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GENERAL NOTES
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WATER DETAILS
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SANITARY SEWER DETAILS
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LIFT STATION DETAILS
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LIFT STATION SITE DETAILS
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LIFT STATION DETAILS


	1. Similar project experience of the company:
	a. Provide a list of at least 3 successfully completed projects for a water and/or wastewater system of similar scope and complexity in which the proposing firm used components the same as those intended for use on this Project.  The proposing firm must have performed, for each listed project, system engineering, system fabrication and installation, documentation (including schematic, wiring and panel assembly drawings), software configuration and documentation, field testing, calibration and process start-up, operator instruction, and maintenance training.  In addition, provide the following information for each project:
	i. Name of plant or system owner, contact name, and current telephone number.  Design engineer’s name, address, and telephone number.  Failure to provide current contact information may result in the listed project being disqualified for use in meeting the minimum requirements for prequalification.
	ii. Manufacturer and model number(s) of the PLC based control system and the computer-based SCADA system used for both hardware and software.
	iii. Brief description of the system.
	iv. Approximate number of input and output signals: analog, digital, and fieldbus.
	v. Brief application software description.
	vi. Contracted cost of the system separated by base amount and any change orders for the completed projects.
	vii. Duration of the project and date of completion.


	2. Information on the proposed Project team members:
	a. Provide the name and resume of the individual persons who will be responsible for each of the following:
	i. Office engineering and management of this Project.
	ii. Lead for software configuration/programming.
	iii. Individual who will be responsible for the hardware and hardware interface design.
	iv. Individual who will be responsible for field testing, calibration, and process start-up.
	v. Individual who will be responsible for operator training.

	b. All of these individuals must be permanent employees of the proposing firm.

	3. Determination of the proposed ICSC qualifications is at the sole discretion of the Engineer.

	A. Submittal requirements:
	1. Furnish submittals that are fully indexed with a tabbed divider for every component.
	2. Sequentially number pages within the tabbed sections. Submittals and operation and maintenance manuals that are not fully indexed and tabbed with sequentially numbered pages, or are otherwise unacceptable, will be returned without review.
	3. Furnish submittals in the following general order, each in a separate bound set:
	a. Schedule of Values.
	b. Product Data.
	c. After Engineer acceptance of the Product Data, submit the Project Shop Drawing submittals.
	d. Loop Description Submittal.
	e. The Process Control Hardware and Software Submittal including control system software, programming, and screens.
	f. Testing, Calibration and Process Start-Up procedures.
	g. Operation and Maintenance Data.
	h. Training Submittals.
	i. Record Documents.

	4. Edit all submittals and operation and maintenance manuals so that the submittal specifically applies to only the equipment furnished.
	a. Neatly cross out all extraneous text, options, models, etc. that do not apply to the equipment being furnished, so that the information remaining is only applicable to the equipment being furnished.

	5. Submit copies of shop drawings, and product data:
	a. Show dimensions, construction details, wiring diagrams, controls, manufacturers, catalog numbers, and all other pertinent details.

	6. Where submittals are required, provide a separate submittal for each specification section.  In order to expedite construction, the Contractor may make more than 1 submittal per specification section, but a single submittal may not cover more than 1 specification section:
	a. The only exception to this requirement is when 1 specification section covers the requirements for a component of equipment specified in another section.  (For example, circuit breakers are a component of switchgear.  The switchgear submittal must also contain data for the associated circuit breakers, even though they are covered in a different specification section.)

	7. Exceptions to Specifications and Drawings:
	a. Include a list of proposed exceptions to the Specifications and Drawings along with a detailed explanation of each.
	b. If there is insufficient explanation for the exception or deviation, the submittal will be returned requiring revision and re-submittal.
	c. Acceptance of any exception is at the sole discretion of the Engineer with Owner’s approval.
	1) Provide all items (materials, features, functions, performance, etc.) required by the Contract Documents that are not accepted as exceptions.

	d. Replace all items that do not meet the requirements of the Contract Documents, which were not previously accepted as exceptions, even if the submittals contained information indicating the failure to meet the requirements.


	B. Submittal preparation:
	1. During the period of preparation of submittals, the Contractor shall authorize direct, informal liaison between the Instrumentation and control system contractor (ICSC) and the Owner or Owner’s Engineer for exchange of technical information.  As a result of this liaison, certain minor refinements and revisions may be authorized informally by the Owner or Owner’s Engineer, which do not alter the scope of Work or cause increase or decrease in the Contract price or times.  During this informal exchange, no oral statement by the Owner or Owner’s Engineer shall be construed to give formal approval of any component or method, nor shall any statement be construed to grant exception to, or variation from, this specification.
	2. In this specification, some items of Work are represented schematically, and are designated for the most part by numbers, as derived from criteria in ISA-5.1:
	a. Employ the nomenclature and numbers designated in this Section and indicated on the Drawings exclusively throughout shop drawings, data sheets, and similar submittals.
	b. Replace any other symbols, designations, and nomenclature unique to a manufacturer’s, suppliers, or subcontractor’s standard methods with those identified in this Section and indicated on the Drawings.


	C. Specific submittal requirements:
	1. Shop drawings:
	a. Required for materials and equipment listed in this and other sections.
	b. Furnish sufficient information to evaluate the suitability of the proposed material or equipment for the intended use, and for compliance with these Specifications.
	c. Shop drawings requirements:
	1) Front, side, and, rear elevations, and top and bottom views, showing all dimensions.
	2) Locations of conduit entrances and access plates.
	3) Component layout and identification.
	4) Schematic and wiring diagrams with wire numbers and terminal identification.
	5) Connection diagrams, terminal diagrams, internal wiring diagrams, conductor size, etc.
	6) Anchoring method and leveling criteria, including manufacturer’s recommendations for the Project site seismic criteria.
	7) Weight.
	8) Finish.
	9) Nameplates:
	a) As specified in Section 1

	10) Temperature limitations, as applicable.

	d. Use equipment and instrument tags as depicted on the P&IDs for all submittals.
	e. Adhere to wiring numbering scheme outlined in Section [
	1) Uniquely number each wire per the Specifications.

	f. Wire numbers must appear on all equipment drawings.
	g. Organize the shop drawing submittals for inclusion in the Operation and Maintenance Manuals:
	1) Furnish the initial shop drawing submittal bound in one or more standard size, 3-ring, D-ring, loose-leaf, vinyl plastic, hard-cover binders suitable for bookshelf storage.
	2) Binder ring size: 2 inches.

	h. Include the letterhead and/or title block of the firm responsible for the preparation of all shop drawings. Include the following information in the title block, as a minimum:
	1) The firm's registered business name.
	2) Firm's physical address, email address, and phone number.
	3) Owner’s name.
	4) Project name and location.
	5) Drawing name.
	6) Revision level.
	7) Personnel responsible for the content of the drawing.
	8) Date.

	i. The work includes modifications to existing circuits:
	1) Clearly show all modifications to existing circuits.
	2) In addition, show all existing unmodified wiring to clearly depict the functionality and electrical characteristics of the complete modified circuits.


	2. Product data:
	a. Submitted for non-custom manufactured material listed in this and other sections and shown on shop drawings.
	b. Include:
	1) Catalog cuts.
	2) Bulletins.
	3) Brochures.
	4) Quality photocopies of applicable pages from these documents.
	5) Identify on the data sheets the Project name, applicable specification section, and paragraph.
	6) Identify model number and options for the actual equipment being furnished.
	7) Neatly cross out options that do not apply or equipment not intended to be supplied.

	c. Use equipment and instrument tags as depicted on the P&IDs for all submittals.
	d. Adhere to wiring numbering scheme outlined in Section 1
	1) Uniquely number each wire per the Specifications.

	e. Wire numbers must appear on all equipment drawings.

	3. Detailed sequence of operation for all equipment or systems.
	4. Operation and maintenance manuals:
	a. Submit preliminary sets of these manuals to the Engineer for review of format and content:
	1) Engineer will return 1 set with comments.
	2) Revise and/or amend as required and submit the requisite number of copies to the Engineer 15 days before Functional Testing of the systems.

	b. Incorporate changes that occur during process start-up and submit as part of the final manuals.
	c. Provide comprehensive information on all systems and components to enable operation, service, maintenance, and repair.
	d. Include Record Documents and the accepted shop drawing submittals, modified for conditions encountered in the field during the work.
	e. Include signed results from Functional Testing and Process Operational Period.
	f. Provide installation, connection, operating, calibration, setpoints (e.g., pressure, pump control, time delays, etc.), adjustment, test, troubleshooting, maintenance, and overhaul instructions in complete detail.
	g. Provide exploded or other detailed views of all instruments, assemblies, and accessory components together with complete parts lists and ordering instructions.
	h. Spare parts list:
	1) Include a priced list of recommended spare parts for all the equipment furnished under this Contract:
	a) Include recommended quantities sufficient to maintain the furnished system for a period of 5 years.

	2) Annotate the list to indicate which items, if any and quantity are furnished as part of this Contract.

	i. Provide the name, address, and phone number of manufacturer and manufacturer's local service representative of these parts.
	j. Additional operation and maintenance manual requirements:
	1) Completely index manuals with a tab for each section:
	a) Each section containing applicable data for each piece of equipment, system, or topic covered.
	b) Assemble manuals using the accepted shop drawings, and include, the following types of data:
	(1) Complete set of 11-inch by 17-inch drawings of equipment.
	(2) Complete set of 11-inch by 17-inch drawings of the control system.
	(3) Complete set of control schematics.
	(4) Complete parts list for all equipment being provided.
	(5) Catalog data for all products or equipment furnished.



	k. Operational Manual:
	1) Prepare and provide a simplified version of the standard manufacturer’s HMI software and system operations manual that includes basic instructions in the application of the system as required for operators in day-to-day operations.

	l. Control System Software Record Documents:
	1) Include complete documentation of all the software programs provided for the entire control and PCS system, including:
	a) Listings of all application software on both hard copy and DVD, DVD-ROM, and CD-ROM.
	b) Database, both hard copy and DVD, DVD-ROM, and CD-ROM.
	c) Communication protocols.
	d) All documentation necessary to maintain, troubleshoot, modify, or update the software system.


	m. Organize the operation and maintenance manuals for each process in the following manner:
	1) Section A - Process and Instrumentation Diagrams.
	2) Section B - Control Descriptions.
	3) Section C - Loop Drawings.
	4) Section D – Ladder Logic Drawings
	5) Section E - Instrument Summary.
	6) Section F - Instrument Data Sheets and Brochures.
	7) Section G - Sizing Calculations.
	8) Section H - Instrumentation Installation Details.
	9) Section I - Test Results.
	10) Section J - Operational Manual.
	11) Section K - Spare Parts List.
	12) Section L - Control System Software.


	5. Material and equipment schedules:
	a. Furnish a complete schedule and/or matrix of all materials, equipment, apparatus, and luminaries that are proposed for use:
	1) Include sizes, names of manufacturers, catalog numbers, and such other information required to identify the items.


	6. Itemized instrument summary:
	a. Submit a hard copy of the instrument summary.
	b. List all of the key attributes of each instrument including:
	1) Tag number.
	2) Manufacturer.
	3) Model number.
	4) Service.
	5) Area location.
	6) Calibrated range.
	7) Loop drawing number.

	c. Associated LCP, VCP, PCM, or PLC.

	7. Instrument data sheets and cut sheets:
	a. Furnish fully completed data sheets, both electronically in Microsoft Word or Excel and in hard copy, for each instrument and component according to ISA-20 Specification Forms for Process Measurement and Control Instruments, Primary Elements and Control Valves. The data sheets provided with the instrument specifications are preliminary and are not complete. They are provided to assist with the completion of final instrument data sheets. Additional data sheets may be required. Include the following information on the data sheet:
	1) Component functional description specified in this Section and indicated on the Drawings.
	2) Manufacturers model number or other product designation.
	3) Tag number specified in this Section and indicated on the Drawings.
	4) System or loop of which the component is a part.
	5) Location or assembly at which the component is to be installed.
	6) Input and output characteristics, including digital bus communication.
	7) Scale range with units and multiplier.
	8) Requirements for electric supply.
	9) Requirements for air supply.
	10) Power consumption.
	11) Response timing.
	12) Materials of construction and of component parts that are in contact with, or otherwise exposed to, process media, and or corrosive ambient air.
	13) Special requirements or features, such as specifications for ambient operating conditions.
	14) Features and options that are furnished.

	b. Provide a technical brochure or bulletin (“cut sheet”) for each instrument on the project. Submit with the corresponding data sheets:
	1) Where the same make and model of instrument is used in 2 or more applications on the project, and the process applications are nearly identical, and the materials, features and options are identical submit one brochure or bulletin for the set of identical instruments.
	2) Include a list of tag numbers for which it applies with each brochure or bulletin.
	3) Furnish technical product brochures that are complete enough to verify conformance with all Contract Document requirements, and to reflect only those features supplied with the device.
	4) Cross out models, features, options, or accessories that are not being provided.
	5) Clearly mark and identify special options and features.

	c. Organization: Index the data sheets and brochures in the submittal by systems or loops.

	8. Control panel hardware submittal:
	a. Submit the following in 1 submittal package.
	b. Complete and detailed bills of materials:
	1) Including quantity, description, manufacturer, and part number for each assembly or component for each control panel.
	2) Include all items within an enclosure.

	c. Complete grounding requirements for each system component including any requirements for PLCs, process LANs, and Control System equipment.
	d. Requirements for physical separation between control system components and 120 VAC, 480 VAC, and medium voltage power cables.
	e. UPS and battery load calculations to show that the backup capacity and time meet the specified requirements.
	f. Provide a data sheet for each control system component together with a technical product brochure or bulletin, which include:
	1) The manufacturer's model number or other identifying product designation.
	2) Tag and loop number.
	3) System to which it belongs.
	4) Site to which it applies.
	5) Input and output characteristics.
	6) Requirements for electric power.
	7) Device ambient operating requirements.
	8) Materials of construction.


	9. Schedule of values:
	a. In addition to completing all items referred to in the schedule of values, Section 0

	10. Installation recommendations:
	a. Submit the manufacturer’s printed recommendations for installation of instrumentation equipment.

	11. Training submittals:
	a. Develop and submit for review a general training plan for approval by Owner within 14 calendar days from Notice to Proceed. Include complete descriptions of all planned training classes, a preliminary training schedule, a list of all proposed instructors along with resumes, examples of proposed training manuals, and a description of any special training tools to be used (simulators, self-paced modules, personal computer-based training, etc.).
	b. The Engineer will review the general training plan. Special emphasis will be placed on review of the qualifications of the proposed instructors and the timing of the individual courses to maximize their effectiveness. If, in the opinion of the Engineer, the proposed instructors are not sufficiently qualified to conduct the specified training courses, or lack experience, where required, on the specific configuration of the system, provide more qualified instructors.
	c. The general training plan and schedule shall be updated by the Contractor at the beginning of each Phase and approved by the Owner a minimum of 30 days prior to commencement of training.
	d. Training course plan submittals:
	1) For each training course or other training activity, submit a detailed, complete outline and agenda for each lesson as specified in Section 0
	2) Describe any student pre-requisites for the course or training activity.
	3) Provide an updated schedule for all sessions of the course, including dates, times, durations, and locations.
	4) Submit training materials.

	e. Incorporate all submittal review comments into the course.
	f. Do not conduct training courses before review and acceptance of the Course Plan submittal for the course.

	12. Project Record documents:
	a. Furnish as specified in Section 0
	b. Shop drawings:
	1) General:
	a) Coordinate all aspects of the Work so that a complete, instrumentation, computer, and control system for the facility is supported by accurate shop and record drawings:
	(1) Clearly show every wire, circuit, and terminal provided under this contract on one or more submitted wiring diagrams.

	b) Show all interfaces between any of the following: instruments, vendor control panels, motor control centers, motor starters, variable speed drives, control valves, flow meters, chemical feeders, digital bus network equipment, and other equipment related to the PCS.
	c) Generate all drawings developed for this project utilizing AutoCAD by Auto Desk Version 2012 or later:
	(1) Furnish on CD-ROM disks containing the following for each drawing:
	(a) Original CAD files in DWG format.
	(b) PDF version.

	(2) Provide hard copies on 11-inch by 17-inch plain bond paper.

	d) Upon completion of the Work, update all shop drawings to indicate the final as-built configuration of the systems:
	(1) Should an error be found in a shop drawing during installation or process start-up of equipment, note the correction, including any field changes found necessary, on the drawing and submit the corrections in the Record Documents.
	(2) Update, check, and revise all wiring drawings and other submitted drawings and documents to show final installed conditions.
	(3) Provide as-built shop drawings for all instrumentation equipment on 11-inch by 17-inch using plain bond paper.
	(4) Provide electronic copies of these documents on CDROM disks in AutoCAD DWG 2010 format or later and PDF format. Size all drawings to be readable and legible on 11-inch by 17-inch media.

	e) Submittal Documents:
	(1) Provide an interim submittal of Record Documents after the PCS system Functional Testing.
	(2) Submit final Record Documents before Substantial Completion or earlier if so, specified in Section 0

	f) Review and Corrections:
	(1) Correct any Record Documents or other documents found to be incomplete, not accurate, of poor quality, or containing errors.
	(2) Promptly correct and re-submit Record Documents returned for correction.


	2) Furnish written information prepared specifically for this Project using Microsoft Word and.PDF formats and printed on 8.5-inch by 11-inch plain bond paper:
	a) Provide electronic copies of these documents on CD-ROM disks.


	c. Review and corrections:
	1) Correct any record documents or other documents found to be incomplete, not accurate, of poor quality, or containing errors.
	2) Promptly correct and re-submit record documents returned for correction.


	13. Loop Drawings:
	a. Submit loop drawings for every analog, discrete, and fieldbus signal and control circuit:
	1) Provide a loop drawing submittal that completely defines and documents the contents of each monitoring, alarming, interlock, and control loop on this Project.
	2) This requirement applies to all signal and control circuits associated with equipment on this Project including vendor supplied equipment packages and control panels.
	3) Provide loop drawings in the format indicated in the contract drawings. Provide all tagging in accordance with the Owner’s standard.

	b. Show every instrument and I/O point on at least one loop diagram.
	c. Provide a complete index in the front of each bound volume:
	1) Index the loop drawings by systems or process areas.

	d. Provide drawings showing definitive diagrams for every instrumentation loop system:
	1) Show and identify each component of each loop or system using requirements and symbols from ISA-5.4.
	2) Furnish a separate drawing sheet for each system or loop diagram.

	e. In addition to the ISA-5.4 requirements, show the following details:
	1) Functional name of each loop.
	2) Reference name, drawing, and loop diagram numbers for any signal continuing off the loop diagram sheet.
	3) Show all terminal numbers, regardless of the entity providing the equipment.
	4) MCC panel, circuit, and breaker numbers for all power feeds to the loops and instrumentation.
	5) Designation of and, if appropriate, terminal assignments associated with, every manhole, pull-box, junction box, conduit, and panel through which the loop circuits pass.
	6) Show vendor control panel, instrument panel, conduit, junction box, equipment and PCS terminations, termination identification, wire numbers and colors, power circuits, and ground identifications.
	7) If a circuit is continued on another drawing, show the name and number of the continuation drawing on the loop drawing. Provide complete references to all continuation drawings whether vendor control panels, other loop drawings, existing drawings provided by the Owner, or other drawings.

	f. In addition to the above requirements, provide loop diagrams in accordance with the example loop diagram as indicated on the Drawings.

	14. Instrument Installation Drawings:
	a. Submit, instrument installation, mounting, and anchoring details for all components and assemblies, including access requirements and conduit connection or entry details.
	b. Furnish for each instrument a dedicated 8 1/2-inch by 11-inch installation detail that pertains to the specific instrument by tag number.
	c. For each detail, provide certification and the hard copies, by the instrument manufacturer, that the proposed installation is in accordance with the instrument manufacturer's recommendations and is fully warrantable.
	d. For each detail, provide, as a minimum, the following contents:
	1) Necessary sections and elevation views required to define instrument location by referencing tank, building or equipment names and numbers, and geographical qualities such as north, south, east, west, basement, first floor, etc.
	2) Ambient temperature and humidity where the instrument are to be installed.
	3) Corrosive qualities of the environment where the instrument is to be installed.
	4) Hazardous rating of the environment where the instrument is to be installed.
	5) Process line pipe or tank size, service and material.
	6) Process tap elevation and location.
	7) Upstream and downstream straight pipe lengths between instrument installation and pipe fittings and valves.
	8) Routing of tubing and identification of supports.
	9) Mounting brackets, stands, anchoring devices, and sunshades.
	10) Conduit entry size, number, location, and delineation between power and signal.
	11) NEMA ratings of enclosures and all components.
	12) Clearances required for instrument servicing.
	13) List itemizing all manufacturer makes, model numbers, quantities, lengths required, and materials of each item required to support the implementation of the detail.


	15. Control Panel Drawings:
	a. Layout Drawings:
	1) Submit panel, enclosure, console, furniture, and cabinet layout drawings for all items provided.
	2) As a minimum, include the following information:
	a) To scale front, side, and plan views.
	b) Dimensions.
	c) Interior and exterior arrangements.
	d) Mounting information, including conduit entrance location.
	e) Finish data.
	f) Tag number and functional name of items mounted in and on each panel, console, and cabinet.
	g) Nameplate legend including text, letter size, materials, and colors.


	b. Wiring and piping diagrams:
	1) Submit panel wiring and piping diagrams for every panel that contains wiring and/or piping.
	2) Include the following information:
	a) Name of panel.
	b) Wiring and piping sizes and types.
	c) Terminal strip numbers.
	d) Wire tags and labels.
	e) Functional name and manufacturer's designation for items to which wiring, and piping are connected.
	f) Electrical control schematics in accordance with ANSI standards.


	c. Installation drawings:
	1) Provide site-specific installation drawings for all control equipment panels, including dimensions.
	2) Provide scaled drawings and show the position of the equipment at its intended installation location.
	3) Show the placement of all equipment being provided under this Contract and its spatial relationship to all other equipment located in the abutting and adjoining areas.
	4) Show all required access and clearances associated with the equipment with a statement of compliance to manufacturer's recommendations, NEC, and other applicable codes.


	16. Schematic Diagrams:
	a. Submit schematic diagrams for all electrical equipment in ladder diagram format.
	b. Include device and field connection terminal numbers on all schematic diagrams.
	c. Incorporate equipment manufacturer’s shop drawing information into the schematic diagrams in order to document the entire control system.

	17. Control System Diagram:
	a. Submit a complete set of control system diagrams including the following information:
	1) All PLCs, workstations, printers, communication devices, and communication links:
	a) Show all PLCs with their current I/O allocation, and future I/O allocation, current plus spares provided, and maximum potential I/O based on available slots.

	2) All cables required for communication requirements.
	3) Show each component fully annotated with conduit size and number associated with the power source.


	18. Process Control Software Submittal:
	a. In accordance with Product Data and Shop Drawing general requirements.
	b. Submit a complete description of the standard application software programs, operating system and utility programs, including modifications and explanation of how the specific functional requirements are met:
	1) Provide a cross-reference between the Specification requirements and the software submittal, in order to provide the Engineer, the ability to identify how each specified requirement or function is met.

	c. A complete listing of the PCS system point I/O database:
	1) Include for each data point, relevant parameters such as range, contact orientation, limits, incremental limits, I/O card byte, I/O hardware address, and PLC assignment.
	2) Organize on a site-by-site basis, separate by point type.
	3) In addition to the active l/O points, list the implemented spare l/O points and the available l/O points remaining on each card, as well as other defined future points specified or shown.
	4) Upon completion of the Work, update all I/O lists to indicate the final as-built configuration of the systems:
	a) Organize as-built I/O list on a site-by-site basis, separated by equipment and point type.


	d. Detailed descriptions of procedures used to implement and modify control strategies and database construction.
	e. Preliminary overview, screens, station graphic displays, and preliminary reports.
	f. Refer to Section 1

	19. Instrumentation and Control System Contractor Statement of Qualifications:
	a. Submit statement of qualifications of the proposed ICSC in accordance with subsequent requirements of this Section.

	20. Control Descriptions:
	a. For each control loop, provide a detailed functional description of the operation of the equipment, signals, and controls as shown on the P&IDs:
	1) Include all functions depicted or described in the Contract Documents.
	2) Include within the Control Description content:
	a) All specific requirements.
	b) All common requirements that pertain in general to all loops.
	c) Listing all ranges, setpoints, timers, values, counter values, etc.



	21. Test Procedure Submittals:
	a. Submit the proposed procedures to be followed during tests of the PCS and its components in 2 parts:
	1) Preliminary Submittal: Outline of the specific proposed tests and examples of proposed forms and checklists.
	2) Detailed Submittal: After successful review of the Preliminary Submittal, submit the proposed detailed test procedures, forms, and checklists. Include a statement of test objectives with the test procedures.


	22. Test reports:
	a. As specified in Section 0
	b. Include the following:
	1) A description of the test.
	2) List of equipment used.
	3) Name of the person conducting the test.
	4) Date and time the test was conducted.
	5) All raw data collected.
	6) Calculated results.
	7) Each report signed by the person responsible for the test


	23. Calculations:
	a. Where required by specific Instrumentation Specifications:
	1) Because these calculations are being provided by a registered professional engineer, they will be reviewed for form, format, and content but will not be reviewed for accuracy and calculation means.



	1. Furnish all equipment listed by and bearing the label of UL or of an independent testing laboratory acceptable to the Engineer and the Authority Having Jurisdiction.
	2. The Instrumentation and control system contractor (ICSC) must have their own operating UL listed panel fabrication facility. All panels must be fabricated at this facility and meet all UL 508/508A requirements.
	3. Instrumentation and control system contractor:
	A. Contractor, through the use of a qualified ICSC, is responsible for the implementation of the PCIS and the integration of the system with other required instrumentation, control devices, and software.
	B. The ICSC assumes full responsibility, through the Contractor, to perform all work to select, furnish, install, program, test, calibrate, and place into operation all instrumentation, controls, telemetry equipment, control panels, and control system including application software, for a complete, integrated and functional PCIS system.
	C. Due to the complexities associated with the interfacing of numerous control system devices, it is the intent of these Specifications that the ICSC be responsible for the integration of the PCIS with devices provided under the Contract Documents with the objective of providing a completely integrated control system.
	A. Analog signals:
	a. Furnish analog measurements and control signals that vary in direct linear proportion to the measured variable, unless otherwise indicated.
	b. Furnish electrical analog signals outside control panels that are 4-to20 milliamperes 24 VDC, except as indicated.
	c. Electrically or optically isolate all analog signals from other signals.
	d. Furnish regulated analog signals that are not affected by changes in supply voltage or load resistance within the unit’s rating.
	e. Maintain the total 4-to-20 milliamperes loop impedance to 10 percent below the published value at the loop operating voltage.
	f. Where necessary, reduce loop impedance by providing current-to-current (I/I) isolation amplifiers for signal re-transmission.

	B. Pneumatic signals:
	a. All pneumatic signals: 3-to-15 pounds per square inch gauge.

	C. Discrete input signals:
	a. As indicated in the controller hardware specification.

	D. Discrete output signals:
	a. Dry contacts or TRIAC outputs (with express written approval by the Engineer) as needed to coordinate with the field device.
	b. Provide external terminal block mounted fuse with blown fuse indication for all discrete outputs.
	c. Provide interposing relays for all discrete outputs for voltage and/or current compatibilities.
	d. Provide interposing relays as required for functionality of the control circuit.

	E. Signal performance and design criteria:
	a. Stability:
	i. After Controls have taken corrective action, oscillation of the final control element shall not exceed 2 cycles per minute or a magnitude of motion of 0.5 percent of full travel.

	b. Response:
	i. Any change in setpoint or controlled variable shall produce a corrective change in position of the final control element and stabilized within 30 seconds.

	c. Agreement:
	i. Setpoint indication of controlled variable and measured indication of controlled variable shall agree within 3 percent of full scale over a 6:1 operating range.

	d. Repeatability:
	i. For any repeated magnitude of control signal, from either an increasing or decreasing direction, the final control element shall take a repeated position within 0.5 percent of full travel regardless of force required to position the final element.

	e. Sensitivity:
	i. Controls shall respond to a setpoint deviations and measured variable deviations within 1.0 percent of full scale.

	f. Performance:
	i. All instruments and control devices shall perform in accordance with the manufacturers’ specifications.



	2. Discrete circuit configuration:
	A. Configure discrete control circuits to fail safe, on loss of continuity or loss of power.
	B. Alarm contacts: Fail to the alarm condition.
	C. Control contacts fail to the inoperative condition unless otherwise indicated on the Drawings.

	3. Grounding:
	A. Analog signal cables shields shall only be grounded at a single point in the loop. Unless otherwise noted, ground signal cable shields at control panel.
	B. For communication and data line signal cable shields and drain wires should be grounded at both ends of the cable.
	C. Insulate the shielding and exposed drain wire for each signal cable with heat-shrink tubing.
	D. Terminate the signal cable shield on a dedicated grounding terminal block.
	E. Provide isolating amplifiers within control panels for field equipment possessing a grounded input or output, except when the panel circuit is galvanically isolated.

	4. Instrument air:
	A. Where indicated on the Drawings, provide dry, filtered control air at 30 pounds per square inch gauge nominal pressure piped to all field instruments and instrument panels requiring air:
	a. Provide each field instrument with an integral, non-adjustable filter/regulator assembly to provide regulated air.
	b. Provide each instrument panel requiring air with an adjustable filter/regulator assembly with gauge and an air manifold to provide air to pneumatic instruments.
	c. Filter all air to 5-micron maximum particle size.
	d. Provide low pressure switch to alarm on insufficient air supply.


	5. Furnish all meters, instruments, and other components that are the most recent field proven models marketed by their manufacturers at the time of submittal of the shop drawings unless otherwise specified to match existing equipment.
	6. Unless otherwise specified, furnish individual instruments that have a minimum accuracy of within 0.5 percent of full scale and a minimum repeatability of within 0.25 percent of full scale.
	1. Install field instruments as specified in the Contract Documents, API RP 550 and RP 551, and the manufacturer’s instructions.
	2. Mount field instruments so that they can be easily read, readily approached, and easily serviced, and so they do not restrict access to mechanical equipment:
	a. Mount field instruments on a pipe stand or local panel, if they are not directly mounted, unless otherwise indicated on the Drawings.
	b. Provide sun shields for all field electronic instruments located outdoors.

	3. Make connections from rigid conduit systems to field instruments with PVC coated flexible conduit, maximum length of 18-inches.
	4. Connect field instruments with cable as specified in the Electrical Specifications, except when the manufacturer requires the use of special cable, or otherwise specified in this Section:
	a. Special cable applications shall be in accordance with the NEC.

	5. Verify the correctness of each installation:
	a. Polarity of electric power and signal connections.

	6. Ensure all process connections are free of leaks.
	7. Equipment locations indicated on the Drawings may change due to variations in equipment size or minor changes made by others during construction:
	a. Verify all dimensions as indicated on the Drawings:
	b. Actual field conditions govern all final installed locations, distances, and levels.

	8. Review all information indicated on the Drawings, including architectural, structural, mechanical, instrumentation, and the accepted electrical, instrumentation, and mechanical shop drawings, and coordinate Work as necessary to adjust to all conditions that arise due to such changes.
	9. Make minor changes in location of equipment before rough in, as directed by the Owner or Engineer.



	A. Panels/enclosures:
	1. Manufacturers: One of the following:
	a. Rittal.
	b. nVent/Hoffman.
	2. Panel assembly:
	a. General guidelines for panel fabrication include:
	1) Continuous welds ground smooth.
	2) Exposed surfaces free of burrs and sharp edges.
	3) Base formed of Type 304 powder-coated stainless steel or Type 316 stainless steel, minimum 1/2-inch holes at 12-inch spacing to accommodate anchoring of freestanding enclosures to floor.

	b. Construct enclosure and mounting panel using stretcher-level quality Type 304 powder-coated stainless steel or Type 316 stainless steel sheet metal having minimum thickness not less than the following sizes (U.S. Standard Gauge):
	c. Construct supporting frame structure with angled, channeled, or folded rigid section of sheet metal, rigidly attached to and having essentially the same outer dimensions as the enclosure surface and having sufficient torsional rigidity to resist the bending moments applied via the enclosure surface when it is deflected.
	d. Provide stiffeners for back mounting panels in enclosures larger than 4-feet. In addition, secure the panels in place by collar studs welded to the enclosure.
	e. Door construction:
	1) Turned-back edges suitably braced and supported to maintain alignment and rigidity without sagging.
	2) Sufficient width to permit door opening without interference with rear projection of flush-mounted instruments.
	3) Heavy-gauge Type 316 stainless steel hinges.
	4) For NEMA Type 12, Type 4, and Type 4X, provide oil-resistant neoprene sealing gasket and adhesive to seal cover to enclosure.
	5) Gasket installed to seal against roll lip on the enclosure opening.

	f. Latches:
	1) For panels, provide each door with a 3-point latching mechanism and locking handle with rollers on the ends of the latch rods. Latch rods shall be connected to a common door handle, hold doors securely, and form a compressed seal between door and gasket, at the top, side, and bottom.
	a) Provide padlock for each enclosure with padlock provisions.

	2) Include an oil tight key-locking, 3-point latching mechanism on each door:
	a) Provide 2 keys per panel.
	b) All locks keyed alike.


	g. Panel cut-outs:
	1) Cut, punch, or drill cutouts for instruments, devices, and windows. Smoothly finish with rounded edges.
	2) Allow a minimum of 3-inch envelope around all displays, controllers, and monitors.
	3) Reinforce around cut-outs with Type 304 powder-coated stainless steel or Type 316 stainless angles or flat bars for the following:
	a) Large panel cutouts; for example, openings for local operator interfaces.
	b) Pilot device groupings, where the removed metal exceeds 50 percent of the available metal.



	3. In addition to the requirements specified above, the following requirements for NEMA Type 4X powder coated Type 304 stainless steel enclosures apply:
	a. Minimum 14-gauge, Type 304 stainless steel.
	b. Captive Type 316 stainless-steel cover screws threaded into sealed wells.
	c. Inside finish: White polyester powder coating.
	d. Specifically designed for use with flange-mounted disconnect handles where required or as indicated on the Drawings.
	e. NEMA Type 4X powder-coated Type 304 stainless-steel enclosures are not an acceptable substitute for 316 stainless steel unless indicated on the Drawings.

	4. In addition to the requirements specified above, the following requirements apply for NEMA Type 4X non-metallic enclosures:
	a. Fiberglass construction.
	b. Type 316 stainless steel reinforcing on the sides, top, and bottom.
	c. All seams sealed.
	d. Fiberglass hinges with no exposed metal parts.
	e. Captivated Type 316 stainless steel door screws.
	f. Provisions for internal, sidewall mounting panels either by welded channels to the interior, or by welded collar studs.
	g. Provide aluminum mounting panels.
	h. Non-metallic enclosures are not an acceptable substitute for Type 304 powder-coated stainless steel or Type 316 stainless steel unless indicated on the Drawings.

	5. Outdoor panels. Supplementary requirements for panels located outdoors are as follows:
	a. All enclosures located outdoors shall be explicitly designed and rated for outdoor service by the manufacturer.
	b. Door hardware: Type 316 Stainless steel.
	c. Provide factory installed rain canopy and sun shield for all enclosures with operator interface panels and any plastic exposed components.
	d. Bases: Heavy channel, gasketed Type 316 stainless steel bases, flanges up, for anchoring to pad.


	B. Arrangement of components:
	1. Arrange panel internal components for external conduit and piping to enter into panel either from the side or below.  No top penetrations are allowed.
	2. Arrange panel instruments and control devices in a logical configuration, associating pushbutton and selector switches with related readout devices, or as indicated on the Drawings.
	3. Mount internal control components on an internal back panel.  Devices may be mounted on the side panel only by special permission from the Engineer & Owner.
	4. All control panel mounted operator interface devices shall be mounted between 3 feet and 5 feet above finished floor.

	C. Overcurrent protection:
	1. Main overcurrent device:
	a. Where the electrical power supply voltage to the control panel is more than 120 VAC, provide the panel with a flange-mounted disconnect handle operating a molded-case circuit breaker and provide a control power transformer for 120-VAC circuits:
	1) Door-mounted disconnect handles are not acceptable.
	2) Mechanically interlock the disconnect switch with the control enclosure doors so that no door can be opened unless the power is disconnected, and the disconnect switch cannot be closed until all doors are closed.
	3) Provide means to defeat the interlock.
	4) Lockable in the off position.

	b. Control panels supplied with 120 VAC:
	1) Provide an internal breaker with the line side terminals covered by a barrier.
	2) Provide a nameplate prominently positioned on the control panel identifying the location of the power source and a warning statement requiring the source to be disconnected before opening the door to the enclosure.


	2. Provide Low Voltage Molded Case Circuit Breakers as fabricated by manufacturers listed in Section 1.01.C.
	3. Selection and ratings of protective devices:
	a. Interrupting ratings: Not less than the system maximum available fault current at the point of application.
	b. Voltage rating: Not less than the voltage of the application.
	c. Select current rating and trip characteristics to be suitable for:
	1) Maximum normal operating current.
	2) Inrush characteristics.
	3) Coordination of the protective devices to each other and to the source breaker feeding the panel.


	4. Provide a separate protective device for each powered electrical device:
	a. An individual circuit breaker for each 120-VAC instrument installed within its respective control panel and clearly identified for function.
	b. An individual fuse for each PLC discrete output. Provide with individual blown fuse indication external of the I/O card:
	1) Size external fuse to open before any I/O-card-mounted fuses.

	c. Individual discrete inputs shall use a 1/2-ampere fuse.
	1) Control loops shall use a 5-ampere fuse.

	d. Install protective devices on the back-mounting panel and identify by a service nameplate in accordance with the wiring diagrams.

	5. Fuses for 4-to- 20 milliamperes signals:
	a. Provide durable, readily visible label for each fuse, clearly indicating the correct type, size, and ratings of replacement fuse:
	1) Label shall not cover or interfere with equipment manufacturer's instructions.

	b. An individual 1/2-ampere fuse for each 4-to-20 milliamperes analog loop powered from the control panel.
	c. Provide fuses rated for the voltage and available short-circuit current at which they are applied.
	d. Manufacturers: One of the following or equal:
	1) Ferraz Shawmut.
	2) Littelfuse.
	3) Bussmann.


	6. Fuse holders:
	a. Modular type:
	1) DIN rail mounting on 35-millimeter rail.
	2) Touch-safe design: All connection terminals to be protected against accidental touch.
	3) Incorporates blown-fuse indicator.
	4) Plug-in style fuse terminals and fuse plugs are not acceptable.

	b. Provide vinyl white self-laminating label identifying each fuse adhered to the fuse holder or adhered to the panel as appropriate.  Use Brady labels.
	c. Manufacturers: One of the following or equal:
	1) Phoenix Contact, UT4-HESI Series.
	2) Allen-Bradley, 1492-FB Series B.


	7. Control circuit breakers:
	a. DIN rail mounting on 35-millimeter rail.
	b. Manual OPEN-CLOSE toggle switch.
	c. Rated for 250 VAC.
	d. Interrupting rating: 10-kiloampere (kA) or available fault current at the line terminal, whichever is higher.
	e. Current ratings: As required for the application.
	f. Provide vinyl white self-laminating label identifying each breaker adhered to the panel.  Use Brady labels.
	g. Manufacturers: One of the following or equal:
	1) Phoenix Contact, TMC Series.
	2) ABB.
	3) Allen-Bradley.
	4) Eaton.
	5) Square D.


	8. Electronic circuit protectors:
	a. Used where equipment is equipped with a NEC Class 2 power supplies requiring 100 watts to 8 amps.
	b. DIN rail mounting on 35-millimeter rail.
	c. Rated for 24 VDC.
	d. 4 channels to feed 4 independent power feeds to separate devices.
	e. Output current ratings: As required for the application.
	f. LED input status indication.
	g. LED failure status of each channel indication.
	h. Fail contacts.
	i. Provide vinyl white self-laminating label identifying each circuit breaker adhered to the panel as appropriate.  Use Brady labels.
	j. Manufacturers: One of the following or equal:
	1) Rockwell Automation 1692-TD014.
	2) Puls PISA11 series.



	D. Conductors and cables:
	1. Power and control wiring:
	a. Materials: Stranded, soft annealed copper.
	b. Insulation: 600-volts type MTW.
	c. Minimum sizes:
	1) Primary power distribution: 12 AWG.
	2) Secondary power distribution: 14 AWG.
	3) Control: 16 AWG.

	d. Color:
	1) AC power (line and load): Black.
	2) AC power (neutral): White.
	3) AC control: Red.
	4) AC control: Orange for foreign voltages.
	5) DC power and control (ungrounded): Blue.
	6) DC power and control (grounded): White with Blue stripe.
	7) Ground: Green.


	2. Signal cables:
	a. Materials: Stranded, soft annealed copper.
	b. Insulation: 600-volts, PVC outer jacket.
	c. Minimum size: 18 AWG paired triad.
	d. Overall aluminum shield (tape).
	e. Copper drain wire.
	f. Color for 2-Conductor cables:
	a) Positive (+): Black.
	b) Negative (-): White and red.


	g. Insulate the foil shielding and exposed drain wire for each signal cable with heat-shrink tubing.


	E. Conductor identification:
	1. Identify each conductor and cable with unique wire numbers utilizing vinyl white self-laminating label, identifying each conductor and cable, adhered in a wrapped fashion around each conductor and cable.  Use Brady labels.  Numbers on labels should be as specified in the drawings.
	2. Readily identified without twisting the conductor.

	F. General wiring requirements:
	1. Wiring methods: Wiring methods and materials for panels shall be in accordance with the NEC requirements for General Purpose (no open wiring) unless otherwise specified.
	2. Install all components in accordance with the manufacturer’s instructions included in the listing and labeling.
	3. Provide a nameplate on the bottom right corner of the cover of the control panel identifying all sources of power supply and foreign voltages within the control panel.  Utilize stamped or etched 316 SS name plates, riveted in place.
	4. Provide transformers, protective devices, and power supplies required to convert the supply voltage to the needed utilization voltage.
	5. Provide power surge protection for all control panels.
	6. Provide signal surge protection within control panels for each analog I/O, discrete I/O, and data line (Copper Ethernet, Coax, Fieldbus signals) that originates from outdoor devices.
	7. Provide non-metallic ducts for routing and organization of conductors and cables:
	a. Provide wiring separation plan.
	b. Size ducts for ultimate build-out of the panel, or for 20-percent spare, whichever is greater.
	c. Provide separate ducts for signal and low-voltage wiring from power and 120-VAC control wiring:
	1) 120 VAC: Grey or White colored ducts.
	2) 24 VDC: White colored ducts.


	8. Cables shall be fastened with cable-mounting clamps or with cable ties supported by any of the following methods:
	a. Screw-on cable tie mounts.
	b. Hammer-on cable-tie mounting clips.
	c. Fingers of the nonmetallic duct.

	9. Wire ties:
	a. No wire ties inside wire duct.
	b. Use Panduit Cable tie installation tool, with tension control/cutoff.
	c. Verify cut ends are cut flush filed smooth after installed.

	10. Provide supports at the ends of cables to prevent mechanical stresses at the termination of conductors.
	11. Support panel conductors where necessary to keep them in place.
	12. Wiring to rear terminals on panel-mount instruments shall be run in nonmetallic duct secured to horizontal brackets run adjacent to the instruments.
	13. Conductors and cables shall be run from terminal to terminal without splice or joints. Exceptions:
	a. Factory-applied connectors molded onto cables shall be permitted. Such connectors shall not be considered as splices or joints.

	14. The control panel shall be the source of power for all 120-VAC devices interconnected with the control panel including, but not limited to instruments both mounted in the control panel and remotely connected to the control panel.

	G. Provide power circuits for all Contractor and Vendor-furnished PLC cabinets in accordance with the PLC and Instrument Power wiring diagrams Indicated on the Drawings or as specified.

	1.05 CONTROL SWITCHES AND INDICATOR LIGHTS
	A. Manufacturers
	1. Eaton.
	2. General Electric Company.
	3. Square D Company.
	4. Allen Bradley.

	B. Substitutions:  Product Substitutions must be preapproved by ERHWSC prior to beginning construction.
	C. Control Switches
	1. Contacts:  NEMA ICS 2; at least two Form C contact sets.
	2. Contact Ratings:  NEMA ICS 2; 120V, 10 ampere inductive.
	3. Selector Switch Operators:  NEMA ICS 2; heavy-duty, oil tight, NEMA 3 multi-position rotary selector switch.
	4. Push-button Operator:  NEMA ICS 2; heavy-duty oil tight NEMA 4 unguarded and lockable type; black for start, red for stop.

	D. Indicator Lights:  Red for run, amber or yellow for alarm, green for control mode; LED, oil-tight, 100,000-hour rated life expectancy; rated voltage approximately 125 percent of nominal 120 VAC operating voltage.  To be push-to-test type.

	1.06 CONTROL RELAYS
	A. Contacts:  NEMA ICS 2; three Form C contact sets.
	B. Rating:  NEMA ICS 2; 120-volt, 10 ampere inductive.
	C. Coil Voltage:  120-volt, 60 Hz AC, or 24-volt DC, 60 Hz DC as required.
	D. Socket:  Allen Bradley 700-H with coding system, label and label holder (11-pin).
	E. Features:  11-pin tube socket relay base, external color-coded test button,
	F. Mechanical and electrical status indications, impact-resistant thermoplastic case.
	G. Manufacturer:  Allen Bradley, or approved equal.
	H. Spare Units:  In addition to units installed, furnish 2 spare units.

	1.07 TIME DELAY RELAYS
	A. Contacts:  NEMA ICS 2; three Form C contact sets.
	B. Contact Ratings:  NEMA ICS 2; DPDT Class; 120-volt 10 ampere inductive.
	C. Coil Voltage: 120-volt 60 Hz AC.
	D. Socket: Allen Bradley 700-H with coding system, label and label holder (11-pin).
	E. Description:  Control relay with added Time Cube Module as manufactured by Allen Bradley.; 700-HR, with on or off delay, as indicated.
	F. Features:  Dial-selectable timing ranges of 0.05 s to 300 hr.; externally adjustable graduated time dial; solid-state digital timing system.
	G. Spare Units:  In addition to units installed, furnish 2 spare units.
	H. Starting of multiple pump motors shall utilize 15 second time delay to start each subsequent pump, in order to minimize the inrush current of the backup generator source.

	1.08 PUMP MOTOR MONITORING AND CONTROL
	A. Manufacturer and Model:  FLYGT model MAS 711 or preapproved equal.
	B. Operational system sensor perimeter includes:
	1. Motor sensing via sub ca 24 lead cable:
	a. Vibration
	b. Water-in-Oil (Oil Housing)
	c. Junction Box Leakage.
	d. Stator Housing Leakage.
	e. Support Bearing Temp.
	f. Main Bearing Temp.
	g. Stator Temp. PH3 Analog
	h. Stator Temp. Ph2 Analog
	i. Stator Temp. PH1 Analog
	j. Stator Temp. Monitoring
	k. Supply to pump memory.

	2. Power analyzer module to indicate:
	a. Pump motor current.
	b. Current imbalance.
	c. Voltage.
	d. Voltage imbalance.
	e. Power factor.


	C. Provide connection from monitor module to operator panel, power analyzer, and communication system including PLC and Ethernet switch.
	D. Confirm all wiring diagrams in writing with Pump supplier and motor control center supplier.  Confirm that wiring diagrams are in accordance with pump supplier’s instruction manuals.

	1.09 PROGRAMMABLE LOGIC CONTROLLER (PLC)
	A. Manufacturer and Product:  Allen-Bradley Compact Logix Model 5380-; (with integral Ethernet, the latest version at the time of delivery); or preapproved equal, must be the latest series model and capable of Force-main or Duplex/Triplex downstream lift station controls.
	B. Description: Modular Programmable Controller and Removable 2 MB Micro Memory Card.
	C. Service Conditions
	1. Temperature:  32 to 140 degrees F, horizontally installed.
	2. Humidity:  5 to 95 percent, non-condensing.
	3. Electromagnetic Compatibility:  Noise suppression to EN 50082-2, Noise emission to EN50081-2.
	4. Vibration:  IEC 68, Part 2-6/10 to 58 Hz.
	5. Shock:  IEC 68, Part 2-27/half-sine:  15 g peak, 11 milliseconds.

	D. Configuration
	1. Processor Rack:  Include processor, power supply, micro memory card, communication modules, and input/output modules with front connectors.
	2. Expansion Unit:  Include interface module, power supply, communication module, input/output modules, front connectors and necessary connection cables.
	3. Mounting Rail:  Provide passive mounting rail for processor, power supply, communication, and input/output modules.

	E. Processor Unit
	1. Studio 5000 environment and development tools
	2. Logix real-time control and Windows 10 Iot Enterprise operation system on single platform.

	F. Power Supply
	1. Input:  85-132/170-264 VAC, switch-selectable.
	2. Output:  24 VDC, 10-amp.
	3. Mounting:  On PLC Mounting Rail.
	4. Front Panel:  Green status LED, On/Off Switch, Input Voltage Selector.
	5. Output Terminations:  Screw terminations with connector to PLC CPU, plus additional terminations for wiring to other control system 24 VDC needs.

	G. UPS: Provide complete, factory-assembled, wired, and tested, true on-line double conversion UPS equipment including, but not limited to, rectifier, DC bus, inverter, battery charger, batteries, automatic bypass, and ancillary components as specified in this Section and as indicated on the Drawings.  UPS shall have the capacity to provide a minimum of 30 minutes of uninterruptible backup power to control panel power electronics/PLC.
	H. Input/Output Units
	1. Spare Input/Output Capacity:  At least 25 percent spare capacity of each I/O type installed.
	2. Discrete Input Characteristics:  16 points; 24 volts DC.
	3. Analog Input Characteristics:  8 channels for configurable in groups of 2,4 to 20 milliamperes DC.
	4. Discrete Output Characteristics:  16 points; Relay.
	5. Analog Output Characteristics:  8 channels, 4 to 20 milliamperes DC.
	6. RJ-45 jack I/O to interface with Ethernet switch.

	I. Communication Interfaces for Remote Lift Station
	1. Ethernet Interface:  Integral to CPU, 10/100 Mbps with automatic speed detection, supports open TCP/IP, PLC programming, HMI communications, ST Communications, Profinet CBA and Pronet IO-Controller.
	2. Ethernet Switch:  Managed Industrial Ethernet Switch to be mounted in control panel and connected to PLCs with Ethernet interface.
	a. N-tron, Redlion
	1) Manufacturer and Model:  N-tron, Redlion
	2) Electrical Ports:  Eight RJ45, 10/100 Mbps, connectors latch to housing for strain relief.
	3) Power:  Redundant 24 VDC
	4) Mounting:  Standard DIN rail, PLC Rail
	5) Diagnostic Leds:  Power, Link Status, Communications
	6) Housing:  Metal

	b. Stratix 2500, Allen Bradley
	1) Manufacturer and Model:  Stratix 2500, Allen Bradley
	2) Electrical Ports:  Eight RJ45, 10/100 Mbps, connectors latch to housing for strain relief.
	3) Power:  Redundant 24 VDC
	4) Mounting:  Standard DIN rail, PLC Rail
	5) Diagnostic Leds:  Power, Link Status, Communications
	6) Housing:  Metal



	J. Programming, Software and Programming Equipment
	1. Configure system and program for operation as specified in this Section.  Program must be tested and certified by ERHWSC.
	2. System Software:  Windows 10 software. Contractor to supply any other software or interfaces and cables needed to support equipment supplied on this project.
	3. Control Program:  Contractor shall provide necessary programming modifications and enter the required variable parameters Allen Bradley Studio 5000 Program to provide a complete functional and integrated system.  Contractor shall customize the generic software to meet site-specific conditions such as control functions, actual pump quantities, and sequence options.  The system shall be fully tested to be operational prior to substantial completion.
	4. Contractor shall provide ERHWSC with LOGIX Designer PLC programing and HMI Interface software programming in a digital format on a flash drive.
	5. Control Program Data Sheet:  Contractor shall complete and submit Lift Station Data Sheet. System I/O list shall be submitted with Data Sheet.

	K. Spare Capacity:  Provide at least 100 percent processor available memory, 25 percent spare rack space, and 25 percent spare I/O’s configured, wired, terminated, and identified as such, but not used in the program.
	L. Contractor will provide spare parts, which will include the following for each PLC furnished:
	1. One discrete input.
	2. One discrete output.
	3. One analog input.
	4. One analog output.
	5. One PLC power supply.
	6. One CPU with Ethernet ports.
	7. One of each Interface Module.
	8. Connections to radio transmitter.

	M. Connect PLC inputs/outputs including analog inputs through snap-on isolated fused terminal blocks.
	N. Separate the AC and control signals from DC and loop signals by at least 6 inches.  Provide a barrier between AC and DC within the raceways.


	A. Panels/enclosures:
	1. Manufacturers: One of the following:
	a. Rittal.
	b. nVent/Hoffman.
	2. Panel assembly:
	a. General guidelines for panel fabrication include:
	1) Continuous welds ground smooth.
	2) Exposed surfaces free of burrs and sharp edges.
	3) Base formed of Type 304 powder-coated stainless steel or Type 316 stainless steel, minimum 1/2-inch holes at 12-inch spacing to accommodate anchoring of freestanding enclosures to floor.

	b. Construct enclosure and mounting panel using stretcher-level quality Type 304 powder-coated stainless steel or Type 316 stainless steel sheet metal having minimum thickness not less than the following sizes (U.S. Standard Gauge):
	c. Construct supporting frame structure with angled, channeled, or folded rigid section of sheet metal, rigidly attached to and having essentially the same outer dimensions as the enclosure surface and having sufficient torsional rigidity to resist the bending moments applied via the enclosure surface when it is deflected.
	d. Provide stiffeners for back mounting panels in enclosures larger than 4-feet. In addition, secure the panels in place by collar studs welded to the enclosure.
	e. Door construction:
	1) Turned-back edges suitably braced and supported to maintain alignment and rigidity without sagging.
	2) Sufficient width to permit door opening without interference with rear projection of flush-mounted instruments.
	3) Heavy-gauge Type 316 stainless steel hinges.
	4) For NEMA Type 12, Type 4, and Type 4X, provide oil-resistant neoprene sealing gasket and adhesive to seal cover to enclosure.
	5) Gasket installed to seal against roll lip on the enclosure opening.

	f. Latches:
	1) For panels, provide each door with a 3-point latching mechanism and locking handle with rollers on the ends of the latch rods. Latch rods shall be connected to a common door handle, hold doors securely, and form a compressed seal between door and gasket, at the top, side, and bottom.
	a) Provide padlock for each enclosure with padlock provisions.

	2) Include an oil tight key-locking, 3-point latching mechanism on each door:
	a) Provide 2 keys per panel.
	b) All locks keyed alike.


	g. Panel cut-outs:
	1) Cut, punch, or drill cutouts for instruments, devices, and windows. Smoothly finish with rounded edges.
	2) Allow a minimum of 3-inch envelope around all displays, controllers, and monitors.
	3) Reinforce around cut-outs with Type 304 powder-coated stainless steel or Type 316 stainless angles or flat bars for the following:
	a) Large panel cutouts; for example, openings for local operator interfaces.
	b) Pilot device groupings, where the removed metal exceeds 50 percent of the available metal.



	3. In addition to the requirements specified above, the following requirements for NEMA Type 4X powder coated Type 304 stainless steel enclosures apply:
	a. Minimum 14-gauge, Type 304 stainless steel.
	b. Captive Type 316 stainless-steel cover screws threaded into sealed wells.
	c. Inside finish: White polyester powder coating.
	d. Specifically designed for use with flange-mounted disconnect handles where required or as indicated on the Drawings.
	e. NEMA Type 4X powder-coated Type 304 stainless-steel enclosures are not an acceptable substitute for 316 stainless steel unless indicated on the Drawings.

	4. In addition to the requirements specified above, the following requirements apply for NEMA Type 4X non-metallic enclosures:
	a. Fiberglass construction.
	b. Type 316 stainless steel reinforcing on the sides, top, and bottom.
	c. All seams sealed.
	d. Fiberglass hinges with no exposed metal parts.
	e. Captivated Type 316 stainless steel door screws.
	f. Provisions for internal, sidewall mounting panels either by welded channels to the interior, or by welded collar studs.
	g. Provide aluminum mounting panels.
	h. Non-metallic enclosures are not an acceptable substitute for Type 304 powder-coated stainless steel or Type 316 stainless steel unless indicated on the Drawings.

	5. Outdoor panels. Supplementary requirements for panels located outdoors are as follows:
	a. All enclosures located outdoors shall be explicitly designed and rated for outdoor service by the manufacturer.
	b. Door hardware: Type 316 Stainless steel.
	c. Provide factory installed rain canopy and sun shield for all enclosures with operator interface panels and any plastic exposed components.
	d. Bases: Heavy channel, gasketed Type 316 stainless steel bases, flanges up, for anchoring to pad.


	B. Arrangement of components:
	1. Arrange panel internal components for external conduit and piping to enter into panel either from the side or below.  No top penetrations are allowed.
	2. Arrange panel instruments and control devices in a logical configuration, associating pushbutton and selector switches with related readout devices, or as indicated on the Drawings.
	3. Mount internal control components on an internal back panel.  Devices may be mounted on the side panel only by special permission from the Engineer & Owner.
	4. All control panel mounted operator interface devices shall be mounted between 3 feet and 5 feet above finished floor.

	C. Overcurrent protection:
	1. Main overcurrent device:
	a. Where the electrical power supply voltage to the control panel is more than 120 VAC, provide the panel with a flange-mounted disconnect handle operating a molded-case circuit breaker and provide a control power transformer for 120-VAC circuits:
	1) Door-mounted disconnect handles are not acceptable.
	2) Mechanically interlock the disconnect switch with the control enclosure doors so that no door can be opened unless the power is disconnected, and the disconnect switch cannot be closed until all doors are closed.
	3) Provide means to defeat the interlock.
	4) Lockable in the off position.

	b. Control panels supplied with 120 VAC:
	1) Provide an internal breaker with the line side terminals covered by a barrier.
	2) Provide a nameplate prominently positioned on the control panel identifying the location of the power source and a warning statement requiring the source to be disconnected before opening the door to the enclosure.


	2. Provide Low Voltage Molded Case Circuit Breakers as fabricated by manufacturers listed in Section 1.01.C.
	3. Selection and ratings of protective devices:
	a. Interrupting ratings: Not less than the system maximum available fault current at the point of application.
	b. Voltage rating: Not less than the voltage of the application.
	c. Select current rating and trip characteristics to be suitable for:
	1) Maximum normal operating current.
	2) Inrush characteristics.
	3) Coordination of the protective devices to each other and to the source breaker feeding the panel.


	4. Provide a separate protective device for each powered electrical device:
	a. An individual circuit breaker for each 120-VAC instrument installed within its respective control panel and clearly identified for function.
	b. An individual fuse for each PLC discrete output. Provide with individual blown fuse indication external of the I/O card:
	1) Size external fuse to open before any I/O-card-mounted fuses.

	c. Individual discrete inputs shall use a 1/2-ampere fuse.
	1) Control loops shall use a 5-ampere fuse.

	d. Install protective devices on the back-mounting panel and identify by a service nameplate in accordance with the wiring diagrams.

	5. Fuses for 4-to- 20 milliamperes signals:
	a. Provide durable, readily visible label for each fuse, clearly indicating the correct type, size, and ratings of replacement fuse:
	1) Label shall not cover or interfere with equipment manufacturer's instructions.

	b. An individual 1/2-ampere fuse for each 4-to-20 milliamperes analog loop powered from the control panel.
	c. Provide fuses rated for the voltage and available short-circuit current at which they are applied.
	d. Manufacturers: One of the following or equal:
	1) Ferraz Shawmut.
	2) Littelfuse.
	3) Bussmann.


	6. Fuse holders:
	a. Modular type:
	1) DIN rail mounting on 35-millimeter rail.
	2) Touch-safe design: All connection terminals to be protected against accidental touch.
	3) Incorporates blown-fuse indicator.
	4) Plug-in style fuse terminals and fuse plugs are not acceptable.

	b. Provide vinyl white self-laminating label identifying each fuse adhered to the fuse holder or adhered to the panel as appropriate.  Use Brady labels.
	c. Manufacturers: One of the following or equal:
	1) Phoenix Contact, UT4-HESI Series.
	2) Allen-Bradley, 1492-FB Series B.


	7. Control circuit breakers:
	a. DIN rail mounting on 35-millimeter rail.
	b. Manual OPEN-CLOSE toggle switch.
	c. Rated for 250 VAC.
	d. Interrupting rating: 10-kiloampere (kA) or available fault current at the line terminal, whichever is higher.
	e. Current ratings: As required for the application.
	f. Provide vinyl white self-laminating label identifying each breaker adhered to the panel.  Use Brady labels.
	g. Manufacturers: One of the following or equal:
	1) Phoenix Contact, TMC Series.
	2) ABB.
	3) Allen-Bradley.
	4) Eaton.
	5) Square D.


	8. Electronic circuit protectors:
	a. Used where equipment is equipped with a NEC Class 2 power supplies requiring 100 watts to 8 amps.
	b. DIN rail mounting on 35-millimeter rail.
	c. Rated for 24 VDC.
	d. 4 channels to feed 4 independent power feeds to separate devices.
	e. Output current ratings: As required for the application.
	f. LED input status indication.
	g. LED failure status of each channel indication.
	h. Fail contacts.
	i. Provide vinyl white self-laminating label identifying each circuit breaker adhered to the panel as appropriate.  Use Brady labels.
	j. Manufacturers: One of the following or equal:
	1) Rockwell Automation 1692-TD014.
	2) Puls PISA11 series.



	D. Conductors and cables:
	1. Power and control wiring:
	a. Materials: Stranded, soft annealed copper.
	b. Insulation: 600-volts type MTW.
	c. Minimum sizes:
	1) Primary power distribution: 12 AWG.
	2) Secondary power distribution: 14 AWG.
	3) Control: 16 AWG.

	d. Color:
	1) AC power (line and load): Black.
	2) AC power (neutral): White.
	3) AC control: Red.
	4) AC control: Orange for foreign voltages.
	5) DC power and control (ungrounded): Blue.
	6) DC power and control (grounded): White with Blue stripe.
	7) Ground: Green.


	2. Signal cables:
	a. Materials: Stranded, soft annealed copper.
	b. Insulation: 600-volts, PVC outer jacket.
	c. Minimum size: 18 AWG paired triad.
	d. Overall aluminum shield (tape).
	e. Copper drain wire.
	f. Color for 2-Conductor cables:
	a) Positive (+): Black.
	b) Negative (-): White and red.


	g. Insulate the foil shielding and exposed drain wire for each signal cable with heat-shrink tubing.


	E. Conductor identification:
	1. Identify each conductor and cable with unique wire numbers utilizing vinyl white self-laminating label, identifying each conductor and cable, adhered in a wrapped fashion around each conductor and cable.  Use Brady labels.  Numbers on labels should be as specified in the drawings.
	2. Readily identified without twisting the conductor.

	F. General wiring requirements:
	1. Wiring methods: Wiring methods and materials for panels shall be in accordance with the NEC requirements for General Purpose (no open wiring) unless otherwise specified.
	2. Install all components in accordance with the manufacturer’s instructions included in the listing and labeling.
	3. Provide a nameplate on the bottom right corner of the cover of the control panel identifying all sources of power supply and foreign voltages within the control panel.  Utilize stamped or etched 316 SS name plates, riveted in place.
	4. Provide transformers, protective devices, and power supplies required to convert the supply voltage to the needed utilization voltage.
	5. Provide power surge protection for all control panels.
	6. Provide signal surge protection within control panels for each analog I/O, discrete I/O, and data line (Copper Ethernet, Coax, Fieldbus signals) that originates from outdoor devices.
	7. Provide non-metallic ducts for routing and organization of conductors and cables:
	a. Provide wiring separation plan.
	b. Size ducts for ultimate build-out of the panel, or for 20-percent spare, whichever is greater.
	c. Provide separate ducts for signal and low-voltage wiring from power and 120-VAC control wiring:
	1) 120 VAC: Grey or White colored ducts.
	2) 24 VDC: White colored ducts.


	8. Cables shall be fastened with cable-mounting clamps or with cable ties supported by any of the following methods:
	a. Screw-on cable tie mounts.
	b. Hammer-on cable-tie mounting clips.
	c. Fingers of the nonmetallic duct.

	9. Wire ties:
	a. No wire ties inside wire duct.
	b. Use Panduit Cable tie installation tool, with tension control/cutoff.
	c. Verify cut ends are cut flush filed smooth after installed.

	10. Provide supports at the ends of cables to prevent mechanical stresses at the termination of conductors.
	11. Support panel conductors where necessary to keep them in place.
	12. Wiring to rear terminals on panel-mount instruments shall be run in nonmetallic duct secured to horizontal brackets run adjacent to the instruments.
	13. Conductors and cables shall be run from terminal to terminal without splice or joints. Exceptions:
	a. Factory-applied connectors molded onto cables shall be permitted. Such connectors shall not be considered as splices or joints.

	14. The control panel shall be the source of power for all 120-VAC devices interconnected with the control panel including, but not limited to instruments both mounted in the control panel and remotely connected to the control panel.

	G. Provide power circuits for all Contractor and Vendor-furnished PLC cabinets in accordance with the PLC and Instrument Power wiring diagrams Indicated on the Drawings or as specified.

	1.05 CONTROL SWITCHES AND INDICATOR LIGHTS
	A. Manufacturers
	1. Eaton.
	2. General Electric Company.
	3. Square D Company.
	4. Allen Bradley.

	B. Substitutions:  Product Substitutions must be preapproved by ERHWSC prior to beginning construction.
	C. Control Switches
	1. Contacts:  NEMA ICS 2; at least two Form C contact sets.
	2. Contact Ratings:  NEMA ICS 2; 120V, 10 ampere inductive.
	3. Selector Switch Operators:  NEMA ICS 2; heavy-duty, oil tight, NEMA 3 multi-position rotary selector switch.
	4. Push-button Operator:  NEMA ICS 2; heavy-duty oil tight NEMA 4 unguarded and lockable type; black for start, red for stop.

	D. Indicator Lights:  Red for run, amber or yellow for alarm, green for control mode; LED, oil-tight, 100,000-hour rated life expectancy; rated voltage approximately 125 percent of nominal 120 VAC operating voltage.  To be push-to-test type.

	1.06 CONTROL RELAYS
	A. Contacts:  NEMA ICS 2; three Form C contact sets.
	B. Rating:  NEMA ICS 2; 120-volt, 10 ampere inductive.
	C. Coil Voltage:  120-volt, 60 Hz AC, or 24-volt DC, 60 Hz DC as required.
	D. Socket:  Allen Bradley 700-H with coding system, label and label holder (11-pin).
	E. Features:  11-pin tube socket relay base, external color-coded test button,
	F. Mechanical and electrical status indications, impact-resistant thermoplastic case.
	G. Manufacturer:  Allen Bradley, or approved equal.
	H. Spare Units:  In addition to units installed, furnish 2 spare units.

	1.07 TIME DELAY RELAYS
	A. Contacts:  NEMA ICS 2; three Form C contact sets.
	B. Contact Ratings:  NEMA ICS 2; DPDT Class; 120-volt 10 ampere inductive.
	C. Coil Voltage: 120-volt 60 Hz AC.
	D. Socket: Allen Bradley 700-H with coding system, label and label holder (11-pin).
	E. Description:  Control relay with added Time Cube Module as manufactured by Allen Bradley.; 700-HR, with on or off delay, as indicated.
	F. Features:  Dial-selectable timing ranges of 0.05 s to 300 hr.; externally adjustable graduated time dial; solid-state digital timing system.
	G. Spare Units:  In addition to units installed, furnish 2 spare units.
	H. Starting of multiple pump motors shall utilize 15 second time delay to start each subsequent pump, in order to minimize the inrush current of the backup generator source.

	1.08 PUMP MOTOR MONITORING AND CONTROL
	A. Manufacturer and Model:  FLYGT model MAS 711 or preapproved equal.
	B. Operational system sensor perimeter includes:
	1. Motor sensing via sub ca 24 lead cable:
	a. Vibration
	b. Water-in-Oil (Oil Housing)
	c. Junction Box Leakage.
	d. Stator Housing Leakage.
	e. Support Bearing Temp.
	f. Main Bearing Temp.
	g. Stator Temp. PH3 Analog
	h. Stator Temp. Ph2 Analog
	i. Stator Temp. PH1 Analog
	j. Stator Temp. Monitoring
	k. Supply to pump memory.

	2. Power analyzer module to indicate:
	a. Pump motor current.
	b. Current imbalance.
	c. Voltage.
	d. Voltage imbalance.
	e. Power factor.


	C. Provide connection from monitor module to operator panel, power analyzer, and communication system including PLC and Ethernet switch.
	D. Confirm all wiring diagrams in writing with Pump supplier and motor control center supplier.  Confirm that wiring diagrams are in accordance with pump supplier’s instruction manuals.

	1.09 PROGRAMMABLE LOGIC CONTROLLER (PLC)
	A. Manufacturer and Product:  Allen-Bradley Compact Logix Model 5380-; (with integral Ethernet, the latest version at the time of delivery); or preapproved equal, must be the latest series model and capable of Force-main or Duplex/Triplex downstream lift station controls.
	B. Description: Modular Programmable Controller and Removable 2 MB Micro Memory Card.
	C. Service Conditions
	1. Temperature:  32 to 140 degrees F, horizontally installed.
	2. Humidity:  5 to 95 percent, non-condensing.
	3. Electromagnetic Compatibility:  Noise suppression to EN 50082-2, Noise emission to EN50081-2.
	4. Vibration:  IEC 68, Part 2-6/10 to 58 Hz.
	5. Shock:  IEC 68, Part 2-27/half-sine:  15 g peak, 11 milliseconds.

	D. Configuration
	1. Processor Rack:  Include processor, power supply, micro memory card, communication modules, and input/output modules with front connectors.
	2. Expansion Unit:  Include interface module, power supply, communication module, input/output modules, front connectors and necessary connection cables.
	3. Mounting Rail:  Provide passive mounting rail for processor, power supply, communication, and input/output modules.

	E. Processor Unit
	1. Studio 5000 environment and development tools
	2. Logix real-time control and Windows 10 Iot Enterprise operation system on single platform.

	F. Power Supply
	1. Input:  85-132/170-264 VAC, switch-selectable.
	2. Output:  24 VDC, 10-amp.
	3. Mounting:  On PLC Mounting Rail.
	4. Front Panel:  Green status LED, On/Off Switch, Input Voltage Selector.
	5. Output Terminations:  Screw terminations with connector to PLC CPU, plus additional terminations for wiring to other control system 24 VDC needs.

	G. UPS: Provide complete, factory-assembled, wired, and tested, true on-line double conversion UPS equipment including, but not limited to, rectifier, DC bus, inverter, battery charger, batteries, automatic bypass, and ancillary components as specified in this Section and as indicated on the Drawings.  UPS shall have the capacity to provide a minimum of 30 minutes of uninterruptible backup power to control panel power electronics/PLC.
	H. Input/Output Units
	1. Spare Input/Output Capacity:  At least 25 percent spare capacity of each I/O type installed.
	2. Discrete Input Characteristics:  16 points; 24 volts DC.
	3. Analog Input Characteristics:  8 channels for configurable in groups of 2,4 to 20 milliamperes DC.
	4. Discrete Output Characteristics:  16 points; Relay.
	5. Analog Output Characteristics:  8 channels, 4 to 20 milliamperes DC.
	6. RJ-45 jack I/O to interface with Ethernet switch.

	I. Communication Interfaces for Remote Lift Station
	1. Ethernet Interface:  Integral to CPU, 10/100 Mbps with automatic speed detection, supports open TCP/IP, PLC programming, HMI communications, ST Communications, Profinet CBA and Pronet IO-Controller.
	2. Ethernet Switch:  Managed Industrial Ethernet Switch to be mounted in control panel and connected to PLCs with Ethernet interface.
	a. N-tron, Redlion
	1) Manufacturer and Model:  N-tron, Redlion
	2) Electrical Ports:  Eight RJ45, 10/100 Mbps, connectors latch to housing for strain relief.
	3) Power:  Redundant 24 VDC
	4) Mounting:  Standard DIN rail, PLC Rail
	5) Diagnostic Leds:  Power, Link Status, Communications
	6) Housing:  Metal

	b. Stratix 2500, Allen Bradley
	1) Manufacturer and Model:  Stratix 2500, Allen Bradley
	2) Electrical Ports:  Eight RJ45, 10/100 Mbps, connectors latch to housing for strain relief.
	3) Power:  Redundant 24 VDC
	4) Mounting:  Standard DIN rail, PLC Rail
	5) Diagnostic Leds:  Power, Link Status, Communications
	6) Housing:  Metal



	J. Programming, Software and Programming Equipment
	1. Configure system and program for operation as specified in this Section.  Program must be tested and certified by ERHWSC.
	2. System Software:  Windows 10 software. Contractor to supply any other software or interfaces and cables needed to support equipment supplied on this project.
	3. Control Program:  Contractor shall provide necessary programming modifications and enter the required variable parameters Allen Bradley Studio 5000 Program to provide a complete functional and integrated system.  Contractor shall customize the generic software to meet site-specific conditions such as control functions, actual pump quantities, and sequence options.  The system shall be fully tested to be operational prior to substantial completion.
	4. Contractor shall provide ERHWSC with LOGIX Designer PLC programing and HMI Interface software programming in a digital format on a flash drive.
	5. Control Program Data Sheet:  Contractor shall complete and submit Lift Station Data Sheet. System I/O list shall be submitted with Data Sheet.

	K. Spare Capacity:  Provide at least 100 percent processor available memory, 25 percent spare rack space, and 25 percent spare I/O’s configured, wired, terminated, and identified as such, but not used in the program.
	L. Contractor will provide spare parts, which will include the following for each PLC furnished:
	1. One discrete input.
	2. One discrete output.
	3. One analog input.
	4. One analog output.
	5. One PLC power supply.
	6. One CPU with Ethernet ports.
	7. One of each Interface Module.
	8. Connections to radio transmitter.

	M. Connect PLC inputs/outputs including analog inputs through snap-on isolated fused terminal blocks.
	N. Separate the AC and control signals from DC and loop signals by at least 6 inches.  Provide a barrier between AC and DC within the raceways.
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