; then tie entire grounding system together and test for resistance to ground. Make resistance 

measurement in normally dry weather, not less than 40 hours after rainfall. Submit written results of 

each test to MPW and indicate the location of the rods as well as the resistance and soil conditions at 

the time the measurement were made. 

G. Make such changes as directed to make installation comply with the plans and specifications. 

H. Repair or replace all faulty work and/or equipment. 

I. The Contractor shall furnish to MPW six (6) copies of instruction books and manufacturer's 

installation/operation/maintenance data, for all electrical equipment purchased by the Contractor.  

Instruction books and other data shall include a list of spare parts for this equipment. 

 

3.8 WARRANTY 

A. The Contractor shall warrant the completed electrical system to be free from mechanical and electrical 

defects for a period of  two (2) years from the date of  MPW’s acceptance of the work, unless the 

manufacturer's product warranty exceeds this period, in which case the Contractor will include in his 

bid the cost to make his warranty of labor (and material incidental to replacement of the product) 

coincide with the product warranty. 

 
END OF SECTION 
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SECTION 16120 

LOW VOLTAGE WIRES AND CABLES – 0-600 VOLTS 
 

PART 1 - GENERAL 
1.1 RELATED DOCUMENTS  

A. Drawings and General Provisions of Contract, including General and Supplementary Conditions and 

Division 1 and Section 16050, apply to this section.  

 

1.2 DESCRIPTION OF WORK 

A. Furnish and install all wires and cables for all electrical systems as shown on the drawings and herein 

specified. 

 

1.3 QUALITY ASSURANCE 

A. Standards 

1. Where products are specified by naming one manufacturer, supply the products so named. 

2. Wire and cable shall be of the letter type required by Table 310-13 of the NEC for each use. 

3. All wiring shall be in accordance with the sizes specified.  If the contract documents indicate sizes 

larger than code requirements, those documents shall take precedence. 

 

1.4 APPLICABLE PUBLICATIONS 

A. UL486A    Wire Connectors and Soldering Lugs for Use with Copper Conductors 

B. UL510    Insulating Tape 

C. NFPA70   National Electric Code (NEC) 

 

1.5 SUBMITTALS 
A. Shop Drawings 

1. Refer  to SECTION 16050, GENERAL PROVISIONS – ELECTRICAL. 

2. For each type of wire and cable provide NEC type, manufacturer, catalog or type number, and 

catalog cut for each item.  For cable assemblies provide manufacturer's technical data. 

 

1.6 PRODUCT DELIVERY,  STORAGE AND HANDLING 

A. All wire and cable shall be new (manufactured within one year of delivery date) and delivered to the 

site in original cartons of complete coils or reels. 

B. All wire and cable shall be suitably protected against weather, moisture, or physical damage during 

storage and handling and shall be in good condition when installed. 

 

PART 2 - PRODUCTS 
2.1 WIRE AND CABLES 

A. All conductors shall be copper, 98 percent minimum conductivity at 20°C, unless noted otherwise. 

Insulation on power conductors shall be Type THHN/THWN, sized based on 75  C ampacity tables.  

Insulation on control conductors shall be Type MTW, 90 o C, #14 minimum. 

2.2 COLOR CODING 

A. Color coding shall be consistent throughout. 

B. All power conductors shall be color coded as follows: 

208Y/120 Volt 3Ø 4W* 480Y/277 Volt 3Ø 4W* 

A Phase = black   A Phase = brown 

B Phase = red   B Phase = orange 

C Phase = blue   C Phase = yellow 

Neutral  = white  Neutral  = gray 

*The neutrals of different systems must be distinguished from each other by using gray or a 

color line (other than green) along the white insulation. 

* Hi-leg terminated on phase “C” in MPW Control Panel. 

C. All grounding conductors shall be green. 

D. Where alternate power sources are used (ex. standby generators) use a color stripe on all Conductors to 

distinguish these from normal power. 
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E. Control Wire: 

120VAC 

120V power - red; Common - white; Inputs - yellow; Outputs - black 

24VAC 

24V Power - red/black; Common - white/black; Inputs - yellow/black; Outputs - black/yellow 

24VDC (all voltages) 

24VDC  [+] - blue; 24 VDC [-]  - white/blue 

F. For wire sizes #8 AWG and smaller use color coded conductors.  For wire sizes #6 AWG and larger 

phasing tape may be used.  Mark conductors at all terminations, junctions and pull points. 

 

2.3 WIRE CONNECTIONS AND TERMINATIONS 

A. All wire, cable, terminations and associated hardware to be supplied and installed by Contractor unless 

otherwise noted. 

B. Contractor shall provide any special connectors, splice and termination kits, tapes and any other 

terminating accessories that may be required by the scope of this project. 

C. Connections and Taps: 

1. Control connections shall be made with nylon self-insulated compression-type locking fork tongue 

lugs. 

2. Power connections, #6 AWG and larger, shall be made with tin plated copper compression 

Connectors. 

3. Where multi-conductor non-armored cable passes through top or bottom of switchgear, control 

centers, motor terminal boxes, or at other terminations, Crouse-Hinds Type CGFP or equal shall 

be provided. 

 

PART 3 - EXECUTION 
3.1 CABLE AND WIRE PULLING 

A. All electrical cables from the wet well shall be terminated in a non-corrosive weather-tight box 

(NEMA 4X) 

B. Where mechanical assistance is used for puling conductors, wire pulling compounds having inert 

qualities that do not harm the wire insulation or covering shall be applied to the conductors as they are 

pulled into raceways. 

1. Interior of all raceways shall be free from grease, filings or foreign matter before conductors are 

pulled in. 

2. Wires are to be pulled from reels.  Provide a reel rack for holding reels. 

3. Cable pulling forces shall not exceed the cable manufacturer's recommended maximum values.  

The cable manufacturer's recommended pulling and laying methods shall be followed. 

C. Minimum bending radii for cables shall be in accordance with NEC requirements. 

D. Motor and control wiring shall be continuous. 

 

3.2 SPECIAL SYSTEM 

A. Intrinsic Safe Circuits 

1. Intrinsic safe wires must be run in conduits which contain only these wires. 

2. Routing of wires in panels must be a minimum of two (2) inches from non-intrinsic wires or a 

physical barrier of grounded or non-conductive material must be installed between the two wiring 

systems. 

 

3.3 TERMINATIONS 

A. General 

1. All wires or cables that are shown on the Drawings for panels, field devices, motors, controllers, 

etc. shall be terminated by the Contractor unless specifically noted "Termination by Others". 

2. All crimp-on and compression connections must be made with tools recommended by connector 

manufacturer.  

3. Tighten electrical connectors and terminals, including screws and bolts, in accordance with 

manufacturer's published torque tightening values.  Where manufacturer's torque requirements are 

not indicated, tighten connectors and terminals to comply with tightening torques specified in UL 

Std 486 A and B. 
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B. Terminations 

1. Conductors shall be terminated with all strands intact. 

2. When terminated at a pressure pad terminal, all strands but no insulation, shall be within the 

pressure pad. 

3. All spare wires shall be terminated at terminal strips provided by the Contractor if existing 

terminal strips have no spare terminals, unless otherwise indicated. 

 

3.4 PHASING AND IDENTIFICATION OF CONDUCTORS 

A. Phases shall be established at all transformers, switch gear, motor control centers, feeders, switches 

and panelboards and marked A, B, C as follows: front to back, top to bottom, or left to right when 

facing the front of the equipment. 

B. MPW requires that the hi-leg (3 Phase) from the utility be terminated on phase “C” in the control 

panel.  

 

3.5 GROUNDING AND BONDING 

A. Grounding and Bonding: In accordance with NFPA 70. Ground all exposed non-current-carry metallic 

parts of electrical equipment, grounding conductor in nonmetallic raceways, and neutral conductor of 

wiring systems. Make electrode in compliance with NFPA 70. Make ground connection to a driven 

ground rod at the distribution panel. 

B. Provide an insulated, green-colored equipment grounding conductor in all circuits. This conductor 

shall be separate from the electrical system neutral conductor. 

 
 

END OF SECTION 
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SECTION 16130 
CONDUIT SYSTEMS 

 

PART 1 - GENERAL 
1.1 DESCRIPTION 

A. This section includes the furnishing, installation, and connection of conduit fittings and boxes to form 

complete, coordinated, grounded raceway systems.  Raceways are required for all wiring unless shown 

or specified otherwise. 

B. Definitions:  the term conduit, as used in this specification, shall mean any or all of the raceway types 

specified. 

 

1.2 RELATED WORK 

A. Direct burial and bedding of conduits:  Section 02200, EARTHWORK. 

B. General Electrical requirement of Section 16050, GENERAL PROVISIONS - ELECTRICAL 

C. Applicable Code Requirements for personnel safety and to provide a low impedance path for possible 

ground fault currents. 

 

1.3 SUBMITTALS 

A. Shop Drawings:  Size and location of all feeders, panels and pull boxes.  Layout of required conduit 

penetrations through structural elements. 

 

1.4 APPLICABLE PUBLICATIONS 

A. The publications listed below form a part of this specification to the extent referenced except where a 

specific data is given, the issue in effect (including amendments, addenda, revisions, supplements, and 

errata) on the date of Invitation for Bids shall be applicable.  The publications are referenced in the text 

by the basic designation only. 

1. National Fire Protection Association (NFPA) 70:  National Electric Code (NEC) 

2. Underwriters Laboratories, Inc. (UL): 

a. 1 – Flexible Metal Conduit 

b. 5 – Surface Metal Electrical Raceway and Fittings 

c. 50 – Electrical Cabinets and Boxes 

d. 60 - Liquid -Tight Flexible Steel Conduit 

e. 467 - Electrical Grounding and Bonding Equipment 

f. 514A- Metallic Outlet Boxes 

g. 514B -Fittings for Conduit and Outlet Boxes 

h. 651 - Schedule 40 and 80 Rigid PVC Conduit 

3. American National Standards Institute, Inc. (ANSI) 

a. C80.1- Rigid Steel Conduit, Zinc Coated 

 

PART 2 - PRODUCTS 
2.1 MATERIAL 

A. Conduit Size 

1. In accordance with the NEC, but not less than ¾” unless otherwise shown.  Where permitted by 

the NEC, ½” flexible conduit may be used for tap connections to recessed lighting fixtures. 

B. Conduit 

1. Rigid PVC: Schedule 40 and 80; furnish and install Schedule 80 unless indicated otherwise on the 

Drawings. 

2. Direct burial plastic conduit (only where specifically indicated): Fed. Spec. W-C-1094,   Type II 

or Type III, UL 651, and UL 651A, extra heavy wall PVC. 

3. Liquid-Tight Flexible Metal Conduit (Steel): UL 360.  

C. Conduit Fittings 

1. Rigid PVC conduit fittings: Standard solvent weld couplings, and elbows.  

2. Direct burial PVC conduit fittings: As recommended by the conduit manufacturer. 

3. For Flexible Metal Conduit: UL 514. All ferrous fittings shall be cadmium or zinc coated in 

accordance with UL 514. 

D. Conduit Supports 

1. Parts and Hardware: 316 stainless steel. 

2. Solid Masonry and Concrete Anchors: Self-drilling expansion shields, or machine bolt expansion. 

E. Outlet, Junction, and Pull Boxes 
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1. UL-50, UL 514A, Fed. Spec. W-C-586 and Fed. Spec. W-J-800. 

2. Cast metal where required by the NEC or shown, and equipped with rustproof boxes. 

3. Sheet metal boxes: UL 50, ANSI 316 stainless steel, rated  NEMA4X or 6X as required by 

elevation, except where otherwise indicated. 

 

PART 3 - EXECUTION 
3.1 PENETRATIONS 

A. Locate holes in advance where proposed through structure walls, top slabs, etc.  Obtain the approval of 

MPW prior to drilling through structural sections. 

B. Cut holes through concrete and masonry in new and existing structures with a diamond core drill or 

concrete saw.   

C. Pneumatic hammer, impact electric, hand or manual hammer type drills are not allowed. 

 

3.2 WATERPROOFING 

A. Top slabs, structure walls, and cabinet conduit penetrations completely seal clearances around the 

conduit and make watertight. 

B. Provide a gas tight seal.  The seal shall consist of a layer of Chico A3 Sealing Compound poured to a 

thickness no greater than 5/8” (five-eighths inch) to insure a gas-tight seal and to facilitate future 

removal.  The void space below the seal layer shall be filled with any suitable packing to prevent the 

intrusion of the sealing compound into the body of the seal-off fitting. 

 

3.3 CONDUIT SYSTEMS INSTALLATION, GENERAL 

A. Installation:  In accordance with UL, NEC, as shown, and as hereinafter specified. 

B. Install conduit as follows: 

1. Complete runs before pulling in cables or wires. 

2. Flattened, dented, or deformed conduit is not permitted.  Remove and replace the damaged 

conduits with new undamaged material. 

3. Assure conduit installation does not encroach into hatch openings, pump guide rails, ultrasonic 

transfer operating cones or valve operations. 

4. Make conduit mechanically and electrically continuous. 

5. Support conduit independently. 

6. Close ends of empty conduit with plugs or caps at the rough-in stage to prevent entry of debris 

until wires are pulled. 

7. Secure conduits to cabinets, junction boxes, pull boxes and outlet boxes.  For rigid PVC conduit 

installations, provide a solvent weld connection to enclosures.  

8. Do not make conduit penetrations for connections into junction box or control cabinet tops or 

removable covers. 

C. Conduit Bends 

1. Furnish and install applicable Rigid PVC bends of standard conduit configuration at all changes in 

direction. 

2. Field bending of Rigid PVC conduit is prohibited. 

D. Exposed Work 

1. Conduit for Conductors 600 volts and below shall be Rigid Schedule 80 PVC. 

2. Align and run conduit parallel or perpendicular to structure lines. 

3. Support above grade horizontal or vertical conduit runs at not over four (4) feet intervals. 

4. Painting:  Paint exposed conduit as specified elsewhere. 

E. Direct Burial Installation 

1. Exterior routing of Lighting and Control Systems and Other Branch circuits (600 Volt and Less, 

and 5 feet from structures): 

a. Conduit: Schedule 80 extra heavy wall PVC unless otherwise shown. 

b. Mark conduit at uniform intervals to show the kind of material, direct burial type, and the UL 

approval label. 

c. Install below grade horizontal runs close adjacent structure elements and backfill conduit 

trenches as specified elsewhere. 

d. Install conduit fittings and terminations as recommended by the conduit manufacturer. 

e. Tops of conduits shall be not less than 24 inches below finished grade, and not less than 30 

inches below road and other paved surfaces. 

f. Work with extreme care near existing ducts, conduits, cables, and other utilities to avoid 

damaging them. 
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g. Excavation for conduit bedding and back-filling of trenches is specified in Section 02200, 

EARTHWORK. 

h. Seal conduits, including spare conduits, at building entrances and at outdoor terminations for 

equipment with a suitable compound that prevents the entrance of moisture and gases. 

F. Wet or Damp Locations 

1. Unless otherwise shown, use Rigid PVC conduits. 

2. Provide sealing fittings, to prevent passage of water vapor, where conduits pass from warm to cold 

locations, i.e., air conditioned spaces, structure exterior walls, top slabs, or similar spaces. 

3. Unless otherwise shown, use Rigid PVC conduit within five feet of the exterior and below 

concrete structural slabs in contact with soil, gravel, or vapor barriers.  Cover conduit on the 

outside with a factory coating of 20 mil bonded PVC or field coat with asphaltum before 

installation.  After installation, completely coat damaged areas of coating. 

G. Conduit Supports, Installation 

1. Safe working load shall not exceed ¼ of proof test of fastening devices. 

2. Use pipe straps or individual conduit hangers for supporting individual conduits. All supports shall 

be 316 stainless steel. 

3. Fasteners and Supports in Solid Masonry Concrete: 

a. New Construction:  Use T 316 stainless steel concrete inserts set in place prior to placing the 

concrete. 

b. Existing Construction: 

1) Stainless steel expansion anchors not less than ¼ inch bolt size and not less than 1-1/8 

inch embedment. 

2) Power set fasteners not less than ¼ inch diameter with depth of penetration not less than 

3 inches. 

3) Use vibration and shock resistant anchors and fasteners for attaching to the underside of 

concrete slabs. 

4. Hollow Masonry: Toggle bolts are permitted.  Bolts supported only by plaster are not acceptable. 

5. Metal Structures: Use machine screw fasteners or other devices specifically designed and 

approved for the application. 

6. Attachment by wooden plugs, wall plugs, plastic, lead or soft metal anchors, or wood blocking and 

bolts supported only by plaster is prohibited. 

7. Chain, wire, or perforated strap shall not be used to support or fasten conduit. 

8. Vertical Supports: Vertical conduit runs shall have riser clamps and supports in accordance with 

the NEC and as shown.  Provide supports for cable and wire with fittings that include internal 

wedges and retaining collars.  

H. Box Installation 

1. Boxes for concealed conduits shall be mounted flush and with raised covers for boxes and cabinets 

as applicable for installation and finish. 

2. In addition to boxes indicated, install additional boxes where needed to prevent damage to 

conduits, cables, and wires during pulling in operations. 

3. Remove only knockouts as required and plug unused openings.  

4. Outlet boxes in the same wall mounted back-to-back are prohibited. Outlet boxes in stud walls 

shall not be mounted between same studs as boxes in adjoining spaces. 

5. Minimum size of outlet boxes for ground fault interrupter (GFI) receptacles is 4 inches square by 

2-1/8 inches deep, with device covers for the wall material and thickness involved. 

 
END OF SECTION 
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SECTION 16310 
PUMP CONTROL PANEL PLC READY 

 

PART 1 - GENERAL 
1.1 RELATED DOCUMENTS 

A. Drawings and General provisions of the Contract, including General and Supplementary Conditions 

and Division 1. 

1. Section 15351 MPW Wastewater Pumping Facilities 

2. Section 16050 General Provisions – Electrical 

3. Section 16120 Low Voltage Wire and Cables, 0-600V 

4. Section 16130 Conduit Systems 

5. Section 16310 Appendix B – PLC Input/Output Schedule 

 

1.2 DESCRIPTION OF WORK 

A. Furnish and install pump control panels as shown on the Drawings and herein specified. 

 

1.3 QUALITY ASSURANCE 

A. Standards 

1. Control panels shall be designed and assembled by a company actively in this business for a 

minimum of five (5) years, and shall provide five (5) references for similar projects with Shop 

Drawings submittals. 

2.  Where products are specified by naming one manufacturer, supply the products so named. 

3. All control equipment and wiring materials furnished shall be UL listed for the intended 

purpose, unless specified otherwise. 

B. Applicable Publications 

1. UL50   Enclosures or Electrical Equipment 

2. NFPA70 National Electric Code (NEC) 

C. Supplier Qualifications:   

1. The Main Control Panel furnished under this section shall be designed, coordinated, and supplied 

by a single manufacturer or supplier, hereinafter referred to as the System Supplier.  The System 

Supplier shall be regularly engaged in the business of supplying computer-based monitoring, 

control, and data acquisition systems.  The System Supplier shall coordinate all control system 

related items, to check-out and calibrate instruments, and to perform all testing, training, and 

startup activities specified to be provided. The PLC control panel and UPS Battery Panel shall be 

furnished by Glenmount Global Solutions, Inc. (formally Tegron), hereinafter referred to as GGS. 

MPW process control engineer. 

2. The PLC control panel supplier shall have the following minimum qualifications: 

a. The supplier shall maintain a design office staffed with qualified technical design personnel. 

b. The supplier shall maintain competent and experienced service personnel to service the 

hardware and software furnished for this project. 

c. The supplier shall have as a minimum 5 years of experience in the design, coordination and 

supply of PLC -based monitoring, control, and data acquisition systems. 

D.   Unless specifically specified otherwise by a named manufacturer of foreign origin, or allowed pursuant 

       to Article 6.05 of Section 00700, all products and materials shall be of domestic manufacture (USA). 

                   

 

1.4 SUBMITTALS 

A. Shop Drawings 

1. Refer to Section 16050, General Provisions, Electrical. 

2. Shop Drawings shall include enclosure exterior door, interior door and backplate layouts. Bill of 

materials, catalog cuts for all materials, complete electrical power and control schematics and 

sequence of operation. 

               B.   PLC Programming Submittal 

1. PLC Program shall be provided by GGS. 

 

B. Site Testing Plan and Procedures Submittal 

1. Site Testing Plan shall include an overall plan to conduct system checkout and site testing.   

2. Site Testing Procedures shall include detailed test procedures developed to demonstrate 

compliance to the project requirements.  The test procedures shall list specific steps to be 

performed and shall provide space for Owner, Engineer, System Supplier and GGS sign-off.  
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1.5 PRODUCT DELIVERY, STORAGE AND HANDLING 

A. Control Panels shall be suitably protected against weather, moisture, or physical damage during 

storage and handling and shall be in good condition when installed. 

B. Control panels shall be stored in a cool, dry location, with temperature and humidity limits consistent 

with the requirements of the equipment mounted within the panels. 

 

1.6 SEQUENCE OF OPERATION   

A. See Appendix A - Control Strategy Description 

B. See project drawings for Wet Well Pump Control Elevations. 

 

1.7 SPARE PARTS 

A. The Contractor shall provide the following:   

1. Two (2) wetwell floats      

2. Two (2) replacement LED lamps 

 
PART 2 – PRODUCTS 
2.1 ENCLOSURES 

A. Enclosures shall be NEMA 4X AISI 316 stainless steel (unless indicated otherwise on the Drawings) 

with drip cap latches, and padlock provisions suitable for outdoor conditions, and of adequate size for 

all equipment, providing manufacturers recommended clearances around all control devices, and NEC 

required minimum bending radii for all wiring. 

B. Enclosures shall be furnished and equipped with a “POWERGLIDE” 3-point Latching Cover as 

manufactured by Hoffman, Inc. or approved equal. 

C. Three (3) separate panel enclosures shall be provided as specified below:  

1) Main Control Panel 

2) PLC Control Panel 

3)    UPS Battery Panel 

                      * Main control panel shall provide I/O and be 

           considered PLC ready. 

               D.   No penetrations in top of enclosures. 

               E.   Penetrations and connections in panel shall be made to maintain the Nema 4X rating. 

               F.   Sun Shields shall be provided on all sides of control panel (VFD only) including front and back.  

 Cut-out for A/C unit, receptacle, generator  receptacle, alarm light/horn and handles. 

 

2.2 MAIN CONTROL PANEL - EQUIPMENT MOUNTED ON SEPARATE INTERIOR HINGED 

DOOR 
A. Padlockable interlocking rotary handles for pump motor circuit breakers for all pump motors.  

B. Oil-tight Hand-Off-Automatic (HOA) selector switches. 

C. Six digit, non-reset, elapsed time meters for each pump by Cramer, Model 635G or approved equal. 

D. All indicating LED pilot lights shall have 30.5 mm mounting and be manufactured by Square D or 

Furnas, Class 52X with 24 volt LED bulbs and acrylic lens.  For the following conditions: 

1. Pump Running (green) 

2. Pump Seal Failure (red) 

3. Motor Over-Temperature (red) 

4. Pump Failure (red) 

5. Backup High Level Alarm (red) 

6. Low Level Alarm (red) 

7. PLC Faulted (red) 

8. Maintenance Disable (red) 

E. GF2i Duplex Receptacle 20A 

F. Pushbuttons and selector switches shall have 30.5 mm mounting and be manufactured by Square D or  

Furnas, Class 52X  for the following purposes: 

1. Horn Operation Selector (Continuous/Timed) 

2. Alarm Horn/Light Silence 

3. Reset Motor Over Temperature Alarm 

4. Reset Motor Overload 

5. Maintenance Disable Reset 

6. Manual speed potentiometer  (VFD only) 

7. Pump H-O-A Switches    
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G. Ultrasonic Level Controller 

1. Siemens/Milltronics HydroRanger 200- Model# 7ML5034-3BA01 Panel Mount 6-relay 12-

30VDC (level only).   

2. Provide loose for mounting in the wet well, one Siemens-Milltronics XPS-15F non-contact wet 

well ultrasonic sensor with minimum 10m (33 feet) cable. 

3. The ultrasonic level sensor shall be supported with a self-leveling chain type hanger (stainless 

steel) refer to Part 3 Section 3.2 D. 

4. Submersible Level Transmitter- Mercoid Series PBLT2 w/60feet of cable (Dwyer Instruments) is 

acceptable if ultrasonic unit cannot be installed due to well size. 

5. Hand Programmer Siemens # 7ML1830-2AK 

H. Operator interface terminal (OIT) for changing level set points.  OIT shall be a 7-inch color, 

Wonderware Compact Panel P/N-CPCA-075-2CMCD. (Required for VFD stations only) 

 

2.3 MAIN CONTROL PANEL - EQUIPMENT MOUNTED ON BACKPLATE 

 (Conformal coated circuit boards on all electronics-VFDs/Soft Starters) 

 

A.    Motors of  less than 20 HP: (unless otherwise indicated on drawings)  

1. The Contractor shall provide high capacity motor circuit protectors for each pump, with the 

following characteristics: 

a. 600 VAC, 60 Hz, 3 Phase Interrupting Capacity – 14kA  

b. Auxiliary Switch-Internally mounted SPDT, 10A @ 240 VAC Instantaneous Trip-Fixed 

c. Tripping Characteristics: 150% to 250% current rating at 70 seconds, and 600% to 1300% 

current rating at 1.5 seconds 

2. Motor contactors shall be NEMA rated, heavy duty industrial design (definite purpose contactors 

are not acceptable), with adjustable electronic overload protection as manufactured by Furnas, 

Square D or pre-approved equal. 

3. Motors of  20 HP or Greater – Combination Solid-State Starters (Soft Starters unless otherwise    

indicated on drawings) 

a. Solid State Soft Starters shall be Square D Altistart 48Y only. 

b. Variable Frequency Drives shall be Square D Altivar 61 only. 

4. Starters shall be breaker combination, solid-state, reduced voltage type.  Six back-to-back silicon 

controlled rectifiers shall be used to provide smooth, stepless motor acceleration.  When the motor 

reaches full speed, a bypass contactor shall close and carry the continuous duty motor current. 

5. Starters shall be 3 phase, 60 Hz, with overloads, a 120 volts ac bypass contactor coil, a dry-type 

control transformer, and a molded-case circuit breaker.  Control transformers shall be mounted 

with the removable starters and shall have capacity for all simultaneous loads.  Control 

transformers shall have both primary leads fused, one secondary lead fused, and one secondary 

lead grounded.  The bypass contactor shall have an 8 hour current rating in accordance with the 

latest NEMA standards. 

6. One NO and one NC spare interlock contacts, whether on the starter or on a relay, shall be wired 

separately to the unit terminal board. 

7. Starters shall include smooth starting and stopping, adjustable starting torque, adjustable ramp 

time, inverse time overload current trip, current limit, phase loss protection, and adjustable 

electronic overloads. 

8. Contractor shall match control transformers, overloads, and the minimum sizes of starters to 

equipment furnished.  Overload relay devices shall be adjusted to reflect reduced motor current 

caused by any load-side power factor correction capacitors. 

9. Soft-Starters shall be SquareD AltiStart 48 Y only. 

B. For stations with 480V power service, control power transformer (CPT) with primary branch rated 

circuit breakers. 

1. Multi-tap primary 240V and 480V 

2. Multi-tap secondary for 120V and 240V 

3. Open core and coil construction 

4. Sized for all connected loads, but no less than 2kVA 

5. Transformer primary and secondary leads shall be marked. A connection diagram shall be 

provided and permanently attached. 
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C. Provide branch rated circuit breakers for the following 120V loads: 

1. Each Control Circuit as applicable 

2. Duplex 120 VAC receptacle for 1600W load 

3. Ultrasonic level controller 

4. Back-up float alarm light/klaxon 12V battery charger 

5. Exterior rack mounted service light 

6. PLC Control Panel 

7. Flow Meter 

D. Control relays shall be IDEC, SquareD or approved equal with LED indicators. 

E. Transient voltage surge suppressor (TVSS). TVSS shall be Eaton Innovative Technologies Type 

PTX0803Y201 or as indicated on drawings. (UL Approved) 

F. Manual reset switch for alarm horn and light. 

G. Power terminals and control terminals shall be located four (4) inches minimum from the interior sides 

of cabinet. Terminals shall be as manufactured by SquareD, Class 9080 Type G or approved equal, and 

size as required by the current. 

H. Phase and voltage monitors (PVM) shall be provided to protect against single phasing, phase reversal, 

low voltage, and unbalanced voltage. PVM shall be installed to monitor incoming commercial power 

as well as power feed to motors.  Manufactured by Diversified Electronics or approved equal. 

I. Intrinsically safe isolation relays shall be provided for all backup float inputs. Relays shall be Ingram 

Products ISR2-24 for DC applications, Gems "Safe-Pak for 120 VAC applications, or approved equal. 

                      An Uninterruptible Power Supply shall be provided by GGS as part of the PLC Control Panel.  

J. A battery and battery charger shall be provided for the 24V dc backup float system voltage. Charger 

shall include power switch, ammeter, and sealed case for protection of components. The charger shall 

be Phoenix Contact or approved equal. The battery shall be mounted on the bottom of the cabinet, and 

have sufficient capacity to operate floats, alarm horn and flashing light for twelve (12) hours 

minimum. 

K. Audible Alarm Horn should not sound during power outage and should ONLY be initiated with the 

High-High Water Alarm Float. 

 

2.4 PLC CONTROL PANEL   

A. A Programmable Logic Controller (PLC) Control Panel for pump control, condition monitoring, and 

alarming shall be provided as part of the PLC Control Panel by GGS. 

B. Power for the PLC Control Panel shall be provided from the Main Control Panel.   

C. Contractor responsible for contacting GGS (Process Control Engineer) to obtain pricing and delivery 

of PLC Control Panel and UPS Battery Panel. Assure equipment is delivered and properly installed. 

 

2.5 EQUIPMENT MOUNTED OUTSIDE OF CONTROL PANEL 

A. Three (3) backup floats shall be certified as mercury-free, with fifty (50) feet cables and normally open 

(N.O.) contacts.  Floats shall be Flygt "Type ENM-10", Warrick Controls "Series M", Anchor 

Scientific Inc., Eco-Float, model SE or approved equal.  They shall be designated as “High Water 

Level”, “Low Water Level”, and “High-High” Water Alarm.” 

B. When required by MPW or shown on the Contract Drawings, provide one (1) loop powered pressure 

transmitter  with local indication  Rosemount 3051 (Model 3051S2LG4AA1A1020DFF91CA00D1M5)  

with series 1199 Diaphragm Seal.  The pressure sensor shall be compatible with a standard 4” diameter 

DIFE tee branch located in the pump station discharge piping where indicated on the Drawings.  The 

Contractor shall furnish all necessary conduit, wiring, mounting brackets, piping, DI flange Tee, and 

appurtenances necessary for a complete, fully operational pressure metering system.  Pressure transmitter 

shall be ranged from 0 to 150 psig.  Provide a 4-20mA output to the PLC.  The contractor shall furnish a 

stainless steel sun/protective shield. 

C. Provide one (1) 150 watt metal halide Lithonia P/N-TFM150TB120DGC rack mounted 120V Nema 

4X (charcoal gray). Install on switched circuit/no photo cell required. 

D. 480 Volt 3 Phase stations provide a Meter Base/Disconnect Combination cabinet as required by both 

SCE&G and MPW.                                                                                                                          

Provide quick disconnect receptacle for emergency generator and Manual Transfer Switch (MTS). 

1. For 240V stations, install 100A Hubbell 4100B9W receptacle. 

2. For 480V stations, install 200A Crouse-Hinds AREA 20425 receptacle. 

E. Provide a non-fused service disconnect in separate NEMA 4X 316SS enclosure between the electrical 

utility meter and the pump control panel. 
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F. Radio Telemetry Antenna Assembly: MPW to supply and install radio antenna assembly on a 10’ 

antenna mast. Contractor to coordinate mounting of antenna mast on equipment stand. 

 

 

G. Flow meter and Transmitter:  

1. Each Pump Station shall be equipped with a flanged Flowtube Sensor and integrally mounted 

Transmitter with all wiring, conduit, mounting hardware, electrical power circuits and 

appurtenances. 

2. The Contractor shall furnish and install all necessary conduit, wiring, mounting brackets, piping, 

special flanges, stainless steel sun/protective shields, and appurtenances necessary for a complete, 

fully operational flow metering system. 

3. The flow meter shall be installed in the horizontal run of above-ground piping as indicated on the 

Drawings.  The installation shall comply in all respects with the manufacturer’s requirements 

(including the minimum lengths of straight pipe required both upstream and downstream of the 

meter flowtube). 

4. The Contractor shall furnish and install a “Mega-Flange” or approved equal PE/FE Flange adapter 

on the upstream end of the flow meter piping to facilitate removal as indicated on the Drawings. 

5. Flow metering equipment shall include the following: 

a. MAGNETIC FLOW METER FLOWTUBE 

1. Lining Material PTFE TFE 

2. Electrode Material 316L Stainless Steel 

3. Electrode Type Bullet Nosed, Two Measurement Electrodes 

4. Line Size to match Force Main Diameter 

5. Flange Material Carbon Steel 

6. Flange Rating ANSI Class 150 

7. Housing Sealed, Welded Housing Configuration 

8. Safety Approval FM Class 1, Div. 2 for Non-Flammable Fluids; CSA Class 1, Div. 2; 

CE Mark 

9. Lining Protectors 316L Stainless Steel (A1 Retaining Ring)  

10 Calibration 0 to 30 FPS 

b. MAGNETIC FLOWTUBE TRANSMITTER 

1. Transmitter Style Standard 

2. Transmitter Mount Integral Mount, Direct on 

3. Flowtube at 12:00  

4. Position readable from Control Cabinet  Side 

5. Transmitter Power 90-250 VAC, 50-60 Hz Supply Voltage 

6. Safety Approval FACTORY MUTUAL(FM) CL1, DIV. 2 APPROVAL;CE MARKING 

7. Transmitter Local Operator Display Option Interface 

8. Calibration  0 to 30 FPS 005  

6. The Magnetic Flow meter Flowtube shall be Emerson Process Controls Model 8705. 

7. The Magnetic Flow meter transmitter shall be Emerson Process Controls Model 8732E 

8. The Flow meter tube and integrally mounted transmitter shall be protected by a 3/16 inch AISI 

Type 316 shield fabricated as indicated on the Detail Drawings.  The Flowtube flange bolts shall 

be installed to place the nuts on the opposing flanges (bolt heads toward flowtubes). 

 

PART 3 – EXECUTION 
3.1 GENERAL 

A. It is the intent of these Specifications that the Contractor shall install and test all the electrical facilities 

so as to render the station ready for operation as indicated on the Drawings and as specified, furnishing 

all ancillary and appurtenant equipment and material items required to achieve this intent whether or 

not the items are specifically specified herein or indicated on the Drawings. Contractor responsible for 

contacting GGS (Process Control Engineer) to obtain drawings (dimensions) of PLC Control Cabinet 

and UPS Battery Cabinet.  

 

3.2 PANEL WIRING 
A. Wiring shall be neatly grouped in plastic wire troughs except wiring from the backplate to the door 

shall be done in separate bundled harnesses for control circuits. 

1. Wires shall have a wraparound wire identification number as shown on the wiring diagram at both 

ends. 

2. Components shall be identified with the same nomenclature as in the wiring diagram. 

3. All door mounted components shall have engraved nameplates. 
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4. All conduits into the control panel shall be sealed, see Section 16130, paragraph 3.2. 

B. There shall be no penetrations on top of the pump control panel; the following equipment shall be 

mounted conveniently on the side(s) of the cabinet: 

1. Duplex 20A, ground fault receptacle with weather-proof cover. 

2. Alarm klaxon and alarm light assemblies (in a location of high visibility). 

3. Air conditioner. (VFD only) 

C. Pump control panel, meter base/disconnects, PLC Control Panel, appurtenant panels, junction boxes, 

transfer switches, UPS Battery Panel and generator power plugs shall be mounted on an Aluminum 

Mounting Rack fabricated and mounted as indicated on the Drawings.  

D. The ultrasonic level sensor shall be supported with a self-leveling chain-type hanger (Pendant 

transducer support by RCI Enterprises or equal, 316SS) secured to the edge of the hatch opening in a 

location where it can be serviced without entering the wet well.  All hardware and conduit supplied for 

the transducer installation shall be 316 Stainless Steel or approved equal corrosion-proof material. 

E. Motor power and sensor cables, control and alarms circuits shall be designed to provide strain relief 

and to allow disconnection from outside the wet well.  

 

3.3 PLC PROGRAMMING 

A. General functional requirements for system configuration are indicated on the drawings and described 

in the specifications.  The information presented herein and indicated on the drawings illustrates the 

general functional intent of the system, and may not be sufficient to fully configure the system.  GGS 

shall be responsible for determining what additional information may be required to complete the 

configuration tasks, and for obtaining this information from the Engineer or the Owner. 

B. PLC programming shall be done by GGS. Configuration services shall consist of all necessary PLC 

configurations, custom PLC programming and other work to provide a fully functioning system.  GGS 

shall fully configure the system using data provided in this section and its appendices.  

C. GGS shall also coordinate with the Owner to establish the data points to be transmitted to the Owner’s 

SCADA system.  Any programming, scaling or data conversion in the PLC which is needed to support 

the SCADA data access shall be the responsibility of GGS.  

D. GGS shall tune all software programs and configuration in such a manner that the program operates at 

its highest performance level. These programs include, but are not limited to analog control loops such 

as PID loops and all PLC logic. 

 

3.4 SYSTEMS CHECK 

A. System Supplier shall provide the services of a trained and experienced field supervisor to assist the 

installation contractor during installation, and to calibrate, test, and advise others of the procedures for 

installation, adjustment, and operation. 

B. System Supplier shall appoint a field services manager who shall be responsible for the coordination of 

all system check-out and startup activities, and who shall be immediately available to Engineer and 

Owner by phone or on site for the duration of this project. 

C. Field Inspection at Delivery:  The field supervisor shall inspect major equipment items within five 

working days of delivery, to assure that the equipment was not damaged during shipment and shall 

supervise or assist with unpacking, initial placement, and initial wiring of the system. 

D. Field Calibration of Instruments.  After each instrument has been installed, a technical representative 

of System Supplier shall calibrate each instrument and shall provide a written calibration report for 

each instrument, indicating the results and final settings.  The adjustments of calibrated instruments 

shall be sealed or marked, insofar as possible, to discourage tampering.  Instrument calibration shall be 

done before checkout of the system operation.  A typical instrument calibration report is attached to the 

end of this section. 

E. Field Inspection Prior to Start Up.  After installation and wiring connections are complete, the field 

supervisor, with additional System Supplier’s personnel and GGS representative shall verify that each 

external connection to the system is correctly wired and field process components and devices are 

functioning as intended.  System Supplier and GGS shall be responsible for completing the following 

scope of work. 

1. Analog Signals.  Analog input signals shall be simulated at the transmitting source, and verified to 

be received at the proper register address in the control system.  Analog outputs shall be generated 

at the control system, and verified to be received with the correct polarity, at the respective 

receiving device. 

2. Discrete Signals.  Discrete input and output signals shall be simulated and verified that they are 

received at the respective receiving device, and at the proper voltage.  

3. Devices by Other Suppliers.  If interrelated devices furnished by other suppliers, under other 

contracts, or by Owner, such as valve actuators, motor controls, chemical feeders, and instruments, 
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do not perform properly at the time of system checkout, the field supervisor shall use suitable test 

equipment to introduce simulated signals to and/or measure signals from these devices to locate 

the sources of trouble or malfunction.   

F. System Check Out Report.  The System Supplier shall submit a written report on the results of such 

tests to Engineer.  Additional documentation shall be furnished as requested by Engineer to establish 

responsibility for corrective measures. System Supplier shall verify, in writing, to Engineer or Owner 

that System Supplier has successfully completed the external connection check before beginning 

system startup or field acceptance testing. 

G. Start Up Assistance.  After the field supervisor has completed the system check and submitted his 

report, System Supplier and GGS shall supply a factory-trained programmer  to provide on site start up 

assistance.  During the startup period, these personnel shall thoroughly check all equipment, correct 

any deficiencies, and verify the proper operation of all components. 

 

3.1 SYSTEM TESTING 
A. The system shall be acceptance tested at the site.  

B. System Supplier shall prepare a testing procedure to be approved by Owner and Engineer that shall 

demonstrate that the system conforms to the specifications.  The testing procedure shall be submitted at 

least 30 days in advance of testing. The testing shall be conducted by System Supplier and witnessed 

by Owner and/or Engineer. 

C. System Supplier and or GGS shall notify Engineer and Owner in writing at least 14 days before the 

proposed testing date.  If the site test is concluded unsuccessfully, the test shall be repeated.  System 

Supplier shall reimburse Owner and Engineer for all expenses incurred in connection with attending 

repeated site testing necessitated by system failure or inadequate preparation. 

D. After system assembly, installation and system checkout, the system shall be tested.   

E. All basic functions shall be demonstrated, including I/O processing, communications, alarm handling, 

etc.  This operational test may run concurrently with the demonstration of hardware and software 

functions.  The test procedure shall also include at a least four-hour period for discretionary tests to be 

conducted by Engineer or Owner.  

F. Hardware Test.  Processors, processor modules, and peripheral devices associated with the system 

shall be assembled together in the field and shall be tested by system supplier and GGS.  The test shall 

demonstrate proper operation of each hardware device and communications among devices, and shall 

include verification of selected analog and discrete inputs and outputs.  

G. Software Test.  All system software modules specified herein, including the custom PLC programming 

shall be demonstrated by GGS.  Software tests shall include running all diagnostics, debugging 

routines, and system test routines.  Software "patches" or changes to bypass failed or flawed modules 

during the test will not be acceptable.  

 
 

END OF SECTION 
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SECTION 16310-A 
CONTROL STRATEGY DESCRIPTIONS  

 

 

PART 1 - GENERAL 
1.1  SCOPE  

A. This section provides functional descriptions of the PLC Instrumentation and Control System. These 

descriptions are intended to provide an overview of the operating concept of the plant process 

equipment rather than describing in detail every operating feature or interlock. 

1. Control System.  The Instrumentation and Control System section shall apply to all systems 

described in this section. 

 

PART 2 – PRODUCTS 
2.1 GENERAL 

A. The descriptions are applicable to Section 16310, Pump Control Panel. 

 

PART 3 - EXECUTION 
3.1 PLC PROGRAMMING FUNCTIONAL REQUIREMENTS.   

A. The following describe general configuration tasks that are required for the system PLC(s).   

B. These tasks shall be programmed in any applicable PLC.   

C. Each PLC may have multiple instances of each of these tasks, or may have no instances of some or all 

of these tasks.   

D. The input/output lists (located in Section 16310, Appendix B) and detailed equipment control 

descriptions (included herein) should be referenced to determine the requirements for each PLC. 

E. The following cover functional requirements of the software, which are generic and may or may not be 

related to any specific control loop. 

1. Available Process Values.  All PLC-generated process alarm, equipment status, and process 

variable values shall be available at any operator workstation.   

2. Flow Values.  Flow values shall be integrated, totalized, and stored in the PLC registers.  

3. System Failure.  Failure of a PLC shall result in safe shutdown of associated process equipment.  

Interposing relays shall be provided where required to assure that equipment will revert to its fail-

safe condition.  Failure of any PLC or its communication shall be alarmed on the HMI computer.   

4.  HMI Computers.  The HMI computers shall function as a monitoring system, not as a controller, 

for the process equipment.  The computer shall download set points and other information to the 

PLCs, and the PLCs shall perform all control algorithms, so a temporary failure of the any HMI 

computer will not disrupt plant or pump station control.   

5. Rack/Module Configuration.  The rack and module definitions for each PLC, as well as the PLC 

communications configuration shall be completely configured to allow proper addressing of all 

field connected I/O points.  This shall include configuration of any remote input/output (RIO) 

racks. 

6. PLC Database Definition.  The PLC database will include both field I/O points and internally 

generated points required for programming.  All field I/O points and internal programming points 

shall be fully defined according to database naming conventions approved by Owner.  As a 

minimum, each database point shall be provided with a tag name, engineering unit, alarm 

parameters, and description.  

7. Analog Scaling.  Each analog input and output will be appropriately scaled for use in internal PLC 

programming, monitoring by the HMI computers, or transmission to other PLCs.  Requirements 

for raw count values shall be coordinated with the operator interface software to ensure 

compatibility. 

8. Equipment Runtimes.  For each equipment item whose "run" status is monitored by a PLC, 

internal equipment runtimes shall be accumulated by the respective PLC.  The runtime procedure 

will monitor the status of the equipment "run" contact and, when the equipment is running, 

increment a software timer that maintains equipment runtime to within a one-minute resolution.  

The timer shall stop incrementing, but not reset, when the "run" contact indicates that the 

equipment is not running.  The timer value shall increment a counter that maintains an integer 

value representing the equipment run time in tenths of hours.  The counter value shall be available 

for display on the HMI computer.   
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a. Two separate runtime calculations shall be accumulated.  One runtime accumulator shall be a 

“daily” runtime.  This runtime accumulator will accumulate runtimes from midnight to 

midnight, with the value being reset to zero at midnight each night.  The PLC shall store the 

previous day’s accumulated runtime in a separate memory location prior to the runtime 

accumulator reset. 

b. A second runtime accumulator shall be cumulative “lifetime” accumulator.  Reset for this 

accumulator shall be on a maximum value rollover of 32767 hours.  A manual reset of the 

lifetime runtime value shall be available at the HMI computers for personnel at the supervisor 

level and above.   

9. Change-of-State Alarms.  While equipment is controllable from the PLC ("in remote"), discrete 

output commands shall be compared to their respective process feedback status signal (where 

available) to verify proper execution.  If the feedback status does not match the most recent output 

command (after an adjustable 2 to 300 second time delay), an alarm message shall be generated by 

the PLC.  This alarm will be displayed on the HMI computer and the condition shall be logged as 

an alarm, requiring operator acknowledgment.  The alarm shall remain energized until the proper 

discrete condition is sensed or until the operator resets the alarm through the HMI computer. 

10.  Equipment Availability.  In general, equipment with PLC control has been provided with a local 

selector switch that transfers control to the PLC.  The PLC shall monitor the position of this 

switch to determine if the equipment is available for PLC control.  If the equipment is not 

available, the PLC program shall not attempt to implement remote manual or automatic status 

changes for the equipment.  The PLC program may, however, need to implement special routines 

if equipment unavailability affects a sequence (as described in the detailed equipment 

descriptions). 

11.  Maintained/Momentary Outputs.  In general, all PLC control outputs shall be programmed as 

Maintained outputs.  Should the electrical schematic or I/O list show equipment with two (or 

more) control outputs for a device, the outputs shall be programmed for momentary outputs.  

Provisions shall be made, in either case, to remove the active state (start, open, forward, initiate, 

etc.) control output when an equipment failure is sensed or when the equipment transitions from 

available to unavailable (local switch change). 

12.   Equipment Mode Changes.  Unless otherwise indicated in the equipment control descriptions, 

equipment in automatic mode shall be transitioned to manual mode (and stopped) if the equipment 

fails or becomes unavailable or if the PLC processor resets. 

13.   Manual/Auto Bumpless Transfer.  Unless otherwise indicated in the equipment control 

descriptions, equipment changes from automatic to manual control shall be bumpless.  Equipment 

running or stopped in automatic mode shall remain running or stopped when manual mode is 

selected.  If a Local Operator Interface is required for the PLC, set point changes between the 

Local Operator Interface (in Local Automatic mode) and the HMI (in Remote Automatic Mode) 

shall be bumpless. 

14. PLC Failure Alarm.  The PLC program shall be configured to provide a PLC failure output for 

display on the Pump Station Control Panel.  This PLC failure output shall be provided by having 

the program hold energized a relay output.  Program configuration shall be such that if the 

program stops executing, the relay output will de-energize, activating an alarm light on the control 

panel. 

15. Pump Start Counter.  The PLC program shall accumulate the number of pump starts for each each 

pump whose "run" status is monitored by a PLC.  The pump start procedure will monitor the status 

of the equipment "run" contact and, when the equipment is started (either via the PLC, backup 

float operation, or by the H-O-A switch being placed in Hand) the procedure will increment a 

software counter that maintains equipment starts.  The counter value shall be available for display 

on the HMI computer.   

a. Two separate pump start counters shall be accumulated for each pump.  One counter shall be 

a “daily” pump start counter.  This counter accumulates pump starts from midnight to 

midnight, with the value being reset to zero at midnight each night.  The PLC shall store the 

previous day’s accumulated start count in a separate memory location prior to the counter 

being automatically reset. 

b. A second pump start counter shall be a cumulative “lifetime” pump start counter.  Reset for 

this accumulator shall be on a maximum value rollover of 32767 starts.  A manual reset of the 

lifetime pump starts value shall be available at the HMI computers for personnel at the 

supervisor level and above.   

 

16.  Report by Exception: 
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a. The PLC shall be programmed to support Report by Exception data communications with the 

central SCADA system.  Each analog signal monitored shall be configured with a 

programmable deadband.  The PLC shall monitor the analog signal and when the signal 

changes by an amount greater than the deadband, the PLC will initiate communications with 

the master station to transmit the data.   

b. Each discrete signal shall be capable of being designated as a report by exception signal 

which will also initiate data communications with the master station.  

c. The master station will also periodically poll the PLC, in addition to the report by exception 

functionality.  

17.  Communications Failure Alarms 

 

3.2 EQUIPMENT CONTROL AND CONTROL MODE OVERVIEW 

A. The following explains the general format and control modes that are used in the detailed equipment 

descriptions.  These paragraphs apply to the attached, project specific, equipment control descriptions 

included herein. 

1. General.  Appended to this section are the equipment control programming requirements, with 

requirements for both PLC programming and the minimum operator interface functions. 

2.  Control Modes.  There are three general control modes available for the process equipment: 1) 

remote manual, and 2) remote auto, and 3) local auto.  Remote manual control provides a means 

for operators to adjust equipment status or set point, through the HMI, using manually initiated 

commands.  Remote automatic control provides a means for automatically changing equipment 

status or set point based on measured process parameters, calculated values, and HMI based 

operator set points.  Some equipment may have more than one remote auto mode.  Local 

automatic control provides for automatically changing equipment status or set point based on 

measured process parameters, calculated values, and Local Operator Interface - based operator set 

points.  Local automatic control also includes backup automatic control functions that will provide 

control on failure of a PLC or instrument. 

a. Descriptions for local manual control are included in the detailed equipment control 

descriptions.  They are provided primarily for documentation purposes and for information.  

These controls are hardwired and require no programming effort. 

 

3.3 DETAILED EQUIPMENT CONTROL DESCRIPTIONS 

A. The following describes specific function requirements for various software control blocks in the 

control system.  These descriptions are intended to provide an overview of the operational concept for 

the facilities, rather than describing in detail every operating feature or interlock. 

1. Loop Description Title 

a. Wastewater Duplex Pumping Control Standard 

2. Associated Equipment:   

a. Duplex pumps, level instruments, magnetic flow meter, pressure transmitter 

3. Associated Drawing(s):   

a. Example Duplex Control Panel Schematic 

4. Local Manual Mode:   

a. Local manual control of the duplex pumps shall be provided through a HAND-OFF-AUTO 

(H-O-A) selector switch for each individual pump to allow local starting and stopping of each 

pump.  When the H-O-A selector switch is in the HAND position, the pump shall run. 

b. In all control modes, the equipment shall be interlocked to prevent operation if there is a 

motor overload, high motor temperature, phase/voltage loss, or low water level. 

5. Local Auto Mode 

a. Backup Level Control: Backup  

1) Level control shall override the PLC based control when the High Level Float is 

activated.  When the H-O-A selector switch is in the AUTO position and the High Level 

Float is activated, both pumps shall be called to run in a staggered fashion to avoid circuit 

overload.  Both pumps will continue to run until the Low Level float is activated.  When 

the Low Level Float is activated, both pumps shall stop.  
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2) Additionally, when the High Level Float is activated, the PLC shall suspend pump 

start/stop control based on the measured level signal for an operator adjustable period of 

time, ranging from 1 to 60 minutes, initial set point at 5 minutes.  At the end of the time 

period, the PLC shall compare the measured ultrasonic level to see if it is in the normal 

range for wetwell operation.  If the value is within the normal range, the PLC will assume 

control of the pumps.  If the level value is not within normal range, the PLC will not 

attempt to control the pumps.  The intent of this paragraph is to prevent the “short 

cycling” of pumps in the event an ultrasonic level transmitter fails with a false high level. 

b. Normal Operation:   

1) Local automatic control shall be provided through the PLC if a local operator interface 

will be installed on the system.  If the local operator interface is not present, this mode of 

control shall not be enabled.   

2) When the H-O-A selector switch at the pump is in the AUTO position, the field operator 

can select Local-Automatic control from the local operator interface.  The field operator 

will have access to wetwell level control set points via the LOI.  The operation of the 

duplex pumps will be the same as outlined in Remote-Automatic mode below, except that 

the set points are available for adjustment at the local operator interface.   

3) All set point accessible at the local operator interface will be configured for bumpless 

transfer between the SCADA set points shown in Remote Automatic operation. 

c. Remote Manual Mode 

1) Remote manual control shall be provided through the PLC.  When the H-O-A selector 

switch at the pump is in the AUTO position and MANUAL is selected at the HMI, the 

pump start and stop shall be controlled remotely from the HMI using operator manual 

commands.  The PLC shall be configured to allow a remote HMI interface by MPW. 

6. Remote Auto Mode 

a. Normal Operation 

1) Remote automatic control shall be provided through the PLC.  When the H-O-A selector 

switch at the pump is in the AUTO position and the HMI Manual bit is not set, the PLC 

shall assume automatic control.   Contractor shall program the PLC to assume Remote-

Automatic mode if the HMI Manual bit is not selected in the PLC. 

2) In Automatic control, the duplex pumps shall be staged in a lead/lag designation.  After 

each pump operation, the pump with the lesser run-time value shall be designated as the 

lead pump, while the pump with the greater run-time value shall be designated as the lag 

pump.  Failure of a lead pump will immediately start the lag pump.  The pump station 

wet well level control system shall control the wet well level as follows: 

a. The lead pump shall start as level in the wet well rises to an adjustable level for one 

pump operation (Lead Pump Start, operator selectable on the HMI from EL XX to 

EL XX, initially set at EL XX).  If wet well level drops an adjustable amount (Lead 

Pump Stop, operator selectable at the HMI, initially set at XX feet) below the set-

point level for one pump operation, the lead pump shall shut down. 

b. If the wet well level rises an adjustable amount (Lag Pump Start, operator selectable 

at the HMI, initially set at XX feet) above the set-point level for one pump operation, 

the lag pump shall start.  Both pumps will run in parallel until the level drops to an 

adjustable level for two pump operations (Lag Pump Stop, operator selectable on the 

HMI from EL XX to EL XX, initially set at EL XX).  If wet well level drops below 

the Lag Pump Stop set-point level, the Lag pump shall stop.  The Lead pump shall 

continue to pump until the Lead Pump Stop level is reached, as established in step 1. 

3) When the H-O-A selector switch at the pump is in the AUTO position, all control modes 

shall be overridden on High water level, as indicated by the High Level Float activation.  

When the High Level float is activated, both pumps will start and stop as described in 

Local-Automatic control.  When the Low Water Level float is activated, both pumps will 

shutdown and resume normal operation. 

7. Drawdown Test Mode 

a. Round Wet Well Test 

1) The drawdown test requires a number of parameters which are unique to each pump 

station.  Contractor shall obtain and verify these parameters prior to finalizing the 

program.  The parameters are: 

a. Wetwell Diameter - A (feet) 

b. Wetwell Depth – B (feet) 

c. Wetwell influent pipe invert level – C (feet) 
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d. Discharge Distance – D (in feet) 

2) When the H-O-A selector switch at the pump is in the AUTO position and 

DRAWDOWN TEST mode is selected at the HMI, the duplex pumps shall be controlled 

by the pump station wet well level control system and shall be controlled for a pre-set 

time.  The pumps will be controlled as follows to calculate, record, and store several 

values (to the nearest hundredth) in the PLC: 

b. Pumped Flow and TDH: 

1) Evaluate the measured wetwell level against the influent pipe invert level (C).  If the level 

is above C, start pump #1 and lower the measured wetwell level to 1 foot below level C.  

If the pump does not need to be started to lower wetwell level, proceed to the next step. 

2) Start Pump #1 and start a timer (T1) (operator selectable on the HMI from 30 seconds to 

300 seconds, initially set at 60 seconds).  Store the initial measured wetwell level (L1).   

3) Run Pump #1 for the set point time.  Midway through the pump operation duration, 

monitor and store force main discharge pressure (P) and the Pump Station Discharge 

Flow (F).   

4) At the end of pump run duration, capture and store the final wetwell level (L2). 

5) Calculate Head (H) and Total Dynamic Head (TDH) as follows:  

 H = P (in PSI) * 2.31 

 TDH = H+D-2 

6) Calculate Pumped Flow (PF) as follows: 

PF (GPM) = ( A2 ) * (L1-L2) * ( 5.87 ) / (T1/60) 

7) Store all measured and calculated variables for the drawdown test in a unique P1 

drawdown test variable for upload to the SCADA historian.   

8) Stop Pump 1.  Repeat steps 1 – 7 for Pump 2. 

c. Inflow Calculation: 

1) Evaluate the measured wetwell level against the influent pipe invert level (C).  If the level 

is above C, start pump #1 and lower the measured wetwell level to 1 foot below level C.  

If the pump does not need to be started to lower wetwell level, proceed to the next step. 

2) Stop all pumps and start a timer (T) (operator selectable on the HMI from 30 seconds to 

300 seconds, initially set at 60 seconds).  Store the initial measured wetwell level (L1).   

3) When timer T2 is complete, store the final measured wetwell level (L2).   

4) Calculate Influent Flow (InfF) as follows:  

InfF (GPM) = ( A2 ) * (L2-L1) * ( 5.87 ) / (T1/60) 

D. Total Flow Rate Calculation: 

1) Calculate Total Flow Rate:  

TotF (GPM) = InfF + PF 

8. Rectangular Wet Well Test 

a. The drawdown test requires a number of parameters which are unique to each pump station.  

Contractor shall obtain and verify these parameters prior to finalizing the program.  The 

parameters are: 

1) Wetwell Width - A (feet) 

2) Wetwell Length – B (feet) 

3) Wetwell influent pipe invert level – C (feet) 

4) Discharge Distance – D (in feet) 

b. Pumped Flow and TDH: 

1) Evaluate the measured wetwell level against the influent pipe invert level (C).  If the level 

is above C, start pump #1 and lower the measured wetwell level to 1 foot below level C.  

If the pump does not need to be started to lower wetwell level, proceed to the next step. 

2) Start Pump #1 and start a timer (T1) (operator selectable on the HMI from 30 seconds to 

300 seconds, initially set at 60 seconds).  Store the initial measured wetwell level (L1).   

3) Run Pump #1 for the set point time.  Midway through the pump operation duration, 

monitor and store force main discharge pressure (P) and the Pump Station Discharge 

Flow (F).   

4) At the end of pump run duration, capture and store the final wetwell level (L2). 

5) Calculate Head (H) and Total Dynamic Head (TDH) as follows:  

H = P (in PSI) * 2.31 

TDH = H+D-2 

6) Calculate Pumped Flow (PF) as follows: 

PF (GPM) = ( A*B ) * (L1-L2) * (7.48 ) / (T1/60) 
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7) Store all measured and calculated variables for the drawdown test in a unique P1 

drawdown test variable for upload to the SCADA historian.   

8) Stop Pump 1.  Repeat steps 1 – 7 for Pump 2. 

c. Inflow Calculation: 

1) Evaluate the measured wetwell level against the influent pipe invert level (C).  If the level 

is above C, start pump #1 and lower the measured wetwell level to 1 foot below level C.  

If the pump does not need to be started to lower wetwell level, proceed to the next step. 

2) Stop all pumps and start a timer (T2) (operator selectable on the HMI from 30 seconds to 

300 seconds, initially set at 60 seconds).  Store the initial measured wetwell level (L1).   

3) When timer T2 is complete, store the final measured wetwell level (L2).   

4) Calculate Influent Flow (InfF) as follows:  

InfF (GPM) = ( A*B ) * (L2-L1) * ( 7.48 ) / (T1/60) 

d. Total Flow Rate Calculation: 

1) Calculate Total Flow Rate:  

TotF (GPM) = InfF + PF 

9. Maintenance Disable Mode 

a. A “Maintenance Disable” feature shall be provided in the PLC. When this mode is selected, 

all normal automatic and remote-manual operations for the pumping station are suspended.  

The activation of the Maintenance Disable feature will be from the HMI.  

b. When Maintenance Disable is selected at the HMI for the individual pumping station, the 

PLC shall energize the Maintenance Disable output, suspend all PLC based pump control, and 

start the Disable Timer.  When the Disable Timer set point is reached (0.5 hour to 4 hours, 

initially set to 1 hour), an alarm bit shall be set for transmission to the HMI.   

c. When Maintenance Disable is selected at the HMI for an individual pumping station, a PLC 

output will energize that will also disable the local-automatic float backup control.  The PLC 

shall monitor the wetwell level.  If the wet well level rises to an adjustable level (Emergency 

Start, operator selectable at the HMI, initially set at XX feet), the PLC will start the lead 

pump.  The lead pump will run until the wetwell level reaches the Lead Pump Stop set point 

(defined above).  

d. The Maintenance Disable output shall remain energized until HMI deselects the Maintenance 

Disable feature or the Maintenance Disable Pushbutton on the field pump control panel is 

pressed.  The maintenance disable feature shall be configured in a fail-safe mode, such that if 

the PLC fails, the disable output shall be deenergized.   

e. The Disable Timer set point shall be adjustable from the HMI, however the set point shall 

return to the programmed default value after each timer cycle.  For example, the HMI 

operator will be able to adjust the disable timer from the default to 4 hours.  At the end of the 

four hours, the Maintenance Disable Alarm shall be energized and the Disable Timer set point 

shall be returned to the default value.  

10. Alarms 

a. Pump 1(2) Breaker Tripped, Pump 1(2) Overload, Pump 1(2) Overtemperature, Pump 

1(2) Seal Failure, Water Level Low, Water Level High, Water Level High-High, Emergency 

Breaker On, Commercial Power Failure, Internal Power Failure, Control Power Failure, Panel 

Intrusion, PLC on UPS, Pump 1(2) Fail to Start , Maintenance Disable Alarm, Control Panel 

Hi Temp, Both Main Control Panel and PLC Control Panel. 

11. Status Indications 

a. The following status indications shall be available in the PLC for remote HMI display:   

1) Pump 1(2) Running, Pump 1(2) in Auto, Pump 1(2) in Hand, Maintenance Disable 

Status  

12. Analog and Calculated Values 

a. The following values shall be available in the PLC for remote HMI display: 

1) Pump Station Wet Well Level, Pump Station Discharge Pressure, Pump Station 

Discharge Flow, Totalized Pump Station Flow, Pump 1(2) Daily Runtime, Pump 

1(2) Cumulative Runtime, Pump 1(2) Daily Pump Starts, Pump 1(2) Cumulative 

Pump Starts, Pump 1(2) Current (if applicable). 

13. PLC Powerup 

a. On PLC powerup, control of the pumping station shall be set to Local Automatic mode. 

14. Power Failure 

a. Control of the pumping station shall resume with the control mode established prior to the 

power failure. 
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Section 16310B 
CONTROL LOGIC 

No.  This is a sequential number for a given type within a specific controller (PLC or DCU).  

Description.  This is the description or the function (i.e. Filter No. 1 Loss-of-Head).  

Field Device.  This is the tag number of equipment identifier associated with the I/O point.  

Controller ID or Rem I/O.  This is the panel identification for the I/O cabinet, PLC cabinet, or controller where the I/O signal terminates.  

Analog Data (Signal Type).  This will typically be 4-20mA, but could also be 1-5Vdc, serial, HART, BUS, or similar to indicate the signal type of the 

associated input or output.  

Analog Data (Calibrated Range).  This will be the scaled value of the input in engineering units.  

Analog Data (Power).  This will typically be '2-wire' for devices which are loop powered from the PLC enclosure, or '4-wire' for devices which are 

powered form external power supplies, unless noted otherwise.  

Discrete Data (Signal Type).  This will be 120VAC, 24VDC, or similar to indicate the signal type of the associated input or output.  

Discrete Data (Closed State).  This will indicate the state of the input or output when it is considered to be closed or energized (normal, alarm, 
running, failed, etc.).  

Discrete Data (Power Source).  This will indicate the location of the power source for the wetting voltage on the contacts, as follows:  

     Field = External field power source.  (May require interposing relays or isolated I/O module type.)  

     PLC = Power originates from within the PLC or I/O enclosure.  

Discrete Data (Interp Relay).  This will be either 'Yes' or 'No' to indicate whether the input or output requires an interposing relay.  Relays are typically 

required to isolate external voltage sources.  See specifications for additional details.  

Remarks.  This column may include a cross reference to another specification section where applicable, or to a note which provides additional 

information.  Notes are appended to the end of the I/O listing.  

P&I Drawing.  This is the P&I drawing the I/O point can be found on.  

One-Line Drawing.  This is the electrical one-line drawing the I/O point can be found on.  

Schematic Drawing.  This is where the I/O point can be found on any electrical schematics.  

                          

     

Field 
Processor       Analog Data 

Discrete 
Data 

Item Type No Description 
Field 

Device 

Controller 
ID or Rem 

I/O Rack Slot Point 
Signal 
Type 

Calibrate
d Range Power 

Signal 
Type 

Closed 
State 

Power 
Source 

Interp 
Relay 

1 DI   

Pump Station XX 
- Pump No. 1 - 
Running           N/A N/A N/A 24 VDC 

Runnin
g PLC No 

2 DI   

Pump Station XX 
- Pump No. 1 - 
Breaker Tripped           N/A N/A N/A 24 VDC Alarm PLC No 

3 DI   

Pump Station XX 
- Pump No. 1 - In 
Auto           N/A N/A N/A 24 VDC In Auto PLC No 

4 DI   

Pump Station XX 
- Pump No. 1 - 
Seal Failure           N/A N/A N/A 24 VDC Alarm PLC No 
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Field 
Processor    Analog Data 

Discrete 
Data    

Item Type No Description 
Field 

Device 

Controller 
ID or Rem 

I/O Rack Slot Point Signal Type 
Calibrated 

Range Power 
Signal 
Type 

Closed 
State 

Power 
Source 

Interp 
Relay 

5 DI   

Pump Station XX - 
Pump No. 1 - 
Overtemp Alarm           N/A N/A N/A 24 VDC Alarm PLC No 

6 DI   

Pump Station XX - 
Pump No. 1 - 
Overload Alarm           N/A N/A N/A 24 VDC Alarm PLC No 

7 DI   

Pump Station XX - 

Pump No. 2 - 
Running           N/A N/A N/A 24 VDC Running PLC No 

8 DI   

Pump Station XX - 
Pump No. 2 - 
Breaker Tripped           N/A N/A N/A 24 VDC Alarm PLC No 

9 DI   
Pump Station XX - 
Pump No. 2 - In Auto           N/A N/A N/A 24 VDC In Auto PLC No 

10 DI   

Pump Station XX - 
Pump No. 2 - Seal 
Failure           N/A N/A N/A 24 VDC Alarm PLC No 

11 DI   

Pump Station XX - 
Pump No. 2 - 
Overtemp Alarm           N/A N/A N/A 24 VDC Alarm PLC No 

12 DI   

Pump Station XX - 
Pump No. 2 - 
Overload Alarm           N/A N/A N/A 24 VDC Alarm PLC No 

13 DI   

Pump Station XX - 
Emergency Breaker 
On           N/A N/A N/A 24 VDC Alarm PLC No 

14 DI   

Pump Station XX - 
Commercial Power 
Failure           N/A N/A N/A 24 VDC Alarm PLC No 

15 DI   

Pump Station XX - 
Internal Power 
Failure           N/A N/A N/A 24 VDC Alarm PLC No 

16 DI   

Pump Station XX - 
Control Power 
Failure           N/A N/A N/A 24 VDC Alarm PLC No 

17 DI   
Pump Station XX - 
PLC on UPS Power           N/A N/A N/A 24 VDC Alarm PLC No 

18 DI   

Pump Station XX - 
High High Water 
Level LSHH         N/A N/A N/A 24 VDC Alarm PLC No 

19 DI   
Pump Station XX - 
High Water Level LSHH         N/A N/A N/A 24 VDC Alarm PLC No 

20 DI   
Pump Station XX - 
Low Water Level LSLL         N/A N/A N/A 24 VDC Alarm PLC No 

21 DI   

Pump Station XX - 
Control Panel High 
Temperature           N/A N/A N/A 24 VDC Alarm PLC No 

22 DI   
Pump Station XX - 
Panel Intrusion           N/A N/A N/A 24 VDC Alarm PLC No 
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Field 
Processor    Analog Data 

Discrete 
Data    

Item Type No Description 
Field 

Device 

Controller 
ID or Rem 

I/O Rack Slot Point Signal Type 
Calibrated 

Range Power 
Signal 
Type 

Closed 
State 

Power 
Source 

Interp 
Relay 

23 DI   

Pump Station XX - 
Maintenance Disable 
Reset           N/A N/A N/A 24 VDC Alarm PLC No 

24 DO   

Pump Station XX - 
Pump No. 1 - Run 
Command           N/A N/A N/A 24 VDC 

Run 
Comman

d PLC Yes 

25 DO   

Pump Station XX - 
Pump No. 2 - Run 
Command           N/A N/A N/A 24 VDC 

Run 
Comman

d PLC Yes 

26 DO   
Pump Station XX - 
PLC Failure           N/A N/A N/A 24 VDC PLC Fail PLC Yes 

27 DO   
Pump Station XX - 
Maintenance Disable           N/A N/A N/A 24 VDC 

Fault 
Reset PLC Yes 

28 AI   
Pump Station XX - 
Wetwell Level LIT         4-20 mA 0-XX FT 4-Wire N/A N/A N/A N/A 

29 AI   
Pump Station XX - 
Discharge Flow FIT         4-20 mA 0-XX GPM 4-Wire N/A N/A N/A N/A 

30 AI   

Pump Station XX - 
Force Main 
Discharge Pressure PIT         4-20 mA 0-XX PSI 2-Wire N/A N/A N/A N/A 

REMAINING I/O FOR USE WITH VFD ONLY 

31 AI   

Pump Station XX - 
Pump No. 1 – Speed 
Indication 
(if applicable)           4-20 mA     N/A N/A N/A N/A 

                

32 AI   

Pump Station XX - 
Pump No. 2 – Speed 
Indication                
(if applicable)           4-20 mA     N/A N/A N/A N/A 

33 AO   

Pump Station XX - 
Pump No. 1 - Speed 
Reference               
(if applicable)           4-20 mA 0-100%   N/A N/A N/A N/A 

34 AO   

Pump Station XX - 
Pump No. 2 - Speed 
Reference               
(if applicable)           4-20 mA 0-100%   N/A N/A N/A N/A 

 




