LEGAL NOTICE

Sealed bids are invited for Bid No. 22-23.33; WELL NO. 28 EQUIPPING. This project will the equipping of Well
No. 28, the construction of a PFAS treatment system, and construction of a public park. Bid forms, plans and
specifications are available at www.questcdn.com. Download the digital documents for $20.00 by inputting Quest
Project #8409590. Contact QuestCDN at 952-233-1632 or info@questcdn.com for assistance with registration and
downloading. Hard copies are not available. The publication, “City of Orange Standard Plans and Specifications”,
latest edition and addendum shall govern the work under this contract and is available on the City of Orange website
at www.cityoforange.org under Public Works Department webpage. Contract documents may also be examined in the
office of the City Engineer.

Bids must be received by 2:00 p.m., May 25, 2023 (Thursday) by one of the following options — walk-up bids will
not be accepted: 1.) Preferred method: Online electronic bid service through QuestCDN vbid Online Bidding; 2.)
Courier or U.S. Mail addressed to City Clerk, City of Orange, 300 E. Chapman Ave., Orange CA 92866. 3.) Seamless
Documents at orangeca.seamlessdocs.com/f/RequestforBidandRequestforProposalSubmittalForm. Bidders must
follow the submittal procedure in the Project Specifications, Section 1-6.1.3.

All bids will be presented to the City Council on June 13, 2023 (Tuesday).

The City reserves the right to reject any or all bids, to reject any item in a bid unless an "all or none" basis is specified
or to waive any informality or technicality in the bids received.

The bidder selected by the City must be properly licensed at the time of submitting its bid as a General Engineering
Contractor (Class A). The City will reject the bid as non-responsive if the bidder does not hold the requisite
contractor’s license at the time of submitting its bid. In addition, each subcontractor listed by the bidder shall possess,
at the time of the award and at all times when work is performed, a valid contractor’s license for the appropriate
classification necessary to perform the work for which that subcontractor is listed. Failure of the bidder to deliver
evidence to the City prior to the award of a contract for this Project that each and every subcontractor listed by the
bidder is properly licensed shall constitute a failure to execute the contract and may subject the bidder to all legal
penalties imposed by law, including, but not limited to, forfeiture of the security of the bidder.

A payment bond is required for projects over $25,000. In lieu of retention, the Contractor may deposit qualifying
securities under an escrow agreement, as provided in Public Contract Code Section 22300.

The Contractor and subcontractors shall be registered with Department of Industrial Relations (DIR), per Labor Code
Section 1725.5 at the time of bid. This project is subject to compliance monitoring and job-site posting requirements.
The project is a public work subject to prevailing wage requirements, which can be found at
http://www.dir.ca.gov/dirdatabases.html.

Contractor shall attend a mandatory prebid walk-through at 10:00AM, Tuesday, May 16, 2023 at 225 W. Maple Ave.,
Orange, CA 92866. Failure to attend will disqualify a contractor from submitting a bid.

Public Works Department — Water Division
CITY OF ORANGE
189 S. Water Street
Orange, California 92866-1591
(714) 288-2475

PUBLISHED “ORANGE CITY NEWS”:

April 27, 2023

May 11, 2023
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	02835-Ornamental Fencing and Gates
	part 1 -  GENERAL
	A. Description
	B. Related Work Specified Elsewhere and Reference Codes and Standards
	1.  Slide Gate Operators: 02837

	C. Submittals
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	part 2 -  MATERIALS
	A. Metal Fence and Pedestrian Gate
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	C. Other Materials
	part 3 -  EXECUTION
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	B. Installation

	02837-Slide Gate Operators
	part 1 -  GENERAL
	A. Description
	The Contractor shall furnish all labor, materials, and perform all operations incidental to the installation of the rolling gate and electric operators, complete in place in accordance with the requirements of the Contract Documents.  The gate operato...

	B. Related Work Specified Elsewhere and Reference Codes and Standards
	C. Submittals
	D. Quality Assurance
	part 2 -  MATERIALS
	A. General
	B. Operation
	C. Factory Testing
	part 3 -   EXECUTION
	A. Site Examination
	B. Installation
	C. Field Quality Control
	D. Training and Documentation
	Train City’s personnel in the general maintenance of the gate operator and accessories and provide one copy of "operations and maintenance", manual for the City’s use (a second manual is available upon request.)  Manuals will identify parts of the equ...

	03100 CONCRETE FORMWORK
	03200 REINFORCEMENT STEEL
	The Contractor shall furnish, fabricate, and place all concrete and masonry reinforcement steel, welded wire fabric, couplers, and concrete inserts for use in reinforced concrete and masonry construction and shall perform all appurtenant work, includi...
	B. References
	1. Codes:  All codes, as referenced herein.
	2. Commercial Standards:

	C. Submittals
	1. The Contractor shall furnish shop bending diagrams, placing lists, and drawings of all reinforcement steel prior to fabrication in DWG or Autodesk DWF formant and in accordance with the requirements of Section 01300, "Contractor Submittals." All sh...
	2. Details of the concrete reinforcement steel and concrete inserts shall be submitted by the Contractor at the earliest possible date after receipt of the Notice to Proceed. Said details of reinforcement steel for fabrication and erection shall confo...
	3. Where mechanical couplers are required or permitted to be used, in writing by the Engineer, to splice reinforcement steel, the Contractor shall submit manufacturer's literature containing instructions and recommendations for installation for each t...

	D. Quality Assurance
	1. If requested by the Engineer, the Contractor shall provide samples from each heat of reinforcement steel delivered in a quantity adequate for testing.  The City will pay the costs of initial required tests.  The Contractor shall bear the costs of a...

	PART 2 -  PRODUCTS
	A. Reinforcement Steel
	1. Reinforcement Steel shall conform to the following requirements:
	a. Bar reinforcement shall conform to the requirements of ASTM A615 for Grade 60 Billet Steel Reinforcement, unless noted otherwise
	b. Bar reinforcement to be welded shall meet the requirements of ASTM A706 for Grade 60.

	2. Bar Support Accessories:
	a. Accessories shall include all necessary chairs, slab bolsters, concrete blocks, tie wires, dips, supports, spacers, and other devices to position reinforcement during concrete or grout placement.   All bar supports shall meet the requirements of th...
	b. Concrete blocks (dobies), used to support and position reinforcement steel, shall have the same or higher compressive strength specified for the concrete in which it is located.  Wire ties shall be embedded in concrete block bar supports.

	3. Epoxy coating for reinforcing and accessories, where specified or shown, shall conform to ASTM A 775 – Epoxy-Coated Reinforcing Steel Bars.

	B. Accessories
	1. Mechanical couplers shall be provided where shown or may be used where approved in writing by the Engineer.  The couplers shall have the tensile capacity equal to a minimum of 125 percent of the reinforcement bars yield strength being spliced.
	2. Where the type of coupler used is composed of more than one component, all components required for a complete splice shall be supplied.  This shall apply to all mechanical splices, including those splices intended for future connections.
	3. The reinforcement steel and coupler used shall be compatible for obtaining the required strength of the connection.  Straight threaded type couplers shall require the use of the next larger size reinforcing bar or shall be used with reinforcing bar...
	4. Couplers shall be Lenton Form Saver as manufactured by Erico Products; Dowel Bar Splicer System as manufactured by Richmond Screw Anchor Company; or equal.

	C. Fabrication
	1. General:
	a. Fabrication details shall be prepared in accordance with ACI 315 and ACI 318, except as modified by the Drawings.  Stirrups and tie bars shall be bent around a pin having a diameter not less than 1-1/2-inch for No. 3 bars, 2-inch for No. 4 bars, an...
	b. The Contractor shall fabricate reinforcement bars for structures in accordance with bending diagrams, placing lists, and placing drawings. Said drawings, diagrams, and lists shall be prepared by the Contractor.
	c. Reinforcement shall not be straightened or rebent in a manner which will reduce the strength of the material.  Bars with kinks or bends not shown shall not be used.  All bars shall be bent cold, unless otherwise permitted by the Engineer.  No bars ...

	2. Fabricating Tolerances:  Bars used for concrete reinforcement shall meet the following requirements for fabricating tolerances:
	a. Sheared length:  + 1 inch
	b. Depth of truss bars:  + 0, - 1/2 inch
	c. Stirrups, ties, and spirals:  + 1/2 inch
	d. All other bends:  + 1 inch


	A.
	A.
	A.
	D. Epoxy Grout

	PART 3 -  EXECUTION
	A. Placement
	1. All reinforcement steel, welded wire fabric, couplers, and other appurtenances shall be fabricated, and placed in accordance with the requirements of the Building Code and the supplementary requirements specified herein.
	2. Reinforcement steel shall be accurately positioned as shown, and shall be supported and wired together to prevent displacement, using annealed iron wire ties or suitable clips at intersections.  All reinforcement steel shall be supported by concret...
	3. Limitations on the use of bar support materials shall be as follows.
	a. Concrete Dobies:  Permitted at all locations except where architectural finish is required.
	b. Wire Bar Supports:  Permitted only at slabs over dry areas, interior dry wall surfaces, and exterior wall surfaces.
	c. Plastic Bar Supports:  Permitted at all locations except on grade.

	4. Tie wires shall be bent away from the forms in order to provide the specified concrete coverage.
	5. Reinforcement in masonry shall be secured against displacement prior to grouting by wire positioners or other suitable devices at intervals not exceeding 180 bar diameters.
	6. Bar that are partially embedded in concrete or masonry may not be bent.
	7. Bars additional to those shown which may be found necessary or desirable by the Contractor for the purpose of securing reinforcement in position shall be provided by the Contractor at its own expense.
	8. Unless otherwise specified, reinforcement placing tolerances shall be within the limits specified in Section 26.6.2.1 of ACI 318 except where in conflict with the requirements of the Building Code.
	9. Bars may be moved as necessary to avoid interference with other reinforcement steel, conduits, or embedded items.  If bars are moved more than one bar diameter, or enough to exceed the above tolerances, the resulting arrangement of bars shall be as...

	B. Spacing of Bars
	1. The clear distance between parallel bars (except in columns and between multiple layers of bars in beams) shall be not less than the nominal diameter of the bars nor less than 1-1/3 times the maximum size of the coarse aggregate, nor less than one ...
	2. The clear distance between bars shall also apply to the distance between a contact splice and adjacent splices or bars.

	C. Splicing
	1. General:
	a. Reinforcement bar splices shall only be used at locations shown.  When it is necessary to splice reinforcement at points other than where shown, the character of the splice shall be as acceptable to the Engineer and shall be specified on the submit...
	b. Unless otherwise indicated, dowels shall match the size and spacing of the spliced bar.

	2. Splices of Reinforcement:
	a. The length of lap for reinforcement bars, unless otherwise shown shall be in accordance with ACI 318, Section 12.15.1 for a Class B splice.

	3. Couplers which are located at a joint face shall be a type which can be set either flush or recessed from the face as shown.  The couplers shall be sealed during concrete placement to completely eliminate concrete or cement paste from entering.
	Couplers intended for future connections shall be recessed a minimum of 1/2 inch from the concrete surface.  After the concrete is placed, the coupler shall be plugged with plastic plugs which have an O-ring seal and the recess filled with sealant to...
	4. Unless noted otherwise, mechanical coupler shall have the same size bar on each side of the coupler.

	D. Embedment of Drilled Reinforcing Steel Dowels
	A. Hole Preparation:
	a. The hole diameter shall be as specified in the ICC Evaluation Report for the epoxy adhesive.
	b. The depth of the hole shall be as specified on the drawings. Provide at least 12 bar diameters, where no embedment is specified in the drawings.
	c. The hole in the concrete shall be drilled by the method as specified in the ICC Evaluation Report for the epoxy adhesive.
	d. Existing reinforcing steel in the vicinity of proposed holes shall be located using a pachometer, ground penetrating radar, or another non-destructive method, prior to drilling.  The location of holes to be drilled shall be adjusted to avoid drilli...
	e. The hole shall be brushed out and blown clean with clean, dry compressed air as specified in the ICC Evaluation Report for the epoxy adhesive.

	1. Dowel Installation:
	a. Epoxy shall be injected into the hole as specified in the ICC Evaluation Report for the epoxy adhesive. Epoxy shall be injected into the hole through a tube placed at the bottom of the hole.  The tube nozzle shall be withdrawn as epoxy is placed bu...
	b. Dowels shall be twisted during insertion into the partially filled hole so as to guarantee full engagement of the bar surface with epoxy.  The bar shall be inserted slowly enough to avoid developing air pockets.
	c. After dowels are installed, allow time recommended by epoxy manufacturer for epoxy to cure prior to covering epoxy with concrete.




	03300 CAST-IN-PLACE CONCRETE
	PART 1 -  GENERAL
	A. Scope
	1. The CONTRACTOR shall furnish all materials for concrete in accordance with the provisions of this Section and shall form, mix, place, cure, repair, finish, and do all other work as required to produce finished concrete, in accordance with the requi...
	2. The requirements specified herein are minimum requirements only and shall not be interpreted as all inclusive.  It is the responsibility of the CONTRACTOR to employ the necessary practices based on the referenced ACI Standards to ensure the complet...
	3. The following types of concrete shall be covered in the Section:
	a. Structural Concrete:  Concrete to be used in all structures except where noted otherwise in the Contract Documents.


	B. REFERENCES
	1. Codes:  All codes, as referenced herein.
	2. Federal Specifications:
	3. Commercial Standards:

	C. SUBMITTALS
	1. Mix Designs:  Prior to beginning the WORK and within 14 days of the notice to proceed, the CONTRACTOR shall submit to the ENGINEER, for review, preliminary concrete mix designs which shall show the proportions and gradations of all materials propos...
	2. Delivery Tickets:  Where ready-mix concrete is used, the CONTRACTOR shall furnish delivery tickets at the time of delivery of each load of concrete.  Each ticket shall show the state certified equipment used for measuring and the total quantities, ...
	3. Provide the following submittals in accordance with ACI 301:
	a. Provide certificate from supplier stating cement complies with ASTM C150 and these specifications.
	b. Admixture certification.  Chloride ion content must be included.
	c. Aggregate gradation and certification that aggregates comply with ASTM C33. State weathering region limits of coarse aggregates: severe, moderate, or negligible. State basis of determining that potential reactivity is negligible.
	d. Materials and methods for curing.


	D. QUALITY ASSURANCE
	1. General:
	a. Tests on component materials and for compressive strength and shrinkage of concrete will be performed as specified herein.  Test for determining slump will be in accordance with the requirements of ASTM C 143.
	b. The cost of all laboratory tests on cement, aggregates, and concrete, will be borne by the CITY.  However, the CONTRACTOR shall be charged for the cost of any additional tests and investigation on work performed which does not meet the specificatio...
	c. Concrete for testing shall be supplied by the CONTRACTOR at no cost to the CITY, and the CONTRACTOR shall provide assistance to the ENGINEER in obtaining samples, storing, and disposal and cleanup of excess material.
	d. Formwork shall be designed under the direct supervision of a licensed Structural or Civil Engineer experienced in the design of this work and licensed in California.

	2. Field Compression Tests:
	a. Compression test specimens will be taken during construction from the first placement of each class of concrete and every 50 cubic yards thereafter as selected by the ENGINEER to insure continued compliance with these specifications.  Each set of t...
	b. Compression test specimens for concrete shall be made in accordance with section 9.2 of ASTM C 31.  Specimens shall be 6-inch diameter by 12-inch high cylinders.
	c. Compression tests shall be performed in accordance with ASTM C 39.  One test cylinder will be tested at 7 days and 2 at 28 days.  The remaining cylinders will be held to verify test results, if needed.

	3. Evaluation and Acceptance of Concrete:
	a. Evaluation and acceptance of the compressive strength of concrete shall be according to the requirements of ACI 318, Chapter 5 "Concrete Quality," and as specified herein.
	b. A statistical analysis of compression test results will be performed according to the requirements of ACI 214.  The standard deviation of the test results shall not exceed 640 psi, when ordered at equivalent water content as estimated by slump.
	c. If any concrete fails to meet these requirements, immediate corrective action shall be taken to increase the compressive strength for all subsequent batches of the type of concrete affected.
	d. When the standard deviation of the test results exceeds 640 psi, the average strength for which the mix is designed shall be increased by an amount necessary to satisfy the statistical requirement that the probability of any test being more than 50...
	4. All concrete which fails to meet the ACI requirements and these specifications, is subject to removal and replacement at the cost of the CONTRACTOR. Shrinkage Tests:
	a. Drying shrinkage tests will be made for the trial batch specified in the Paragraph in Part 2 entitled "Trial Batch and Laboratory Tests," the first placement of each class of concrete, and during construction to insure continued compliance with the...
	b. Drying shrinkage specimens shall be 4-inch by 4-inch by 11-inch prisms with an effective gage length of 10 inches, fabricated, cured, dried and measured in accordance with ASTM C 157 – Test Method for Length Change of Hardened Hydraulic Cement Mort...
	c. The drying shrinkage deformation of each specimen shall be computed as the difference between the base length (at "0" days drying age) and the length after drying at each test age.  The average drying shrinkage deformation of the specimens shall be...

	5. Construction Tolerances:  The CONTRACTOR shall set and maintain concrete forms and perform finishing operations so as to ensure that the completed work is within the tolerances specified herein.  Surface defects and irregularities are defined as fi...
	a. The following construction tolerances are hereby established and apply to finished walls and slab unless otherwise shown:



	PART 2 -  PRODUCTS
	A. Concrete Materials
	1. General:
	a. All materials specified herein shall be classified as acceptable for potable water use by the Environmental Protection Agency within 30 days of application.
	b. Materials shall be delivered, stored, and handled so as to prevent damage by water or breakage.  Only one brand of cement shall be used.  Cement reclaimed from cleaning bags or leaking containers shall not be used.  All cement shall be used in the ...

	2. All materials furnished for the work shall comply with the requirements of Sections 201, 203, and 204 of ACI 301, as applicable.
	3. Storage of materials shall conform to the requirements of Section 205 of ACI 301.
	4. Materials for concrete shall conform to the following requirements:
	a. Cement shall be standard brand portland cement conforming to ASTM C 150 for Type V, including Table 2 optional requirements.  Type I or II cement may be used if soil sulfate levels, as determined by a geotechnical engineer, are sufficiently low. A ...
	b. Water for mixing and curing shall be potable, clean, and free from objectionable quantities of silty organic matter, alkali, salts and other impurities.  The water shall be considered potable, for the purposes of this Section only, if it meets the ...
	c. Aggregates shall be obtained from pits acceptable to the ENGINEER, shall be non-reactive, and shall conform to ASTM C 33.  Maximum size of coarse aggregate shall be as specified herein.  Lightweight sand for fine aggregate will not be permitted.
	(1) Coarse aggregates shall consist of clean, hard, durable gravel, crushed gravel, crushed rock or a combination thereof.  The coarse aggregates shall be prepared and handled in two or more size groups for combined aggregates with a maximum size grea...
	(2) Fine aggregates shall be natural sand or a combination of natural and manufactured sand that are hard and durable.  When tested in accordance with ASTM D 2419, the sand equivalency shall not be less than 75 percent for an average of three samples,...
	(3) Combined aggregates shall be well graded from coarse to fine sizes, and shall be uniformly graded between screen sizes to produce a concrete that has optimum workability and consolidation characteristics.  Where a trial batch is required for a mix...
	(4) When tested in accordance with ASTM C 33, the ratio of silica released to reduction in alkalinity shall not exceed 1.0.
	(5) When tested in accordance with ASTM C 33, the fine aggregate shall produce a color in the supernatant liquid no darker than the reference standard color solution.
	(6) When tested in accordance with ASTM C 33, the coarse aggregate shall show a loss not exceeding 42 percent after 500 revolutions, or 10.5 percent after 100 revolutions.
	(7) When tested in accordance with ASTM C 33, the loss resulting after five cycles shall not exceed 10 percent for fine or coarse aggregate when using sodium sulfate.

	a. Ready-mix concrete shall conform to the requirements of ASTM C 94.
	b. Admixtures:  All admixtures shall be compatible and by a single manufacturer capable of providing qualified field service representation.  Admixtures shall be used in accordance with manufacturer's recommendations.  If the use of an admixture is pr...
	(1) Air-entraining agent meeting the requirements of ASTM C 260, shall be used.  Sufficient air-entraining agent shall be used to provide a total air content of 3 to 5  percent.  The CITY reserves the right, at any time, to sample and test the air-ent...
	(2) Set controlling and water reducing admixtures:  Admixtures may be added at the CONTRACTOR's option to control the set, effect water reduction, and increase workability.  The addition of an admixture shall be at the CONTRACTOR's expense.  The use o...
	i. Concrete shall not contain more than one water reducing admixture.  Concrete containing an admixture shall be first placed at a location determined by the ENGINEER.
	ii. Set controlling admixture shall be either with or without water-reducing properties.  Where the air temperature at the time of placement is expected to be consistently over 80 degrees F, a set retarding admixture such as Plastocrete by Sika Corpor...
	iii. Normal range water reducer shall conform to ASTM C 494, Type A. WRDA 79 by W.R. Grace; Pozzolith 322-N by Master Builders; Plastocrete 161 by Sika Corporation; or equal.  The quantity of admixture used and the method of mixing shall be in accorda...
	iv. High range water reducer shall conform to ASTM C 494, Type F or G.  Daracem 100 or WDRA 19 by W.R. Grace; Sikament FF or Sikament 86 by Sika Corporation; Rheobuild 1000 or Rheobuild 716 by Master Builders; or equal.  High range water reducer shall...
	v. If the high range water reducer is added to the concrete at the job site, it may be used in conjunction with the same water reducer added at the batch plant.  Concrete shall have a slump of 3 inches ± 1/2-inch prior to adding the high range water r...
	vi. Concrete shall be mixed at mixing speed for a minimum of 30 mixer revolutions after the addition of the high range water reducer.
	vii. Flyash:  Flyash shall conform to ASTM C618, Class F, and not exceed 20% of the total cementitious material weight used in the concrete mix design.




	B. Curing Materials
	1. Materials for curing concrete as specified herein shall conform to the following requirements and ASTM C 309:
	a. All curing compounds shall be white pigmented and resin based.  Sodium silicate compounds shall not be allowed.  Concrete curing compound shall be Kurez by Euclid Chemical Company; MB-429 as manufactured by Master Builders; L&M Cure R; or equal.  W...
	b. Polyethylene sheet for use as concrete curing blanket shall be white, and shall have a nominal thickness of 6 mils.  The loss of moisture when determined in accordance with the requirements of ASTM C 156 shall not exceed 0.055 grams per square cent...
	c. Polyethylene-coated waterproof paper sheeting for use as concrete curing blanket shall consist of white polyethylene sheeting free of visible defects, uniform in appearance, having a nominal thickness of 2 mils and permanently bonded to waterproof ...
	d. Polyethylene-coated burlap for use as concrete curing blanket shall be 4-mil thick, white opaque polyethylene film impregnated or extruded into one side of the burlap.  Burlap shall weigh not less than 9 ounces per square yard.  The loss of moistur...
	e. Curing mats for use in Curing Method 6 as specified herein, shall be heavy shag rugs or carpets or cotton mats quilted at 4 inches on center.  Curing mats shall weigh a minimum of 12 ounces per square yard when dry.
	f. Evaporation retardant shall be a material such as Confilm as manufactured by Master Builders; Eucobar as manufactured by Euclid Chemical Company; E-CON as manufactured by L & M Construction Chemicals, Inc. or equal.


	C. Non-Waterstop Joint Materials
	1. Materials for non-waterstop joints in concrete shall conform to the following requirements:
	a. Preformed joint filler shall be a non-extruding, resilient, bituminous type conforming to the requirements of ASTM D 1751.
	b. Elastomeric joint sealer shall conform to the requirements of Section 07900 – Joint Sealer.
	c. Mastic joint sealer shall be a material that does not contain evaporating solvents; that will tenaciously adhere to concrete surfaces; that will remain permanently resilient and pliable; that will not be affected by continuous presence of water and...


	D. Miscellaneous Materials
	1. Dampproofing agent shall be an asphalt emulsion, such as  Hydrocide 600 by ChemRex Sonneborn; Damp-proofing Asphalt Coating by Euclid Chemical Company; Sealmastic by W. R. Meadows Inc., or equal.
	3. For bonding freshly-mixed, plastic concrete to hardened concrete, Sikadur 32 Hi-Mod Epoxy Adhesive, as manufactured by Sika Corporation; Concresive Liquid (LPL), as manufactured by ChemRex MBT; BurkEpoxy MV as manufactured by Edoco Burke; or equal.
	4. For bonding hardened concrete or masonry to steel, Sikadur 31 Hi-Mod Gel as manufactured by Sika Corporation; BurkEpoxy NS as manufactured by Edoco Burke; Concresive Paste (LPL) as manufactured by ChemRex MBT; or equal.


	E. CONCRETE DESIGN REQUIREMENTS
	1. General:  Concrete shall be composed of cement, admixtures, aggregates and water.  These materials shall be of the qualities specified.  The exact proportions in which these materials are to be used for different parts of the work will be determine...
	2. The required average compressive strength (f’cr) used as the basis for selection of concrete proportions shall be as specified in Section 5.3.2 of ACI 318.
	3. Fine Aggregate Composition:  In mix designs for structural concrete, the percentage of fine aggregate in total aggregate by weight, shall be as indicated in the following table.
	4. Water-Cement Ratio and Compressive Strength:  The minimum compressive strength and cement content of concrete shall be not less than that specified in the following tabulation.
	5. Adjustments to Mix Design:  The mixes used shall be changed whenever such change is necessary or desirable to secure the required strength, density, workability, and surface finish and the CONTRACTOR shall be entitled to no additional compensation ...

	F. CONSISTENCY
	1. The quantity of water entering into a batch of concrete shall be just sufficient, with a normal mixing period, to produce a concrete which can be worked properly into place without segregation, and which can be compacted by the vibratory methods he...

	G. TRIAL BATCH AND LABORATORY TESTS
	1. Before placing any concrete, a testing laboratory designated by the ENGINEER shall prepare a trial batch of each class of structural concrete, based on the preliminary concrete mixes submitted by the CONTRACTOR.  During the trial batch the aggregat...
	2. The determination of compressive strength will be made by testing 6-inch diameter by 12-inch high cylinders; made, cured and tested in accordance with ASTM C 192 and ASTM C 39.  Three compression test cylinders will be tested at 7 days and 3 at 28 ...
	3. A sieve analysis of the combined aggregate for each trial batch shall be performed according to the requirements of ASTM C 136.  Values shall be given for percent passing each sieve.

	H. SHRINKAGE LIMITATION
	1. The maximum concrete shrinkage for specimens cast in the laboratory from the trial batch, as measured at 21-day drying age or at 28-day drying age shall be 0.036 percent or 0.042 percent, respectively.  The CONTRACTOR shall only use a mix design fo...
	2. The maximum concrete shrinkage for specimens cast in the field shall not exceed the trial batch maximum shrinkage requirement by more than 25 percent.
	3. If the required shrinkage limitation is not met during construction, the CONTRACTOR shall take any or all of the following actions, at no additional cost to the CITY, for securing the specified shrinkage requirements.  These actions may include cha...

	I. MEASUREMENT OF CEMENT AND AGGREGATE
	1. The amount of cement and of each separate size of aggregate entering into each batch of concrete shall be determined by direct weighing equipment furnished by the CONTRACTOR and acceptable to the ENGINEER.
	2. Weighing tolerances:

	J. MEASUREMENT OF WATER
	1. The quantity of water entering the mixer shall be measured by a suitable water meter or other measuring device of a type acceptable to the ENGINEER and capable of measuring the water in variable amounts within a tolerance of one percent.  The water...

	K. READY-MIXED CONCRETE
	1. At the CONTRACTOR'S option, ready-mixed concrete may be used meeting the requirements as to materials, batching, mixing, transporting, and placing as specified herein and in accordance with ASTM C 94, including the following supplementary requireme...
	2. Ready-mixed concrete shall be delivered to the site of the work, and discharge shall be completed within one hour after the addition of the cement to the aggregates or before the drum has been revolved 250 revolutions, whichever is first.
	3. Truck mixers shall be equipped with electrically-actuated counters by which the number of revolutions of the drum or blades may be readily verified.  The counter shall be of the resettable, recording type, and shall be mounted in the driver's cab. ...
	4. Each batch of concrete shall be mixed in a truck mixer for not less than 70 revolutions of the drum or blades at the rate of rotation designated by the manufacturer of equipment.  Additional mixing, if any, shall be at the speed designated by the m...
	5. Truck mixers and their operation shall be such that the concrete throughout the mixed batch as discharged is within acceptable limits of uniformity with respect to consistency, mix, and grading.  If slump tests taken at approximately the 1/4 and 3/...
	6. Each batch of ready-mixed concrete delivered at the job site shall be accompanied by a delivery ticket furnished to the ENGINEER in accordance with the Paragraph in Part 1 entitled "Delivery Tickets."
	7. The use of non-agitating equipment for transporting ready-mixed concrete will not be permitted.  Combination truck and trailer equipment for transporting ready-mixed concrete will not be permitted.  The quality and quantity of materials used in rea...


	PART 3 -  EXECUTION
	A. Proportioning and Mixing
	1. Proportioning:  Proportioning of the concrete mix shall conform to the requirements of Chapter 3 "Proportioning" of ACI 301.
	2. Mixing:  Mixing of concrete shall conform to the requirements of Chapter 7 of said ACI 301 Specifications.
	3. Slump:  Maximum slumps shall be as specified herein.
	4. Retempering:  Retempering of concrete or mortar which has partially hardened shall not be permitted.

	B. Preparation of Surfaces for Concreting
	1. General:  Earth surfaces shall be thoroughly wetted by sprinkling, prior to the placing of any concrete, and these surfaces shall be kept moist by frequent sprinkling up to the time of placing concrete thereon.  The surface shall be free from stand...
	2. Joints in Concrete:  Concrete surfaces upon or against which concrete is to be placed, where the placement of the concrete has been stopped or interrupted so that, as determined by the ENGINEER, the new concrete cannot be incorporated integrally wi...
	3. After the surfaces have been prepared all approximately horizontal construction joints shall be covered with a 6-inch lift of a rich pea gravel mix, as specified hereinbefore.  The mix shall be placed and spread uniformly.  Wall concrete shall foll...
	4. Placing Interruptions:  When placing of concrete is to be interrupted long enough for the concrete to take a set, the working face shall be given a shape by the use of forms or other means, that will secure proper union with subsequent work; provid...
	5. Embedded Items:  No concrete shall be placed until all formwork, installation of parts to be embedded, reinforcement steel, and preparation of surfaces involved in the placing have been completed and accepted by the ENGINEER at least 4 hours before...
	6. All inserts or other embedded items shall conform to the requirements herein.
	7. All reinforcement, anchor bolts, sleeves, inserts, and similar items shall be set and secured in the forms where shown or by shop drawings and shall be acceptable to the ENGINEER before any concrete is placed.  Accuracy of placement is the responsi...
	8. Casting New Concrete Against Old:  Where concrete is to be cast against old concrete (any concrete which is greater than 60 days of age), the surface of the old concrete shall be thoroughly cleaned and roughened by hydro-blasting or sandblasting (e...
	9. No concrete shall be placed in any structure until all water entering the space to be filled with concrete has been properly cut off or has been diverted by pipes, or other means, and carried out of the forms, clear of the work.  No concrete shall ...
	10. Corrosion Protection:  Pipe, conduit, dowels, and other ferrous items required to be embedded in concrete construction shall be so positioned and supported prior to placement of concrete that there will be a minimum of 2 inches clearance between s...
	11. Openings for pipes, inserts for pipe hangers and brackets, and the setting of anchors shall, where practicable, be provided for during the placing of concrete.
	12. Anchor bolts shall be accurately set, and shall be maintained in position by templates while being embedded in concrete.
	13. Cleaning:  The surfaces of all metalwork to be in contact with concrete shall be thoroughly cleaned of all dirt, grease, loose scale and rust, grout, mortar, and other foreign substances immediately before the concrete is placed.

	C. Handling, Transporting and Placing
	1. General:  Placing of concrete shall conform to the applicable requirements of Chapter 8 of ACI 301 and the requirements of this Section.  No aluminum materials shall be used in conveying any concrete.
	2. Non-Conforming Work or Materials:  Concrete which upon or before placing is found not to conform to the requirements specified herein shall be rejected and immediately removed from the work.  Concrete which is not placed in accordance with these Sp...
	3. Unauthorized Placement:  No concrete shall be placed except in the presence of duly authorized representative of the ENGINEER.  The CONTRACTOR shall notify the ENGINEER in writing at least 24 hours in advance of placement of any concrete.
	4. Placement in Wall Forms:  Concrete shall not be dropped through reinforcement steel or into any deep form, nor shall concrete be placed in any form in such a manner as to leave accumulation of mortar on the form surfaces above the placed concrete. ...
	5. Casting New Concrete Against Old:  An epoxy adhesive bonding agent shall be applied to the old surfaces according to the manufacturer's written recommendations.  This provision shall not apply to joints where waterstop is installed.
	6. Conveyor Belts and Chutes:  All ends of chutes, hopper gates, and all other points of concrete discharge throughout the CONTRACTOR'S conveying, hoisting and placing system shall be so designed and arranged that concrete passing from them will not f...
	7. Placement in Slabs:  Concrete placed in sloping slabs shall proceed uniformly from the bottom of the slab to the top, for the full width of the placement.  As the work progresses, the concrete shall be vibrated and carefully worked around the slab ...
	8. Temperature of Concrete:  The temperature of concrete when it is being placed shall be not more than 90 degrees F nor less than 55 degrees F for sections less than 12 inches thick nor less than 50 degrees for all other sections.  Concrete ingredien...
	9. Cold Weather Placement:
	a. Placement of concrete shall conform to ACI 306.1 - Standard Specification for Cold Weather Concreting, and the following.
	b. Remove all snow, ice and frost from the surfaces, including reinforcement, against which concrete is to be placed.  Before beginning concrete placement, thaw the subgrade to a minimum depth of 6 inches.  All reinforcement and embedded items shall b...
	c. Maintain the concrete temperature above 50 degrees F for at least 3 days after placement.


	D. Pumping of Concrete
	1. General:  If the pumped concrete does not produce satisfactory end results, the CONTRACTOR shall discontinue the pumping operation and proceed with the placing of concrete using conventional methods.
	2. Pumping Equipment:  The pumping equipment must have 2 cylinders and be designed to operate with one cylinder only in case the other one is not functioning.  In lieu of this requirement, the CONTRACTOR may have a standby pump on the site during pump...
	3. The minimum diameter of the hose (conduits) shall be in accordance with ACI 304.2R.
	4. Pumping equipment and hoses (conduits) that are not functioning properly, shall be replaced.
	5. Aluminum conduits for conveying the concrete shall not be permitted.
	6. Field Control:  Concrete samples for slump, air content, and test cylinders will be taken at the placement (discharge) end of the line.

	E. Order of Placing Concrete
	1. The order of placing concrete in all parts of the work shall be acceptable to the ENGINEER.  In order to minimize the effects of shrinkage, the concrete shall be placed in units as bounded by construction joints shown.  The placing of units shall b...
	2. The surface of the concrete shall be level whenever a run of concrete is stopped.  To insure a level, straight joint on the exposed surface of walls, a wood strip at least 3/4-inch thick shall be tacked to the forms on these surfaces.  The concrete...

	A.
	F. Tamping and Vibrating
	1. As concrete is placed in the forms or in excavations, it shall be thoroughly settled and compacted, throughout the entire depth of the layer which is being consolidated, into a dense, homogeneous mass, filling all corners and angles, thoroughly emb...
	2. Care shall be used in placing concrete around waterstops. The concrete shall be carefully worked by rodding and vibrating to make sure that all air and rock pockets have been eliminated.  Where flat-strip type waterstops are placed horizontally, th...
	3. Concrete in walls shall be internally vibrated and at the same time rammed, stirred, or worked with suitable appliances, tamping bars, shovels, or forked tools until it completely fills the forms or excavations and closes snugly against all surface...

	G. Finishing Concrete Surfaces
	1. General:  Surfaces shall be free from fins, bulges, ridges, offsets, honeycombing, or roughness of any kind, and shall present a finished, smooth, continuous hard surface.  Allowable deviations from plumb or level and from the alignment, profiles, ...
	2. Formed Surfaces:  No treatment is required after form removal except for curing, repair of defective concrete, and treatment of surface defects.  Where architectural finish is required, it shall be as specified or as shown.
	3. Unformed Surfaces:  After proper and adequate vibration and tamping, all unformed top surfaces of slabs, floors, walls, and curbs shall be brought to a uniform surface with suitable tools.  Immediately after the concrete has been screeded, it shall...
	a. Finish U2 - After sufficient stiffening of the screeded concrete, surfaces shall be float finished with wood or metal floats or with a finishing machine using float blades.  Excessive floating of surfaces while the concrete is plastic and dusting o...
	b. Finish U3 - After the floated surface (as specified for Finish U2) has hardened sufficiently to prevent excess of fine material from being drawn to the surface, steel troweling shall be performed with firm pressure such as will flatten the sandy te...
	b. Finish U4 - Steel trowel finish (as specified for Finish U3) without local depressions or high points.  In addition, the surface shall be given a light hairbroom finish with brooming perpendicular to drainage unless otherwise shown.  The resulting ...

	4. Unformed surfaces shall be finished according to the following schedule:
	5. Floor Sealer/Hardener (Surface Applied):
	a. Floors to receive hardener shall be cured, cleaned, and dry with all work above them completed.  Not less than 60 days shall have elapsed between casting floors and application of sealer/hardener.  Apply zinc and/or magnesium fluosilicate evenly, u...
	b. The first coat shall be 1/3 strength, second coat 1/2 strength, and third coat 2/3 strength.  Each coat shall be applied so as to remain wet on the concrete surface for 15 minutes.  If sodium silicate is used, it shall be applied evenly, using 3 co...
	c. Floor hardener shall be applied where shown.


	H. Curing and Dampproofing
	1. General:  All concrete shall be cured for not less than 7 days after placing, in accordance with the methods specified herein for the different parts of the work, and described in detail in the following paragraphs:
	2. Method 1:  Wooden forms shall be wetted immediately after concrete has been placed and shall be kept wet with water until removed.  If steel forms are used the exposed concrete surfaces shall be kept continuously wet until the forms are removed.  I...
	3. Method 2:  The surface shall be covered with burlap mats which shall be kept wet with water for the duration of the curing period, until the concrete in the walls has been placed.  No curing compound shall be applied to surfaces cured under Method 2.
	4. Method 3:  The surface shall be covered with moist earth not less than 4 hours, nor more than 24 hours, after the concrete is placed.  Earthwork operations that may damage the concrete shall not begin until at least 7 days after placement of concrete.
	5. Method 4:  The surface shall be sprayed with a liquid curing compound.
	a. It shall be applied in accordance with the manufacturer's printed instructions at a maximum coverage rate of 200 square feet per gallon and in such a manner as to cover the surface with a uniform film which will seal thoroughly.
	b. Where the curing compound method is used, care shall be exercised to avoid damage to the seal during the 7-day curing period.  Should the seal be damaged or broken before the expiration of the curing period, the break shall be repaired immediately ...
	c. Wherever curing compound may have been applied by mistake to surfaces against which concrete subsequently is to be placed and to which it is to adhere, said compound shall be entirely removed by wet sandblasting just prior to the placing of new con...
	d. Where curing compound is specified, it shall be applied as soon as the concrete has hardened enough to prevent marring on unformed surfaces, and within 2 hours after removal of forms from contact with formed surfaces.  Repairs required to be made t...
	e. At all locations where concrete is placed adjacent to a panel which has been coated with curing compound, the previously coated panel shall have curing compound reapplied to an area within 6 feet of the joint and to any other location where the cur...
	f. Prior to final acceptance of the WORK, all visible traces of curing compound shall be removed from all surfaces in such a manner that does not damage surface finish.

	6. Method 5:
	a. Until the concrete surface is covered with curing compound, the entire surface shall be kept damp by applying water using nozzles that atomize the flow so that the surface is not marred or washed.  The concrete shall be given a coat of curing compo...
	b. The curing blankets shall be left in place during the 7-day curing period and shall not be removed until after concrete for adjacent work has been placed.  Should the curing blankets become torn or otherwise ineffective, the CONTRACTOR shall replac...

	7. Method 6:  This method applies to both walls and slabs.
	a. The concrete shall be kept continuously wet by the application of water for a minimum period of at least 7 consecutive days beginning immediately after the concrete has reached final set or forms have been removed.
	b. Until the concrete surface is covered with the curing medium, the entire surface shall be kept damp by applying water using nozzles that atomize the flow so that the surface is not marred or washed.
	c. Heavy curing mats shall be used as a curing medium to retain the moisture during the curing period.  The curing medium shall be weighted or otherwise held in place to prevent being dislodged by wind or any other causes and to be substantially in co...
	d. The curing blankets and concrete shall be kept continuously wet by the use of sprinklers or other means both during and after normal working hours.
	e. Immediately after the application of water has terminated at the end of the curing period, the curing medium shall be removed, any dry spots shall be rewetted, and curing compound shall be immediately applied in accordance with Method 4, herein.
	f. The CONTRACTOR shall dispose of excess water from the curing operation to avoid damage to the work.

	8. Damp-proofing:
	a. The exterior surface of all buried precast concrete vaults and catch basins shall have shop applied damp-proofing or shall be damp-proofed as follows.
	b. Immediately after completion of curing the surface shall be sprayed with a damp-proofing agent consisting of an asphalt emulsion.  Application shall be in 2 coats.  The first coat shall be diluted to 1/2 strength by the addition of water and shall ...
	c. As soon as the asphalt emulsion, applied as specified herein, has taken an initial set, the entire area thus coated shall be coated with whitewash.  Any formula for mixing the whitewash may be used which produces a uniformly coated white surface an...
	d. Shop applied damp-proofing shall be repaired in the field in a manner acceptable to the manufacturer of the shop applied coating.


	I. Protection
	1. The CONTRACTOR shall protect all concrete against injury until final acceptance by the CITY.
	2. Fresh concrete shall be protected from damage due to rain, hail, sleet, or snow.  The CONTRACTOR shall provide such protection while the concrete is still plastic and whenever such precipitation is imminent or occurring.

	J. Curing in Cold Water
	1. Water curing of concrete may be reduced to 6 days during periods when the mean daily temperature in the vicinity of the worksite is less than 40 degrees F; provided that, during the prescribed period of water curing, when temperatures are such that...
	2. Concrete cured by an application of curing compound will require no additional protection from freezing if the protection at 50 degrees F for 72 hours is obtained by means of approved insulation in contact with the forms or concrete surfaces; other...
	3. Discontinuance of protection against freezing temperatures shall be such that the drop in temperature of any portion of the concrete will be gradual and will not exceed 40 degrees F in 24 hours.  In the spring, when the mean daily temperature rises...
	4. Where artificial heat is employed, special care shall be taken to prevent the concrete from drying.  Use of unvented heaters will be permitted only when unformed surfaces of concrete adjacent to the heaters are protected for the first 24 hours from...

	K. Treatment of Surface Defects
	1. As soon as forms are removed, all exposed surfaces shall be carefully examined and any irregularities shall be immediately rubbed or ground in a satisfactory manner in order to secure a smooth, uniform, and continuous surface.  Plastering or coatin...
	2. Defective surfaces to be repaired shall be cut back from trueline a minimum depth of 1/2-inch over the entire area.  Feathered edges will not be permitted.  Where chipping or cutting tools are not required in order to deepen the area properly, the ...
	3. Holes left by tie-rod cones shall be reamed with suitable toothed reamers so as to leave the surfaces of the holes clean and rough.  These holes then shall be repaired in an approved manner with dry-packed cement grout.  Holes left by form-tying de...
	4. All repairs shall be built up and shaped in such a manner that the completed work will conform to the requirements of this Section, as applicable, using approved methods which will not disturb the bond, cause sagging, or cause horizontal fractures....

	L. Patching Holes in Concrete
	1. Patching Small Holes:
	a. Holes which are less than 12 inches in their least dimension and extend completely through concrete members, shall be filled as specified herein.
	b. Small holes in members which are water-bearing or in contact with soil or other fill material, shall be filled with non-shrink grout.  Where a face of the member is exposed to view, the non-shrink grout shall be held back 2 inches from the finished...
	c. Small holes through all other concrete members shall be filled with non-shrink grout, with exposed faces treated as above.

	2. Patching Large Holes:
	a. Holes which are larger than 12 inches in their least dimension, shall have a keyway chipped into the edge of the opening all around, unless a formed keyway exists.  The holes shall then be filled with concrete as specified herein.
	b. Holes which are larger than 24 inches in their least dimension and which do not have reinforcing steel extending from the existing concrete, shall have reinforcing steel set in grout in drilled holes.  The reinforcing added shall match the reinforc...
	c. Large holes in members which are water bearing or in contact with soil or other fill, shall have a bentonite type waterstop material placed around the perimeter of the hole, unless there is an existing waterstop in place.


	M. CARE AND REPAIR OF CONCRETE
	The CONTRACTOR shall protect all concrete against injury or damage from excessive heat, lack of moisture, overstress, or any other cause until final acceptance by the CITY.  Particular care shall be taken to prevent the drying of concrete and to avoid...



	03305 - Miscellaneous Concrete
	03600 GROUT
	SECTION 03600 – GROUT
	A. Scope
	1. The CONTRACTOR shall furnish all materials for grout in accordance with the provisions of this Section and shall form, mix, place, cure, repair, finish, and do all other work as required to produce finished grout, in accordance with the requirement...
	2. The following types of grout shall be covered in this Section:
	a. Non-Shrink Grout:  This type of grout is to be used wherever grout is shown in the Contract Documents, unless another type is specifically referenced.
	b. Cement Grout
	c. Epoxy Grout


	B. References, Specifications, Codes and Standards
	1. Specifications, codes, and standards shall be as specified in Section 03300 , Cast-in-Place Concrete,” and referred to herein.
	2. Commercial Standards:

	C. Contractor Submittals
	1. The CONTRACTOR shall submit certified test results verifying the compressive strength, shrinkage, and expansion requirements are within the limits specified herein.

	D. Quality Assurance
	1. Field Tests:
	a. Compression test specimens will be taken during construction from the first placement of each type of grout, and at intervals thereafter as selected by the ENGINEER to insure continued compliance with these specifications.  The specimens will be ma...
	b. Compression tests and fabrication of specimens for cement grout and non-shrink grout will be performed as specified in ASTM C 109 at intervals during construction as selected by the ENGINEER.  A set of three specimens will be made for testing at 7 ...
	c. Compression tests and fabrication of specimens for epoxy grout will be performed as specified in ASTM C 579, Method B, at intervals during construction as selected by the ENGINEER.  A set of three specimens will be made for testing at 7 days, and e...
	d. All grout, already placed, which fails to meet the requirements of these specifications, is subject to removal and replacement at the cost of the CONTRACTOR.
	e. The cost of all laboratory tests on grout will be borne by the CITY, but the CONTRACTOR shall assist the ENGINEER in obtaining specimens for testing.  However, the CONTRACTOR shall be charged for the cost of any additional tests and investigation o...

	2. Construction Tolerances:  Construction tolerances shall be as specified in the Section 03300 - Cast-in-Place Concrete, except as modified herein and elsewhere in the Contract Documents.

	A. Cement Grout
	1. Cement Grout:  Cement grout shall be composed of one part cement, three parts sand, and the minimum amount of water necessary to obtain the desired consistency.  Where needed to match the color of adjacent concrete, white portland cement shall be b...
	2. Cement grout materials shall be as specified in Section 03300, "Cast-in-Place Concrete."
	3. Application:  Cement grout shall be used at all location where “dry pack” material is specified on the Contract Documents.

	B. Prepackaged Grouts
	1. Non-Shrink Grout:
	a. Non-shrink grout shall be a prepackaged, inorganic, non-gas-liberating, non-metallic, cement-based grout requiring only the addition of water.  Manufacturer's instructions shall be printed on each bag or other container in which the materials are p...
	b. Class A non-shrink grouts shall have a minimum 28 day compressive strength of 7000 psi; shall have no shrinkage (0.0 percent) and a maximum 4.0 percent expansion in the plastic state when tested in accordance with ASTM C-827; and shall have no shri...
	c. Class B non-shrink grouts shall have a minimum 28 day compressive strength of 5000 psi and shall meet the requirements of CRD C 621.
	d. Application:
	(1) Class A non-shrink grout shall be used for the repair of all holes and defects in concrete members which are water bearing or in contact with soil or other fill material, grouting under all equipment base plates, and at all locations where “grout”...
	(2) Class B non-shrink grout shall be used for the repair of all holes and defects in concrete members which are not water-bearing and not in contact with soil or other fill material, grouting under all base plates for structural steel members, and gr...

	e. Manufacturers and Product:
	(1) Class A Grout
	i. Five Star “Five Star Fluid Grout 100”
	ii. Masterbuilders “Masterflow 928”
	iii. Approved equal
	(2) Class B Grout
	I. Five Star “Five Star Grout”
	II. Masterbuilders “Set Grout”
	III. Approved equal
	2. Epoxy Grout:

	a. Epoxy grout shall have the ability to be poured, be non-shrinking and a 100 percent solids system.  The epoxy grout system shall have three components: resin, hardener, and specially blended aggregate, all premeasured and prepackaged.  The resin co...
	b. The chemical formulation of the epoxy grout shall be that recommended by the manufacturer for the particular application.
	c. The mixed epoxy grout system shall have a minimum working life of 45 minutes at 75 degrees F.
	d. The epoxy grout shall develop a compressive strength of 5000 psi in 24 hours and 10,000 psi in seven days when tested in accordance with ASTM C 579, Method B.  There shall be no shrinkage (0.0 percent) and a maximum 4.0 percent expansion when teste...
	e. The epoxy grout shall exhibit a minimum effective bearing area of 95 percent.  This shall be determined by a test consisting of filling a 2-inch diameter by 4-inch high metal cylinder mold covered with a glass plate coated with a release agent.  A ...
	f. The peak exotherm of a 2-inch diameter by 4-inch high cylinder shall not exceed 95 degrees F when tested with 75 degree F material at laboratory temperature.  The epoxy grout shall exhibit a maximum thermal coefficient of 30 x 10-6 inches/inch/degr...
	g. Application:  Epoxy grout shall be used to embed all anchor rods and reinforcing steel required to be set in grout, and for all other applications required in the Contract Documents.


	C. Curing Materials
	Curing materials shall be as specified in Section 03300, "Cast-in-Place Concrete" for cement grout and as recommended by the manufacturer of prepackaged grouts.

	D. Consistency
	The consistency of grouts shall be that necessary to completely fill the space to be grouted for the particular application.  Dry pack consistency is such that the grout is plastic and moldable but will not flow.  Where "dry pack" is called for in the...

	E. Measurement of Ingredients
	1. Measurements for cement grout shall be made accurately by volume using containers.  Shovel measurement shall not be allowed.
	2. Prepackaged grout shall be mixed with the recommended volume of water in order to achieve the desired grout consistency.

	A. General
	1. All surface preparation, curing, and protection of cement grout shall be as specified in Section 03300, "Cast-in-Place Concrete."  The finish of the grout surface shall match that of the adjacent concrete.
	2. The manufacturer of Class A non-shrink grout and epoxy grout shall provide on-site technical assistance upon request.
	3. Base concrete or masonry must have attained its design strength before grout is placed, unless authorized by the ENGINEER.
	4. Grout samples shall be taken as specified in subsection 1.D.1 of this Section.

	B. Concrete Patch and Repair
	See Section 03300 for concrete repair and patching requirements.
	C. Grouting Procedures
	1. Prepackage Grouts:  All mixing, surface preparation, handling, placing, consolidation, curing, and other means of execution for prepackaged grouts shall be done according to the instructions and recommendations of the manufacturer.
	2. Base Plate Grouting:
	a. For base plates, the original concrete shall be blocked out or finished off a sufficient distance below the plate to provide for a one-inch minimum thickness of grout or a thickness as shown on the Drawings.
	b. After the base plate has been set in position at the proper elevation by steel wedges or double nuts on the anchor bolts, the space between the bottom of the plate and the original concrete surface shall be filled with non-shrink grout.  The mixtur...


	D. Consolidation
	Grout shall be placed in such a manner so as to assure that the space to be grouted is completely filled.  The consistency of the grout when applied shall meet the requirements stated.
	E. Anchor Rod or Reinforcing Steel Embedment
	1. See Section 03200 – REINFORCEMENT STEEL for dowel embedment requirements,  use epoxy grout unless specifically directed otherwise.
	2. Embedment of anchor rods shall be the same as required for the reinforcing steel bars.



	04100 MORTAR AND MASONRY GROUT
	04220 CONCRETE MASONRY UNITS
	SECTION 04220 -
	CONCRETE MASONRY UNITS

	05120-StrucSteel
	PART 1 -  GENERAL
	A. Scope
	The CONTRACTOR shall furnish, fabricate, and place all structural steel and make all connections necessary to provide a complete work and in accordance with the Contract Documents.

	B. References
	1. Codes:  All codes, as referenced herein.
	2. American Institute of Steel Construction (AISC):
	a. Specification for Structural Steel Buildings
	b. Steel Construction Manual
	c. Seismic Provisions for Structural Steel Buildings
	d. Code of Standard Practice for Steel Buildings and Bridges, excluding Sections 3, 4, 7.11.3.3, 7.11.4, 7.11.5, and 7.13
	e. AISC Quality Certification Program
	f. AISC Erector Certification Program

	3. American Society of Nondestructive Testing (ASNT):
	ASNT-TC-IA Personnel Qualification and Certification in Nondestructive Testing

	4. American Welding Society (AWS):
	D1.1 Structural Welding Code-Steel
	QC 1 Standard for AWS Certification of Welding Inspectors

	5. ASTM International (ASTM):
	A6  Standard Specification for General Requirements for Rolled Structural Steel Bars, Plates, Shapes, and Steel Piling.
	A36  Standard Specification for Structural Steel
	A53  Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and Seamless
	A123  Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products
	A143  Standard Practice for Safeguarding Against Embrittlement of Hot-Dip Galvanized Structural Steel Products and Procedures for Detecting Embrittlement
	A153  Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware
	A307  Standard Specification for Carbon Steel Bolts and Studs, 60,000 PSI Tensile Strength
	A325  Standard Specification for High-Strength Bolts for Structural Steel Joints
	A384  Standard Practice for Safeguarding Against Warpage and Distortion During Hot-Dip Galvanizing of Steel Assemblies
	A385  Standard Practice for Providing High-Quality Zinc Coatings (Hot-Dip)
	A490  Standard Specification for Heat-Treated Steel Structural bolts, 150 ksi Minimum Tensile Strength.
	A500  Standard Specification for Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in Rounds and Shapes
	A501  Standard Specification for Hot-Formed Welded and Seamless Carbon Steel Structural Tubing
	A563  Standard Specification for Carbon and Alloy Steel Nuts
	A572  Standard Specification for High-Strength Low Alloy Columbium-Vanadium Structural Steel
	A588  Standard Specification for High-Strength Low Alloy Structural Steel with 50 ksi Minimum Yield Point to 4 in. thick
	A673  Standard Specification for Sampling Procedure for Impact Testing of Structural Steel
	A780  Standard Practice for Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized Coatings
	A992  Standard Specification for Steel for Structural Shapes for Use in Building Frames
	B695  Standard Specification for Coatings of Zinc Mechanically Deposited on Iron and Steel.
	F436  Standard Specification for Hardened Steel Washers
	F959  Standard Specification for Compressible-Washer-Type Direct Tension Indicators for Use with Structural Fasteners
	F1852  Standard Specification for “Twist Off” Type Tension Control Structural Bolt/Nut/Washer Assemblies, Steel, Heat Treated, 120/150 ksi Minimum Tensile Strength


	C. Submittals
	1. Action Submittals:
	a. Provide shop drawings showing erection plans, member size and their connections.
	b. Anchor bolt layouts.
	c. Hardened washer details (if applicable).
	d. Joint details for complete penetration welds
	e. Schedules for fabrication procedures
	f. Primer and other coatings for items in this Section
	g. Name and address of manufacturer(s)
	h. Product specifications
	i. Manufacturers' testing procedures and standards
	j. Preparation and installation or application instructions, as appropriate

	2. Informational Submittals:
	a. Mill Certificates of tests made in accordance with ASTM A6.
	b. High-Strength Bolts (Plain Noncoated and Hot-Dip Galvanized):
	(1) Certificates of Compliance that products meet chemical and mechanical requirements of standards specified.
	(2) Manufacturer's inspection test report results for production lot(s) furnished, to include:
	i. Tensile strength
	ii. Yield strength
	iii. Reduction of area
	iv. Elongation and hardness


	c. Certified Mill Test Reports for Bolts and Nuts:
	(1) Name and address of manufacturer.
	(2) Bolts correctly marked.
	(3) Marked bolts and nuts used in required mill tests and manufacturer's inspection tests.

	d. Methods proposed to resolve misalignment between anchor bolts and bolt holes in steel members.
	e. Welding Procedures, Qualifications, and Inspection Report.
	f. AISC Quality Certification: AISC certificate showing name and address of certified firm, effective date, and category of certification.


	D. Quality Assurance
	1. Mill identification marks in accordance with ASTM A6.
	2. AISC Quality Certification for Fabricator: Conventional Steel Structures (Sbd).
	3. Welding Qualifications:
	a. Welding Procedure Specifications: In accordance with AWS D1.1 (Annex E) or ASME BPVC SEC IX (Forms QW-482 and QW-483).
	b. Welder/Welding Operator Performance Qualifications: In accordance with AWS D1.1 (Annex E), or ASME BPVC SEC IX (Form QW-484).
	c. Certified Welding Inspector: Certified in accordance with AWS QC1, and having prior experience with the welding codes specified.
	d. Testing Agency: Personnel performing tests shall be Nondestructive Testing Level II Certified in accordance with ASNT SNT-TC-1A.

	E. Delivery, Storage and Handling
	1. Delivery: Load structural members in such a manner that they will be transported and unloaded without damage to coatings and without being excessively stressed, deformed, or otherwise damaged.
	2. Storage:
	a. Protect structural steel members and packaged materials from corrosion and deterioration.
	b. Store in dry area and not in direct contact with ground.
	c. Protect fasteners from dirt and moisture. Do not remove lubricant from bolts and nuts.
	d. Handle materials to avoid distortion or damage to members or supporting structures.


	PART 2 -  PRODUCTS
	A. Materials
	1. Rolled Plates, Shapes except W-Shapes, and Bars: ASTM A36, unless indicated otherwise.
	2. W-Shapes: ASTM A992, unless indicated otherwise on Drawings.
	3. Plate material for frame connections shall be ASTM A572, Grade 50, where indicated on Drawings.
	4. Steel Pipe: ASTM A53, Type E or S, Grade B.
	5. Square and Rectangular Hollow Structural Sections (HSS): ASTM A500, Grade B (Fy equals 46 ksi).

	B. Fasteners
	1. Anchor Bolts: As specified in Section 05500, METAL FABRICATIONS AND CASTINGS.
	2. Machine Bolts (M.B.): ASTM A307
	3. Nuts: ASTM A563, type to match bolt type and finish.
	4. Hardened Steel Flat and Beveled Washers: ASTM F436, type to match bolt finish.
	5. Welded Shear Studs: As specified in Section 05500, METAL FABRICATIONS AND CASTINGS.

	C. Ancillary Materials
	1. Surface Preparation and Primer: As specified in Section 09900, PAINTING
	2. Grout: As specified in Section 03600, GROUT.

	D. Fabrication
	1. General:
	a. Fabricate as shown and in accordance with AISC Specification for Structural Steel Buildings and AISC Code of Standard Practice for Steel Buildings and Bridges.
	b. Columns shall be full length members without splices, unless shown otherwise or approved by ENGINEER.
	c. Mark and match mark materials for field assembly.
	d. Complete assembly, including bolting and welding of units, before start of finishing operations.
	e. Fabricate to agree with field measurements.

	2. Connections:
	a. Shop Connections: Weld or bolt, as shown.
	b. Meet requirements of AISC Manual of Steel Construction tables for bolted double-angle shear connections, unless indicated otherwise.
	c. Meet OSHA requirements for one independent bolt at beams framing in to column web connections.
	d. Provide oversized holes for anchor bolts in column base plates in accordance with AISC Manual of Steel Construction, unless indicated otherwise.

	3. Welded Construction:
	a. Conform to governing welding codes for type of weld and material for each weld.
	b. Groove and Butt Joint Welds: Complete penetration, unless otherwise indicated.
	c. Interface with Other Work.
	4. Holes:
	a. As necessary or as indicated for securing other Work to structural steel framing,
	b. No flame-cut holes will be permitted without prior approval of ENGINEER.
	c. Weld threaded nuts to framing, and other specialty items as shown to receive other Work.

	5. Shop Paint Primer:
	a. Surface Preparation and painting as specified in Section 09900, PAINTING.
	b. Do not shop prime the following surfaces, unless indicated otherwise:
	1. Faying surfaces of slip critical bolted connections.
	2. Within 2 inches of field-welded connections.
	3. Steel members to be completely encased in reinforced concrete or coated with cementitious fireproofing.


	6. Galvanizing:
	a. Fabricate steel to be galvanized in accordance with ASTM A143, A384, and A385. Avoid fabrication techniques that could cause distortion or embrittlement of steel.
	b. Remove welding slag, splatter, burrs, grease, oil, paint, lacquer, and other deleterious material prior to delivery for galvanizing.
	c. Remove by blast cleaning or other methods surface contaminants and coatings not removable by normal chemical cleaning process in the galvanizing operation.
	d. Hot-dip galvanize steel members, fabrications, and assemblies after fabrication in accordance with ASTM A123.
	e. Hot-dip galvanize A325 bolts, nuts, washers, and hardware components in accordance with ASTM A153.
	f. Oversize holes to allow for zinc alloy growth.
	g. Shop assemble bolts, nuts, and washers with special lubricant and test in accordance with ASTM A325 and A563.
	h. Galvanize components of bolted assemblies separately before assembly.


	E. SOURCE QUALITY CONTROL
	1. Welding:
	a. Visually inspect fabrication welds in accordance with AWS D1.1, Section 6 and Table 6.1, Visual Inspection Acceptance Criteria.
	b. An independent testing agency will be retained by OWNER to perform the following inspection and testing of fabrication welds.
	(1) Groove welds:
	i. Radiographic (RT) or ultrasonic (UT) testing for 10 percent of randomly selected welds, unless otherwise indicated.
	ii. Use RT only for butt joint groove welds.

	(2) Fillet welds larger than 5/16-inch: Liquid penetrant (PT) or magnetic particle (MT) for 10 percent of randomly selected welds, unless otherwise indicated.
	(3) All Welds: 100 percent visually inspected (VT).
	c. The Certified Welding Inspector (CWI) shall perform inspection prior and during assembly, during welding, and after welding. CWI duties include:
	i. Verifying conformance of specified job material and proper storage.
	ii. Monitoring conformance with approved Welding Procedure Specification.
	iii. Monitoring conformance of Welder/Welding Operator Performance Qualification.
	iv. Inspecting weld joint fit-up and in-process inspection.
	v. Providing 100 percent visual inspection of all welds.
	vi. Supervising nondestructive testing personnel and evaluating test results.
	vii. Maintaining records and preparing report confirming results of inspection and testing comply with the Work.
	d. Repair and retest rejected weld defects until sound weld metal has been deposited in accordance with appropriate welding codes.

	2. Special inspection of fabrication process and shop welding will be provided by OWNER as indicated on Drawings.
	3. Hot-Dip Galvanizing:
	i. An independent testing agency will be retained by OWNER to inspect and test hot-dip galvanized fabricated items in accordance with ASTM A123 and A153.
	ii. Visually inspect and test for thickness and adhesion of zinc coating for minimum of three test samples from each lot in accordance with ASTM A123 and A153.
	iii. Reject and retest nonconforming articles in accordance with ASTM A123 and A153.



	PART 3 -  EXECUTION
	A. Steel Member Erection
	1. Meet requirements of AISC Specification for Structural Steel Buildings and AISC Code of Standard Practice for Steel Buildings and Bridges, with exceptions as specified.
	2. CONTRACTOR is responsible for design and installation of temporary bracing to support components as erection proceeds.
	3. Welded Connections:
	a. Welding and Fabrication by Welding: Conform to AWS D1.1 Structural Welding Code based on material and type of weld.
	b. Groove and Butt Joint Welds: Complete penetration, unless otherwise indicated.

	B. Anchor Bolts
	1. Coordinate installation of anchor bolts and other connectors required for securing structural steel to in-place work.
	2. Provide templates and other devices for presetting bolts and other anchors to accurate locations.
	3. Projection of anchor bolts beyond face of concrete and threaded length shall be adequate to allow for full engagement of all threads of hold-down nuts, adjustment of leveling nuts, washer thicknesses, and construction tolerances, unless indicated o...
	4. Placement Tolerances:
	a. As required by AISC Code of Standard Practice for Steel Buildings and Bridges, unless indicated otherwise.
	b. Embedded anchor bolts shall not vary from the dimensions as shown on Drawings by more than the following:
	i. Center to center of any two bolts within an anchor group: 1/8 inch.
	ii. Center to center of adjacent anchor bolt groups: 1/4 inch.
	iii. Variation from perpendicular to theoretical bearing surface: 1:50.



	C. Setting Bases and Bearing Plates
	1. Clean concrete and masonry bearing surfaces of bond reducing materials and roughen to improve bond to bearing surfaces.
	2. Clean bottom surface of base and bearing plates.
	3. Set loose and attached base plates and bearing plates for structural members on wedges, shims, leveling nuts, or other adjustable devices. Use leveling plates where indicated on Drawings.
	4. Tighten anchor bolts after supported members have been positioned and plumbed. Do not remove wedges or shims, but if protruding, cut off flush with edge of base or bearing plate prior to placing grout. Weld plate washers to base plates where indica...
	5. Grout Under Base plates: As specified in Section 03600, GROUT, prior to placing loads on structure.

	D. Field Assembly
	1. Set structural frames accurately to lines and elevations shown.
	2. Clean bearing surfaces and other surfaces that will be in permanent contact before assembly.
	3. Align and adjust various members forming a part of a complete frame or structure before permanently fastening.
	4. Level and plumb individual members of structure within tolerances shown in AISC Code of Standard Practice for Steel Buildings and Bridges.
	5. Establish required leveling and plumbing measurements on mean operating temperature of structure. Make allowances for difference between temperature at time of erection and mean temperature at which structure will be completed and in service.
	6. Perform necessary adjustments to compensate for minor discrepancies in elevations and alignment.
	7. Provide additional field connection material as required by AISC Code of Standard Practice for Steel Buildings and Bridges.
	8. Splice members only where indicated and accepted on shop drawings.

	E. Misfits at Bolted Connections
	1. Where misfits in erection bolting are encountered, immediately notify ENGINEER for approval of one of the following methods of correction:
	a. Ream holes that must be enlarged to admit bolts and use oversized bolts.
	b. Plug weld misaligned holes and redrill holes to admit standard size bolts.
	c. Drill additional holes in connection, conforming with AISC Standards for bolt spacing and end and edge distances, and add additional bolts.
	d. Reject member containing misfit, incorrect sized, or misaligned holes and fabricate new member to ensure proper fit.

	2. Do not enlarge incorrectly sized or misaligned holes in members by burning or using a drift pin.

	F. Misfits at Anchor Bolts
	1. Resolve misalignments between anchor bolts and bolt holes in steel members in accordance with approved submittal.
	2. Do not flame cut to enlarge holes without prior approval of ENGINEER.

	G. Gas Cutting
	1. Do not use gas cutting torches in field for correcting fabrication errors in structural framing.
	2. Secondary members not under stress and concealed in finished structure may be corrected by gas cutting torches, if approved by ENGINEER.
	3. Finish flame-cut sections equivalent to sheared and punched appearance.

	H. Repair and Cleaning
	1. Immediately after erection, clean field welds, bolted connections, and abraded areas of shop primer.
	2. Remove and grind smooth tack welds, fit-up-lugs, and weld runoff tabs.
	3. Remove weld back-up bars and grind smooth where indicated on Drawings.
	4. Apply touchup paint primer by brush or spray of same thickness and material as that used in shop application and as specified in Section 09900, PAINTING.

	I. Repair of Damaged Hot-Dip Galvanized Coating
	1. Conform to ASTM A780.
	2. For minor repairs at abraded areas, use sprayed zinc conforming to ASTM A780.
	3. For flame cut or welded areas, use zinc-based solder, or zinc sticks, conforming to ASTM A780.
	4. Use magnetic gauge to determine that thickness is equal to or greater than base galvanized coating.

	J. Field Quality Control
	1. Welded Connections:
	a. Visually inspect field welds in accordance with AWS D1.1, Section 6 and Table 6.1, Visual Inspection Acceptance Criteria.
	b. An independent testing agency will be retained by OWNER to perform the following inspection and testing of field welds.
	c. Unless otherwise specified, perform nondestructive testing (NDT) of welds at a spot testing frequency as shown below in accordance with the referenced welding codes. Perform ultrasonic on complete joint penetration groove welds that cannot be readi...
	(1) Complete Joint Penetration (CJP) Butt Joint Welds: 10 percent random Radiographic (RT).
	(2) Groove Welds:
	i. Radiographic (RT) or ultrasonic (UT) testing for 10 percent of randomly selected welds, unless otherwise indicated.
	ii. Use RT only for butt joint groove welds.

	(3) Fillet Welds Larger Than 5/16 Inch: Liquid penetrant (PT) or magnetic particle (MT) testing for 10 percent of randomly selected welds, unless otherwise indicated.
	(4) Partial Joint Penetration (PJP) Groove Welds: 10 percent random PT or MT.
	(5) All Welds: 100 percent visually inspected (VT).

	d. Weld Acceptance:
	(1) Visual Testing:
	i. Structural Pipe and Tubing: AWS D1.1, paragraph 6.9, Visual Inspection, Tubular Connections.
	ii. All Other Structural Steel: AWS D1.1, paragraph 6.9, Visual Inspection, Statically Loaded Nontubular Connections.
	iii. Stud Connections: AWS D1.1, paragraph 7.8.1.

	(2) Ultrasonic Testing:  Perform UT of CJP groove welds in accordance with AWS D1.1, paragraph 6.13.3, Class R Indications.
	(3) Radiographic Testing:  Perform RT of CJP butt joint welds in accordance with AWS D1.1, paragraph 6.12.1.
	(4) PT or MT:
	i. Perform on fillet and PJP groove welds in accordance with AWS D1.1, paragraph 6.10.
	ii. Acceptance shall be in accordance with VT standards specified above.


	e. The CWI shall be present whenever field welding is performed. The CWI shall perform inspections prior and during assembly, during and after welding. CWI duties include:
	(1) Verifying conformance of specified job material and proper storage.
	(2) Monitoring conformance with approved WPS.
	(3) Monitoring conformance of WPQ.
	(4) Inspecting weld joint fit-up and in-process inspection.
	(5) Providing 100 percent visual inspection of all welds.
	(6) Supervising nondestructive testing personnel and evaluating test results.
	(7) Maintaining records and preparing report confirming results of inspection and testing comply with the Work.
	f. Repair and retest rejected weld defects until sound weld metal has been deposited in accordance with appropriate welding codes.
	2. Special inspection will be provided by OWNER as indicated on Drawings.
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	05520-Railing
	05500 METAL FABRICATIONS AND CASTINGS
	PART 1: GENERAL
	A. Scope
	The CONTRACTOR shall furnish, fabricate, and install miscellaneous metalwork, such as connection plates, ladders, floor plates, ladder extensions, fall protection system, stair nosing and treads and appurtenances, complete, in accordance with the requ...

	B. References
	1. The Aluminum Association, Inc. (AA):
	a. The Aluminum Design Manual
	2. American Association of Highway Transportation Officials (AASHTO):
	a. HS-20 Truck Loading
	3. American Galvanizers Association (AGA):
	a. Inspection of Products Hot-Dip Galvanized After Fabrication.
	4. American Institute of Steel Construction (AISC):
	a. S329, Allowable Stress Design
	b. Specification for Structural Joints using ASTM A325 or A490 Bolts.
	5. American Iron and Steel Institute (AISI):
	a. Stainless Steel Types
	6. American National Standards Institute (ANSI):
	A10.11 Safety Requirements for Personnel and Debris Nets
	A14.3 Ladders - Fixed - Safety Requirements
	B1.1 Unified-inch Screw Threads (UN and UNR Thread Form)

	7. American Welding Society (AWS):
	D1.1 Structural Welding Code - Steel
	D1.2  Structural Welding Code - Aluminum
	D1.6 Structural Welding Code - Stainless Steel

	8. ASTM International (ASTM):
	A36/A36M Specification for Carbon Structural Steel
	A48 Specification for Gray Iron Castings
	A53/A53M Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded and Seamless
	A108 Specification for Steel Bars, Carbon, Cold-Finished, Standard Quality
	A123/A123M Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel Products
	A143 Practice for Safeguarding Against Embrittlement of Hot-Dip Galvanized Structural Steel Products and Procedure for Detecting Embrittlement
	A153/A153M Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware
	A193/A193M Specification for Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature Service
	A194/A194M Specification for Carbon and Alloy Steel Nuts for Bolts for High-Pressure or High-Temperature Service, or Both
	A240/A240M Specification for Heat-Resisting Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels
	A276 Specification for Stainless Steel Bars and Shapes
	A278 Specification for Gray Iron Castings for Pressure-Containing Parts for Temperatures Up to 650 Degree
	A283/A283M Specification for Low and Intermediate Tensile Strength Carbon Steel Plates
	A307 Specification for Carbon Steel Bolts and Studs, 60,000 PSI Tensile
	A325 Specification for Structural Bolts, Steel, Heat Treated 120/105 ksi Minimum Tensile Strength
	A380 Practice for Cleaning, Descaling, and Passivation of Stainless Steel Parts, Equipment, and Systems
	A384 Practice for Safeguarding Against Warpage and Distortion during Hot-Dip Galvanizing of Steel Assemblies
	A385 Practice for Providing High-Quality Zinc Coatings (Hot-Dip)
	A489 Specification for Carbon Steel Lifting Eyes
	A500 Specification for Cold-Formed Welded and Seamless Carbon Steel Structural Tubing in Rounds and Shapes
	A501 Specification for Hot-Formed Welded and Seamless Carbon Steel Structural Tubing
	A563 Specification for Carbon and Alloy Steel Nuts
	A653 Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process
	A780 Practice for Repair of Damaged and Uncoated Areas of Hot-Dip Galvanized Coatings
	A786/A786M Specification for Hot-Rolled Carbon, Low-Alloy, High-Strength Low-Alloy, and Alloy Steel Floor Plates
	A793 Specification for Rolled Floor Plate, Stainless Steel
	A967 Specification for Chemical Passivation Treatments for Stainless Steel Parts
	A992/A992M Specification for Steel for Structural Shapes for Use in Building Framing
	B209 Specification for Aluminum and Aluminum-Alloy Sheet and Plate
	B308/B308M Specification for Aluminum-Alloy 6061-T6 Standard Structural Profiles
	B429 Specification for Aluminum-Alloy Extruded Structural Pipe and Tube
	B632/B632M Specification for Aluminum-Alloy Rolled Tread Plate
	D1056 Specification for Flexible Cellular Materials - Sponge or Expanded Rubber
	F436 Specification for Hardened Steel Washers
	F468 Specification for Nonferrous Bolts, Hex Cap Screws, and Studs for General Use
	F593 Specification for Stainless Steel Bolts, Hex Cap Screws, and Studs
	F594 Specification for Stainless Steel Nuts
	F844 Specification for Washers, Steel, Plain (Flat), Unhardened for General Use
	F1554 Specification for Anchor Bolts, Steel, 36, 55, and 105-ksi Yield Strength

	9. International Code Council (ICC):
	a. Evaluation Reports for Concrete and Masonry Anchors.
	10. NSF International (NSF):
	11. Occupational Safety and Health Administration (OSHA):
	29 CFR 1910.27 Fixed Ladders
	29 CFR 1926.105 Safety Nets
	29 CFR 1926.502 Fall Protection Systems Criteria and Practices

	12. Specialty Steel Industry of North America (SSINA):
	a. Specifications for Stainless Steel
	b. Design Guidelines for the Selection and Use of Stainless Steel
	c. Stainless Steel Fabrication
	d. Stainless Steel Fasteners


	C. Definitions
	1. Submerged: Location at or below top of wall of open water-holding structure, such as a basin or channel, or surface inside a covered water-holding structure, or exterior face of below grade wall.
	2. Interior Wet Area: Location inside building or structure where floor is sloped to floor drains or gutters and is subject to liquid spills or washdown, or where wall, floor, or roof slab is common to a water-holding or earth-retaining structure.
	3. Interior Dry Area: Location inside building or structure where floor is not subject to liquid spills or washdown, nor where wall or roof slab is common to a water-holding or earth-retaining structure.
	4. Corrosive Area: Containment area or area exposed to delivery, storage, transfer, or use of chemicals.

	D. Submittals
	1. Action Submittals:
	a. Shop Drawings:
	(1) Metal fabrications such as pipe supports, ladders, fabricated supports or connection plates and floor plates.  Show dimensions, indicate profile, size count and reference materials of construction by ASTM designation and grade, including welding a...
	(2) Specific instructions for concrete anchor installation, including drilled hole size, preparation, placement procedures, and instructions for safe handling of anchoring systems.

	b. Design Calculations:  Design calculations shall be prepared by a California licensed professional civil or structural engineer hired by the CONTRACTOR.  The calculations shall be submitted for review and approved by the ENGINEER prior to fabrication.

	(1) Calculations shall include, but not be limited to, ladders, pipe brackets, floor plates or support flanges, and fasteners.
	(2) Calculations shall be stamped and signed by a California civil or structural professional engineer.
	c. Samples: Color samples of abrasive stair nosings.

	2. Informational Submittals:
	a. Concrete and Masonry Drilled Anchors:

	(1) Manufacturer’s product description and installation procedures.
	(2) Current ICC evaluation report.
	(3) Adhesive Anchor Installer Certification.

	E. Quality Assurance
	1. Qualifications:
	a. All fabrication shall be performed in a approved fabrication shop subject to special inspection in accordance with the CBC.
	b. Adhesive Anchor Installers: Trained and certified by manufacturer.
	c. Galvanized Coating Applicator: Company specializing in hot-dip galvanizing after fabrication and following procedures of Quality Assurance Manual of the American Galvanizers Association.
	2. Special Inspection:  The following portions of the work require continuous special inspection by a deputy inspector.
	a. Shop fabrication and field welding
	b. Installation of epoxy adhesive anchors in drilled holes


	F. Delivery, Storage and Handling
	1. Insofar as practical, factory assemble items specified herein. Assemblies that due to necessity have to be shipped unassembled shall be packaged and tagged in manner that will protect materials from damage and will facilitate identification and fie...
	2. Package stainless steel items in a manner to provide protection from carbon impregnation.
	3. Protect painted coatings and hot-dip galvanized finishes from damage due to metal banding and rough handling. Use padded slings and straps.


	PART 2: PRODUCTS
	A. General Requirements
	1. Unless otherwise indicated, meet the following requirements:
	2. Bolts, Washers, and Nuts: Use stainless steel, hot-dip galvanized steel, zinc-plated steel, and aluminum material types as indicated in FASTENER SCHEDULE at end of this section.
	3. Corrosion Protection:  Unless otherwise indicated, miscellaneous metalwork of fabricated steel, which will be used in a corrosive environment and/or will be submerged shall be stainless steel unless noted otherwise.

	B. Anchor Bolts and Anchor Bolt Sleeves
	1. Cast-In-Place Anchor Bolts:
	a. Headed type, unless otherwise shown on Drawings.
	b. Material type and protective coating as shown in FASTENER SCHEDULE at end of this section.

	2. Anchor Bolt Sleeves:
	a. Plastic:
	(1) Single unit construction with corrugated sleeve.
	(2) Top of sleeve shall be self-threading to provide adjustment of threaded anchor bolt projection.
	(3) Material: High density polyethylene.
	(4) Manufacturer: Sinco Products, Inc., Middletown, CT. (800-243-6753).

	b. Fabricated Steel: ASTM A36/A36M.


	C. Concrete and Masonry Drilled Anchors
	1. General:
	a. Use AISI Type 316 stainless, hot-dip galvanized, or zinc-plated steel, as shown in FASTENER SCHEDULE at end of this section.
	b. Product shall have a current evaluation reports by ICC.

	2. Epoxy Adhesive Anchors:
	a. Threaded Rod:
	1. ASTM F593 stainless steel threaded rod, diameter as shown on Drawings.
	2. Length as required, to provide minimum depth of embedment.
	3. Clean and free of grease, oil, or other deleterious material.
	4. For hollow-unit masonry, provide stainless steel wire cloth screen tube to fit threaded rod.

	b. Adhesive:
	1. Two-component, designed to be used in adverse freeze/thaw environments, with gray color after mixing.
	2. Cure Temperature, Pot Life, and Workability: Compatible for intended use and environmental conditions.
	3. Nonsag, with selected viscosity base on installation temperature and overhead application where applicable.

	c. Packaging and Storage:
	a. Disposable, self-contained cartridge system capable of dispensing both components in the proper mixing ratio and fitting into a manually or pneumatically operated caulking gun.
	b. Store adhesive cartridges on pallets or shelving in covered storage area, in accordance with manufacturer’s written instructions.
	c. Cartridge Markings: Include manufacturer’s name, product name, material type, batch or serial number, and adhesive expiration date.
	d. Dispose of cartridges if shelf life has expired.

	d. Manufacturers and Products:
	a. Hilti, Inc., Tulsa, OK; Hilti HIT-RE 500-SD for Concrete and Hilti HIT-HY 70 Adhesive  Epoxy Anchoring Systems.
	b. Simpson Strong-Tie Co., Inc., Pleasanton, CA; Structural Epoxy-Tie Adhesive SET-XP for Concrete and Structural Epoxy-Tie Adhesive SET for Masonry Anchoring Systems.
	c. Or approved equal.



	D. Embedded Steel Support Frames for Floor Plate and Grating
	1. Steel angle support frames to be embedded in concrete shall be stainless steel, ASTM A276, AISI Type 316, unless indicated otherwise.
	2. Welded stainless steel anchors to stainless steel support frames.

	E. Floor Plate
	1. Material:
	a. Galvanized Steel:  Carbon steel, ASTM A786/A786M, commercial grade, hot-dip galvanized after fabrication in accordance with ASTM A123/A123M.
	b. Stainless Steel: ASTM A793, AISI Type 304.
	c. Aluminum: ASTM B632/B632M, Alloy 6061-T6.

	2. Minimum Thickness:
	a. Steel: 1/4 inch, unless shown otherwise on Drawings.
	b. Aluminum: 3/8 inch, unless shown otherwise on Drawings.
	c. Sized to limit deflection of the plate loaded at 100 pounds per square foot to a span-to-deflection ratio of no more than 1/240 or ¼-inch, whichever is less.

	3. Surface shall be raised-lug pattern or diamond tread and smooth on the opposite side, unless shown otherwise on Drawings.  The lugs shall be a length of one inch minimum and be raised a minimum 0.050 inches above the plate surface.  The lugs shall ...
	4. Slip-Resistant Surface:
	a. Provide where indicated on Drawings.
	b. Manufacturers and Products:
	(1) IKG/Borden, Clark, NJ; MEBAC 2.
	(2) W.S. Molnar Co., Detroit, MI; SLIPNOT Grade 2-Medium.
	(3) Approved equal



	F. Iron Castings
	1. Iron castings shall be uniform in quality, free from blowholes, porosity, hard spots, shrinkage, distortion, or other defects.  They shall be smooth and well cleaned by shotblasting.
	2. Covers and grating shall have equal and level bearing on their frames with the covers flush with the frame.  The cover and grating shall not rock or rattle when loading is applied.  Round covers and frames shall be machined bearing surfaces.
	3. Covers and grating with matching frames shall be designed to support the following loading:
	a. Where located within a structure, the design loading shall match that required for the adjacent floor area, or if the loading is not noted, a load of 300 pounds per square foot shall be used.
	b. Exterior covers and grates shall be designed for AASHTO H20 vehicle loading, unless noted otherwise.

	G. Fabrication
	1. General:
	a. Finish exposed surfaces smooth, sharp, and to well-defined lines.
	b. Furnish necessary rabbets, lugs, and brackets so work can be assembled in neat, substantial manner.
	c. Conceal fastenings where practical; where exposed, flush countersink.
	d. Drill metalwork and countersink holes as required for attaching hardware or other materials.
	e. Grind cut edges smooth and straight. Round sharp edges to small uniform radius. Grind burrs, jagged edges, and surface defects smooth.
	f. Fit and assemble in largest practical sections for delivery to site.

	2. Materials:
	a. Use steel shapes, unless otherwise noted.
	b. Steel to be hot-dip galvanized: Limit silicon content to less than 0.04 percent or to between 0.15 and 0.25 percent.
	c. Fabricate aluminum in accordance with AA Specifications for Aluminum Structures – Allowable Stress Design.

	3. Welding:
	a. Weld connections and grind exposed welds smooth. When required to be watertight, make welds continuous.
	b. Welded fabrications shall be free from twisting or distortion caused by improper welding techniques.
	c. Steel: Meet fabrication requirements of AWS D1.1, Section 5.
	d. Aluminum: By Gas Metal Arc (MIG) or Gas Tungsten Arc (TIG) process in accordance with AWS D1.2.  Discoloration of exposed aluminum surfaces, whether or not due to welding, shall constitute a basis for rejection of the entire assembly.
	e. Stainless Steel: Meet requirements of AWS D1.6.
	f. Welded Anchor Studs: Prepare surface to be welded and weld with stud welding gun in accordance with AWS D1.1, Section 7, and manufacturer’s instructions.
	g. Complete welding before applying finish.

	4. Painting:
	a. Shop prime with rust-inhibitive primer as specified in Section 09900, PAINTING, unless otherwise indicated.
	b. Coat surfaces of galvanized steel and aluminum fabricated items to be in direct contact with concrete, grout, masonry, or dissimilar metals, with electrolysis protective coating.
	c. Do not apply protective coating to galvanized steel anchor bolts, unless indicated otherwise.

	5. Electrolysis Protection:
	a. Electrolysis protective material shall be alkali-resistant asphaltum base paint.
	b. Manufacturers and product:
	(1) Carboline“Bitumastic 50”
	(2) Texaco “Cement 1401”
	(3) Or approved equal

	6. Galvanizing:
	a. Fabricate steel to be galvanized in accordance with ASTM A143, ASTM A384, and ASTM A385. Avoid fabrication techniques that could cause distortion or embrittlement of the steel.
	b. Provide venting and drain holes for tubular members and fabricated assemblies in accordance with ASTM A385.
	c. Remove welding slag, splatter, burrs, grease, oil, paint, lacquer, and other deleterious material prior to delivery for galvanizing.
	d. Remove by blast cleaning or other methods surface contaminants and coatings not removable by normal chemical cleaning process in the galvanizing operation.
	e. Galvanize steel members, fabrications, and assemblies after fabrication by hot-dip method in accordance with ASTM A123/A123M.
	f. Hot-dip galvanize bolts, nuts, washers, and hardware components in accordance with ASTM A153/A153M. Oversize holes to allow for zinc alloy growth.  Shop-assemble bolts and nuts.
	g. Galvanize steel sheets in accordance with ASTM A653.
	h. Galvanize components of bolted assemblies separately before assembling. Galvanizing of tapped holes is not required.

	7. Accessories: Furnish as required for a complete installation. Fasten by welding or with stainless steel bolts or screws.

	H. Source Quality Control
	1. Visually inspect all fabrication welds and correct any deficiencies.
	a. Steel: AWS D1.1, Section 6 and Table 6.1, Visual Inspection Acceptance Criteria.
	b. Aluminum: AWS D1.2.
	c. Stainless Steel: AWS D1.6.



	PART 3: EXECUTION
	A. Installation of Metal Fabrications
	1. General:
	a. Install metal fabrications plumb or level, accurately fitted, free from distortion or defects.
	b. Install rigid, substantial, and neat in appearance.
	c. Install manufactured products in accordance with manufacturer’s recommendations.
	d. Obtain ENGINEER approval prior to field cutting steel members or making adjustments not scheduled.

	2. Aluminum:
	a. Do not remove mill markings from concealed surfaces.
	b. Remove inked or painted identification marks on exposed surfaces not otherwise coated after installed material has been inspected and approved.
	c. Fabrication, mechanical connections, and welded construction shall be in accordance with the AA Aluminum Design Manual.

	3. Pipe Sleeves:
	a. Provide sleeve where pipes pass through concrete or masonry.
	b. Holes drilled with a rotary drill may be provided in lieu of sleeves in existing walls.
	c. Provide a center seep ring flange for water stoppage on sleeves in exterior or water-bearing walls.
	d. Provide a rubber caulking sealant or a modular mechanical unit to form a watertight seal in the annular space between pipes and sleeves.


	B. Cast-In-Place Anchor Bolts
	1. Accurately locate and hold anchor bolts in place with templates at the time concrete is placed.
	2. Use anchor bolt sleeves for location adjustment and provide two nuts and one washer per bolt of same material as bolt.
	3. Minimum Bolt Size: 1/2-inch diameter by 12 inches long, unless otherwise shown.

	C. Concrete and Masonry Drilled Anchors
	1. Begin installation only after concrete or masonry to receive anchors has attained design compressive strength.
	2. Install in accordance with manufacturer’s instructions.
	3. Provide minimum embedment, edge distance, and spacing as shown on Drawings.
	4. Use only type of drill, type of drill bit and diameter recommended by anchor manufacturer. Clean hole of debris and dust with brush and compressed air as recommended.
	5. Using a non-destructive method, to locate reinforcing in substrate prior to drilling.  If drilled hole is required to be abandoned, the hole shall be filled with cement grout, see Section 03600.
	6. Epoxy Adhesive Anchors:
	a. Do not install adhesive anchors when temperature of concrete is below 40 degrees F or above 100 degrees F.
	b. Remove any standing water from hole with oil-free compressed air. Inside surface of hole shall be dry where required by manufacturer’s instructions.
	c. Do not disturb anchor during recommended curing time.
	d. Do not exceed maximum torque as specified in manufacturer’s instructions.


	D. Common Machine Bolts and Nuts
	1. General:  Bolts shall be inserted accurately into the bolt holes without damaging the thread.  Bolt heads shall be protected from damage during installation.  Bolt heads and nuts shall rest squarely against the base metal.  Where bolts are to be us...
	2. Bolt Insertion:  Bolts shall be of the length that will extend entirely through but not more than 1/4-inch beyond the nuts.  Bolt heads and nuts shall be drawn tight against the work.  Bolt heads shall be tapped with a hammer while the nut is being...

	E. Abrasive Nosings
	Provide abrasive nosings on concrete steps not being supplied or coated with another type of nosing or nonskid material.

	F. Electrolytic Protection
	1. Aluminum and Galvanized Steel:
	a. Coat surfaces of galvanized steel and aluminum fabricated items to be in direct contact with concrete, grout, masonry, or dissimilar metals with electrolytic protection coating specified in this Section.
	b. Do not apply protective coating to galvanized steel anchor bolts or galvanized steel welded anchor studs, unless indicated otherwise.
	c. Allow coating to dry before installation of the material.
	d. Protect coated surfaces during installation.
	e. Should coating become marred, prepare and touch up in accordance with paint manufacturer’s written instructions.

	2. Titanium: Where titanium equipment is in contact with concrete or dissimilar metal, provide full-face neoprene insulation gasket, 3/32-inch minimum thickness and 70-durometer hardness.
	3. Stainless Steel:
	a. During handling and installation, take necessary precautions to prevent carbon impregnation of stainless steel members.
	b. After installation, visually inspect stainless steel surfaces for evidence of iron rust, oil, paint, and other forms of contamination.
	c. Remove contamination in accordance with requirements of ASTM A380 and A967.
	d. Brushes used to remove foreign substances shall utilize only stainless steel or nonmetallic bristles.
	e. After treatment, visually inspect surfaces for compliance.


	G. Painting and Repair of Galvanized Steel
	1. Painted Galvanized Surfaces: Prepare and paint as specified in Section 09900, PAINTING.
	2. Repair of Damaged Hot-Dip Galvanized Coating:
	a. To prepare surface, remove all oil, grease, soil, and soluble material by cleaning with water and detergent (SSPC, SP1) followed by brush off blast cleaning (SSPC, SP 7), over an area extending at least 4 inches into the undamaged area.
	b. For minor repairs at abraded areas, apply Galvinox, Galvo-Weld, Drygalv or equal zinc conforming to ASTM A780.
	c. For flame cut or welded areas, use zinc-based solder, or zinc sticks, conforming to ASTM A780.
	d. Use magnetic gauge to determine that thickness is equal to or greater than the base galvanized coating.


	H. Fastener Schedule
	1. Anchor Bolts Cast Into Concrete for Structural Steel Column Base Plates
	a. Interior Dry Areas:  Plain uncoated
	b. Exterior and Interior Wet or Humid Areas:  Stainless steel headed anchor bolts.
	2. Anchor Bolts Cast Into Concrete for Equipment Bases
	a. All Locations:  Stainless steel headed anchor bolts, unless otherwise specified with equipment
	3. Anchor Bolts Cast Into Concrete for Metal Fabrications and Structural Components
	a. Interior Dry Areas:  Hot-dip galvanized steel headed anchor bolts
	b. Submerged, Exterior, Interior Wet, and Corrosive Areas: Stainless steel headed anchor bolts with fusion bonded coating – See Section 09900
	4. Drilled Anchors for Metal Components to Cast-in-Place Concrete (e.g., Ladders, Handrail Posts, Electrical Panels, and Equipment)
	a. Interior Dry Areas:  Zinc-plated or stainless steel wedge or expansion anchors.
	b. Submerged, Exterior, Interior Wet, and Corrosive Areas:  Adhesive stainless steel anchors
	5. Anchors in Grout-Filled Concrete Masonry Units
	a. Exterior and Interior Wet and Dry Areas:  Hot-dip galvanized steel headed anchor bolts.
	6. Connections for Structural Steel Framing
	a. Exterior and Interior Wet and Dry Areas: Galvanized headed bolts, unless noted otherwise
	7. Connections for Steel Fabrications and Wood Components
	a. Exterior and Interior Wet and Dry Areas:  Hot-dip galvanized carbon steel bolted connections
	8. Connections for Aluminum Components
	9. All locations:  Stainless steel bolted connections, unless otherwise specified with equipment.
	a. All Others
	(1) All locations:  Stainless steel fasteners
	10. Antiseizing Lubricant: Use on all stainless steel threads.
	11. Do not use adhesive anchors to support fire-resistive construction or where ambient temperature will exceed 120 degrees F.



	07190-Water Repellent
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	07600-Flashing
	07900-Joint Sealer
	1. The single component silicone sealant shall be in conformance with ASTM C 920, Type S, Grade NS, Class 25.
	2. Manufacturers:
	1. Permanently flexible, nonstaining, and nonbleeding latex modified acrylic sealant compound, colors as selected by Engineer from manufacturer's standard options.
	2. Manufacturers; one of the following or equal:
	1. Closed-cell expanded sponge rubber manufactured from synthetic polymer neoprene base, or resilient polyethylene foam backer rod.
	2. Characteristics:
	a. Suitable for application intended.
	b. Strength:  As necessary for supporting sealing compound during application.
	c. Resiliency:  Sufficient resiliency to prevent significant load transfer across joint.
	d. Resistance to environmental conditions of installation.
	e. Bonding:  No bonding to the sealing compound.
	f. Structure:  Cellular, prevents wicking or absorption of water.
	g. Compatibility with other materials in joint and acceptance by manufacturer of sealing compound.
	h. Size:  Minimum 25 percent greater than nominal joint width.
	3. Manufacturers:
	a. Presstite, Number 750.3 Ropax Rod Stock.
	b. Rubatex Corp., Rubatex-Cord.
	c. Approved equal
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	08110-DoorsFrames
	08710-Hardware
	09900-Painting and Coating
	10520-Fire Extinguishers
	10600-Chemical Supplies
	PART 1 – GENERAL
	END OF SECTION

	11240-Chemical Feed Systems
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	11250-Polyethylene Upright Storage Tanks
	PART 1 –  GENERAL
	A.  Description
	B. Related Work Specified Elsewhere and Reference Codes and Standards
	C. Chemical Compatibility

	Pruett, Kenneth M., "Compass Corrosion Guide II", Compass Publications.
	D. Classification
	E. Submittals
	1) Location and orientation of openings, fittings, accessories,  restraints and supports.
	2) Details of manways, flexible connections, and vents.
	2. Manufacturer’s warranty
	3.  Manufacturer's unloading procedure
	4. Manufacturer's installation instructions
	5. Supporting documentation of Manufacturer’s certification to NSF/ANSI Standard 61 – Drinking Water   System Components for water treatment chemicals.
	6. Supporting information of Quality Management System.
	7. Manufacturer’s Qualifications:  Submit to engineer a list of 5 installations in the same service as proof of manufacturer's qualifications.
	8. Factory Test Report
	F. Quality Assurance
	G. Warranty

	PART 2 -  MATERIALS
	All dimensions will be taken with the tank in the vertical position, unfilled.  Tank dimensions will represent the exterior measurements.   The tolerance for the outside diameter, including out of roundness, shall be per ASTM D1998.  The tolerance for...
	2. Low Temperature Impact Test
	2. All cut edges where openings are cut into the tanks shall be trimmed smooth.
	F. Tank Fittings (Nozzles)
	G. Tank Schedule
	H. Tank Attachments
	I. Tank Accessories
	1. Tank Accessories – Seismic Restraint System
	J. Marking, Packing and Packaging
	3. All packing, packaging, and marking provisions of ASTM Practice D3892 shall apply to this standard.
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	11290-Deep Well VTP_W28
	SECTION 11290 - DEEP WELL VERTICAL TURBINE PUMPS
	C. Manufacturer’s Services
	D. Submittals
	E.  Guarantee
	F. Experience Requirement
	E. Suction Strainer
	F. Discharge Column Assembly
	G. Head Shaft
	Head shaft shall be Type 416 stainless steel and shall be equipped with a coupling above the packing box.  An adjusting method shall be provided at the top of the shaft to allow impeller adjustment.  This method shall provide a positive locking device.
	H. Lubrication
	Pump shall be enclosed lineshaft and shall be water flush continuously with system chlorinated water.  Provide leakage collection receptacle in the pump head.  Provide 1-inch, standard weight (ANSI B36.10) steel drain line to drain the water from the...
	I. Suction Case
	The suction case shall have, as an integral part, vanes supporting a central hub in which the bottom bearing is carried.  The suction case shall be threaded to accept a suction pipe and strainer.  The suction case bearing shall be permanently packed ...
	J. Spare Parts


	11403 CARTRIDGE FILTRATION SYSTEM
	12930 - Site Furnishings and Miscellaneous Materials
	13000-Accoustic Barriers Wall Systems
	SECTION 13000 - ACOUSTIC BARRIER WALL SYSTEMS
	PART 1 – GENERAL
	PART 1 – MATERIALS
	PART 3 – EXECUTION
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	13220 Stormwater Biofiltration Spec
	SECTION 13220: STORMWATER BIOFILTRATION SYSTEM
	a. Cartridge Media Filters: Pretreatment chamber shall contain media filter cartridges to remove trash, debris, and suspended solids from the stormwater upstream of the biofiltration chamber.
	b. Weir Wall: A weir wall shall be installed between the pretreatment chamber and discharge chamber that allows for bypass during storm events in excess of the design treatment flow rate.
	c. Pipe Connections: An opening shall be provided in the structure wall to allow for the installation of the inlet and outlet pipe whose location, size, and material are indicated in the Drawings.
	d. Drain Down System: The pretreatment chamber shall include a drain down system that enables the system to completely drain within 96 hours after a storm event.
	a. Biofiltration Media: Biofiltration media shall consist of sorptive materials designed to remove pollutants per the performance specifications described below.
	b. Planting: Planting shall consist of native, drought tolerant plant species as indicated in the Drawings.
	c. Plant Support Media: Plant support media shall be made of a moisture retention cell to facilitate plant establishment that is inert and contains no chemicals or fertilizers.
	d. Irrigation: Openings in the structure walls shall be provided as a provision to allow for the installation of a future irrigation system.
	a. Flow-Control Device: The discharge chamber shall house a flow-control device (orifice plate or similar) that restricts flows greater than the design treatment flow rate.
	b. Pipe Connections: An opening shall be provided in the structure wall to allow for the installation of the outlet pipe whose location, size, and material are indicated in the Drawings.
	a. Function: The stormwater biofiltration system shall have no moving internal components and shall function based on gravity flow, unless otherwise specified. The stormwater biofiltration system is composed of a pretreatment chamber, a biofiltration ...
	b. Full Trash Capture: The stormwater biofiltration system shall be certified by the California State Water Resources Control Board as a full capture system.
	c. Pollutants: The stormwater biofiltration system shall remove and retain trash, debris, sediment, suspended solids, dissolved and particulate metals and nutrients including nitrogen and phosphorus species, bacteria, BOD, oxygen demanding substances,...
	d. 3rd Party Approval: The stormwater biofiltration system shall have received a General Use Level Designation for Basic (total suspended solids), Dissolved Metals (Enhanced), and Phosphorus treatment by the Washington State Department of Ecology.
	e. Treatment Flow Rate and Bypass: The stormwater biofiltration system shall treat 100% of the minimum treatment flow rate specified in the Drawings. The treatment flow rate shall be controlled by a flow-control device in the outlet chamber. Flow rate...
	a. Store in accordance with manufacturer’s instructions.
	b. Store in clean, dry area, out of direct sunlight.
	c. Store between 40 and 90 degrees F.


	15000-General Piping Requirements
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	15051-Installation of Steel Pipelines
	SECTION 15051: INSTALLATION OF STEEL PIPELINES

	15066-Double Wall Chemical Pipe System
	part 1 -  general
	A. Description
	1. This section covers the double wall chemical containment pipe system to be installed on the chemical feed piping as shown on the Drawings and as specified herein.  The system shall include but is not limited to the double wall containment pipe and ...
	2. The Contractor shall furnish all labor, materials, equipment and incidentals necessary and install the double wall chemical pipe system.

	B. Related Work Specified Elsewhere and Reference Codes and Standards
	1. Reference Specifications:
	a. Chemical Feed Systems: 11240.
	b. Pipe Hangers and Supports: 15144.
	c. Schedule 80 PVC Pipes and Fittings: 15068.
	2. Reference Standards:
	a. American Society for Testing and Materials (ASTM)
	1) ASTM D 1784 – Standard Specification for Rigid Poly(Vinyl Chloride)(PVC) Compounds and Chlorinated Poly(Vinyl Chloride)(CPVC) Compounds
	b. Other references that apply to the installation and fabrication of the double wall piping systems specified herein and referenced shall apply.

	C. Submittals
	The following shop drawings shall be submitted:
	1. Provide detailed pipe fabrication drawings for the double wall containment pipe and fittings.  Identify all components in a list of materials.  Detail each unique spool, identifying all dimensions, welds, and methods of construction.
	2. Provide double-line scaled drawings showing all fittings, valves, in-line devices, chemical injectors, and supports.  Identify each support and cross-reference to applicable mechanical details or manufacturer's catalog number.  Identify all in-line...
	3. Provide detailed drawings of the plexiglass shields showing sizing for each location, weight, materials, support details, and installation instructions.
	4. Submit complete operation and maintenance instruction, lubrication schedules and troubleshooting guides for review.
	5. The Contractor shall submit NSF 61 certifications for all materials and equipment in contact with potable water, raw well water and chemicals used for disinfection.

	D. Quality Assurance
	Double Wall Chemical Pipe System shall be furnished by a manufacturer who is fully qualified, experienced and reputable in the fabrication, and installation of the secondary containment as specified herein.  The system shall be designed constructed an...

	part 2 -  MATERIALS
	A. Pipe and Fittings
	1. Double Wall Containment Piping:  All chemical pump suction and transfer piping outside of containment areas and all injection piping shall be of double wall construction.  Piping materials shall be per the individual chemical feed system subsection...
	2. Equipment Manufacturers:  Clear PVC Containment Piping System:  Flo-Safe

	part 3 -  EXECUTIOn
	A. Shipment, Handling and Storage
	1. Insofar as is practical, the equipment specified herein, shall be factory assembled and ready for installation around the fabricated piping systems.  The parts and assemblies that are shipped unassembled, shall be packaged and tagged in a manner th...
	2. Weight, handling instructions, type of storage required, and instructions for protective maintenance during storage shall be included with each shipment to the project site.

	B. Installation
	1. General:  The Contractor shall be responsible for the proper installation of all double wall chemical pipe system components.  Installation of system components and interconnections between system components and other plant systems shall be in acco...
	2. Preparation for Installation
	a. Keep pipe clean and free of foreign material during storage and installation.
	b. Move pipe spools by hand or with slings.  Do not store or drop pipe directly on concrete or ground.
	3. Pipe Installation
	a. Alignment:
	1) Containment pipe shall be installed around the chemical feed piping system and shall match the alignment.
	2) Adjust containment pipe around fittings to prevent misalignment and stresses in pipe and connections.
	b. Connections:
	1) Containment pipe shall be sealed at the ends to capture any leakage.
	2) Field locate fittings as required for component installation and removal.
	4. Pipe Pressure Test
	a. The carrier pipe system shall be tested for leaks prior to performing the pressure test on the containment piping as specified in the applicable piping specifications.
	b. The containment piping shall be tested to a maximum of 5 psi with air.  A pressure regulator should be used to ensure that over pressurizing and brittle fracture of the containment piping does not occur.
	c. The joints shall be soaped and visually inspected for leaks.  Leaks shall be corrected and the piping retested.
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	15068-Schedule 80 PVC Pipe and Fittings
	part 1 -  GENERAL
	A. Description
	The Contractor shall furnish all labor, materials, equipment and incidentals necessary and install all Schedule 80 PVC pipe, fittings and appurtenances as shown on the drawings and as specified herein.

	B. Related Work Specified Elsewhere and Reference Codes and Standards
	1. Reference Specifications:
	a. Chemical Feed Systems: 11240
	b. Double Wall Chemical Pipe System: 15066
	c. Process Valves: 15111.
	d. Pipe Hangers and Supports: 15144.
	2. Reference Standards: Comply with applicable provisions and recommendations of the following:
	a. Standards of American Water Works Association, AWWA.
	b. Standards of American Society for Testing and Materials, ASTM.
	c. Standards of American National Standards Institute, ANSI.
	d. Standards of National Electrical Manufacturer's Association, NEMA.
	e. National Sanitation Foundation, NSF.

	C. Submittals
	1. Shop Drawings:  Submit detailed drawings and data for piping.
	2. Certificates:  Submit certificates of compliance with applicable referenced standards.
	3. Technical Manuals:  Submit complete operation and maintenance instruction, lubrication schedules and troubleshooting guides for review.
	4. The Contractor shall submit NSF 61 certifications for all materials and equipment in contact with potable water, raw well water and chemicals used for disinfection.

	D. Quality Assurance
	1. Manufacturer Qualifications:  Manufacturer(s) of the piping furnished under this Section shall have experience in providing similar type of piping and shall show evidence with his submittal of at least five (5) installations where the piping of the...
	2. Plastic piping shall be obtained from a manufacturer who has a continuous quality control program.  All PVC plastic molding materials used to manufacture pipe and fittings under this Section shall be tested for conformance to the requirements of AS...

	part 2 -  MATERIALS
	A. Pipe Material
	PVC pipe shall be made from all new rigid unplasticized polyvinyl chloride and shall be normal impact class 12454-B, Schedule 80 in accordance with ASTM D 1785 Specification for Poly (Vinyl Chloride) (PVC) Plastic Pipe.

	B. Pipe Joints
	1. Solvent Weld:  Pipe joints shall be solvent-welded with solvent cement in accordance with ASTM D 2564 - Specification for Solvent Cements for Poly (Vinyl Chloride) (PVC) Plastic Piping Systems, and with primer in accordance with ASTM F 656 - Specif...
	2. Screwed:  Screwed joints that are necessary to match up to threaded valves or fittings shall be made up with PTFE tape only.
	3. Flanged:  Flanged joints shall be made with two-piece molded hub PVC raised face flanges, drilled to ANSI/ASME B 16.5 - Pipe Flanges and Flanged Fittings, Class 150, unless otherwise indicated.  Gaskets shall be ANSI 150 lb. full face, 1/8-inch thi...
	4. Grooved:  Where shown on the drawings or specified herein, provide groove type couplings.  Housings for groove couplings shall be Type 316 stainless steel conforming to ASTM A351, A743 and A744, Grade CF8M with EPDM gaskets.  All bolting shall be T...
	5. Bolting:
	a. Flanged Joints:  Type 316 stainless steel.  ASTM A193, hex head bolts, nuts and washers.  Coordinate bolt length to meet flange and device requirements.
	b. Grooved Joints:  Type 316 stainless steel; ASTM A193 Class 2 or ASTM F593, Group 2, Condition CW, coupling manufacturer’s standard size and shapes.

	C. Fittings
	1. Solvent Welded Fittings: Solvent-welded fittings shall be Schedule 80 PVC fittings in accordance with ASTM D 2467 - Specification for Socket-Type Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80.
	2. Threaded Fittings:  Threaded fittings shall be Schedule 80 PVC fittings in accordance with ASTM D 2464 - Specification for Threaded Poly (Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80.
	3. Flanged Fittings:  Flanged fittings shall be Schedule 80 fabricated PVC fittings with 150 lb. flanges to ANSI/ASME B 16.5.

	D. Accessories
	1. Service Saddles:
	a. Saddles for piping up through 8-inches diameter shall have solid PVC bodies conforming to ASTM D 1784 (cell classification 12454-B) with EPDM seals and 1-1/2 inch NPT threaded taps.  Saddles shall be designed to conform to appropriate performance c...
	b. Saddles for piping larger than 8-inches diameter shall have Type 304 stainless passivated steel bodies, tie bolts, nuts and washers with EPDM seals and 1-1/2 inch NPT threaded taps.  Saddles shall be Romac Industries, Inc. Style 306.
	2. Flexible Couplings:
	a. Couplings shall be single or multiple arch bellows type as required to suit specific installation requirements.  Bodies shall be fabric/metal-reinforced chlorobutyl/polyester with and EPDM liner extending to the flange faces. Backing rings and guss...
	b. Couplings shall be provided with Type 316 stainless steel control rod assemblies to prevent excessive deflection or elongation.  Rubber washers shall be provided for vibration dampening.
	c. Couplings shall be Garlock Style 204 HP.

	part 3 -  EXECUTION
	A. Product Delivery, Storage and Handling
	1. Prior to Shipment:
	a. Each piece of pipe shall be plainly marked at the manufacturer with schedule number and pressure class.  All piping shall be readily identifiable.
	b. All piping shall be thoroughly cleaned of sand, scale, rust or other foreign substances.  Open ends of piping shall be suitably closed to prevent the entrance of foreign matter after cleaning and during shipment and storage.
	2. Delivery, Storage and Handling of Materials:  All materials shall be delivered to the site, stored, and handled in accordance with the manufacturer's instructions.  Contractor shall inspect shipments for damage and content well in advance of the da...

	B. Installation
	1. General:
	a. All PVC pipes shall be installed in a neat and workmanlike manner, properly aligned, and cut from measurements taken at the site to avoid interferences with structural members, architectural features, openings, and equipment.  Exposed pipes shall a...
	b. All installations shall be acceptable to the City.  It is recommended that the Contractor obtain the assistance of the pipe manufacturer's field representative to instruct the pipe fitters in the correct installation and support of all PVC piping.
	2. Preparation for Installation:  Prior to installation, each pipe length shall be carefully inspected, flushed clean of any debris or dust, and be straightened, if not true.  Ends of threaded pipes shall be reamed and filed smooth.  All pipe fittings...
	3. Pipe Joints:
	a. Threaded Joints:  Pipe threads shall conform to ANSI/ASME B 1.20.1 - Pipe Threads, General Purpose (inch), and shall be full and cleanly cut with sharp dies.  Not more than three threads shall remain exposed after installation.  All joints shall be...
	b. Solvent-Welded Joints:  Solvent-welded joints shall be made with fresh primer and solvent cement on clean, dry pipe ends.  The primer and cement cans shall be kept closed at all times and the joints shall be made up at the recommended ambient tempe...
	c. Flange Joints: Flanged joints shall be made with gaskets and Type 316 stainless steel bolts and nuts and washers.  Care shall be taken not to over-torque the bolts.
	4. Pipe Installation:
	a. Supports and Anchors:  All piping shall be firmly supported with fabricated or commercial hangers or supports in accordance with Section 15144.  Where necessary to avoid stress on equipment or structural members, the pipes shall be anchored or harn...
	b. Valves and Unions:  Unless otherwise indicated, all connections to fixtures, groups of fixtures, and equipment shall be provided with a shutoff valve and union, unless the valve has flanged ends.  Unions shall be provided at threaded valves, equipm...
	c. Pipe Taps: Pipe taps to the PVC pipe barrel are not allowed.  All taps shall be made using standard fittings or a service saddle. The exception shall be that 1/4-inch taps for instruments may be used in pipes over 4-inches diameter when the tap is ...
	5. Final Cleaning:
	a. Following installation sequentially isolate all piping and flush it with water at a scouring velocity of at least 2.5 feet per second.
	b. Sequentially disconnect piping from equipment and isolate sections with blind plates or paddles.
	6. Pressure Test:
	Pressure test the PVC piping systems associated with the chemical feed systems.
	7. Drying:  Drain and dry all lines following the pressure test.
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	15076-Cement Mortar Lined and Coated Steel Pipe
	15089-Air Release and Vacuum Valves
	15100-Manual Valves
	15111-Process Valves
	15120-Diaphragm Actuated Control Valves
	15144-Pipe Hanger and Supports
	15150-Meters
	15151-Water Facilities Identification
	15162-Flexible Pipe Couplings and Expansion Joints
	15185-Electric Motor Actuators
	15833-Fans
	15852-Louvers
	16010 General Electrical Requirements
	SECTION 16010:  GENERAL ELECTRICAL REQUIREMENTS
	PART 1 - GENERAL
	A. Description
	1. This section includes general requirements for materials and installation of the electrical system.
	2. The Contractor shall furnish all labor, supervision, tools, equipment, and materials necessary for a tested and working electrical system as indicated on the Plans and hereinafter specified.
	3. The electrical plans are diagrammatic, approximately to scale.  However, they shall not be used for exact locations.  The Contractor shall verify all dimensions from the detailed drawings and approved shop drawings and shall coordinate these dimens...

	B. Submittals
	1. Complete fabrication, assembly, and installation drawings; wiring and schematic diagrams; and details, specifications, and data covering the materials used and the parts, devices, and accessories forming a part of the equipment furnished shall be s...
	2. Submittal data shall be grouped and submitted in three separate stages. The submittal for each stage shall be substantially complete. Individual drawings and data sheets submitted at random intervals will not be accepted for review. Equipment tag n...
	a. First-Stage Submittal:
	a. Product catalog cut sheets clearly marked to show the model number, optional features, and intended service of the device; and
	b. A detailed list of any exceptions, functional differences, or discrepancies between the supplier’s proposed system and the contract requirements.

	b. Second-Stage Submittal:
	a. Complete panel fabrication drawings and details of panel wiring, piping, and painting. Panel and subpanels drawings shall include overall dimensions, metal thickness, door swing, mounting details, and front of panel arrangement to show general appe...
	b. System wiring and installation drawings for all interconnection wiring between components of the systems furnished and for all interconnecting wiring between the related equipment and the equipment furnished under this section. Wiring diagrams shal...
	c. If panel terminal designations, device interconnections, device features and options, or other features are modified as a result of the fabrication process or factory testing, revised drawings shall be resubmitted.
	d. At the supplier’s option and for projects with very few fabrication drawings, the first-stage and second-stage submittals may be combined.
	e. Signed copy of approved electric utility company service drawings.

	c. Third-Stage Submittal:
	a. Complete system documentation, in the form of operation and maintenance manuals, shall be provided.  Manuals shall include complete product instruction books for each item of equipment furnished.
	b. Where instruction booklets cover more than one specific model or range of instrument, product data sheets shall be included which indicate the instrument model number, calibrated range, and all other special features. A complete set of “as-built” w...


	3. Submit AutoCAD 2016 Version format digital drawing files for all shop drawings in addition to hard copy requirements.

	C. Regulatory Agencies and Standards
	1. Regulatory Agencies:  Installations, materials, equipment, and workmanship shall conform to the applicable provisions of the following agencies (latest version):
	a. American National Standards Institute (ANSI)
	b. American Society of Testing and Materials (ASTM)
	c. Institute of Electrical and Electronics Engineers (IEEE)
	d. Insulated Cable Engineers Association (ICEA)
	e. International Electrical Testing Association (NETA)
	f. National Electrical Contractors Association (NECA)
	g. National Electrical Manufacturers Association (NEMA)
	h. National Fire Protection Association (NFPA)
	i. South Coast Air Quality Management District (SCAQMD)
	j. State Department of Industrial Safety (CAL/OSHA)
	k. Underwriters’ Laboratories (UL)
	a. Materials, appliances, equipment, and devices shall conform to the applicable UL standards. The label of, or listing by UL is required wherever applicable.

	l. Local authorities having lawful jurisdiction pertaining to the work required.

	2. Standards:  Where referenced in these specifications or on the drawings, the latest publications and standards shall apply:
	a. NFPA 70 National Electrical Code (NEC)
	b. California Building Code (CBC)

	3. In case of difference between the building codes, Drawings, Specifications, state law, local ordinances, industry standards, utility company regulations, fire insurance carrier’s requirements, and the Contract Documents, the most stringent shall go...

	D. Utility Company Requirements
	1. The Contractor shall make any service and installation agreements that the utility companies may require.
	2. Install electric service entrance equipment in accordance with the serving utility’s requirements and final approved service plan.  Coordinate with the servicing utility to ensure timely connection by the utility. Obtain utility company approval of...
	3. Electric utility service will be provided by Southern California Edison (SCE).


	PART 2 - productS
	A. General
	1. Similar materials and equipment shall be the product of a single manufacturer.
	2. Provide only products which are new, undamaged, and in the original cartons or containers.
	3. Materials and equipment shall be the standard products of manufacturers regularly engaged in the production of such materials and shall be the manufacturer’s current design.
	4. Materials and equipment shall be suitable for storage, installation, and operation in an ambient of 0 C to 50 C except where more stringent conditions are stated in individual equipment specifications.
	5. Electrical equipment and panels shall be factory finished with manufacturer’s standard primer and enamel topcoats, unless stated otherwise in the individual equipment specifications. Provide 1 pint of the equipment manufacturer’s touchup paint per ...

	B. Operation, Maintenance, and Repair Manuals
	1. The organization of the initial submittals as required by these contract documents shall be compatible to eventual inclusion as one volume of the operation, maintenance, and repair manuals.
	2. Prepare and submit to the Engineer six copies of operation manuals for preliminary review.  When the Engineer is satisfied that these are complete and properly prepared, six final sets shall be delivered to the Owner.
	3. The complete operation manual shall contain all the information included in the preliminary equipment submittal, the detailed installation submittal, programming instructions, instructions for ordering replacement parts, and the additional informat...
	4. The operation manuals shall contain:
	a. Operating instructions written for the benefit of plant operating personnel for normal operational conditions;
	b. Calibration and maintenance instructions;
	c. Troubleshooting instructions; and
	d. Instructions for ordering replacement parts.


	C. As-Built Drawings
	1. As-built drawings shall be submitted at the completion of work, which depict the final configuration of all installed equipment. All shop drawings shall be updated by the originator to “as-built” status. As-built drawings shall be provided to the C...
	2. The Contractor shall clearly indicate on as-built plans the following information:
	a. Locations and routing of all underground conduits exactly as installed.
	b. Forming, cabling, and identification of all power and control circuits within pull boxes and terminal boxes.
	c. All changes and/or deviations in locations, routing, or dimensions or additions to any part of the electrical work.
	d. Interior views of each pull box identifying each conduit entrance by conduit number.
	e. Complete and accurate wiring, schematic, and interconnecting wiring diagrams for all equipment supplied and all work performed.



	PART 3 - EXECUTION
	A. Installation
	1. The drawings indicate connections for typical equipment only. If the equipment furnished is different from what is shown, provide the modifications necessary for a safe and properly operating installation in accordance with the equipment manufactur...
	2. The drawings indicate diagrammatically the desired location and arrangement of outlets, conduit runs, equipment, and other items. Field determine exact location based on physical size and arrangement of equipment, finished elevations, and obstructi...
	3. Work or equipment not indicated or specified which is necessary for the complete and proper operation of the electrical systems shall be accomplished without additional cost to the Owner.

	B. Foreign Power Isolation in Equipment Enclosures
	1. Provide foreign power circuit isolation devices in equipment enclosures. PLC input/output circuits, for example, are a source of foreign power when they exist in an equipment enclosure such as a local control panel which has a separate source of co...
	2. Equipment manufacturers shall supply isolation devices integral with their equipment whenever possible (isolation switches integral with disconnect handles, for example).
	3. The Contractor shall be responsible for supplying isolation devices as needed such that the complete system of power distribution installed at the facility complies with this specification.

	C. Performance Tests
	1. After the electrical installation is complete, test it to demonstrate that the entire system is in proper working order and in accordance with the drawings and specifications.  See Section 16950 for additional requirements.
	2. Equipment start-up and performance test requirements are provided in the Special Provisions.




	16025 Power System Analysis Report
	PART 1 - GENERAL
	A. Description
	A. This section includes requirements for the Power System Analysis Report (hereinafter referred to as The Report) showing results for the following:
	1. Short Circuit Analysis
	2. Time-Current Characteristic (TCC) Curves
	3.    Protective Device Coordination Study
	4. Arc Flash Analysis


	B. Related Sections
	Section 16010 General Electrical Requirements
	Division 16 Sections as applicable for electrical equipment modeled in The Report

	C. References
	ANSI/IEEE 141 Recommended Practice for Electrical Power Distribution for Industrial Plants
	ANSI/IEEE 242 Recommended Practice for Protection and Coordination of Industrial and Commercial Power Systems
	IEEE C37.5 Calculations of Fault Currents for Application of Power Circuit Breakers
	IEEE 584 Arc-Flash Hazard Calculations for Arc Flash Safety
	NFPA 70E Standard for Electrical Safety in the Workplace

	D. Submittals
	1. Submittals shall be made in accordance with General Requirements, Section 16010 “General Electrical Requirements,” and as specified herein.
	A. Submit a report including each analysis type specified in this Section.  The Report shall include a list of any errors or alerts produced during the analysis.  The Contractor shall indicate in the submittal any changes to the protection scheme or e...
	B. The Report shall be submitted and approved by the Engineer prior to fabrication of electrical equipment.  Electrical equipment shop drawing submittals will be rejected until The Report has been approved.
	C. Final settings of protective devices shall be approved by the Engineer prior to project acceptance and shall be based on the results of the Protective Device Coordination Study.

	E. Quality Assurance
	1. The Report shall be signed and sealed by a professional electrical engineer registered in the State of California.


	PART 2 - products
	A. General
	1. The Report shall include a single line diagram of the system as modeled in the computer analysis software.  At minimum, the single line diagram shall include the following:
	a. All power system equipment and devices, including but not limited to switchgear, switchboards, motor control centers, transformers, panelboards, circuit breakers, fuses, relays, wire and cables,
	b. Electric utility company information, including impedance, X/R ratio, available fault current, and quantity, size, and type of cables.
	1.    Voltage, continuous current, short circuit withstand and interrupting ratings for all equipment and devices.
	2. Impedances
	3. Wire and cable quantities, sizes and materials


	B. Short Circuit Analysis
	1. The Contractor shall provide a complete short circuit study of the entire electrical system in accordance with ANSI C 37.5, IEEE 141 and IEEE 242.
	2. Provide a tabulation of supplied equipment short circuit current and device interrupt ratings compared to calculated fault current at the equipment bus and/or device.
	A. Demonstrate that the Report takes into consideration the maximum available fault current from the electric utility company.

	C. Protective Device Coordination Study
	1. The Contractor shall provide a protective device coordination study to determine the selection, ratings, and settings of protective devices, including power fuse ratings, protective relay characteristics and settings, ratios and characteristics of ...
	2. The results of the coordination study shall govern the final selection, ratings, and settings of protective devices.  Results are subject to review and acceptance by the Engineer.
	A. The coordination study shall consider all devices in the distribution system starting with the smallest 120/208-volt circuit protective device on the load end to the nearest protective device on the electric utility company’s line side.
	B. The study shall include, but not be limited to, the following:
	a. Tabulation of all protective relay and circuit breaker trip settings.
	b. Recommended medium voltage fuse sizes and types.
	1.    Time-Current Characteristic (TCC) curves for applicable equipment and devices.  Include the following on the TCC curve graphs:
	a. Device settings and ratings.  Identify curves by device.
	b. Maximum available fault current
	c. Cable and equipment damage curves
	d. Motor and generator operating curves
	e. Thermal limits of motors 250 horsepower and above
	f. Magnetizing inrush current points for transformers
	g. Single line diagram of devices shown on the TCC graph

	2. Motor starting profiles for all motors sized 50 horsepower and above.
	3. Transformer damage curves and protection evaluated in accordance with ANSI/IEEE C57.109.
	4. Coordination curve(s) from the power company, if available.


	D. Arc Flash Analysis
	1. The Contractor shall provide a complete arc flash study of the electrical system, including but not limited to the switchboard, MCCs, and panelboards.
	2. Identify protection boundaries, incident energy levels (IE) and personal protective equipment (PPE) to be worn by maintenance personnel when working on energized equipment.
	A. The analysis shall be based on the calculation methods as described in IEEE 584 “Arc-Flash Hazard Calculation for Arc Flash Safety.”  Recommended PPE levels shall be as recommended in NFPA 70E “Standard for Electrical Safety in the Workplace,” 2015...
	B. The electrical system shall be modeled to include the incoming electric utility service, utility transformer, switchboard, motor control centers, emergency generators, VFDs, solid state starters, motors, circuit breakers, auxiliary equipment, step-...
	C. Using the selected protective device settings, provide analysis of alternative scenarios to determine the worst case incident energy levels and select appropriate PPE levels.   The scenarios shall include but not limited to: (1) maximum available s...
	D. The Arc Flash Analysis shall include the single line diagram, coordination curves, selected protective device settings, available short circuit currents, documentation of input characteristics for the electrical system, incident energy levels, prot...
	E. Provide a sample of the Arc Flash labels in the report.
	F. The analysis shall be provided in accordance with the submittal section. After review and acceptance of the Arc Flash analysis by the Engineer, Contractor shall provide and install Arc Flash labels on the equipment.


	PART 3 - EXECUTION
	A. Examination
	1. The Contractor shall be responsible for obtaining all of the required relay, fuse, and circuit breaker coordination curves, transformer damage curves, motor data, etc., for all new and existing electrical equipment to be included in the Protective ...
	2. The Contractor shall be responsible for all fieldwork required to obtain necessary data on relays, circuit breakers, fuses, and transformer to be included in the Protective Device Coordination Study.
	A. The Contractor shall be responsible for coordinating with the electric utility company to obtain the required protective device curves and maximum available fault current.

	B. Adjustments
	1. The Contractor shall be responsible for setting installed devices in accordance with results of the Engineer approved Protective Device Coordination Study.



	16060 Grounding and Bonding
	SECTION 16060:  GROUNDING AND BONDING
	PART 1 - GENERAL
	A. Summary
	1. Section Includes:
	a. Grounding electrodes and connections.
	b. Equipment grounding conductors.
	c. Bonding methods and materials.


	B. References
	IEEE 142 Recommended Practice for Grounding of Industrial and Commercial Power Systems
	NECA 1 Standard Practice of Good Workmanship in Electrical Construction
	NETA ATS  Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems

	C. Action Submittals
	Product Data:  For each type of product indicated.

	D. Informational Submittals
	Field quality-control reports and test reports.  Indicate overall resistance to ground.

	E. Quality Assurance
	1. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Comply with UL 467 for grounding and bonding materials and equipment.


	PART 2 - PRODUCTS
	A. Grounding Electrodes
	1. Ground Rods:  Copper-clad steel, 3/4-inch diameter by 10 feet long.
	a. Acceptable Manufacturers:  Subject to compliance with requirements, provide ground rods by one of the following, or approved equal:
	(1) Erico Eritech
	(2) Harger



	B. Ground Rod Well
	1. Well Pipe:  12 inch NPS by 24-inch long concrete pipe with belled end.
	2. Well Cover:   Cast iron with legend "GROUND" embossed on cover.

	C. Connectors
	1. Listed and labeled by UL for applications in which used and for specific types, sizes, and combinations of conductors and other items connected.
	2. Bolted Connectors for Conductors and Pipes:  Copper or copper alloy, pressure type with at least two bolts.
	a. Pipe Connectors:  Clamp type, sized for pipe.

	3. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.
	4. Acceptable Manufacturers:  Subject to compliance with requirements, provide products by one of the following, or equal:
	a. Continental Industries thermOweld
	b. Erico Cadweld


	D. Equipment Grounding Conductors
	1. Insulated Conductors:  Copper wire or cable insulated for 600 V unless otherwise required by applicable Code or authorities having jurisdiction.
	2. Bare Copper Conductors:
	a. Solid Conductors:  ASTM B 3.
	b. Stranded Conductors:  ASTM B 8.
	c. Tinned Conductors:  ASTM B 33.
	d. Bonding Conductor:  4 or 6 AWG, stranded copper conductor.



	PART 3 - EXECUTION
	A. Applications
	1. Underground Grounding Electrode and Ground Loop Conductors:  Install bare copper conductor, size as indicated on the Drawings.  Bury conductors at least 24 inches below grade.  Coordinate conductor burial depth with depth of ground rod well for con...
	2. Equipment Grounding Conductors:  Install copper conductor with green-colored insulation.
	3. Conductor Terminations and Connections:
	a. Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors.
	b. Underground Connections:  Welded connectors except at test wells and as otherwise indicated.
	c. Connections to Ground Rods at Test Wells:  Bolted connectors.
	d. Connections to Structural Steel:  Welded connectors.


	B. Equipment Grounding
	1. Install insulated equipment grounding conductors with the following items, in addition to those required by NFPA 70:
	a. Feeders and branch circuits.
	b. Lighting circuits.
	c. Receptacle circuits.
	d. Single-phase motor and appliance branch circuits.
	e. Three-phase motor and appliance branch circuits.
	f. Flexible raceway runs.
	g. Armored and metal-clad cable runs.
	h. Busway Supply Circuits:  Install insulated equipment grounding conductor from grounding bus in the switchgear, switchboard, or distribution panel to equipment grounding bar terminal on busway.
	i. Computer and Rack-Mounted Electronic Equipment Circuits:  Install insulated equipment grounding conductor in branch-circuit runs from equipment-area power panels and power-distribution units.
	j. Cable Tray structures: Install grounding bonding jumpers between cable tray sections and ground the cable tray system to ground grid.


	C. Installation
	1. Grounding Conductors:  Route along shortest and straightest paths possible unless otherwise indicated or required by Code.  Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
	2. Ground Rods:  Drive rods until tops are 2 inches below finished floor or final grade unless otherwise indicated.  Verify final backfill and compaction has been completed before driving rod electrodes.
	a. Interconnect ground rods with grounding electrode conductor below grade and as otherwise indicated.  Make connections without exposing steel or damaging coating, if any.
	b. For grounding electrode system, install at least four rods spaced at least one-rod length from each other and located at least the same distance from other grounding electrodes, and connect to the service grounding electrode conductor.

	3. Test Wells:  Ground rod driven through drilled hole in bottom of handhole.  Handholes are specified in Section 16130 "Raceways and Boxes," and shall be at least 12 inches deep, with cover.
	4. Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance except where routed through short lengths of conduit.
	a. Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate any adjacent parts.
	b. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install bonding so vibration is not transmitted to rigidly mounted equipment.
	c. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection is required, use a bolted clamp.

	5. Grounding and Bonding for Piping:
	a. Metal Water Service Pipe:  Install insulated copper grounding conductors, in conduit, from building's main service equipment, or grounding bus, to main metal water service entrances to building.  Connect grounding conductors to main metal water ser...
	b. Water Meter Piping:  Use braided-type bonding jumpers to electrically bypass water meters.  Connect to pipe with a bolted connector.
	c. Bond each aboveground portion of gas piping system downstream from equipment shutoff valve.

	6. Bonding Interior Metal Ducts:  Bond metal air ducts to equipment grounding conductors of associated fans, blowers, electric heaters, and air cleaners.  Install bonding jumper to bond across flexible duct connections to achieve continuity.
	7. Metallic raceways shall be terminated with double lock nuts and bushings.  Conduits terminating in switchboards and motor control centers shall be equipped with grounding bushing and connected to equipment ground bus.

	D. Labeling
	1. Comply with requirements in Section 16075 "Electrical Identification" for instruction signs.  The label or its text shall be green.
	2. Install labels at the telecommunications bonding conductor and grounding equalizer and at the grounding electrode conductor where exposed.

	E. Field Quality Control
	1. Perform the following tests and inspections and prepare test reports:
	a. After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.
	b. Inspect physical and mechanical condition.  Verify tightness of accessible, bolted, electrical connections with a calibrated torque wrench according to manufacturer's written instructions.
	c. Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal, and at ground test wells.  Make tests at ground rods before any conductors are connected.

	2. Report measured ground resistances that exceed the following values:
	a. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms.
	b. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA:  5 ohms.
	c. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohms.

	3. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Engineer promptly and include recommendations to reduce ground resistance.




	16074 Vibration and Seismic Controls
	SECTION 16074:  VIBRATION AND SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS
	PART 1 - GENERAL
	A. Description
	1. When it applies, this section is referenced in other sections of the specifications.

	B. Related Work Specified Elsewhere
	1. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections apply to this Section.

	C. Submittals
	1. Submit shop drawings in accordance with the General Conditions and Section 16010.
	2. Submit seismic anchoring calculations with equipment and raceway submittals. Calculations shall be signed and sealed by a Registered Civil or Structural Professional Engineer Licensed in the State of California and employed by the equipment manufac...
	3. Submit equipment anchoring methods. Include anchoring locations, anchor types, and minimum anchor embedment depths.


	PART 2 - PRODUCTS
	A. Seismic Design of Equipment
	1. Equipment fabricated or assembled at manufacturer’s premises shall be designed and constructed in such a manner that all portions, elements, subassemblies, and/or parts of said equipment and the equipment as a whole, including their attachments, sh...

	B. Seismic Anchoring and Restraints
	1. Equipment Anchors: Electrical equipment shall be securely anchored. Anchoring in concrete shall be designed in accordance with Appendix D of ACI 318, and as modified by section 1908 of the California Building Code (CBC). Seismic design of anchorage...
	a. Raceway Supports:
	(1) Seismically supported raceway (conduit, cable tray, busway, etc.) of 2.5-inch inside diameter and larger and suspend 12 inches or more from the top of the raceway to the bottom of the support for the hanger. Seismic design of raceway supports shal...
	(2) Provide Kin-Line seismic bracing system, Midland Ross superstrut seismic restraint system, Eaton / Cooper B-Line Seismic Bracing System, or equal. Install per manufacturer's requirements.




	PART 3 - EXECUTION
	A. Equipment and Raceways
	1. Install equipment anchors and raceway supports in accordance with the final shop drawing and manufacturer's recommendations. Properly torque all bolts to the required values.




	16075 Electrical Identification
	SECTION 16075:  ELECTRICAL IDENTIFICATION
	PART 1 - GENERAL
	A. Summary
	1. Section Includes:
	a. Identification for raceways.
	b. Identification of conductors and cables.
	c. Underground-line warning tape.
	d. Equipment identification labels.
	e. Miscellaneous identification products.


	B. System Description
	1. Identify Electrical components as follows:
	a. Nameplate for each electrical distribution and control equipment enclosure.
	b. Wire marker on both ends of each conductor at panelboard gutters, pull boxes, and outlet and junction boxes.


	C. Action Submittals
	Product Data:  For each electrical identification product indicated.

	D. Quality Assurance
	1. Comply with ANSI A13.1.
	2. Comply with NFPA 70.
	3. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
	4. Comply with ANSI Z535.4 for safety signs and labels.
	5. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label printers, shall comply with UL 969.


	PART 2 - PRODUCTS
	A. Nameplates
	1. Product Description: Engraved three-layer laminated plastic nameplate, white letters on black background.
	2. Letter Size:
	a. 1/8 inch letters for identifying individual equipment and loads.
	b. 1/4 inch letters for identifying grouped equipment and loads.


	B. Power Raceway Identification Materials
	1. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway size.
	2. Colors for Raceways Carrying Circuits at 600 V or Less:
	a. Black letters on an orange field.
	b. Legend:  Indicate voltage and system or service type.

	3. Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	4. Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	5. Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place...
	6. Write-On Tags:  Polyester tag, 0.015 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	a. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag manufacturer.
	b. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.


	C. Power and Control Cable Identification Materials
	1. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway and cable size.
	2. Cable identification shall be placed at each end of the cable.
	3. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	4. Write-On Tags:  Polyester tag, 0.015 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	a. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag manufacturer.
	b. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.

	5. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	6. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.

	D. Conductor Identification Materials
	1. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils thick by 1 to 2 inches wide.
	2. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	3. Marker Tapes:  Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine printed by thermal transfer or equivalent process.
	4. Wire Markers:  Tubing type wire markers with circuit or control wire number permanently stamped or printed.
	5. Write-On Tags:  Polyester tag, 0.015 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	a. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag manufacturer.
	b. Marker for Tags:  Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.


	E. Floor Marking Tape
	1. 2-inch wide, 5-mil pressure-sensitive vinyl tape, with black and white stripes and clear vinyl overlay.

	F. Underground Line Warning Tape
	1. Tape:
	a. Recommended by manufacturer for the method of installation and suitable to identify and locate underground electrical and communications utility lines.
	b. Printing on tape shall be permanent and shall not be damaged by burial operations.
	c. Tape material and ink shall be chemically inert, and not subject to degrading when exposed to acids, alkalis, and other destructive substances commonly found in soils.

	2. Color and Printing:
	a. Comply with ANSI Z535.1 through ANSI Z535.5.
	b. Inscriptions for Orange-Colored Tapes:  TELEPHONE CABLE, CATV CABLE, COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.

	3. Tag:  Type ID:
	a. Detectable three-layer laminate, consisting of a printed pigmented polyolefin film, a solid aluminum-foil core, and a clear protective film that allows inspection of the continuity of the conductive core, bright-colored, continuous-printed on one s...
	b. Overall Thickness:  5 mils.
	c. Foil Core Thickness:  0.35 mil.
	d. Weight:  28 lb/1000 sq. ft.
	e. 3-Inch Tensile According to ASTM D 882:  70 lbf, and 4600 psi.


	G. Miscellaneous Identification Products
	1. Paint:  Comply with requirements in painting Sections for paint materials and application requirements.  Select paint system applicable for surface material and location (exterior or interior).
	2. Fasteners for Labels and Signs:  Self-tapping, stainless-steel screws or stainless-steel machine screws with nuts and flat and lock washers.


	PART 3 - EXECUTION
	A. Installation
	1. Location:  Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment.
	2. Cable and wire identification shall be placed at each end for each section of the cable or wire.
	3. Apply identification devices to surfaces that require finish after completing finish work.
	4. Self-Adhesive Identification Products:  Clean surfaces before application, using materials and methods recommended by manufacturer of identification device.
	5. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to the location and substrate.
	6. System Identification Color-Coding Bands for Raceways and Cables:  Each color-coding band shall completely encircle cable or conduit.  Place adjacent bands of two-color markings in contact, side by side.  Locate bands at changes in direction, at pe...
	7. Underground-Line Warning Tape:  During backfilling of trenches install continuous underground-line warning tape directly above line at 6 to 8 inches below finished grade.  Use multiple tapes where width of multiple lines installed in a common trenc...
	8. Painted Identification:  Comply with requirements in painting Sections for surface preparation and paint application.

	B. Identification Schedule
	1. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch Circuits More Than 30 A, and 120V to ground:  Install labels at 10-foot maximum intervals.
	2. Accessible Raceways and Cables within Buildings:  Identify the covers of each junction and pull box of the following systems with self-adhesive vinyl labels with the wiring system legend and system voltage.  System legends shall be as follows:
	a. Emergency Power.
	b. Power.
	c. UPS.

	3. Power-Circuit Conductor Identification, 600 V or Less:  For conductors in vaults, pull and junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase.
	a. Color-Coding for Phase and Voltage Level Identification, 600 V or Less:  Use colors listed below for ungrounded feeder and branch-circuit conductors.
	a. Colors for 240/120V Circuits:
	i. Phase A:  Black.
	ii. Phase B:  Red.
	iii. Neutral:  White.

	b. Colors for 208/120V Circuits:
	i. Phase A:  Black.
	ii. Phase B:  Red.
	iii. Phase C:  Blue.
	iv. Neutral:  White.

	c. Colors for 480/277V Circuits:
	i. Phase A:  Brown.
	ii. Phase B:  Orange.
	iii. Phase C:  Yellow.
	iv. Neutral:  Gray.

	d. Color shall be factory applied for size 8 AWG and smaller.  Color shall be factory applied or field applied for sizes larger than 8 AWG.
	e. Field-Applied, Color-Coding Conductor Tape:  Apply in half-lapped turns for a minimum distance of 6 inches from terminal points and in boxes where splices or taps are made.  Apply last two turns of tape with no tension to prevent possible unwinding...


	4. Install instructional sign including the color code for grounded and ungrounded conductors using adhesive-film-type labels.
	5. Auxiliary Electrical Systems Conductor Identification:  Identify field-installed alarm, control, and signal connections.
	a. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points.  Identify by system and circuit designation.
	b. Use system of marker tape designations that is uniform and consistent with system used by manufacturer for factory-installed connections.
	c. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the Operation and Maintenance Manual.

	6. Locations of Underground Lines:  Identify with underground-line warning tape for power, lighting, communication, and control wiring and optical fiber cable.
	a. Limit use of underground-line warning tape to direct-buried cables.
	b. Install underground-line warning tape for both direct-buried cables and cables in raceway.

	7. Workspace Indication:  Install floor marking tape to show working clearances in the direction of access to live parts.  Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless otherwise indicated.  Do not install at flush-mounted panel...
	8. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-adhesive warning labels or Baked-enamel warning signs.
	a. Comply with 29 CFR 1910.145.
	b. Identify system voltage with black letters on an orange background.
	c. Apply to exterior of door, cover, or other access.
	d. For equipment with multiple power or control sources, apply to door or cover of equipment including, but not limited to, the following:
	a. Power transfer switches.
	b. Controls with external control power connections.


	9. Operating Instruction Signs:  Install instruction signs to facilitate proper operation and maintenance of electrical systems and items to which they connect.  Install instruction signs with approved legend where instructions are needed for system o...
	10. Emergency Operating Instruction Signs:  Install instruction signs with white legend on a red background with minimum 3/8-inch high letters for emergency instructions at equipment used for power transfer.
	11. Equipment Identification Labels:  On each unit of equipment, install unique designation label that is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual.  Apply labels to disconnect switches and protection equipme...
	a. Labeling Instructions:
	a. Indoor Equipment: Self-adhesive, engraved, laminated acrylic or melamine label.  Unless otherwise indicated, provide a single line of text with 1/2-inch high letters on 1-1/2-inch high label; where two lines of text are required, use labels 2 inche...
	b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label or Stenciled legend 4 inches high.
	c. Elevated Components:  Increase sizes of labels and letters to those appropriate for viewing from the floor.
	d. Unless provided with self-adhesive means of attachment, fasten labels with appropriate mechanical fasteners that do not change the NEMA or NRTL rating of the enclosure.






	16120 Low Voltage Wire and Cable
	SECTION 16120:  LOW VOLTAGE wire AND CABLE
	PART 1 - GENERAL
	A. Summary
	1. Section Includes:
	a. Building wires and cables rated 600 volts and less.
	b. Connectors, splices, and terminations rated 600 volts and less.
	c. Low voltage control cabling.
	d. Control circuit conductors.


	B. Related Work Specified Elsewhere
	Section 16010 General Electrical Requirements
	Section 16130 Raceways and Boxes
	Section 17010 Instrumentation and Controls Systems

	C. References
	ANSI/UL 510 Insulating Tape
	ASTM B3 Soft or Annealed Copper Wire
	ASTM B8 Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard or Soft
	NECA 1 Standard Practice of Good Workmanship in Electrical Construction
	NEMA WC5 Thermoplastic Insulated Wire and Cable for the Transmission and Distribution of Electrical Energy
	NEMA WC55 Instrumentation Cables and Thermocouple Wire
	NEMA WC57 Control Cables
	UL 83 Thermoplastic-Insulated Wires and Cables

	D. Action Submittals
	1. Product Data:  For each conductor or cable type, indicate insulation material, conductor material, voltage rating, manufacturer and other data pertinent to the specific cable, such as type of shielding, number of conductors, and applicable standards.

	E. Informational Submittals
	1. Source quality-control reports.
	2. Field quality control reports

	F. Conductor Application
	1. Unless otherwise indicated, all conductors shall be stranded copper.
	2. Minimum Conductor Sizes:
	a. Power and Lighting Circuit Conductors:  12 AWG.
	b. Control Circuit Conductors:
	(1) Class 1 remote-control and signal circuits: 14 AWG.
	(2) Class 2 low-energy, remote-control, and signal circuits: 16 AWG.
	(3) Class 3 low-energy, remote-control, alarm, and signal circuits: 12 AWG.


	3. Feeders and Branch Circuits in Underground Conduit or concealed in ceilings, walls, partitions, and crawlspaces:  Type THHN-2/THWN-2, single conductors in raceway.
	4. Grounding:  Comply with requirements in Section 16060 "Grounding and Bonding."

	G. Qualifications
	1. Company specializing in manufacturing products specified in this section with a minimum of 3 years documented experience.


	PART 2 - PRODUCTS
	A. Power Circuit Wire and Cable
	1. Wire and cable shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Copper Conductors:  Comply with NEMA WC 70/ICEA S-95-658.
	3. Conductor Insulation:  Comply with NEMA WC 70/ICEA S-95-658 and UL 83 for Type THHN-2/THWN-2.
	4. Multiconductor Cable:  Comply with NEMA WC 70/ICEA S-95-658 for armored cable, metal-clad cable, and nonmetallic-sheathed cable with ground wire.
	5. Acceptable Manufacturers: Subject to compliance with requirements, provide power circuit wire and cable by one of the following, or approved equal:
	a. General Cable
	b. Houston Wire & Cable Company
	c. Okonite
	d. Southwire


	B. Control Circuit Conductors
	1. General:  Control Circuit Conductors shall be stranded copper, XHHW-2, 600 volts, Type TC rated for cable tray use.  Cable shall have corrugated aluminum sheath and shall be UL listed.
	2. Multi-Conductor Control Cable: Cable shall consist of multi-conductor 14 AWG color-coded copper conductors,  type MC, cross-linked polyethylene (XLPE) insulation, listed for cable tray use, 90 C continuous rating, 130 C emergency rating, rated 600 ...
	3. Comply with UL 44.
	4. Acceptable Manufacturers: Subject to compliance with requirements, provide control circuit conductors by one of the following, or approved equal:
	a. Okonite, C-L-X Okoseal


	C. Low Voltage Signal Cable
	1. Signal cable shall be provided for instrument signal transmission, alarm, communication and any circuit operating at less than 100 volts.  Cables shall be color coded black and white (or clear) for pairs or black, white and red for triads. Circuit ...
	2. Single Analog Signal Cable: Cable shall consist of one pair or triad, 16 AWG conductors with 15 mils of 90 degree C polyvinylchloride (PVC) insulation, 4 mils nylon conduit or jacket, twisted on a 2-inch lay, and covered with a 100 percent 1.35 mil...
	3. Multiple Analog Signal Cable: Cable shall consist of four or more pairs or triads which are made up of 16 AWG conductors with 15 mils of 90 degree C PVC insulation, 4 mils nylon jacket, twisted on a staggered lay 1-1/2 to 2-1/2 inches, and covered ...
	4. Acceptable Manufacturers: Subject to compliance with requirements, provide low voltage signal cable by one of the following, or approved equal:
	a. Okonite, C-L-X Okoseal, TYPE P-OS/SP-OS rated 105C for CT


	D. Connectors and Splices
	1. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class for application and service indicated.
	2. Solid Conductors: use 3M "Scotchlok", Ideal "Super Nut," Buchanan B-Cap, or equal.
	3. Stranded Conductors No. 8 and Larger: Use T & B "Lock-Tie" connectors, Burndy Versitaps and heavy-duty connectors, O.Z. solderless connectors, or equal.
	4. Control Wiring: Use crimp connectors with tools by same manufacturer and/or UL listed for connectors of all stranded conductors.
	5. Retighten bolt-type connectors 24 to 48 hours after initial installation and before taping. Tape connections made with noninsulated-type connectors with rubbertype tape, one and one-half times the thickness of the conductor insulation, then cover w...


	PART 3 - EXECUTION
	A. Examination
	1. According to BICSI ITSIMM, telecommunications cables should be tested on receipt.  Low-voltage wires and cables do not normally require testing before installation.
	2. Test cables on receipt at Project site.

	B. Preparation
	1. Remove debris and moisture from the conduits, boxes, and cabinets prior to cable installation.
	2. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.

	C. Installation
	1. Comply with NECA 1 and NFPA 70.
	2. All wire and cable shall be installed in raceway unless otherwise noted.  Complete raceway installation between conductor and cable termination points according to Section 16130 "Raceways and Boxes" prior to pulling wire and cable.
	3. Conceal cables not installed in raceway in finished walls, ceilings, and floors unless otherwise indicated.
	4. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips that will not damage cables or raceway.
	5. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow surface contours where possible.
	6. Support cables as follows:
	a. Secure and support cables at intervals not exceeding 30 inches and not more than 6 inches from cabinets, boxes, fittings, outlets, racks, frames, and terminals.
	b. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations on bending radii.
	c. Do not install bruised, kinked, scored, deformed, or abraded cable.  Do not splice cable between termination, tap, or junction points.  Remove and discard cable if damaged during installation and replace it with new cable.
	d. Pulling Cable:  Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems. Monitor cable pull tensions.
	e. Secure:  Fasten securely in place with hardware specifically designed and installed so as to not damage cables.


	D. Removal of Wire and Cable
	1. Remove abandoned wire and cable.  Abandoned wires and cables are those installed that are not terminated at equipment and are not identified for future use with a tag.

	E. Connections
	1. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A-486B.
	2. Make splices, terminations, and taps that are compatible with conductor material and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.
	3. Wiring at Outlets:  Install conductor at each outlet, with at least 6 inches of slack.

	F. Identification
	1. Identify and color-code wires and cables according to Section 16075 "Electrical Identification."
	2. Identify each spare conductor at each end with identity number and location of other end of conductor, and identify as spare conductor.

	G. Sleeve Sleeve-Seal Installation for Electrical Penetrations
	1. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies.  Comply with requirements in Section 16130 "Raceways and Boxes."

	H. Field Quality Control
	1. After installing wires and cables and before electrical circuitry has been energized, test service entrance and feeder conductors for compliance with requirements.
	2. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	3. Test and Inspection Reports:  Prepare a written report to record the following:
	a. Procedures used.
	b. Results that comply with requirements.
	c. Results that do not comply with requirements and corrective action taken to achieve compliance with requirements.


	I. Source Quality Control
	1. Cable will be considered defective if it does not pass tests and inspections.
	2. Prepare test and inspection reports.




	16130 Raceways and Boxes
	SECTION 16130:  RACEWAYS AND BOXES
	PART 1 - GENERAL
	A. Summary
	1. Section Includes:
	a. Conduit, tubing, and fittings
	b. Surface raceways
	c. Pull and junction boxes
	d. Handholes and boxes for exterior underground cabling


	B. Related Work Specified Elsewhere
	Section 16010 General Electrical Requirements
	Section 16120 Low Voltage Wire and Cable
	Section 16137 Underground Duct Banks

	C. References
	ANSI C80.1 Electrical Rigid Steel Conduit
	NECA 1 Standard Practice of Good Workmanship in Electrical Construction
	NECA 101 Standard for Installing Steel Conduits
	NEMA FB 1 Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit and Cable Assemblies.
	NEMA OS 1 Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports.
	NEMA OS 2 Nonmetallic Outlet Boxes, Device Boxes, Covers and Box Supports.
	NEMA 250 Enclosures for Electrical Equipment (1000 Volts Maximum)
	NEMA RN 1 Polyvinyl Chloride (PVC) Externally Coated Galvanized Rigid Steel Conduit and Intermediate Metal Conduit.
	NEMA TC 2 Electrical Plastic Tubing and Conduit (EPC-40 and EPC-80)
	NEMA TC 3 PVC Fittings for Use with Rigid PVC Conduit and Tubing

	D. Action Submittals
	1. Product Data:  For conduits, surface raceways, wireways, fittings, boxes, and hinged-cover enclosures.

	E. Informational Submittals
	1. Coordination Drawings:  Conduit routing plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of items involved:
	a. Structural members in paths of conduit groups with common supports.
	b. HVAC and plumbing items and architectural features in paths of conduit groups with common supports.

	2. Seismic Qualification Certificates:  For enclosures, cabinets, and conduit racks and their mounting provisions, including those for internal components, from manufacturer.

	F. Abbreviations
	Abbreviations of conduit types used in this Section are listed below.
	GRS Galvanized rigid steel conduit
	EMT Electrical metallic tubing
	EPC-40-PVC Electrical plastic conduit, schedule 40 PVC
	FMC Flexible metal conduit
	LFMC Liquid-tight flexible metal conduit
	PCS PVC coated rigid steel conduit
	PVC Polyvinyl chloride
	RNC Rigid nonmetallic conduit

	G. Delivery, Storage, and Handling
	1. Protect conduit from corrosion and entrance of debris by storing above grade.  Provide appropriate covering.
	2. Protect PVC and PCS conduit from sunlight.

	H. Raceway Application
	Apply raceway products as specified below unless otherwise indicated:
	1. Outdoors:
	a. Exposed Conduit:  GRS.
	b. Concealed Conduit, Aboveground:  GRS.
	c. Underground Conduit:  EPC-40-PVC, direct buried or encased as shown on the Drawings.
	d. Connection to vibrating equipment, including transformers and hydraulic, pneumatic, electric solenoid, or motor driven equipment:  LFMC.
	e. Cabinets, Boxes, and Enclosures, above ground:  NEMA 250, Type 3R.

	2. Indoors:
	a. Exposed, Not Subject to Physical Damage:  EMT
	b. Exposed and Subject to Physical Damage:  GRS or PCS
	c. Concealed in Ceilings and Interior Walls and Partitions:  EMT
	d. Connection to Vibrating Equipment, including transformers and hydraulic, pneumatic, electric solenoid, or motor driven equipment:  FMC, except use LFMC in damp or wet locations.
	e. Damp or Wet Locations:  GRS.
	f. Cabinets, Boxes, and Enclosures, above ground:  NEMA 250, Type 1 for general indoor locations, Type 4 for damp or wet locations.

	3. Corrosive Locations, Indoors or Outdoors:
	a. Raceway:  PCS
	b. Cabinets, Boxes, and Enclosures, above ground:  NEMA 250, Type 4X stainless steel.

	4. Minimum Raceway Size:  3/4-inch.
	5. Raceway Fittings:  Compatible with raceways and suitable for use and location.
	a. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings unless otherwise indicated.  Comply with NEMA FB 2.10.
	b. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings listed for use with this type of conduit.  Patch and seal all joints, nicks, and scrapes in PVC coating after installing conduits and fittings.  Use sealant recommended by fitting manu...
	c. EMT:  Use setscrew, compression or steel cast-metal fittings.  Comply with NEMA FB 2.10.
	d. Flexible Conduit:  Use only fittings listed for use with flexible conduit.  Comply with NEMA FB 2.20.

	6. Install surface raceways only where indicated on Drawings.
	7. Do not use nonmetallic conduits for above ground installations.


	PART 2 - PRODUCTS
	A. Metal Conduits, Tubing, and Fittings
	1. Listing and Labeling:  Metal conduits, tubing, and fittings shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. GRS:  Comply with ANSI C80.1 and UL 6.
	a. Manufacturers:  Subject to compliance with requirements, provide products by one of the following, or approved equal:
	(1) Allied Tube and Conduit
	(2) Western Tube and Conduit
	(3) Wheatland Tube Company


	3. PCS:
	a. Comply with NEMA RN 1.
	b. Exterior Conduit Coating Thickness:  0.040 inch.
	c. Interior Conduit Coating Thickness: 0.002 inch.
	d. Manufacturers:  Subject to compliance with requirements, provide products by one of the following, or approved equal:
	(1) Perma-Cote
	(2) Robroy Industries
	(3) Thomas & Betts Ocal


	4. EMT:  Comply with ANSI C80.3 and UL 797.
	5. FMC:  Comply with UL 1; zinc-coated steel or aluminum.
	6. LFMC:  Flexible steel conduit with PVC jacket and complying with UL 360.
	a. Manufacturers:  Subject to compliance with requirements, provide products by one of the following, or approved equal:
	(1) AFC Cable Systems
	(2) Electriflex
	(3) Southwire


	7. Fittings for metal conduit:  Comply with NEMA FB 1 and UL 514B.
	a. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886 and NFPA 70.
	b. Fittings for EMT:
	(1) Material:  Steel or die cast.
	(2) Type:  Setscrew or compression.

	c. Expansion Fittings:  PVC or steel to match conduit type, complying with UL 651, rated for environmental conditions where installed, and including flexible external bonding jumper.
	d. Coating for Fittings for PVC-Coated Conduit:  Minimum thickness of 0.040 inch, with overlapping sleeves protecting threaded joints.

	8. Joint Compound for GRS:  Approved, as defined in NFPA 70, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their conductivity.

	B. Nonmetallic Conduits, Tubing, and Fittings
	1. Listing and Labeling:  Nonmetallic conduits, tubing, and fittings shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. RNC:  EPC-40-PVC complying with NEMA TC 2 and UL 651 unless otherwise indicated.
	a. Manufacturers:  Subject to compliance with requirements, provide products by one of the following, or approved equal:
	(1) Cantex
	(2) JM Eagle
	(3) Thomas & Betts Carlon


	3. Fittings for RNC:  Comply with NEMA TC 3; match to conduit or tubing type and material.
	4. Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less, respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	5. Solvent cements and adhesive primers shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Env...

	C. Surface Raceways
	1. Listing and Labeling: Surface raceways and tele-power poles shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Surface Metal Raceways:  Galvanized steel with snap-on covers complying with UL 5.
	3. Surface Nonmetallic Raceways:  Two- or three-piece construction, complying with UL 5A, and manufactured of rigid PVC.  Product shall comply with UL 94 V-0 requirements for self-extinguishing characteristics.

	D. Boxes
	1. Sheet Metal Outlet and Device Boxes:  Comply with NEMA OS 1 and UL 514A.
	2. Cast-Metal Outlet and Device Boxes:  Comply with NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.
	3. Nonmetallic Outlet and Device Boxes:  Comply with NEMA OS 2 and UL 514C.
	4. Luminaire Outlet Boxes:  Nonadjustable, designed for attachment of luminaire weighing 100 pounds  Outlet boxes designed for attachment of luminaires weighing more than 100 pounds shall be listed and marked for the maximum allowable weight.
	5. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1.
	6. Cast-Metal Access, Pull, and Junction Boxes:  Comply with NEMA FB 1 and UL 1773, galvanized, cast iron with gasketed cover.
	7. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	8. Device Box Dimensions:  4 inches square by 2-1/8 inches deep.
	9. Hinged-Cover Enclosures:  Comply with UL 50 and NEMA 250, Type 1, Type 3R, Type 4 and Type 12 with continuous-hinge cover with flush latch unless otherwise indicated.
	a. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel.
	b. Interior Panels:  Steel; all sides finished with manufacturer's standard enamel.

	10. Hinged door in front cover with flush latch and concealed hinge.
	11. Key latch to match panelboards.
	12. Metal barriers to separate wiring of different systems and voltage.

	E. Handholes and Boxes for Exterior Underground Wiring
	1. General Requirements for Handholes and Boxes:
	a. Boxes and handholes for use in underground systems shall be designed and identified as defined in NFPA 70, for intended location and application.
	b. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	c. Pull boxes shall be precast type designed and manufactured for heavy traffic loading with heavy duty, hot dipped galvanized steel, traffic type covers.
	d. All pull boxes shall have bolt-down covers complete with fiber gaskets for a weather-tight fit.
	e. All joints between precast sections shall be sealed.

	2. Polymer-Concrete Handholes:  Molded of sand and aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a combination of the two.
	a. Standard:  Comply with SCTE 77.
	b. Configuration:  Designed for flush burial with open bottom unless otherwise indicated.
	c. Cover:  Stainless steel, weatherproof, secured by tamper-resistant locking devices and having H20 load rating.
	d. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
	e. Cover Legend:  Molded lettering, "ELECTRIC."
	f. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts for secure, fixed installation in enclosure wall.



	PART 3 - EXECUTION
	A. Examination and Preparation
	1. Verify outlet locations and routing and termination locations of raceway prior to rough-in.
	2. Coordinate mounting heights, orientation and locations of outlets mounted above counters, benches, and backsplashes.
	3. Arrange conduit stub-ups so curved portions of bends are not visible above finished floor or grade.

	B. General Raceway Installation
	1. Install work in accordance with state and municipality standards.  Comply with NECA 1 and NECA 101 for installation requirements except where requirements on Drawings or in this Section are more stringent.  Comply with NFPA 70 limitations for types...
	2. Ground and bond raceway and boxes in accordance with Section 16060 “Grounding and Bonding.”
	3. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes.  Install horizontal raceway runs above water and steam piping.
	4. Install no more than the equivalent of three 90-degree bends in any conduit run except for control wiring conduits, for which fewer bends are allowed.
	5. Support conduit within 12 inches of changes in direction.  Support conduit within 12 inches of enclosures to which attached.
	6. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated.  Install conduits parallel or perpendicular to building lines.
	7. Raceways Embedded in Slabs:
	a. Run conduit larger than 1-inch trade size, parallel or at right angles to main reinforcement.  Where at right angles to reinforcement, place conduit close to slab support.  Secure raceways to reinforcement at maximum 10-foot intervals.
	b. Arrange raceways to cross building expansion joints at right angles with expansion fittings.
	c. Do not embed threadless fittings in concrete.
	d. Change from Type EPC-40-PVC to GRS or PCS before rising above floor.

	8. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply listed compound to threads of raceway and fittings before making up joints.  Follow compound manufacturer's written instructions.
	9. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive compound prior to assembly.
	10. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings to protect conductors including conductors smaller than 4 AWG.
	11. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets.  Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal bushings on 1-1/2-inch trade size and larger conduits ...
	12. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not less than 200-lb tensile strength.  Leave at least 12 inches of slack at each end of pull wire.  Cap underground raceways designated as spare above grad...
	13. Surface Raceways:
	a. Install surface raceway with a minimum 2-inch radius control at bend points.
	b. Secure surface raceway with screws or other anchor-type devices at intervals not exceeding 48 inches and with no less than two supports per straight raceway section.  Support surface raceway according to manufacturer's written instructions.  Tape a...

	14. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with listed sealing compound.  For concealed raceways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that o...
	15. Install devices to seal raceway interiors at accessible locations.  Locate seals so no fittings or boxes are between the seal and the following changes of environments.  Seal the interior of all raceways at the following points:
	a. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
	b. Where an underground service raceway enters a building or structure.
	c. Where otherwise required by NFPA 70.

	16. Expansion-Joint Fittings:
	a. Install in each run of above ground conduit that is located where environmental temperature change may exceed 30 degrees and that has straight-run length that exceeds 25 feet.
	b. Install type and quantity of fittings that accommodate temperature change listed for each of the following locations:
	(1) Outdoor Locations Not Exposed to Direct Sunlight:  125 deg temperature change.
	(2) Indoor Spaces Connected with Outdoors without Physical Separation:  125 deg F temperature change.
	(3) Attics:  135 deg F temperature change.

	c. Install fittings that provide expansion and contraction for at least 0.00041 inch per foot of length of straight run per degree F of temperature change for PVC conduits.
	d. Install expansion fittings at all locations where conduits cross building or structure expansion joints.
	e. Install each expansion-joint fitting with position, mounting, and piston setting selected according to manufacturer's written instructions for conditions at specific location at time of installation.  Install conduit supports to allow for expansion...

	17. Flexible Conduit Connections:  Comply with NEMA RV 3.  Use a maximum of 72 inches of flexible conduit for recessed and semi-recessed luminaires, equipment subject to vibration, noise transmission, or movement; and for transformers and motors.

	C. Installation of Underground Conduit
	1. Direct-Buried Conduit:
	a. Excavate trench bottom to provide firm and uniform support for conduit.  Prepare trench bottom for conduit less than 6 inches in nominal diameter.
	b. Install backfill as specified in Section 02210 "Earth Excavation, Backfill, Fill and Grading."
	c. After installing conduit, backfill and compact.  Start at tie-in point, and work toward end of conduit run, leaving conduit at end of run free to move with expansion and contraction as temperature changes during this process.  Firmly hand tamp back...
	d. Install manufactured duct elbows for stub-up at poles and equipment and at building entrances through floor unless otherwise indicated.  Encase elbows for stub-up ducts throughout length of elbow.
	e. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at building entrances through floor.
	(1) Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling with 3 inches of concrete for a minimum of 12 inches on each side of the coupling.
	(2) For stub-ups at equipment mounted on outdoor concrete bases and where conduits penetrate building foundations, extend steel conduit horizontally a minimum of 60 inches from edge of foundation or equipment base.  Install insulated grounding bushing...

	f. Underground Warning Tape:  Comply with requirements in Section 16075 "Electrical Identification."

	2. Conduit in duct banks:  Concrete encased.  See Section 16137 for requirements.

	D. Installation of Above Grade Boxes
	1. Mount boxes at heights indicated on Drawings.  If mounting heights of boxes are not individually indicated, give priority to ADA requirements.  Install boxes with height measured to top of box unless otherwise indicated.
	2. Recessed Boxes in Masonry Walls:  Saw-cut opening for box in center of cell of masonry block, and install box flush with surface of wall.  Prepare block surfaces to provide a flat surface for a raintight connection between the box and cover plate o...
	3. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.
	4. Locate boxes so that cover or plate will not span different building finishes.
	5. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for the purpose.
	6. Fasten junction and pull boxes to or support from building structure or stanchion.  Do not support boxes by conduits.

	E. Installation of Underground Handholes and Boxes
	1. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting conduits to minimize bends and deflections required for proper entrances.
	2. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.
	3. Elevation:  In paved areas, set boxes so cover surface will be flush with finished grade.  In other areas, set boxes so covers are 1 inch above finished grade.
	4. Field-cut openings for conduits according to enclosure manufacturer's written instructions.  Cut wall of enclosure with a tool designed for material to be cut.  Size holes for terminating fittings to be used, and seal around penetrations after fitt...
	5. Set floor boxes level and flush with finished floor surface.

	F. Sleeve Sleeve-Seal Installation for Electrical Penetrations
	1. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies.

	G. Protection
	1. Protect coatings, finishes, and cabinets from damage and deterioration.
	a. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
	b. Repair damage to PVC coatings or paint finishes with matching touchup coating recommended by manufacturer.





	16137 Underground Duct Banks
	SECTION 16137:  underground duct banks
	PART 1 - GENERAL
	A. Summary
	1. Includes underground duct banks and accessories.

	B. Related Work Specified Elsewhere
	Section 03300 Cast-In-Place Concrete
	Section 03200 Reinforcement Steel
	Section 16130 Raceway and Boxes

	C. Quality Assurance
	1. Reference Standards:  Comply with applicable provisions and recommendations of the National Electrical Code and National Electrical Safety Code.

	D. Submittals
	1. Shop Drawings:  Submit for approval the following:
	a. Layouts showing the proposed routing of duct banks and the locations of manholes, handholes and areas of reinforcement.
	b. Profiles of duct banks showing crossings with piping and other underground systems.
	c. Cross sections of each duct bank segment.
	d. Installation procedures.

	2. Record Drawings:  Include the actual routing of underground duct runs on Record Drawings, dimensioned and to scale.


	PART 2 - PRODUCTS
	A. Duct Banks
	1. Duct:  Provide conduit for duct banks as specified in Section 16130 “Raceway and Boxes.”
	2. Duct spacers:  Nonmetallic saddle type by one of the following, or equal:
	a. Cantex
	b. Carlon Snap-Loc
	c. Osburn Associates



	PART 3 - EXECUTION
	A. Coordination
	1. Duct bank routing on the Contract Drawings is diagrammatic.  Coordinate installation with piping and other underground systems and structures and locate clear of interferences.
	2. Review installation procedures under other Sections and coordinate the Work that must be installed with or attached to underground duct banks.
	3. Manufacturers and suppliers of the equipment and materials specified herein shall be required to review and satisfy all relevant requirements of other Sections of the Contract Documents and the requirements of the Contract Drawings.  The Contractor...
	4. The Contractor shall furnish and install all labor, equipment, materials, appurtenances, specialty items and services not provided by the Contractor’s manufacturers, suppliers, fabricators and/or subcontractors but required for complete and operabl...

	B. Installation
	1. Trench excavation shall be per Section 306-1.1 of the City of Orange Water Standard Specifications.
	2. Install reinforcement steel within concrete encasement in accordance with Section 03200.
	3. Install concrete encasement in accordance with Section 03300.




	16140 Wiring Devices
	SECTION 16140:  WIRING DEVICES
	PART 1 - GENERAL
	A. Summary
	1. Section Includes:
	a. Receptacles and associated device plates
	b. Wall switches and wall plates


	B. References
	NECA 1 Standard Practice of Good Workmanship in Electrical Construction
	NEMA WD 1 General Requirements for Wiring Devices
	NEMA WD 6 Wiring Device Dimensional Requirements
	NETA ATS Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems

	C. Administrative Requirements
	1. Coordination:  Match plug configurations of receptacles for Owner-Furnished Equipment.

	D. Action Submittals
	1. Product Data: Submit manufacturer's catalog information for each wiring device.
	2. Shop Drawings:  List of legends and description of materials and process used for premarking wall plates.

	E. Informational Submittals
	1. Field quality-control reports.

	F. Closeout Submittals
	1. Operation and maintenance data.


	PART 2 - PRODUCTS
	A. Acceptable Manufacturers
	1. Subject to compliance with requirements, provide products by one of the following, or equal:
	a. Eaton
	b. Hubbell
	c. Leviton

	2. Source Limitations:  Obtain each type of wiring device and associated wall plate from single source and single manufacturer.

	B. General Requirements
	1. Wiring Devices, Components, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Comply with NFPA 70.
	3. Devices that are manufactured for use with modular plug-in connectors may be substituted under the following conditions:
	a. Connectors shall comply with UL 2459 and shall be made with stranding building wire.
	b. Devices shall comply with the requirements in this Section.


	C. Receptacles
	1. Straight Blade Convenience Receptacles: 125 V, 20 A.  Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596.
	a. Provide the following, or equal:
	(1) Cooper 5351 (single), 5632 (duplex)
	(2) Hubbell HBL5351 (single), 5362 (duplex)
	(3) Leviton 5891 (single), 5352 (duplex)



	D. GFCI Receptacles
	1. General Description:
	a. Straight blade, non-feed-through type with integral ground fault circuit interrupter.
	b. Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596.
	c. Include indicator light that shows when the GFCI has malfunctioned and no longer provides proper GFCI protection.

	2. Duplex GFCI Convenience Receptacles, 125 V, 20 A:
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	(1) Cooper VGF20
	(2) Hubbell GFR5352L
	(3) Leviton 7590



	E. Weatherproof Receptacles
	1. Receptacle with polycarbonate “while in use” cover to protect electrical connections while receptacle is being used.
	2. Comply with NEC 406.9(B)(1).

	F. Toggle Switches
	1. Comply with NEMA WD 1, UL 20, and FS W-S-896.
	2. Switches, 120/277 V, 20 A:
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	(1) Single pole:
	i. Cooper AH1221
	ii. Hubbel HBL1221
	iii. Leviton 1221-2

	(2) Two pole:
	i. Cooper AH1222
	ii. Hubbell HBL1222
	iii. Leviton 1222-2

	(3) Three way:
	i. Cooper AH1223
	ii. Hubbell HBL1223
	iii. Leviton 1223-2

	(4) Four way:
	i. Cooper AH1224
	ii. Hubbell HBL1224
	iii. Leviton 1224-2



	3. Pilot-Light Switches, 20 A:
	a. Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	(1) Cooper AH1221PL for 120- and 277-volts
	(2) Hubbell HBL1221PL for 120- and 277-volts
	(3) Leviton 1221-LH1

	b. Description:  Single pole, with neon-lighted handle, illuminated when switch is "off."


	G. Wall Plates
	1. Single and combination types shall match corresponding wiring devices.
	a. Plate-Securing Screws:  Metal with head color to match plate finish.
	b. Material for Finished Spaces Smooth, high-impact thermoplastic
	c. Material for maintenance shop and Unfinished Spaces:  Galvanized steel.
	d. Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, and listed and labeled for use in wet and damp locations.

	2. Wet-Location, Weatherproof Cover Plates:  NEMA 250, complying with Type 3R, weather-resistant, die-cast aluminum with lockable cover.

	H. Finishes
	1. Device Color:
	a. Wiring Devices Connected to Normal Power System:  As selected by Architect unless otherwise indicated or required by NFPA 70 or device listing.
	b. Wiring Devices Connected to Emergency Power System:  Red.
	c. TVSS Devices:  Blue.

	2. Wall Plate Color:  For plastic covers, match device color.


	PART 3 - EXECUTION
	A. Installation
	1. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise indicated.
	2. Coordination with Other Trades:
	a. Protect installed devices and their boxes.  Do not place wall finish materials over device boxes and do not cut holes for boxes with routers that are guided by riding against outside of boxes.
	b. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, paint, and other material that may contaminate the raceway system, conductors, and cables.
	c. Install device boxes in brick or block walls so that the cover plate does not cross a joint unless the joint is troweled flush with the face of the wall.
	d. Install wiring devices after all wall preparation, including painting, is complete.

	3. Conductors:
	a. Do not strip insulation from conductors until right before they are spliced or terminated on devices.
	b. Strip insulation evenly around the conductor using tools designed for the purpose.  Avoid scoring or nicking of solid wire or cutting strands from stranded wire.
	c. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, Article 300, without pigtails.
	d. Existing Conductors:
	(1) Cut back and pigtail, or replace all damaged conductors.
	(2) Straighten conductors that remain and remove corrosion and foreign matter.
	(3) Pigtailing existing conductors is permitted, provided the outlet box is large enough.


	4. Device Installation:
	a. Replace devices that have been in temporary use during construction and that were installed before building finishing operations were complete.
	b. Keep each wiring device in its package or otherwise protected until it is time to connect conductors.
	c. Do not remove surface protection, such as plastic film and smudge covers, until the last possible moment.
	d. Connect devices to branch circuits using pigtails that are not less than 6 inches in length.
	e. When there is a choice, use side wiring with binding-head screw terminals.  Wrap solid conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw.
	f. Use a torque screwdriver when a torque is recommended or required by manufacturer.
	g. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice No. 12 AWG pigtails for device connections.
	h. Tighten unused terminal screws on the device.
	i. When mounting into metal boxes, remove the fiber or plastic washers used to hold device-mounting screws in yokes, allowing metal-to-metal contact.

	5. Receptacle Orientation:
	a. Install ground pin of vertically mounted receptacles down, and on horizontally mounted receptacles to the right.

	6. Device Plates:  Do not use oversized or extra-deep plates.  Repair wall finishes and remount outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.
	7. Dimmers:
	a. Install dimmers within terms of their listing.
	b. Verify that dimmers used for fan speed control are listed for that application.
	c. Install unshared neutral conductors on line and load side of dimmers according to manufacturers' device listing conditions in the written instructions.

	8. Arrangement of Devices:  Unless otherwise indicated, mount flush, with long dimension vertical and with grounding terminal of receptacles on top.  Group adjacent switches under single, multigang wall plates.
	9. Adjust locations of service poles to suit arrangement of partitions and furnishings.

	B. GFCI Receptacles
	1. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is not required.

	C. Weatherproof Receptacles
	1. Receptacles installed outdoors, in wet locations indoors, and where indicated on the plans shall be weatherproof.

	D. Field Quality Control
	1. Perform the following tests and inspections:
	a. Test Instruments:  Use instruments that comply with UL 1436.
	b. Test Instrument for Convenience Receptacles:  Digital wiring analyzer with digital readout or illuminated digital-display indicators of measurement.

	2. Tests for Convenience Receptacles:
	a. Line Voltage:  Acceptable range is 105 to 132 V.
	b. Percent Voltage Drop under 15-A Load:  A value of 6 percent or higher is unacceptable.
	c. Ground Impedance:  Values of up to 2 ohms are acceptable.
	d. GFCI Trip:  Test for tripping values specified in UL 1436 and UL 943.
	e. Using the test plug, verify that the device and its outlet box are securely mounted.
	f. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit breaker, poor connections, inadequate fault current path, defective devices, or similar problems.  Correct circuit conditions, remove malfunctioning units and ...

	3. Wiring device will be considered defective if it does not pass tests and inspections.
	4. Prepare test and inspection reports.




	16150 Low Voltage Electric Motors
	SECTION 16150:  LOW VOLTAGE ELECTRIC MOTORS
	PART 1 - GENERAL
	A. Summary
	1. Section includes materials, testing, and installation of squirrel cage induction type electric motors rated 600 volts or less, accessories, and appurtenances.

	B. Related Work Specified Elsewhere
	Section 09900 Painting and Coating
	Section 16010 General Electrical Requirements
	Section 16481 Low Voltage Solid State Starters

	C. Action Submittals
	1. Product Data:  For each type of product.
	2. Submit shop drawings in accordance with the General Provisions and Section 16010 “General Electrical Requirements.”
	3. Include the following motor data at minimum:
	a. Name of motor manufacturer.
	b. Motor type and model number.
	c. Dimension drawings, including weight of the motor.
	d. Mounting arrangement.
	e. Nominal horsepower.
	f. NEMA design.
	g. Enclosure.
	h. Frame size.
	i. Winding insulation class and temperature rise.
	j. Voltage, phase, and frequency ratings.
	k. Full load speed.
	l. Full load current at rated horsepower for application voltage.
	m. Service factor.
	n. Power factor and efficiency at full load, 3/4 and 1/2 load.
	o. Locked rotor current.
	p. Space heater voltage and full load amperes.
	q. Bearing data with recommended lubricants for relubricatable type bearings.
	r. Provide written verification that motor is inverter duty type and that insulated bearings are included.  Indicate minimum speed at which motor may be operated for the driven machinery.
	s. Dimensions and location of all conduit termination boxes.
	t. Quantity and size of conduit openings for each conduit box.  Openings shall accommodate the quantity and size of conduits indicated on the Drawings.
	u. Winding Temperature Setpoints: Alarm, Shutdown
	v. Bearing Temperature Setpoints: Alarm, Shutdown

	4. Submit copies of certified test reports for factory no load current and speed, locked rotor current, and high potential tests.
	5. Submit certification that selected motor:
	a. Is capable of satisfactory performance under the intended load.
	b. Is suitable for operation with the proposed variable speed drive unit.


	D. Informational Submittals
	1. Field quality-control reports.


	PART 2 - PRODUCTS
	A. Acceptable Manufacturers
	1. Subject to compliance with requirements, provide products by one of the following, or approved equal:
	a. Baldor
	b. US Motors


	B. General Requirements
	1. Identical Motors: Electric motors driving identical machines shall be identical.
	2. Maximum Motor Loading: Maximum motor loading shall in all cases be equal to nameplate horsepower rating or less, exclusive of service factor and as verified with the approved submittal data of the driven machinery.
	3. Minimum Motor Horsepower: All motors shall be sized to carry continuously all loads that may be imposed through their full range of operation.  The motor horsepower shall be not less than the estimated minimum specified for each driven machine. If ...
	4. Exempt Motors: Motors that are for valve operators, submersible pumps, or motors that are an integral part of standard manufactured equipment, i.e., non-NEMA mounting, common shaft with driven element, part of domestic or commercial use apparatus, ...

	C. Design Requirements
	1. Motors shall be squirrel cage induction type rated to operate at 460 volts AC, 60 Hz, three phase.  Comply with ANSI/NEMA MG 1.
	2. Horsepower:  As indicated on the Drawings.
	a. Motor sizes indicated in the Specifications and on the Drawings are minimum sizes.  Provide motors, electrical circuits, and equipment of ample horsepower capacity to operate the load without exceeding rated nameplate horsepower, full-load current ...

	3. Speed:  1800 rpm, 4-pole
	4. Service Factor:  1.15 at 40 degrees Celsius ambient
	5. Torque and Power of Motors:
	a. Provide motors that develop sufficient torque for required service throughout acceleration range at voltage 10 percent less than motor nameplate rating.
	b. Provide motors that develop sufficient torque when started using reduced voltage starters.

	6. Provide premium efficiency type motors.
	7. Manufactured with cast iron frames in accordance with NEMA MG 1, and in accordance with requirements specified in this Section.
	8. Temperature Rating and Altitude Requirements: Where not otherwise specified or indicated on the Drawings, provide motors that are rated suitable for continuous operation in 40 degrees Celsius ambient temperature at project site altitude.
	9. Temperature rise under full load: Not to exceed that for Class B insulation (80 degrees Celsius).
	10. Motors shall be NEMA Design B except where driven load characteristics requires other than normal starting torque.
	a. Starting kilovolt ampere per horsepower (locked rotor) are not to exceed values specified in NEMA MG 1-10.37.


	D. Motor Enclosure
	1. NEMA MG 1 enclosure type:  Weather Protected Type I (WP I)

	E. Insulation
	1. Motor leads and insulating material: Insulated leads with non-wicking, non- hygroscopic material.  Comply with NEMA 1-1.65.
	2. Provide Class F insulation with Class B temperature rise.
	3. Resistant to attack by moisture, acids, alkalis, and mechanical or thermal shock.

	F. Grounding
	1. Provide grounding lugs inside conduit boxes for motor frame grounding.

	G. Motor Accessories
	1. Hardware: Type: 316 stainless steel.
	2. Non-Reversing Ratchet: Pump motors shall be provided with a non-reversing ratchet.
	3. Motors over 50 HP shall be capable of reduced voltage starting with 50% to 80% of rated voltage applied.

	H. Motor Bearings
	1. Antifriction, re-greasable, and filled initially with grease suitable for ambient temperatures to 40 degrees Celsius.
	2. Suitable for intended application and have AFBMA B-10 rating life of 60,000 hours or more.
	3. Fit bearings with easily accessible grease supply, flush, drain, and relief fittings using extension tubes where necessary.
	4. The thrust bearings shall be able to handle 150% of the maximum calculated down-thrust with a rated B-10 life of 5 years as defined by AFBMA standards.
	5. Provide two pole motors with ball type bearings.
	6. Provide insulated bearings to prevent circulating shaft currents.

	I. Conduit Boxes
	1. Cast iron.
	2. Provide gaskets between following:
	a. Frames and conduit boxes.
	b. Conduit boxes and box covers.

	3. Provide oversized conduit box.

	J. Factory Tests
	1. Include testing of:
	a. No load current.
	b. Locked rotor current.
	c. Winding resistance.
	d. High potential.

	2. Perform in accordance with NEMA Standards.
	3. Furnish copies of test reports.

	K. Condensation Heaters
	1. Provide condensation space heaters for motors installed outdoors.
	2. Type: Cartridge or flexible wrap-around type installed within motor enclosure adjacent to core iron.
	3. Rating, Phase and Wattage: Rated for 120 volt, single phase with wattage as required.
	4. Bring power leads for heaters into conduit box.

	L. Winding Temperature Detectors
	1. Temperature Switch Type
	a. When specified for individual equipment and on alternating current motors sized less than 150 horsepower, provide factory installed winding temperature detectors with leads terminating in conduit box.
	b. Provide detectors that protect motor against damage from overheating caused by single phasing, overload, high ambient temperature, abnormal voltage, locked rotor, frequent starts, or ventilation failure. Provide detector that has normally closed co...
	c. Auxiliary Relay and Controls: Provide relays and controls and mount them in controller enclosure that is suitable for the environment.

	2. RTD Type
	a. On alternating current motors sized 150 horsepower and greater, provide factory installed RTD type winding temperature detectors with leads terminating in conduit box.
	b. RTD Type Temperature Detectors: Provide six- (6) 100-ohm platinum RTD's embedded in the motor windings, two per phase.  Provide two each (2) 100-ohm platinum RTD's embedded in the motor bearings, one on each set of bearings.
	c. Provide detectors that protect motor against damage from overheating caused by single phasing, overload, high ambient temperature, abnormal voltage, locked rotor, frequent starts, or ventilation failure.



	PART 3 - EXECUTION
	A. Installation
	1. Install motors according to manufacturer instructions.




	16429 Switchboards
	SECTION 16429:  switchboards
	PART 1 - GENERAL
	A. Summary
	1. Section includes free-standing, deadfront type switchboards for use with AC circuits rated 600 volts and less.

	B. Related Work Specified Elsewhere
	Section 16025 Power System Analysis Report

	C. References
	ANSI C39.1 Electrical Analog Indicating Instruments
	IEEE C12.1 Code for Electricity Metering
	IEEE C57.12.28 Standard for Pad-Mounted Equipment – Enclosure Integrity
	NEMA 250 Enclosures for Electrical Equipment (1000 Volts Maximum)
	NEMA PB 2 Deadfront Distribution Switchboards
	NEMA PB 2.1 Proper Handling, Installation, Operation and Maintenance of Deadfront Switchboards Rated 600 Volts or Less
	UL 50 Cabinets and Boxes
	UL 891 Switchboards

	D. Performance Requirements
	1. Seismic Performance:  Switchboards shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.
	2. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified and the unit will be fully operational after the seismic event."

	E. Action Submittals
	1. Product Data:  Submit switchboard product data sheets for approval.
	2. Shop Drawings:  Manufacturer’s approval drawings for equipment, including:
	a. Floor plan
	b. Elevations
	c. Single line diagram and schematic diagrams
	d. Nameplate schedule
	e. Assembly ratings as applicable:
	(1) Voltage
	(2) Continuous current
	(3) Short circuit current

	f. Cable terminal sizes

	3. Conformance to applicable ANSI, IEEE, NEC, NEMA, UL or other standards and specifications.

	F. Informational Submittals
	1. Coordination Drawings:  Floor plans, drawn to scale, showing dimensioned layout, required working clearances, and required area above and around MCCs where pipe and ducts are prohibited.  Show MCC layout and relationships between electrical compone...
	2. Seismic Qualification Certificates:  For switchboards, accessories, and components, from manufacturer.
	3. Product certificates.
	4. Source quality-control reports.
	5. Field quality-control reports.

	G. Closeout Submittals
	1. Operation and maintenance data

	H. Quality Assurance
	1. Testing Agency Qualifications:  Member Company of NETA or an NRTL.
	2. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	3. Comply with NFPA 70.
	4. IEEE Compliance:  Fabricate and test enclosed controllers according to IEEE 344 to withstand seismic forces.
	5. Switchboards shall bear the UL label.

	I. Delivery, Storage, and Handling
	1. Deliver in 60-inch maximum width shipping splits, individually wrapped for protection, and mounted on shipping skids.
	2. Store in clean, dry space.  Maintain factory wrapping or provide additional canvas or plastic cover to protect units from dirt, water, construction debris, and traffic.
	3. Handle in accordance with NEMA ICS 2.3.  Lift only with lugs provided.  Handle carefully to avoid damage to switchboard components, enclosure, and finish.

	J. Environmental Requirements
	1. Conform to NEMA ICS 2 service conditions during and after installation of switchboards.


	PART 2 - MATERIALS
	A. Acceptable Manufacturers
	1. Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following, or approved equal:
	a. Eaton
	b. Square D


	B. General Requirements for Switchboards
	1. Comply with NEMA PB 2 and UL 891.
	2. Provide switchboard with voltage, continuous current, and short circuit current rating as indicated on the drawings.
	3. Switchboard shall consist of the required number of vertical sections bolted together to form a rigid assembly. The sides and rear shall be covered with removable bolt-on covers. All edges of front covers or hinged front panels shall be formed. Pro...

	C. Bus
	1. Provide a silver plated copper bus, standard size.
	2. Bolted connections, accessible from the front.
	3. A copper ground bus shall be firmly secured to each vertical section structure and shall extend the entire length of the switchboard.

	D. Wiring and Terminations
	1. Small wiring, necessary fuse blocks and terminal blocks within the switchboard shall be furnished as required. Control components mounted within the assembly, such as fuse blocks, relays, pushbuttons, switches, etc., shall be suitably marked for id...
	2. Mechanical-type terminals shall be provided for all line and load terminations suitable for copper or aluminum cable rated for 75 C of the size as indicated on the drawings.
	3. Lugs shall be provided in the incoming line section for connection of the main grounding conductor. Additional lugs for connection of other grounding conductors shall be provided as indicated on the drawings.
	4. All control wire shall be type SIS, bundled and secured with nylon ties. Insulated locking spade terminals shall be provided for all control connections, except where saddle type terminals are provided integral to a device. All current transformer ...

	E. Enclosures
	1. Unless otherwise indicated, provide freestanding steel enclosures, with NEMA rating as shown on the Drawings.
	2. Enclosure Finish:  Factory-applied finish in manufacturer's standard gray finish over a rust-inhibiting primer on treated metal surface.


	PART 3 - EXECUTION
	A. Installation
	1. Floor Mounting:  Install Switchboards on 4-inch nominal thickness concrete base as shown on the Drawings.
	a. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install dowel rods on 18-inch centers around the full perimeter of concrete base.
	b. For supported equipment, install epoxy-coated anchor bolts that extend through concrete base and anchor into structural concrete floor.
	c. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	d. Install anchor bolts to elevations required for proper attachment to supported equipment.

	2. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.
	3. Contractor shall install all equipment per the manufacturer’s instructions, contract drawings, and all applicable codes and standards.
	4. Ground and bond switchboards in accordance with Section 16060 “Grounding and Bonding.”
	5. Comply with NEMA PB 2.1 and NECA 1.

	B. Identification
	1. Comply with requirements in Section 16075 “Electrical Identification" for identification of switchboard, switchboard components, and control wiring.
	a. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs.
	b. Label switchboard and each cubicle with engraved nameplate.


	C. Adjusting
	1. The Contractor shall perform field adjustments of the protective devices as required to place the equipment in final operating condition. The settings shall be in accordance with the approved protective device evaluation study and protective device...
	2. Necessary field settings of devices, adjustments and minor modifications to equipment to accomplish conformance with an approved short circuit and protective device coordination study shall be carried out by the Contractor at no additional cost to ...




	16442 Panelboards
	SECTION 16442:  PANELBOARDS
	PART 1 - GENERAL
	A. Summary
	1. Section includes lighting and appliance branch-circuit panelboards.

	B. Performance Requirements
	1. Seismic Performance:  Panelboards shall withstand the effects of earthquake motions determined according to SEI/ASCE 7.
	a. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified and the unit will be fully operational after the seismic event."


	C. Action Submittals
	1. Product Data:  For each type of product indicated.
	a. Shop Drawings:  For each panelboard and related equipment.
	b. Include dimensioned plans, elevations, sections, and details.  Show tabulations of installed devices, equipment features, and ratings.
	c. Detail enclosure types and details for types other than NEMA 250, Type 1.
	d. Detail bus configuration, current, and voltage ratings.
	e. Short-circuit current rating of panelboards and overcurrent protective devices.
	f. Include evidence of NRTL listing for series rating of installed devices.
	g. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.
	h. Include wiring diagrams for power, signal, and control wiring.
	i. Include time-current coordination curves for each type and rating of overcurrent protective device included in panelboards.


	D. Informational Submittals
	1. Seismic Qualification Certificates:  Submit certification that panelboards, overcurrent protective devices, accessories, and components will withstand seismic forces defined in Section 16074 "Vibration and Seismic Controls for Electrical Systems."
	2. Field quality-control reports.
	3. Panelboard schedules for installation in panelboards.

	E. Closeout Submittals
	1. Operation and maintenance data.

	F. Quality Assurance
	1. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Comply with NEMA PB 1.
	3. Comply with NFPA 70.

	G. Warranty
	1. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace transient voltage suppression devices that fail in materials or workmanship within specified warranty period.
	a. Warranty Period:  One year from startup date.


	H. Extra Materials
	1. Furnish two of each panelboard key.


	PART 2 - PRODUCTS
	A. Acceptable Manufacturers
	1. Subject to compliance with requirements, provide products by one of the following, or equal:
	a. Eaton
	b. General Electric
	c. Schneider Electric / Square D
	d. Siemens


	B. General Requirements for Panelboards
	1. Fabricate and test panelboards according to IEEE 344 to withstand seismic forces defined in Section 16074 "Vibration and Seismic Controls for Electrical Systems."
	2. Enclosures:  Flush- and surface-mounted cabinets, as indicated on the Drawings.
	a. NEMA rating: as indicated on the Drawings.
	b. Front:  Secured to box with concealed trim clamps.  For surface-mounted fronts, match box dimensions; for flush-mounted fronts, overlap box.
	c. Hinged Front Cover:  Entire front trim hinged to box and with standard door within hinged trim cover.
	d. Directory Card:  Inside panelboard door, mounted in transparent card holder.

	3. Incoming Mains Location:  Top and bottom.
	4. Phase, Neutral, and Ground Buses:  Tin-plated aluminum or Hard-drawn copper, 98 percent conductivity.
	5. Conductor Connectors:  Suitable for use with conductor material and sizes.
	a. Material:  Tin-plated aluminum or Hard-drawn copper, 98 percent conductivity.
	b. Main and Neutral Lugs:  Compression or Mechanical type.
	c. Ground Lugs and Bus Configured Terminators:  Compression or Mechanical type.
	d. Feed-Through Lugs:  Compression or Mechanical type, suitable for use with conductor material.  Locate at opposite end of bus from incoming lugs or main device.

	6. Subfeed (Double) Lugs:  Compression or Mechanical type suitable for use with conductor material.  Locate at same end of bus as incoming lugs or main device.
	7. Service Equipment Label:  NRTL labeled for use as service equipment for panelboards with one or more main service disconnecting and overcurrent protective devices.
	8. Future Devices:  Mounting brackets, bus connections, filler plates, and necessary appurtenances required for future installation of devices.
	9. Panelboard Short-Circuit Current Rating:  Rated for series-connected system with integral or remote upstream overcurrent protective devices and labeled by an NRTL.  Include size and type of allowable upstream and branch devices, and listed and labe...
	10. Panelboard Short-Circuit Current Rating:  Fully rated to interrupt symmetrical short-circuit current available at terminals.

	C. Lighting and Appliance Branch Circuit Panelboards
	1. Panelboards:  NEMA PB 1, lighting and appliance branch-circuit type.
	2. Mains:  Circuit breaker.
	3. Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without disturbing adjacent units.
	4. Contactors in Main Bus:  NEMA ICS 2, Class A, electrically or mechanically held, general-purpose controller, with same short-circuit interrupting rating as panelboard.
	a. External Control-Power Source:  120-V branch circuit.

	5. Doors:  Concealed hinges; secured with flush latch with tumbler lock; keyed alike.
	6. Column-Type Panelboards:  Narrow gutter extension, with cover, to overhead junction box equipped with ground and neutral terminal buses.

	D. Disconnecting and Overcurrent Protective Devices
	1. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to meet available fault currents.
	a. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads, and instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.
	b. GFCI Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault protection (6-mA trip).
	c. Ground-Fault Equipment Protection (GFEP) Circuit Breakers:  Class B ground-fault protection (30-mA trip).
	d. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers:  Comply with UL 1699; 120/240-V, single-pole configuration.

	2. MCCB Features and Accessories:
	a. Standard frame sizes, trip ratings, and number of poles.
	b. Lugs:  Compression style, suitable for number, size, trip ratings, and conductor materials.
	c. Application Listing:  Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity discharge (HID) lighting circuits.
	d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.
	e. Handle Padlocking Device:  Fixed attachment, for locking circuit-breaker handle in off position.
	f. Handle Clamp: Loose attachment, for holding circuit-breaker handle in on position.

	3. Fused Switch:  NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle.

	E. Accessory Components and Features
	1. Portable Test Set:  For testing functions of solid-state trip devices without removing from panelboard.  Include relay and meter test plugs suitable for testing panelboard meters and switchboard class relays.


	PART 3 - EXECUTION
	A. Installation
	1. Receive, inspect, handle, store and install panelboards and accessories according to NEMA PB 1.1.
	2. Comply with mounting and anchoring requirements specified in Section 16074 "Vibration and Seismic Controls for Electrical Systems."
	3. Mount top of trim 76 inches above finished floor unless otherwise indicated.
	4. Mount panelboard cabinet plumb and rigid without distortion of box.  Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back box.
	5. Install overcurrent protective devices and controllers not already factory installed.
	a. Set field-adjustable, circuit-breaker trip ranges.

	6. Install filler plates in unused spaces.
	7. Stub four 1-inch empty conduits from panelboard into accessible ceiling space or space designated to be ceiling space in the future.  Stub four 1-inch empty conduits into raised floor space or below slab not on grade.
	8. Arrange conductors in gutters into groups and bundle and wrap with wire ties.
	9. Comply with NECA 1.

	B. Identification
	1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying with Section 16075 "Electrical Identification."
	2. Create a directory to indicate installed circuit loads and incorporating Owner's final room designations.  Obtain approval before installing.  Revise directory to reflect circuiting changes to balance phase loads.  Use a computer or typewriter to c...
	3. Panelboard Nameplates:  Label each panelboard with a nameplate complying with requirements for identification specified in Section 16075 "Electrical Identification."
	4. Device Nameplates:  Label each branch circuit device in panelboards with a nameplate complying with requirements for identification specified in Section 16075 "Electrical Identification."

	C. Field Quality Control
	1. Perform tests and inspections.
	2. Acceptance Testing Preparation:
	a. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and control circuit.
	b. Test continuity of each circuit.

	3. Tests and Inspections:
	a. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	b. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

	4. Panelboards will be considered defective if they do not pass tests and inspections.
	5. Prepare test and inspection reports, including a certified report that identifies panelboards included and that describes scanning results.  Include notation of deficiencies detected, remedial action taken and observations after remedial action.




	16445 Manual Transfer Switches
	SECTION 16445: manual transfer switches
	PART 1 - GENERAL
	1.01 SUMMARY
	A. Section includes standalone manual transfer switches (MTS).

	1.02 related sections
	Section 16429 Switchboards

	1.03 references
	IEEE C57.12.28 Standard for Pad-Mounted Equipment – Enclosure Integrity
	NECA 1 Standard Practice of Good Workmanship in Electrical Construction
	NEMA 250 Enclosures for Electrical Equipment (1000 Volts Maximum)
	NETA ATS Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems
	UL 1008 Standard for Transfer Switch Equipment

	1.04 ACTION SUBMITTALS
	1. Product Data:  For each type of product specified.  At minimum, include the following:
	1. Voltage, continuous current, and short circuit current ratings
	2. Dimensions
	3. Nameplate schedule
	4. Schematic wiring diagrams
	5. List of accessories
	6. Seismic certification and anchorage calculations


	1.05 INFORMATIONAL SUBMITTALS
	Field quality-control reports and test reports.  Indicate overall resistance to ground.

	1.06 QUALITY ASSURANCE
	1. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	A. Comply with UL 467 for grounding and bonding materials and equipment.

	1.07 manufacturer services
	1. The MTS manufacturer shall have a local factory certified service center that stocks spare parts and employs full time factory trained field service technicians and engineers. Replacement parts shall be of the same make as provided by the original ...


	PART 2 - PRODUCTS
	A. acceptable manufacturers
	1. Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following, or approved equal:
	a. Eaton
	b. Emerson ASCO
	1.    General Electric Zenith


	B. manual transfer switches
	1. Provide manual transfer switch with the number of poles, amperage, voltage, and interrupting current ratings as indicated on the drawings.
	2. Manual operation shall be accomplished by a UL listed quick make/quick break handle on the outside of the enclosure. The handle shall permit the operator to stop the contacts at any point throughout the entire travel.  The total operating transfer ...
	B. Operation shall be inherently double-throw where all contacts move simultaneously. Electrical spacing shall not be less than those listed in UL Standard 1008. Main contact structures not originally manufactured for transfer switch service are not a...
	C. Inspection and replacement of all main and arcing contacts (movable and stationary) shall be possible from the front of the switch without disassembly of operating linkages and without disconnection of power conductors.
	D. All switches for solid neutral systems shall have fully rated insulated neutral plates, all switches for systems with switched neutrals shall have fully rated neutral transfer contacts, which momentarily (100ms maximum) interconnect the neutrals of...
	E. Manual transfer switch shall meet seismic requirements as stated in specification section 16074 “Vibration and Seismic Controls.”  Submit certification that manual transfer switch meets seismic requirements and provide anchorage calculations.
	F. Each transfer switch shall be positively interlocked both mechanically and electrically to prevent simultaneous closing of both sources. Main contacts shall be mechanically held in position in both normal and emergency positions.

	2.02 enclosure
	1. The MTS shall be housed in a NEMA 3R enclosure suitable for use in environments indicated on the drawings.
	2. NEMA 1, 12 or 3R enclosures shall be painted with the manufacturer’s standard light gray ANSI 61 paint.  NEMA 4X enclosures shall be unpainted 316 stainless steel.


	PART 3 - EXECUTION
	A. factory testing
	1. The following standard factory tests shall be performed on the equipment provided under this section. All tests shall be in accordance with the latest version of UL and NEMA standards.
	a. Insulation check to ensure the integrity of insulation and continuity of the entire system
	1. Visual inspection to ensure that the switch matches the specification requirements and to verify that the fit and finish meet quality standards
	2. Mechanical tests to verify that the switch's power sections are free of mechanical hindrances
	3. Electrical tests to verify the complete electrical operation of the switch and to set up time delays and voltage sensing settings of the logic

	B. The manufacturer shall provide a certified copy of factory test reports.
	C. Transfer switch shall include a label indicating order number, catalog number and date.

	B. examination
	1. Verify surface is suitable for manual transfer switch installation.

	3.02 installation
	1. Contractor shall install all equipment per the manufacturer’s recommendations and the contract drawings.
	2. All necessary hardware to secure the assembly in place shall be provided by the Contractor.

	3.03 adjusting
	1. Adjust operating mechanisms for free mechanical movement.

	3.04 cleaning
	1. Touch up scratched or marred surfaces to match original finish.




	16461 Low Voltage Transformers
	SECTION 16461:  LOW VOLTAGE TRANSFORMERS
	PART 1 - GENERAL
	A. Summary
	1. Section includes distribution dry-type transformers (pad mounted and installed in the motor control center) with primary and secondary windings rated 600 volts or less.

	B. Related Work Specified Elsewhere
	Section 16429 Switchboard

	C. References
	IEEE C57.12.28 Standard for Pad-Mounted Equipment – Enclosure Integrity
	NEMA 250 Enclosures for Electrical Equipment (1000 Volts Maximum)
	NEMA ST 20 Dry Type Transformers for General Applications
	UL 1561 Dry-Type General Purpose and Power Transformers

	D. Action Submittals
	1. The Power System Analysis Report as specified in Section 16025 shall be approved by the Engineer prior to submitting electrical equipment shop drawings.
	2. Product Data:  For each product indicated.
	3. Shop Drawings:  Indicate dimensions and weights.
	a. Wiring Diagrams

	4. Transformer ratings:
	a. kVA
	b. Primary and secondary voltage
	c. Taps
	d. Basic Impulse Level (BIL)
	e. Impedance


	E. Informational Submittals
	1. Manufacturer Seismic Qualification Certification:  Submit certification that transformers, accessories, and components will withstand seismic forces defined in Section 16074 "Vibration and Seismic Controls for Electrical Systems."
	2. Production test reports
	3. Installation information
	4. Field quality-control test reports

	F. Closeout Submittals
	1. Operation and maintenance data.

	G. Quality Assurance
	1. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	2. Comply with IEEE C57.12.91, "Test Code for Dry-Type Distribution and Power Transformers."


	PART 2 - PRODUCTS
	A. Acceptable Manufacturers
	1. Subject to compliance with requirements, provide products by one of the following, or equal:
	a. Acme Electric
	b. Eaton
	c. General Electric
	d. Schneider Electric / Square D
	e. Siemens


	B. General Transformer Requirements
	1. Description:  Factory-assembled and tested, air-cooled units for 60-Hz service.
	2. Cores:  Grain-oriented, non-aging silicon steel.
	3. Coils:  Continuous windings without splices except for taps.
	a. Internal Coil Connections:  Brazed or pressure type.
	b. Coil Material:  Copper.

	4. Comply with NEMA ST 20, and list and label as complying with UL 1561.
	5. Provide transformers that are constructed to withstand seismic forces specified in Section 16074 "Vibration and Seismic Controls for Electrical Systems."
	6. Cores:  One leg per phase.
	7. Transformer Enclosure Finish:  Comply with NEMA 250.
	a. Finish Color:  Gray.

	8. Taps for Transformers Smaller than 3 kVA:  None.
	9. Taps for Transformers 7.5 to 24 kVA:  One 5 percent tap above and one 5 percent tap below normal full capacity.
	10. Taps for Transformers 25 kVA and Larger:  Two 2.5 percent taps above and four 2.5 percent taps below normal full capacity.
	11. Insulation Class:  220 deg C, UL-component-recognized insulation system with a maximum of 150 deg C rise above 40 deg C ambient temperature.
	12. Energy Efficiency for Transformers Rated 15 kVA and Larger:
	a. Complying with NEMA TP 1, Class 1 efficiency levels.
	b. Tested according to NEMA TP 2.

	13. K-Factor Rating:  Transformers indicated to be K-factor rated shall comply with UL 1561 requirements for nonsinusoidal load current-handling capability to the degree defined by designated K-factor.
	a. Unit shall not overheat when carrying full-load current with harmonic distortion corresponding to designated K-factor.
	b. Indicate value of K-factor on transformer nameplate.

	14. Electrostatic Shielding:  Each winding shall have an independent, single, full-width copper electrostatic shield arranged to minimize interwinding capacitance.

	C. Pad Mounted Distribution Transformers
	1. Enclosure: Totally enclosed, nonventilated, NEMA 250, Type 3R.
	a. Core and coil shall be encapsulated within resin compound, sealing out moisture and air.


	D. Distribution Transformers Mounted in the Switchboard
	1. Enclosure: Ventilated, NEMA 250, Type 1.
	a. Core and coil shall be encapsulated within resin compound, sealing out moisture and air.


	E. Identification Devices
	1. Provide nameplates as specified in Section 16075 "Electrical Identification."


	PART 3 - EXECUTION
	A. Installation
	1. Install wall-mounting transformers level and plumb with wall brackets fabricated by transformer manufacturer.
	a. Brace wall-mounting transformers as specified in Section 16074 "Vibration and Seismic Controls for Electrical Systems."

	2. Construct concrete bases and anchor floor-mounting transformers according to manufacturer's written instructions, seismic codes applicable to Project, and requirements in Section 16073 "Hangers and Supports for Electrical Systems."

	B. Field Quality Control
	1. Perform tests and inspections:
	a. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	b. Infrared Scanning:  Two months after Substantial Completion, perform an infrared scan of transformer connections.
	c. Use an infrared-scanning device designed to measure temperature or detect significant deviations from normal values.  Provide documentation of device calibration.
	d. Perform 2 follow-up infrared scans of transformers, one at 4 months and the other at 11 months after Substantial Completion.
	e. Prepare a certified report identifying transformer checked and describing results of scanning.  Include notation of deficiencies detected, remedial action taken, and scanning observations after remedial action.


	C. Adjusting
	1. Adjust transformer taps to provide optimum voltage conditions at secondary terminals.  Optimum is defined as not exceeding nameplate voltage plus 10 percent and not being lower than nameplate voltage minus 3 percent at maximum load conditions.  Sub...
	a. Output Settings Report:  Prepare a written report recording output voltages and tap settings.





	16481 Low Voltage Solid State Starters
	SECTION 16481:  LOW VOLTAGE SOLID STATE STARTERS
	PART 1 - GENERAL
	A. Summary
	1. Section includes reduced voltage solid state starters (smart motor controllers, SMC) installed in the motor control center and rated 600 volts or less.

	B. Related Work Specified Elsewhere
	Section 16010 General Electrical Requirements

	C. Performance Requirements
	1. Seismic Performance:  MCCs shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.
	a. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified and the unit will be fully operational after the seismic event."


	D. Action Submittals
	1. Product Data:  For each type of controller.
	2. Shop Drawings:  Manufacturer's approval drawings as defined in UL 845.  In addition to requirements specified in UL 845, include dimensioned plans, elevations, and sections; and conduit entry locations and sizes, mounting arrangements, and details,...
	a. Show tabulations of installed devices, equipment features, and ratings.
	b. Schematic wiring Diagrams:  For power, signal, and control wiring for each installed controller.
	c. Nameplate legends.
	d. Vertical and horizontal bus capacities.
	e. Features, characteristics, ratings, and factory settings of each installed unit.


	E. Informational Submittals
	1. Coordination Drawings:  Floor plans, drawn to scale, showing dimensioned layout, required working clearances, and required area above and around where pipe and ducts are prohibited.  Show layout and relationships between electrical components and a...
	2. Seismic Qualification Certificates:  For accessories, and components, from manufacturer.
	3. Product certificates.
	4. Source quality-control reports.
	5. Field quality-control reports.

	F. Closeout Submittals
	1. Operation and maintenance data.

	G. Quality Assurance
	1. Testing Agency Qualifications:  Member Company of NETA or an NRTL.
	2. Source Limitations:  Obtain controllers of a single type from single source from single manufacturer.
	3. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	4. Comply with NFPA 70.
	5. IEEE Compliance:  Fabricate and test enclosed controllers according to IEEE 344 to withstand seismic forces defined in Section 16074 "Vibration and Seismic Controls for Electrical Systems."


	PART 2 - PRODUCTS
	A. Acceptable Manufacturers
	1. Subject to compliance with requirements, provide products by one of the following, or equal:
	a. Eaton
	b. General Electric
	c. Rockwell Automation / Allen-Bradley
	d. Schneider Electric / Square D
	e. Siemens


	B. Functional Features
	1. The solid-state reduced-voltage starter shall be UL and CSA listed. The solid-state reduced-voltage starter shall be an integrated unit with power SCRs, logic board, paralleling bypass contactor, and electronic overload relay enclosed in a single m...
	2. The SCR-based power section shall consist of six (6) back-to-back SCRs and shall be rated for a minimum peak inverse voltage rating of 1500 volts PIV
	3. Units using triacs or SCR/diode combinations shall not be acceptable
	4. Resistor/capacitor snubber networks shall be used to prevent false firing of SCRs due to dV/dT effects
	5. The logic board shall be mounted for ease of testing, service and replacement. It shall have quick disconnect plug-in connectors for current transformer inputs, line and load voltage inputs and SCR gate firing output circuits
	6. The logic board shall be identical for all ampere ratings and voltage classes and shall be conformally coated to protect environmental concerns
	7. The paralleling run bypass contactor shall energize when the motor reaches 90 of full speed and close/open under one (1) times motor current
	8. The paralleling run bypass contactor shall utilize an intelligent coil controller to limit contact bounce and optimize coil voltage during varying system conditions
	9. Starter shall be provided with electronic overload protection as standard and shall be based on inverse time-current algorithm. Overload protection shall be capable of being disabled during ramp start for long acceleration loads via a DIP switch se...
	10. Overload protection shall be adjusted via the device keypad and shall have a motor full load ampere adjustment from 30 to 100% of the maximum continuous ampere rating of the starter
	11. Starter shall have selectable overload class setting of 5, 10, 20 or 30 via a DIP switch setting on the device keypad
	12. Starter shall be capable of either an electronic or mechanical reset after a fault
	13. Units using bimetal overload relays are not acceptable
	14. Overtemperature protection (on heat sink) shall be standard
	15. Starters shall provide protection against improper line-side phase rotation as standard. Starter will shut down if a line-side phase rotation other than A-B-C exists. This feature can be disabled via a DIP switch on the device keypad
	16. Starters shall provide protection against a phase loss or unbalance condition as standard. Starter will shut down if a 50% current differential between any two phases is encountered. This feature can be disabled via a DIP switch on the device keypad
	17. Start shall provide protection against a motor stall condition as standard. This feature can be disabled via a DIP switch on the device keypad
	18. Starter shall provide protection against a motor jam condition as standard. This feature can be disabled via a DIP switch on the device keypad
	19. Starter shall be provided with a Form C normally open (NO), normally closed (NC) contact that shall change state when a fault condition exists. Contacts shall be rated 60 VA (resistive load) and 20 VA (inductive load). In addition, an LED display ...
	20. The following control function adjustments on the device keypad are required:
	a. Selectable Torque Ramp Start or Current Limit Start
	b. Adjustable Kick Start Time: 0–2 seconds
	c. Adjustable Kick Start Torque: 0–85%
	d. Adjustable Ramp Start Time: 0.5–180 seconds
	e. Adjustable Initial Starting Ramp Torque: 0–85%
	f. Adjustable Smooth Stop Ramp Time: 0–60 seconds.

	21. Units enclosed in motor control centers shall be of the same manufacturer as that of the circuit breaker and motor control center for coordination and design issues
	22. Maximum continuous operation shall be at 115% of continuous ampere rating.
	23. Pump Control Option – Provide control algorithm for pump start-up and shut down sequences. Control algorithm shall reduce the potential for water hammer in a centrifugal pump system.  Upon a start command, the speed of the motor is increased, unde...


	PART 3 - EXECUTION
	A. Installation
	1. Floor-Mounting Controllers:  Install on 4-inch nominal thickness concrete base.  Comply with requirements for concrete base specified in Section 03300 "Cast-In-Place Concrete."
	a. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install dowel rods on 18-inch centers around the full perimeter of concrete base.
	b. For supported equipment, install epoxy-coated anchor bolts that extend through concrete base and anchor into structural concrete floor.
	c. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	d. Install anchor bolts to elevations required for proper attachment to supported equipment.

	2. Seismic Bracing:  Comply with requirements specified in Section 16074 "Vibration and Seismic Controls for Electrical Systems."
	3. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.
	4. Install fuses in each fusible switch.
	5. Install fuses in control circuits if not factory installed.
	6. Install heaters in thermal-overload relays.  Select heaters based on actual nameplate full-load amperes after motors have been installed.
	7. Install, connect, and fuse thermal-protector monitoring relays furnished with motor-driven equipment.
	8. Install power factor correction capacitors.  Connect to the line side of overload relays.  If connected to the load side of overload relays, adjust overload heater sizes to accommodate the reduced motor full-load currents.
	9. Comply with NECA 1.

	B. Identification
	1. Comply with requirements in Section 16075 "Electrical Identification" for identification of MCC, MCC components, and control wiring.
	a. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs.
	b. Label each cubicle with engraved nameplate.
	c. Label each enclosure-mounted control and pilot device.


	C. Control Wiring Installation
	1. Install wiring between enclosed controllers and remote devices and facility's central-control system.  Comply with requirements in Section 16120 "Low Voltage Wire and Cable."
	2. Bundle, train, and support wiring in enclosures.
	3. Connect selector switches and other automatic-control selection devices where applicable.
	a. Connect selector switches to bypass only those manual- and automatic-control devices that have no safety functions when switch is in manual-control position.
	b. Connect selector switches within enclosed controller circuit in both manual and automatic positions for safety-type control devices such as low- and high-pressure cutouts, high-temperature cutouts, and motor overload protectors.


	D. Connections
	1. Comply with requirements for installation of conduit in Section 16130 "Raceways and Boxes." Drawings indicate general arrangement of conduit, fittings, and specialties.
	2. Comply with requirements in Section 16060 "Grounding and Bonding."

	E. Field Quality Control
	1. Testing Agency:  Engage a qualified testing agency to perform tests and inspections.
	2. Perform tests and inspections.
	3. Acceptance Testing Preparation:
	a. Test insulation resistance for each enclosed controller, component, connecting supply, feeder, and control circuit.
	b. Test continuity of each circuit.

	4. Tests and Inspections:
	a. Inspect controllers, wiring, components, connections, and equipment installation.
	b. Test insulation resistance for each enclosed controller element, component, connecting motor supply, feeder, and control circuits.
	c. Test continuity of each circuit.
	d. Verify that voltages at controller locations are within 10 percent of motor nameplate rated voltages.  If outside this range for any motor, notify Engineer before starting the motor(s).
	e. Test each motor for proper phase rotation.
	f. Perform each electrical test and visual and mechanical inspection stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	g. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.
	h. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and malfunctioning controls and equipment.

	5. Enclosed controllers will be considered defective if they do not pass tests and inspections.
	6. Prepare test and inspection reports, including a certified report that identifies enclosed controllers and that describes scanning results.  Include notation of deficiencies detected, remedial action taken, and observations after remedial action.

	F. Adjusting
	1. Set field-adjustable switches, auxiliary relays, time-delay relays, timers, and overload-relay pickup and trip ranges.
	2. Adjust overload relay heaters or settings if power factor correction capacitors are connected to the load side of the overload relays.
	3. Set field-adjustable switches and program microprocessors for required start and stop sequences in reduced-voltage, solid-state controllers.

	G. Demonstration
	1. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain enclosed controllers, and to use and reprogram microprocessor-based, reduced-voltage, solid-state controllers.




	16511 Interior Lighting
	SECTION 16511:  inTERIOR LIGHTING
	PART 1 - GENERAL
	A. Summary
	1. Section Includes:
	a. Interior luminaires, lamps, and ballasts.
	b. Emergency lights.
	c. Exit signs.
	d. Luminaire supports.


	B. Related Work Specified Elsewhere
	Section 16521 Exterior Lighting

	C. Action Submittals
	1. Product Data:  For each type of luminaire, arranged in order of luminaire designation.  Include data on features, accessories, and finishes.
	2. Shop Drawings:  Show details of nonstandard or custom luminaires.  Indicate dimensions, weights, methods of field assembly, components, features, and accessories. Product Certificates:  For each type of ballast for bi-level and dimmer-controlled lu...

	D. Informational Submittals
	1. Field quality-control reports.

	E. Quality Assurance
	1. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Comply with NFPA 70.


	PART 2 - PRODUCTS
	A. Acceptable Manufacturers
	1. Subject to compliance with requirements, provide product indicated on Drawings, or approved equal.

	B. General Requirements for Luminaires and Components
	1. Fluorescent Luminaires:  Comply with UL 1598.  Where LER is specified, test according to NEMA LE 5 and NEMA LE 5A as applicable.
	2. Metal Parts:  Free of burrs and sharp corners and edges.
	3. Sheet Metal Components:  Steel unless otherwise indicated.  Form and support to prevent warping and sagging.
	4. Doors, Frames, and Other Internal Access:  Smooth operating, free of light leakage under operating conditions, and designed to permit relamping without use of tools.  Designed to prevent doors, frames, lenses, diffusers, and other components from f...
	5. Diffusers and Globes:
	a. Acrylic Lighting Diffusers:  100 percent virgin acrylic plastic.  UV stabilized, high resistance to yellowing and other changes due to aging, exposure to heat, and UV radiation.


	C. Ballasts for Linear Fluorescent Lamps
	1. General Requirements for Electronic Ballasts:
	a. Comply with UL 935 and with ANSI C82.11.
	b. Designed for type and quantity of lamps served.
	c. Ballasts shall be designed for full light output.
	d. Sound Rating:  Class A except Class B for T12/HO and T12/Slimline lamp ballasts.
	e. Total Harmonic Distortion Rating:  Less than 10 percent.
	f. Transient Voltage Protection:  IEEE C62.41.1 and IEEE C62.41.2, Category A or better.
	g. Operating Frequency:  42 kHz or higher.
	h. Power Factor:  0.95 or higher.

	2. Luminaires controlled by occupancy sensors shall have programmed-start ballasts.
	3. Electromagnetic Ballasts:  Comply with ANSI C82.1; energy saving, high-power factor, Class P, and having automatic-reset thermal protection.
	a. Ballast Manufacturer Certification:  Indicated by label.

	4. Single Ballasts for Multiple Luminaires:  Factory wired with ballast arrangements and bundled extension wiring to suit final installation conditions without modification or rewiring in the field.

	D. Emergency Lights
	1. Twin LED lamp indoor emergency light with self-contained, modular, battery-inverter unit, factory mounted within luminaire body.  Comply with UL 924.
	2. Housing:  Impact-resistant, scratch-resistant, corrosion-proof thermoplastic.  Full perimeter gasket seal between front and rear housing.
	3. Unit shall be rated for 50 C ambient operating temperature and UL listed for use in wet locations.
	4. Battery:  Sealed, maintenance-free, nickel-cadmium.
	5. Charger:  Fully automatic, solid-state type with sealed transfer relay.
	6. Operation:  Relay automatically turns lamp on when power-supply circuit voltage drops to 80 percent of nominal voltage or below.  Lamp automatically disconnects from battery when voltage approaches deep-discharge level.  When normal voltage is rest...
	7. Test Push Button and Indicator Light:  Visible and accessible without opening luminaire or entering ceiling space.

	E. Exit Signs
	1. General Requirements for Exit Signs:  Comply with UL 924; for sign colors, visibility, luminance, and lettering size, comply with authorities having jurisdiction.
	2. Internally Lighted Signs:
	a. Lamps for AC Operation:  LEDs, 50,000 hours minimum rated lamp life.
	b. Self-Powered Exit Signs (Battery Type):  Integral automatic charger in a self-contained power pack.
	(1) Battery:  Sealed, maintenance-free, nickel-cadmium type.
	(2) Charger:  Fully automatic, solid-state type with sealed transfer relay.
	(3) Operation:  Relay automatically energizes lamp from battery when circuit voltage drops to 80 percent of nominal voltage or below.  When normal voltage is restored, relay disconnects lamps from battery, and battery is automatically recharged and fl...
	(4) Test Push Button:  Push-to-test type, in unit housing, simulates loss of normal power and demonstrates unit operability.
	(5) LED Indicator Light:  Indicates normal power on.  Normal glow indicates trickle charge; bright glow indicates charging at end of discharge cycle.



	F. Fluorescent Lamps
	1. T8 rapid-start lamps, rated 32 W maximum, nominal length of 48 inches, 2800 initial lumens (minimum), CRI 75 (minimum), color temperature 3500 K, and average rated life 20,000 hours unless otherwise indicated.

	G. Luminaire Support Components
	1. Single-Stem Hangers:  1/2-inch steel tubing with swivel ball fittings and ceiling canopy.  Finish same as luminaire.
	2. Twin-Stem Hangers:  Two, 1/2-inch steel tubes with single canopy designed to mount a single luminaire.  Finish same as luminaire.
	3. Rod Hangers:  3/16-inch minimum diameter, cadmium-plated, threaded steel rod.
	4. Hook Hangers:  Integrated assembly matched to luminaire and line voltage and equipped with threaded attachment, cord, and locking-type plug.


	PART 3 - EXECUTION
	A. Installation
	1. Luminaires:  Set level, plumb, and square with ceilings and walls.  Install lamps in each luminaire.
	2. Comply with NECA 1 and NECA 101 for installation requirements.
	3. Comply with NFPA 70 for minimum luminaire supports.
	4. Suspended Luminaire Support:
	a. Pendants and Rods:  Where longer than 48 inches, brace to limit swinging.
	b. Stem-Mounted, Single-Unit Luminaires:  Suspend with twin-stem hangers.
	c. Continuous Rows:  Use tubing or stem for wiring at one point and tubing or rod for suspension for each unit length of luminaire chassis, including one at each end.

	5. Adjust aimable luminaires to provide required light intensities.
	6. Connect wiring according to Section 16120 "Low Voltage Wire and Cable."

	B. Field Quality Control
	1. Test for Emergency Lighting:  Interrupt power supply to demonstrate proper operation.  Verify transfer from normal power to battery and retransfer to normal.
	2. Prepare a written report of tests, inspections, observations, and verifications indicating and interpreting results.  If adjustments are made to lighting system, retest to demonstrate compliance with standards.




	16521 Exterior Lighting
	SECTION 16521:  EXTERIOR LIGHTING
	PART 1 - GENERAL
	A. Summary
	1. Section Includes exterior luminaires with lamps and ballasts.

	B. Related Work Specified Elsewhere
	Section 16511 Interior Lighting

	C. References
	IEEE C62.41.1 Guide on the Surge Environment in Low-Voltage (1000 V and Less) AC Power Circuits
	IEEE C62.41.2 Recommended Practice on Characterization of Surges in Low-Voltage (1000 V and Less) AC Power Circuits
	NFPA 70 National Electrical Code (NEC)
	UL 1598 Luminaires

	D. Action Submittals
	1. Product Data:  For each luminaire, pole, and support component, arranged in order of lighting unit designation.  Include data on features, accessories, and finishes.
	2. Shop Drawings:  Anchor-bolt templates keyed to specific poles and certified by manufacturer.

	E. Quality Assurance
	1. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	2. Comply with IEEE C2, "National Electrical Safety Code."
	3. Comply with NFPA 70.


	PART 2 - PRODUCTS
	A. Acceptable Manufacturers
	1. Subject to compliance with requirements, provide product indicated on Drawings, or approved equal.

	B. General Requirements for Luminaires
	1. Luminaires shall comply with UL 1598 and be listed and labeled for installation in wet locations by an NRTL acceptable to authorities having jurisdiction.
	a. LER Tests HID Fixtures:  Where LER is specified, test according to NEMA LE 5B.

	2. Lateral Light Distribution Patterns:  Comply with IESNA RP-8 for parameters of lateral light distribution patterns indicated for luminaires.
	3. Metal Parts:  Free of burrs and sharp corners and edges.
	4. Sheet Metal Components:  Corrosion-resistant aluminum unless otherwise indicated.  Form and support to prevent warping and sagging.
	5. Housings:  Rigidly formed, weather- and light-tight enclosures that will not warp, sag, or deform in use.  Provide filter/breather for enclosed luminaires.
	6. Doors, Frames, and Other Internal Access:  Smooth operating, free of light leakage under operating conditions, and designed to permit relamping without use of tools.  Designed to prevent doors, frames, lenses, diffusers, and other components from f...
	7. Exposed Hardware Material:  Stainless steel.
	8. Plastic Parts:  High resistance to yellowing and other changes due to aging, exposure to heat, and UV radiation.
	9. Reflecting surfaces shall have minimum reflectance as follows unless otherwise indicated:
	a. White Surfaces:  85 percent.
	b. Specular Surfaces:  83 percent.
	c. Diffusing Specular Surfaces:  75 percent.

	10. Lenses and Refractors Gaskets:  Use heat- and aging-resistant resilient gaskets to seal and cushion lenses and refractors in luminaire doors.
	11. Luminaire Finish:  Manufacturer's standard paint applied to factory-assembled and -tested luminaire before shipping.  Where indicated, match finish process and color of pole or support materials.
	12. Factory-Applied Finish for Steel Luminaires:  Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for recommendations for applying and designating finishes.
	a. Surface Preparation:  Clean surfaces to comply with SSPC-SP 1, "Solvent Cleaning," to remove dirt, oil, grease, and other contaminants that could impair paint bond.  Grind welds and polish surfaces to a smooth, even finish.  Remove mill scale and r...
	b. Exterior Surfaces:  Manufacturer's standard finish consisting of one or more coats of primer and two finish coats of high-gloss, high-build polyurethane enamel.
	(1) Color:  As selected from manufacturer's standard catalog of colors.


	13. Factory-Applied Finish for Aluminum Luminaires:  Comply with NAAMM's "Metal Finishes Manual for Architectural and Metal Products" for recommendations for applying and designating finishes.
	a. Finish designations prefixed by AA comply with the system established by the Aluminum Association for designating aluminum finishes.
	b. Natural Satin Finish:  Provide fine, directional, medium satin polish (AA-M32); buff complying with AA-M20; and seal aluminum surfaces with clear, hard-coat wax.
	c. Class I, Clear Anodic Finish:  AA-M32C22A41 (Mechanical Finish:  medium satin; Chemical Finish:  etched, medium matte; Anodic Coating:  Architectural Class I, clear coating 0.018 mm or thicker) complying with AAMA 611.
	d. Class I, Color Anodic Finish:  AA-M32C22A42/A44 (Mechanical Finish:  medium satin; Chemical Finish:  etched, medium matte; Anodic Coating:  Architectural Class I, integrally colored or electrolytically deposited color coating 0.018 mm or thicker) c...
	(1) Color:  Dark bronze.


	14. Factory-Applied Labels:  Comply with UL 1598.  Include recommended lamps and ballasts.  Labels shall be located where they will be readily visible to service personnel, but not seen from normal viewing angles when lamps are in place.
	a. Label shall include the following lamp and ballast characteristics:
	(1) "USES ONLY" and include specific lamp type.
	(2) Lamp tube configuration (twin, quad, triple), base type, and nominal wattage for compact fluorescent luminaires.
	(3) Lamp type, wattage, bulb type (ED17, BD56, etc.) and coating (clear or coated) for HID luminaires.
	(4) Start type (preheat, rapid start, instant start) compact fluorescent luminaires.
	(5) ANSI ballast type (M98, M57, etc.) for HID luminaires.
	(6) CCT and CRI for all luminaires.



	C. Ballasts for HID Lamps
	1. Comply with ANSI C82.4 and UL 1029 and capable of open-circuit operation without reduction of average lamp life.  Include the following features unless otherwise indicated:
	a. Ballast Circuit:  Constant-wattage autotransformer or regulating high-power-factor type.
	b. Minimum Starting Temperature:  Minus 22 F.
	c. Normal Ambient Operating Temperature:  104 F.
	d. Ballast Fuses:  One in each ungrounded power supply conductor.  Voltage and current ratings as recommended by ballast manufacturer.


	D. General Requirements for Support Components
	1. Luminaire Attachment Provisions:  Comply with luminaire manufacturers' mounting requirements.  Use stainless-steel fasteners and mounting bolts unless otherwise indicated.
	2. Mountings, Fasteners, and Appurtenances:  Corrosion-resistant items compatible with support components.
	a. Materials:  Shall not cause galvanic action at contact points.
	b. Anchor Bolts, Leveling Nuts, Bolt Caps, and Washers:  Hot-dip galvanized after fabrication unless otherwise indicated.
	c. Anchor-Bolt Template:  Plywood or steel.



	PART 3 - EXECUTION
	A. Luminaire Installation
	1. Install lamps in each luminaire.
	2. Fasten luminaire to indicated structural supports.
	a. Use fastening methods and materials selected to resist seismic forces defined for the application and approved by manufacturer.

	3. Adjust luminaires that require field adjustment or aiming.

	B. Corrosion Prevention
	1. Aluminum:  Do not use in contact with earth or concrete.  When in direct contact with a dissimilar metal, protect aluminum by insulating fittings or treatment.
	2. Steel Conduits:  Comply with Section 16130 "Raceways and Boxes." In concrete foundations, wrap conduit with 0.010-inch- thick, pipe-wrapping plastic tape applied with a 50 percent overlap.

	C. Grounding
	1. Ground metal poles and support structures according to Section 16060 "Grounding and Bonding."
	a. Install grounding conductor pigtail in the base for connecting luminaire to grounding system.





	16640-Cathodic Protection and Joint Bonding
	16950 Electrical Testing
	SECTION 16950:  ELECTRICAL TESTING
	PART 1 - GENERAL
	A. Summary
	1. Section includes requirements for acceptance testing of the electrical system, wiring, equipment, and grounding.

	B. Submittals
	1. Pre-Test Submittals:
	a. Testing service qualifications.
	b. Test personnel qualifications (resumes).
	c. Equipment testing schedule.
	d. Test data forms.

	2. Post-Test Submittals:
	a. Summary of testing for the project.
	b. Description of the equipment tested.
	c. Description of the test and test procedures.
	d. Test results.
	e. Conclusions and recommendations.
	f. Completed test forms, including witness's signatures.
	g. List of test equipment and calibration documents.
	h. Date and time.
	i. Include the following data tabulated for each piece of equipment:
	a. Circuit number.
	b. Equipment or motor name and tag number (where applicable).
	c. Nameplate full-load-ampere rating.
	d. Motor service factor.
	e. Motor ambient temperature rating.
	f. Overload relay rating.
	g. Measured full load current.
	h. Measured discharge pressures (where applicable).

	j. Submit equipment test schedule no later than 7 days prior to scheduled date of testing.
	k. Project Record Documents: Note or indicate wiring deviations from Contract Documents on Project Record Documents.


	C. Quality Assurance
	1. The Contractor shall retain a qualified Engineering appraisal and testing organization to provide inspections, tests, and evaluation to determine that the equipment designated herein is furnished in accordance with specifications and is installed a...
	2. Testing Firm:
	a. Obtain services of an independent testing service firm that meets the Federal OSHA criteria for accreditation of testing laboratories, Title 29, Part 1910.7 and has a work history and qualifications acceptable to the Engineer.
	b. The appraisal and testing organization shall have two or more years of experience related to the appraisal and testing of equipment designated herein.
	c. The managing or supervising representatives of the appraisal and testing organization shall have extensive knowledge of the products involved and at least two years of experience conducting appraisals and tests.  All testing shall be conducted unde...
	d. Testing technicians shall be trained and experienced in the testing they perform.
	e. The engineering appraisal and testing organization shall utilize comprehensive report forms to document engineering appraisal and test results on all equipment's and products.  Upon completion of the work, the report forms shall be signed by the ma...
	f. Testing shall be done in accordance with the manufacturer's instructions, these specifications, and applicable ANSI, ASTM and NEMA standards.  Applicable product instructions shall be furnished to the Engineer for review.



	PART 2 - PRODUCTS
	(NOT USED)

	PART 3 - EXECUTION
	A. Examination
	1. Verify that electrical work is free from improper grounds, short circuits, and overloads.
	2. Verify correctness of wiring first by visual comparison of the conductor connections with connection diagrams.
	3. Make individual circuit continuity checks by using electrical circuit testers.

	B. Acceptance Testing
	1. Perform testing and allow Owner and Engineer to witness testing.  Notify the Owner's representative three days or more in advance when any test is to take place.
	2. Perform electrical acceptance testing in accordance with NETA Standards.
	3. Perform tests to assure that electrical equipment specified to be tested will operate within industry and manufacturers published tolerances, and will perform safely.   Record test result data, to be used as a baseline for future tests.
	4. Testing of installed equipment shall result in acceptable test data.  Equipment for which acceptable test data has not been submitted, or has been submitted but rejected, shall be deemed as not meeting Contract requirements.
	5. Test insulation resistance of circuits.  Test each complete circuit prior to energizing.  Insulation resistance between conductors and between each conductor and ground shall not be less than 25 megohms.  Repair or replace wires or cables in circui...
	6. Test project electrical equipment, including 4KV and 600 volt electrical distribution equipment, motor control centers, and grounding.  Complete test reports for each individual piece of equipment.  The following types of electrical equipment shall...
	a. Molded Case Circuit Breaker.
	b. Motor Circuit Protector, 200 HP and above.
	c. Motors, 200 HP and above.
	d. Grounding Electrode Systems and Equipment Grounding System.
	e. Three Phase Power Transformers.

	7. Ground Fault Protective Equipment: The ground-fault protection system shall be performance tested after installation in accordance with NEC 230.95(C).  Submit a written record of the test to the Owner's representative.  Label on panel above the dev...
	8. Motor Operating Test: Run each motor as nearly as possible to rated operating conditions.  Record current in each phase of each motor 1/2 hp and larger and submit to the Owner's representative.  Repair or replace motor or driven equipment if curren...
	9. Power Company Voltage Test: When the installation is essentially complete and the facility is in operation, check the voltage at the point of termination of the power company supply system to the project.  Check voltage amplitude and balance betwee...

	C. Summary Test Report
	1. Submit summary test report upon completion of testing in every area.




	17000 Instrumentation and Controls Systems
	SECTION 17000:  INSTRUMENTATION AND CONTROL SYSTEMS
	PART 1 - GENERAL
	A. Description
	1. This section of the specifications includes materials, testing, and installation of instrumentation and programmable logic control system as specified herein and indicated on the drawings.
	2. These specifications shall not be interpreted as permission or direction to violate any governing code or ordinance.  Equipment, materials, and workmanship shall comply with the latest revisions of the following codes and standards:
	a. Instrumentation:  Instrument Society of America (ISA).
	b. Wiring:  National Electrical Code (NEC), ISA S5.3 and S5.4, 1976.
	c. Control Panels and Equipment:  NEMA, UL, and ANSI.
	d. Control Logic:  Joint Industrial Council (JIC).
	e. Piping:  ANSI B31.3 (instrumentation piping).


	B. Related Work Specified Elsewhere
	1. One-year Guarantee: General Provisions
	2. Permits and Licenses: General Provisions
	3. General Electrical Requirements:  16010

	C. Submittals
	1. Detailed Systems Drawings and Data:  The submittal shall consist of six sets of detailed drawings and data prepared and organized by the Contractor who was designated at the time of bidding.  These drawings and data shall be submitted as a complete...
	a. Submittals shall be in three-ring hardcover binders and arranged for convenient use including tab sheets, all indexed, and cross-referenced.
	b. Detailed JIC-style schematic diagrams of each discrete I/O point.
	c. Detailed instrumentation diagrams of each analog I/O instrumentation and control loop, per ISA S5.3 and S5.4 standards.
	d. Detailed programmable logic controller (PLC) loop diagrams.
	e.  Data sheets for each component, together with a technical product brochure or bulletin.  The data sheets shall show:
	(1) Component name.
	(2) Manufacturer's model number.
	(3) Project tag number.
	(4) Project location.
	(5) Input and output characteristics.
	(6) Scale range and units (if any) and multiplier (if any).
	(7) Requirements for electric supply (if any).


	2. The data sheets shall be grouped together in the submittal by systems or loops as a separate group for each system or loop.  If within a single system or loop, a single component is employed more than once, one data sheet with one brochure or bulle...
	3. Component interconnect drawings showing the interconnecting wiring between each component including equipment supplied under other sections requiring interfacing with the control system.
	4. Arrangement and construction drawings for consoles, control panels, and for other special enclosed assemblies for field installation.  These drawings shall include dimensions, identification of all components, preparation and finish data, nameplate...
	5. Installation, mounting, and anchoring detail for all components or entry details.
	6. ELECTRONIC FILES OF SHOP DRAWINGS:  Submit electronic files of all shop drawings in AutoCAD 2016 format.
	7. Complete detailed bills of material.

	D. Qualifications and Responsibility of Contractor
	1. The Contractor shall furnish and install all proposed hardware as shown on the drawings and as specified herein.  All systems shall be the unit responsibility of the one system supplier for all hardware.  The programmable logic control system insta...
	a. The system supplier shall have had a minimum of five years' experience with the installation of industrial control systems similar in type to those to be installed in this project.
	b. A list of complete similar installations including names and address of City, name of project, and date of completion.
	c. The name and qualifications of supervisory personnel to be directly responsible for the programming and installation of the control system.

	2. Under this section, the Contractor shall furnish the following:
	a. Instrumentation equipment.
	b. Programmable logic control system.
	c. Control panels.
	(1) Spare parts.
	(2) Special tools and test equipment required by the supplier.
	(3) Installation, integration and testing.
	(4) Documentation.
	(5) Operator training.
	(6) Warranty (one year).
	(7) Shipping and receiving.


	3. All calibration and final checkout of the instrumentation and programmable logic control system shall be witnessed by the City's Representative to determine if the system complies with the contract documents.
	4. The Contractor shall be responsible for coordinating and interfacing with equipment supplied under these contract documents which are an integral part of the system.  Interfacing shall be incorporated in the detailed systems drawings and data secti...
	5. The system supplier shall be experienced in the design, programming, and service of this type of equipment.  In the event of a dispute as to the acceptability of the system supplier, the City's Representative shall make the final determination.
	6. The system supplier will provide PLC programs as required by the contract documents. The system supplier shall be responsible for all aspects of the PLC hardware and software installation.  The Contractor shall also be responsible for all aspects o...
	7. The Contractor shall provide a PLC system whose input and output configuration complies with the requirements of the contract documents, including specific I/O register assignments when applicable.  This requirement is applicable when the City supp...

	E. Guarantee
	1. The Contractor shall repair or replace defective components, rectify malfunctions, correct software problems (for any software supplied by the Contractor), and correct faulty workmanship, all at no additional cost to the City during the guarantee p...

	F. Measurement and Payment
	1. Payment for the work in this section shall be in accordance with the General Provisions and in the amount stated in the Proposal.


	PART 2 - PRODUCTS
	A. Designation of Components
	1. In these specifications and on the plans, all systems, and other elements are represented schematically and are designated by numbers, as derived from criteria in Instrument Society of America Standards.  The nomenclature and numbers designated her...

	B. Instrument Tagging
	1. Attach a stainless-steel tag to the instrument at the factory.  Permanently mark the stainless-steel tag with the instrument tag number.  The manufacturer's standard metal nameplate as a minimum shall denote model number, serial number, operating e...

	C. Instrument System Power
	1. Power provided for the instrument system shall be 120-volt a-c, single phase from a single source.  This system will supply 100% of the control power for the PLC and instruments.  Provide battery backup and/or UPS systems as required by the contrac...
	2. Where d-c power supplies are not furnished integral with any one instrument system loop, then provide separate solid-state power supplies.

	D. Matching Style, Appearance and Type
	1. All display instruments of each type shall represent the same outward appearance, having the same physical size and shape and the same size and style of numbers and pointers.


	PART 3 - EXECUTION
	A. Installation
	1. The drawings indicate connections for typical equipment only.  If the equipment furnished is different from what is shown, provide the modifications necessary for a safe and properly operating installation in accordance with the equipment manufactu...
	2. The drawings indicate diagrammatically the desired location and arrangement of equipment.  Field determine exact location based on physical size and arrangement of equipment, finished elevations, and obstructions.
	3. Work or equipment not indicated or specified which is necessary for the complete and proper operation of the instrumentation and control systems shall be accomplished without additional cost to the CITY.

	B. Uniformity of Components
	1. Components that perform the same or similar functions shall, to the greatest degree possible, be of the same or similar type, the same manufacture, the same grade of construction, the same size, and the same appearance.

	C. Mounting of Equipment and Accessories
	1. Mount equipment in accordance with the installation detail drawings as prepared by the Contractor and reviewed by the Engineer.  Mount equipment so that they are rigidly supported, level and plumb, and in such a manner as to provide accessibility; ...
	2. Locate devices, including accessories, where they shall be accessible from grade, except as shown otherwise.
	3. Mount local equipment in cabinets or existing panels as specified.  Mount associated I/O terminals on a common panel or rack; mounting panels and rack shall be baked enamel.
	4. Coordinate the installation of the electrical service to components related to the system to assure a compatible and functionally correct system.  All accessories shall be coordinated and installation supervised by the Contractor.
	5. Test the complete system after installation to assure that all components are operating with the specified range and all interlocks are functioning properly.

	D. Testing
	1. The contractor shall perform testing and start-up of the instrumentation and control equipment per specification 01510, Testing, Training, and Facility Start-up.

	E. Maintenance, and Repair Manuals:
	1. Maintenance manuals shall be prepared and submitted to the City's Representative for preliminary review in six copies.  When the City's Representative is satisfied that these are complete and properly prepared, six final sets shall be delivered to ...
	2. The complete Maintenance manual shall contain all the information included in the preliminary equipment submittal, the detailed installation submittal, programming instructions, and the additional information required herein, all bound in hard-cove...
	3. The maintenance manuals shall contain:
	a. Calibration and maintenance instructions,
	b. Troubleshooting instructions
	c. Instructions for ordering replacement parts.

	4. At the time of submittal of the Maintenance Manuals, the Contractor shall provide As-Built versions of submittal drawings, and equipment manufacturers shop drawings.
	5. ELECTRONIC FILES OF SHOP DRAWINGS:  Provide electronic files of all As-Built shop drawings in AutoCAD (latest version) format with the Maintenance Manuals.




	17100 Field Instrumentation
	17300 Programmable Logic Control System
	SECTION 17300:  PROGRAMMABLE LOGIC CONTROL SYSTEM
	PART 1 - GENERAL
	A. Description
	1. This section includes materials, installation and testing of programmable logic controllers, and programmable operator interface equipment.

	B. Related Work Specified Elsewhere
	Section 16010 General Electrical Requirements
	Section 17000 Instrumentation and Controls Systems

	C. Submittals
	1. Submit shop drawings in accordance with the General Provisions.


	PART 2 - PRODUCTS
	A. General Requirements
	1. Provide PLC system as shown on drawings.  Provide all I/O (analog and discrete), interface modules, and other cabling and hardware as needed to provide a fully functioning system.

	B. Programmable Logic Control System
	1. A fully integrated programmable logic control system shall be furnished as specified in this section and on the drawings.  The PLC system shall come complete with central processor, memory, enhanced executive cartridge, power supply, interconnectin...
	2. The A-C power of the control system will be 120-volt +/-10% a-c, 60 hertz, single phase derived from line power.  The system shall be designed to operate satisfactorily from 0 C to 60 C ambient temperature for the PLC.
	3. Input/Output:  At the PLC locations, analog transmitters and receivers have 4- to 20-ma signals.  Discrete (on/off) inputs originate from dry relay contacts.  For discrete control output, provide relays with dry contacts.  Refer to instrumentation ...
	4. Discrete PLC I/O modules shall have individual LED status lights for each I/O point. All discrete and analog modules shall have terminal blocks for termination of the I/O wires.  Individual I/O points shall be capable of withstanding low energy com...
	5. Provide the following minimum spare I/O:
	a. Analog Inputs:  One
	b. Discrete Inputs:  One
	c. Discrete Outputs with Interposing Relay:  One
	d. Empty Rack Slots


	C. Programmable Logic Controller (PLC) Component Manufacturer
	1. The PLC components including I/O modules, shall be manufactured by Modicon.

	D. Programmable Logic Controller (PLC) Backplane Mounting Rack
	1. The PLC backplane mounting rack shall be an AEG Modicon Momentum Series, ten slot rack, minimum.

	E. Programmable Logic Controller (PLC) Power Supply Module
	1. The PLC rack power supply shall be an AEG Modicon Momentum Series, 8 amp power supply.

	F. Programmable Logic Controller (PLC) Controller Module
	1. The logic and variable memory shall be read/write RAM.  All RAM shall have integral battery backup that will maintain the memory for a minimum of six months upon a utility power failure.  The logic and variable memory shall have a sufficient ladder...
	2. The PLC Controller module shall be Modicon Momentum Series, total memory 512K.

	G. Programmable Logic Controller (PLC) Discrete Input Modules
	1. The PLC discrete input modules shall be 120-volt dc and have noise filters or use other techniques to reject short-time constant noise and 60-Hz pickup.
	2. The discrete input modules shall be Modicon Momentum Series, 16 inputs per module, 24 vac.

	H. Programmable Logic Controller (PLC) Discrete Output Modules
	1. The discrete output modules shall be Modicon Momentum Series, 16 outputs per module, 120 vac.

	I. Programmable Logic Controller (PLC) Analog Input Modules
	1. The PLC analog inputs shall be suitable for accepting 4- to 20-ma from either 2, 3, or 4-wire transmitters.  The input power shall be from an external 24-volt d-c power supply.  The analog to digital converter shall have a 10-bit minimum resolution...
	2. The analog input modules shall be Modicon Momentum Series, 16 inputs per module.

	J. Programmable Logic Controller (PLC) Module To Terminal Block Field Wiring Interfaces
	1. Supply all necessary cable and terminal block interfaces required to connect PLC system.


	PART 3 - EXECUTION
	A. General Requirements
	1. Contact the owner prior to installing I/O modules into existing PLC racks.

	B. PLC Controller Programming Requirements
	1. The Owner shall perform programming of the PLC Controller unless otherwise stated in the project documents or on the drawings.

	C. Power Source
	1. The power source for the PLC system shall be 120-volt AC powered systems.
	2. The power source for the PLC shall be from Omniflex and battery backed power supply

	D. Controller Application Requirements
	1. Use Backplane mounted Momentum Series controllers (where shown on the drawings) for flow meter vault telemetry and flow control valve telemetry.

	E. Testing
	1. Test System per Section 17000.

	F. Input/Output Wiring
	1. All field wiring shall connect to field terminals.  Do not connect field wires directly to the PLC Input/Output Modules.
	2. Install wiring from the PLC Input/Output modules to field terminals for all spare module inputs and outputs.




	17350 Telemetry System and Networking
	SECTION 17350: TELEMETRY SYSTEM EQUIPMENT AND CONTROL SYSTEM NETWORK EQUIPMENT
	PART 1 - GENERAL
	A. Description
	1. This section includes materials and installation of telemetry system communications equipment and devices, such as radios, modems, and multiplexers, and control system network equipment such as Ethernet switches, and bridges.

	B. Related Work Specified Elsewhere
	Section 16010 General Electrical Requirements
	Section 17000 Instrumentation and Controls Systems
	Section 17300 Programmable Logic Control System

	C. Submittals
	1. Submit shop drawings in accordance with the General Provisions and the following
	2. Submit material list for all devices, hardware, and related accessories

	D. Measurement and Payment
	1. Payment for the work in this section shall be included as part of the lump-sum bid amount stated in the Proposal.


	PART 2 - PRODUCTS
	A. General
	1. Provide all devices, hardware, and accessories required to make a fully functioning telemetry site.

	B. Radios
	1. Ethernet TCP/IP Spread Spectrum radio transceiver shall be a 900 MHz, digital radio transceiver with remote loop back and internal diagnostics. 24 VDC power.  Manufacturer shall be Freewave Technologies, Inc. FGR 11SRC.

	C. Antenna Equipment
	1. Systems shall include but not be limited to, antenna, antenna mounting mast, mounting hardware, and coaxial cables with connectors.
	2. Directional Antenna, Yagi type – 10db Forward Gain – Manufactured by Katherein, model TY-900, no equal.
	3. Antenna Cable:  5/8” Cellflex foam cable Celwave type FLC 78-50J orders #81092-001, or 5/8” Heliax foam cable Andrew LDF5-50A.
	4. Antenna Connectors:
	a. Cellflex or Heliax to type N female connector Celwave 738841 or Andrew 145N.
	b. Cellflex or Heliax to type N male connector Celwave 738842 or Andrew 145W.

	5. Antenna Cable Pigtails:  Andrew cable type FSJ1-50 ¼” diameter Superflex Cable, 24” long, one end type N male, the other end type N female.
	6. Masts
	a. Antenna mast shall be 35’, tapered tenon mount by U.S. Pole #35-11 or as shown on the drawings.
	b. Antenna mast to be round, tapered and have an 18" long, 2" diameter tenon top for mounting the antenna.
	c. All antenna mounting components and hardware shall be galvanized or stainless steel.  Aluminum antenna shall be anodized.
	d. Lighting suppressors shall be furnished on antenna coaxial feed lines.
	e. Antenna mast shall be height as specified on the drawings, tapered tenon mount by U.S. Pole.


	D. Ethernet Switch
	1. Ethernet 9 port switch.  Manufacturer shall be Sixnet, Model ET-GT-9ES-1, no equal.


	PART 3 - EXECUTION
	A. Licensed and Non-licensed Radios
	1. Install radio and antenna equipment according to manufacturer’s instructions.  Provide connectors and inter-connecting cables to provide a fully functioning system.
	2. Provide a matching set of equipment, radio and antenna, required at the receiving station location as shown on the drawings.
	3. A PLC installed at the location of the radio shall communicate with the radio with an RS-232C interface using a 4,800 baud digital radio communication signal.  Connect the radio to Modbus port one of the PLC.
	4. Provide a Modicon Bridge Mux, when Modbus compatible device(s) in addition to the radio are required to communicate with the PLC, as shown on project drawings.  Connect the Bridge Mux to Modbus port two on the PLC, or to a Modbus Plus port on the P...

	B. Antenna
	1. Provide antenna type as shown on the drawings.
	2. Provide antenna mast, style and height as shown on the drawings.
	3. Antenna type, and mast style and height will be determined based on radio system requirements and site aesthetic requirements.
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	PART 1 - GENERAL
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	4.01 IRRIGATION SYSTEM
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	SECTION 32900 - LANDSCAPING
	PART 1:  GENERAL
	1.02 QUALITY ASSURANCE
	1.04 ENVIRONMENTAL REQUIREMENTS
	PART 2:  PRODUCTS
	2.01 REFERENCES
	2.03 PLANT MATERIAL
	2.04 FERTILIZERS, SOIL CONDITIONING MATERIALS AND WATER
	PART 3:  EXECUTION
	3.01 GENERAL
	3.02 TOPSOIL PREPARATION AND CONDITIONING
	5. Fertilizer and soil amendment guidelines under agronomic soils testing shall be used for bidding purposes for planting areas, however, the Contractor shall amend it as necessary per the soils test report at no additional cost to the City.
	3.03 WEED ABATEMENT
	A. The weed abatement program shall proceed upon the completion of the following:
	1. Installation of all pressure main line, quick coupler valves, irrigation valves, drip irrigation valves, non-pressure spray laterals and irrigation heads have been completed and accepted.  (Prior to the installation of the drip line.)
	2. After all existing weeds and growth has been removed from the planting areas.
	3. After the controller or a temporary controller has been installed.
	B. Water all areas four (4) times daily for twenty-one (21) consecutive days and until weed seeds have germinated.  Cease watering for three (3) days.  Spray a non-selective herbicide (Roundup) to eradicate the germinated weeds.  Allow herbicide to ki...
	1. Water turf areas utilizing the irrigation controller.
	2. Water all drip zones manually utilizing the quick coupler valves.
	3.04 FINISH GRADING
	3.05 PLANTING GENERAL
	3.06 TREE AND SHRUB PLANTING
	3.09 MAINTENANCE AND PLANT ESTABLISHMENT
	3.10 INSPECTION
	PART 4:  PAYMENT
	4.01 SOIL PREPARATION AND FINE GRADING
	4.02 WEED ABATEMENT
	4.04 36” BOX TREE
	END OF SECTION
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