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SECTION 260001
GENERAL PROVISIONS FOR ELECTRICAL WORK

PART 1 GENERAL

1.01 WORK INCLUDED

A. Work in this Section includes the providing of labor, materials, equipment and services
necessary for a complete and safe installation in accordance with the contract documents and
all applicable codes and authorities having jurisdiction for electrical work covered by all sections
within the specifications (including but not limited to electrical systems and equipment).

As a condition of Contractor’s use of these specifications, Contractor agrees to: (i) name AKF
as additional insured on Contractor’s insurance policies wherever permitted, including but not
limited to Contractor’s General Liability policy, which shall be primary and non-contributory, (ii)
provide AKF, upon request, with a certificate of insurance and copies of specific endorsements
to Contractor’s insurance policies evidencing said additional insured status, and (iii) waive all
rights of recovery against AKF by way of subrogation, assignment, or otherwise with regard to
insured claims.

B. Where variances occur between the drawings and specifications, or within either document
itself, the item or arrangement of higher quality, or higher cost shall be included in the contact
price.  The Architect/Engineer will decide on the item and manner in which the work shall be
installed.

C. Where Divisions of Work 01 thru 14 are referenced herein and are not provided elsewhere in
the project documents, refer to this section.

D. For Firestopping, refer to section 26 0300.

E. For Demonstration and Training refer to section 26 04000.

F. Provide cutting and patching

G. Related Work And Requirements
1. Requirements of general conditions, supplementary conditions for mechanical and

electrical work and Division No. 1.
2. Requirements noted under other Divisions of Work

H. Provide temporary light and power

I. Provide finish painting.

J. Provide access doors and filler.

K. Install access door and provide filler.

L. Excavating and backfilling.

M. Provide flashing.

1.02 COMMISIONING

A. Commissioning will be provided by the owner who will hire the commissioning agent.  Provide
all assistance and documents as required by the commissioning agent and special inspector
including as required during functional testing

1.03 DESCRIPTION OF BID DOCUMENTS

A. Specifications, in general, describe quality and character of materials and equipment.

B. Drawings, in general are diagrammatic and indicate sizes, locations, connections to equipment
and methods of installation. Provide additional offsets, fittings, hangers, supports, valves,
drains as required for construction and coordination with work of other trades.

C. Scaled and indicated dimensions are approximate and are for estimating purposes only. Before
proceeding with work, check and verify all dimensions.

D. Make adjustments that may be necessary or requested in order to resolve space problems,
preserve headroom, and avoid architectural openings, structural members and work of other
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trades.

E. Typical details, where shown on the drawings, apply to each and every item of the project
where such items are applicable. Typical details are not repeated in full on the plans, and are
diagrammatic only, but with the intention that such details shall be incorporated in full.

F. If any part of Specifications or Drawings appears unclear or contradictory, consult Architect
and/or Engineer for interpretation and decision as early as possible during bidding period. Do
not proceed with work without the Architect's and/or Engineer's decision.

1.04 DEFINITIONS

A. "Furnish":  To supply, deliver, unload, and inspect for damage.

B. "Install":  To unpack, assemble, erect, apply, place, finish, cure, protect, clean, start up, and
make ready for use.

C. "Provide":  To furnish and install.

D. "Supply":  Same as Furnish.

E. "Work": includes labor, materials, equipment, services, and all related accessories necessary
for the proper and complete installation of complete systems.

F. "Piping": includes pipe, tube, fittings, flanges, valves, controls, strainers, hangers, supports,
unions, traps, drains, insulation, and all related accessories.

G. "Wiring": includes raceway, fittings, wire, boxes, and all related accessories.

H. "Concealed": not in view, installed in masonry or other construction, within furred spaces,
double partitions, hung ceilings, trenches, crawl spaces, or enclosures.

I. "Exposed": in view, not installed underground or "concealed" as defined above.

J. "Indicated," "shown," or "noted": as indicated, shown or noted on drawings or specifications.

K. "Similar" or "equal": of base bid manufacturer, equal in quality, materials, weight, size,
performance, design and efficiency of specified product, conforming with "Base Bid
Manufacturers."

L. "Reviewed," "satisfactory," "accepted," or "directed": as reviewed, satisfactory, accepted, or
directed by or to Architect and/or Engineer.

M. "Motor Controllers": includes manual or magnetic starters with or without switches, individual
pushbuttons or hand-off-automatic (HOA) switches controlling the operation of motors.

N. "Control or Actuating Devices": includes automatic sensing and switching devices such as
thermostats, pressure, float, flow, electro-pneumatic switches and electrodes controlling
operation of equipment.

O. "Finished Spaces":  Spaces other than mechanical and electrical equipment rooms, furred
spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings,
unexcavated spaces, crawl spaces, and tunnels.

P. "Exposed, Interior Installations":  Exposed to view indoors.  Examples include finished occupied
spaces and mechanical equipment rooms.

Q. "Exposed, Exterior Installations":  Exposed to view outdoors, or subject to outdoor ambient
temperatures and weather conditions.  Examples include rooftop locations.

R. "Concealed, Interior Installations":  Concealed from view and protected from physical contact by
building occupants.  Examples include above ceilings and in duct shafts.

S. "Concealed, Exterior Installations":  Concealed from view and protected from weather
conditions and physical contact by building occupants, but subject to outdoor ambient
temperatures.  Examples include installations within unheated shelters.

1.05 QUALITY ASSURANCE

A. All work shall combine with National Electrical Code and all applicable local codes.
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B. All equipment and accessories shall be the product of manufacturers regularly engaged in their
manufacture. All items of a given type shall be the products of the same manufacturer.

C. Furnish all materials, equipment and accessories new and free from defects.

D. All electrical equipment shall be listed by Underwriters' Laboratories, Inc. (UL) or bear UL
labels.

E. Supply all equipment and accessories in complete compliance with and in accordance with the
applicable standards listed in reference standards of this Section and with all applicable
national, state and local codes.

F. Equipment ampere ratings shall be for continuous operation in 104oF (40oC) ambient
temperature unless otherwise indicated.

1.06 JOB CONDITIONS

A. Inspection of Site Conditions:
1. Before starting work, visit the site and examine the conditions under which the work has to

be performed. Report in writing any conditions which might adversely affect the work.

B. Connections to existing work:
1. Install new work and connect to existing work with minimum interference to existing

facilities.
2. Provide temporary shutdown of existing services at no additional charges and only with

written consent of Owner. Schedule shutdowns not to interfere with normal operation of
existing facilities.

3. Alarm and emergency systems shall not be interrupted.
4. Maintain continuous operation of existing facilities as required with necessary temporary

connections between new and existing work.
5. Connect new work to existing work in neat and acceptable manner. Restore existing

disturbed work to original condition.

C. Removal and relocation of existing work.
1. Disconnect, remove, or relocate electrical material, equipment, and other work noted and

required by alterations, modifications, or changes in existing construction.
2. Provide new material and equipment required for relocated equipment.
3. Disconnect load and line end of conductor feeding existing equipment.
4. Tape both ends of abandoned conductors and cap outlets and abandoned raceways.
5. Remove any raceway no longer required for removed or relocated equipment.
6. Cut and cap abandoned floor raceways flush with concrete floor or behind walls and

ceilings.
7. Dispose of removed Electrical equipment as directed.
8. Return removed Electrical equipment to Owner as directed and dispose of other

equipment.

1.07 REFERENCE STANDARDS

A. Published specifications, standards tests, or recommended methods of trade, industry or
governmental organizations apply to work in all Sections as noted below:
1. NEMA - National Electrical Manufacturers' Association.
2. ANSI - American National Standards Institute.
3. IEEE - Institute of Electrical and Electronics Engineers.
4. ASTM - American Society for Testing and Materials.
5. NEC - National Electrical Code.
6. NFPA - National Fire Protection Association.
7. UL - Underwriters' Laboratories, Inc.
8. OSHA - Occupational Safety and Health Administration Regulations.

1.08 SUBMITTALS
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A. Submit shop drawings product data, samples and certificates of compliance required by
contract documents.

B. Operating instructions, maintenance manuals and parts lists.
1. Provide manufacturer's equipment brochures and service manuals consisting of the

following:
a. Descriptive literature for equipment and components.
b. Model number and performance data.
c. Installation and operating instructions.
d. Maintenance and repair instructions.
e. Recommended spare parts lists.

2. Assemble manufacturers' equipment manuals in chronological order following the
specifications' numbering system using heavy duty three ring binders.

3. Submit threedetailed and simplified one line, color coded wiring diagrams.
4. Submit field test reports.

1.09 ELECTRONIC COPIES OF AKF DRAWINGS

A. If the contractor requires (.dwg) format, after preparation the drawings will be forwarded only
upon receipt of signed acceptance of terms form. Permission from the architect must first be
obtained for AKF to include the architectural background as reference. The contractor is to
obtain the architects latest drawings directly from the architect.

B. These files are being issued for the convenience of the contractor and the contractor remains
responsible for all contract requirements related to the normal shop drawing preparation
process.

1.10 SUBMISSIONS:

A. Indicate on each submission: project name and location, architect and engineer, item
identification and approval stamp of prime contractor, subcontractor names and phone
numbers, reference to the applicable design drawing or specification article, date and scale.

B. The work described in all shop drawing submission shall be carefully checked for all clearances
(including those required for maintenance and servicing), field conditions, maintenance of
architectural conditions and proper coordination with all trades on the job.

C. Each submitted shop drawing is to include a certification that all related job conditions have
been checked and verified and that there are no conflicts.

D. All shop drawings are to be submitted to allow ample time for checking in advance of field
requirements. All submittals to be complete and contain all required and detailed information.
Shop drawings with multiple parts shall be submitted as a package.

E. If submittals differ from the contract document requirements, make specific mention of such
difference in a letter of transmittal, with request for substitution, together with reasons for same.

1.11 AS-BUILTS AND EQUIPMENT OPERATION INSTRUCTIONS

A. On completion and acceptance of work, this contractor shall furnish written instructions,
equipment manuals and demonstrate to the owner the proper operation and maintenance of all
equipment and apparatus furnished under this contract.

B. The contractor shall give one copy of the instructions to the owner and one copy to the
engineer. .

C. Final “as-built” drawings indicating as installed conditions shall be provided to the architect and
engineer after completion of the installation.

1.12 OPERATING & MAINTENANCE INSTRUCTION

A. Prepare operating and maintenance instructions manual including operating instructions,
maintenance instructions, manufacturer's data, specific equipment data.

B. Provide an alphabetical list of all system components, with the name, address, and 24-hour
phone number of the company responsible for servicing each item during the first year of
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operation.

C. Provide operating instructions for complete system, including:
1. Normal starting, operating, and shut-down
2. Emergency procedures for fire or failure of major equipment
3. Summer and winter special procedures
4. Day and night special procedures

D. Provide maintenance instructions, including:
1. Detailed and simplified one line, color coded wiring diagrams.
2. Proper lubricants and lubricating instructions for each piece of equipment, and date when

lubricated
3. Required cleaning, replacement and/or adjustment schedule

E. Provide manufacturer's data on each piece of equipment, including:
1. Installation instructions.
2. Drawings and specifications.
3. Parts list, including recommended items to be stocked.
4. Complete wiring and temperature control diagrams.
5. Marked or revised prints locating all concealed parts and all variations from the original

system design.
6. Test and inspection certificates.

F. Provide specific equipment data including, but not limited to, the following:
1. For Communications Systems:

a. RACEWAY
b. WIRE AND CABLE
c. LOW VOLTAGE DISTRIBUTION EQUIPMENT
d. DIESEL ENGINE DRIVEN STANDBY POWER PLANT
e. GENERATOR SYNCHRONIZING SWITCHBOARD
f. ELECTRIC SERVICE SYSTEM
g. POWER, CONTROL AND ALARM WIRING SYSTEMS
h. GROUNDING SYSTEM
i. DEVICES
j. ELECTRICAL PROVISIONS FOR SECURITY AND BUILDING AUTOMATION

SYSTEMS
k. ELECTRICAL PROVISIONS FOR FIRE AND LIFE SAFETY
l. CODED - FIRE ALARM SYSTEM
m. TESTING
n. ALTERNATE PRICES

2. For Fire Alarm System
a. Drawings and description of system controlled.
b. Sequence of operation for each system.
c. Data on components.
d. Wiring and piping, schematic any layout, for panels and panelboards.
e. System operating manual, including set points.

G. Provide instruction of operating personnel.
1. Instruct Owner's operating personnel in proper starting sequences, operation, shutdown,

and maintenance procedures, including normal and emergency procedures.
2. Instruction to be by personnel skilled in operation of equipment. Instructions for major

equipment to be by equipment manufacturers' representatives.
3. Make arrangements to give instructions by system and not by building areas.
4. Instructions on fire alarm systems to be by manufacturer's representative.

1.13 STAIRWAYS



Maryland Zoo AKF
Backup Generator Project Project No. 230980
Baltimore, Maryland 100% Bid Documents - September 6, 2024

General Provisions for Electrical Work  260001 - 6 

A. Electrical equipment and distribution is prohibited in egress stairways unless serving the
stairway.

1.14 PRODUCT, DELIVERY, HANDLING AND STORAGE

A. Ship materials and equipment in crated sections of sizes to permit passing through available
space, where required

B. Deliver equipment with protective crating and shrink-wrapped covering.

C. Receive and accept materials and equipment at the site, properly handle, house, and protect
them from damage and the weather until installation. Replace equipment damaged in the
course of handling without additional charge.

D. Store to prevent damage and protect from weather, dirt, fumes, water, and construction debris
in clean dry space

E. Arrange for and provide storage space or area at the job site for all materials and equipment to
be received and/or installed in this project

F. All exposed openings of equipment and materials are to be covered

G. Handle according to manufacturer's written rigging and installation instructions for unloading,
transporting, and setting in final location

H. Protect units from physical damage. Leave factory shipping covers in place until installation

1.15 ACCESSIBILITY

A. Install all work so that parts requiring periodic inspection, operation, maintenance, and repair
are readily accessible. Minor deviations from the drawings may be made to accomplish this, but
changes of substantial magnitude shall not be made without written approval.

B. Group concealed valves, expansion joints, controls, dampers, and equipment requiring access,
so as to be freely accessible through access doors.

1.16 SPECIAL TOOLS

A. Provide one set of any special tools required to operate, adjust, dismantle or repair equipment
furnished under this Division for the Owner's use at the completion of the work.

B. Provide one suitable tool case for special tools.

1.17 CUTTING AND PATCHING

A. Provide all carpentry, cutting and patching required for proper installation of materials and
equipment specified. Do not cut or drill structural members without review by Architect and
Structural Engineer.

1.18 UTILITY CONNECTIONS

A. Arrange for and pay costs for all specified utilities including the following:
1. Connection to utility company mains.
2. Payment of service charges.
3. Provision for temporary utilities.
4. Connect in accordance with authority having jurisdiction.

1.19 PROTECTION OF MATERIALS

A. Protect from damage, water, dust, etc., materials, equipment and apparatus provided under this
trade, both in storage and installed

1.20 SUBSTITUTIONS

A. No substitute material or manufacturer of equipment shall be permitted without a formal written
submittal to the engineer which includes all dimensional, performance and material
specifications and is approved in writing by the engineer. Any changes in layout or design
brought about by the use of a substitution shall be submitted to the engineer fully designed for
review in conjunction with the submittal of the alternate. Any substitution must be submitted
with an explanation why a substitution is being utilized. If the substitute is being utilized for
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financial reasons, the associated credit must be simultaneously submitted. Final acceptance or
rejection of any substitution is subject to the owner's review.

B. Contractor to be responsible for the additional cost relating to the substitution, including but not
limited to space requirements, structural support, utilities including electrical power, gas, water,
etc.

1.21 STANDARDS:

A. If any item in the specification, as furnished by the contractor, is manufactured in a location
which does not certify Ul/ASME/ANSI standards, the contractor is to pay the Owner for ALL
expenses incurred by the Owner for an outside testing company to confirm such compliance.

1.22 COORDINATION

A. Arrange for distribution spaces, space for equipment, chases, slots, and openings in building
structure during progress of construction, to allow for electrical installations.

B. Coordinate installation of required supporting devices and set sleeves in poured-in-place
concrete and other structural components as they are constructed.

C. Coordinate requirements for access panels and doors for electrical items requiring access that
are concealed behind finished surfaces.

D. Do not install conduits, wiring, equipment or other materials in locations that block access to
items and equipment requiring access or removal including items of other trades.

1.23 GUARANTEE

A. The Contractor shall furnish a written guarantee to replace or repair promptly and assume
responsibility for all expenses incurred for any workmanship and equipment in which defects
develop within one year form the date of final certificate for payment and/or from date or actual
use of equipment or occupancy of spaces by Owner included under the various parts of work,
whichever date is earlier. This work shall be done as directed by the Owner. This guarantee
shall also provide that where defects occur, the Contractor will assume responsibility for all
expenses incurred in repairing and replacing work of other trades affected by defects, repairs or
replacements in equipment supplied by the Contractor.

1.24 PERMITS AND FEES

A. The Contractor shall give necessary notice, file drawings and specifications with the department
having jurisdiction, obtain permits or licenses necessary to carry out this work and pay all fees
therefore. The Contractor shall arrange for inspection and test of any or all parts of the work if
so required by authorities and pay all charges for same. The Contractor shall pay all costs for,
furnish to the Owner before final billing, all certificates necessary as evidence that the work
installed conforms with all regulations where they apply to this work.

B. This contractor shall prepare or hire the necessary consultants to prepare and file all plans,
calculation, forms, etc.. required for filing with all agencies required for this work including but
not limited to FDNY, etc..

C. The electrical contractor shall prepare the as-built drawings to comply with the FDNY
requirements and send electronic copy to AKF for use in preparing the as-built FDNY drawing
as the engineer of record. The electrical contractor shall sign and seal the AKF drawing, for the
functional statement part of the as-built requirements. AKF will sign and seal for the engineer of
record.

1.25 SPECIAL INSPECTION

A. Special inspection shall be provided by the owner. This contractor shall provide all required
services to accomplish these inspections.

1.26 SERVICE AND WARRANTY (MAINTENANCE CONTRACT)

A. This contract shall provide a full year service and warranty of all electrical components and
systems, with add alternate prices for years 2, 3 and 4 following this first year. At the time of
acceptance of project, the tenant or owner’s representative will decide to accept which
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alternate, if any.

1.27 RIGGING

A. This contractor shall provide all required rigging, hoisting and bracing to install the equipment
as indicated on the plans. This work shall be performed by an insured certified licensed rigging
company that is experienced in rigging equipment of the type indicated for the areas shown on
the construction documents. This contractor shall submit rigging plans for approval prior to
proceeding with the work.

B. All permits required from the authorities and agencies involved to perform the rigging are the
responsibilities of this contractor.

C. All structural supports, modifications or additions are to be submitted to the structural engineer
for approval prior to proceeding with the work. All supplemental structural supports, elevator
charges /modifications, bracing and protection required for the rig is the responsibility of this
contractor

D. The rigging contractor shall hire and pay for all charges and services of the building elevator
contractor for the rigging of the equipment

1.28 FIELD QUALITY CONTROL

A. Monitor quality control over suppliers, manufacturers, products, services, site conditions, and
workmanship, to produce work of specified quality.

B. Comply with manufacturers' instructions, including each step in sequence.

C. Should manufacturers' instructions conflict with Contract Documents, request clarification from
Architect before proceeding.

D. Comply with specified standards as minimum quality for the work except where more stringent
tolerances, codes, or specified requirements indicate higher standards or more precise
workmanship.

E. Have work performed by persons qualified to produce required and specified quality.

F. Verify that field measurements are as indicated on shop drawings or as instructed by the
manufacturer.

G. Secure products in place with positive anchorage devices designed and sized to withstand
stresses, vibration, physical distortion, and disfigurement.

H. See individual specification sections for testing and inspection required.

I. Replace Work or portions of the Work not complying with specified requirements.

J. Contractor is responsible for knowing and complying with regulatory requirements, including but
not limited to Federal, state and local requirements, pertaining to legal disposal of all
construction and demolition waste materials.

PART 2  PRODUCTS

2.01 BASE BID MANUFACTURERS

A. Base bid on materials or equipment are specified by name of manufacturer, brand or trade
name and catalog reference.

B. The choice will be optional with bidder where two or more manufacturers are named.

C. The following are base bid manufacturers for items under this Section:
1. Access doors: Karp Associates, Inc., Higgins Mfg. Co., Milcor Steel Co., and Walsh-

Spencer Co.
2. Paint: Sherwin-Williams, Pittsburgh Plate Glass Co., Pratt and Lambert, and Rust-Oleum.

2.02 ACCESS DOORS

A. This contractor shall submit to the architect for approval a plan indicating the size (minimum 24
in. x 24 in. where personnel access is required) and location of all access doors required for
operation, maintenance and replacement of all concealed equipment, devices, valves,
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 dampers and controls. Contractor shall arrange for furnishing and installation of  all access
doors in finished construction and include costs in the bid.

B. Access doors shall be provided sufficiently large for replacement of all equipment located in
inaccessible walls and ceilings.  Provide custom size, multileaf access panels, without cross
bars, maximum 48 in. x 48 in. with piano hinge and safety chains.

C. Access doors will be provided under General Construction Work.

D. Supply access doors for all concealed Electrical items in inaccessible walls and ceilings for
complete access, using a with a minimum door size of 18 in. x 18 in. for installation under the
General Construction Work.  Locating and setting shall be performed after review.

E. Provide access doors for all concealed Electrical items in inaccessible walls and ceilings for
complete access, using a minimum door size of 18 in. x 18 in.  Locating and setting shall be
performed after review.

F. Flush type access doors shall be similar to Karp Type DSC-211 with No. 13 USSG steel doors
and trim and No. 16 USSG steel frame, metal wings for keying into construction, concealed
hinges and screwdriver operated stainless steel cam lock. Provide lift off type access doors,
similar to Karp Type DSC-212, where door cannot swing open.

G. In acoustic tile ceilings, factory finished white access doors shall be similar to Karp Type
DSC-210, with No. 13 USSG steel frame, No. 16 USSG steel pan door suitable for receiving tile
thickness and hinges that are not visible when door is closed. Access door shall have
screwdriver operated stainless steel cam locks finishing flush with tile with a minimum of 2 per
door.

H. In plaster ceilings recessed access doors shall be similar to Karp DSC-210-PL, with recess to
receive plaster.

I. In fire rated construction provide fire rated access doors, similar to Karp KRP-150-FR, listed
and labeled in accordance with applicable code requirements.

J. Access doors shall have one coat of shop-painted zinc chromate primer.

2.03 ACCESS TILE IDENTIFICATION:

A. In removable ceiling tiles, provide buttons, tabs, and markers to identify location of concealed
work. Submit for review.

2.04 NAMEPLATES

A. Provide nameplates with inscriptions, subject to review, indicating equipment and voltage.
Fasten with epoxy cement or chrome plated screws. Nameplate shall be black Lamicoid sheet
with white lettering.

B. Provide nameplates for the following:
1. Disconnect switches.
2. Individual circuit breakers.
3. Panels.
4. Cabinets
5. Transformers.
6. Busways.
7. Generators.
8. Automatic Transfer Switches.

PART 3  - EXECUTION

3.01 EXCAVATION AND BACKFILL

A. Excavate, backfill and restore surfaces inside and outside building.

B. If rock is encountered, excavate to 6 in. below bottom of piping and refill with well tamped sand
and gravel.

C. Bank excavated materials adjacent to trench and properly support with sheet piling and braces.
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D. Install and maintain guards and keep excavation free of water with attended pumping
equipment.

E. No extra compensation will be provided for quicksand, hardpan, or other material encountered
in excavating, except rock on unit price basis.

F. Remove bog or other swampy conditions encountered in excavating to one ft below bottom of
piping and backfill with well tamped sand, finely crushed stone, or gravel.

G. Immediately after piping is installed, inspected, tested and accepted, remove sheet piling with
special care and solidly fill voids without damage to piping. Backfill in a manner to prevent
future settlement. Use only good clean loam, clay, sand or gravel that is free from frozen
materials, lumps of clay, rocks, boulders, cinders, slag ashes, vegetable or organic materials, or
building or other debris, or refuse.
1. Hand fill in 4 in. layers up to 2 ft above pipe and remainder, fill in with 1 ft layers.
2. Tamp and puddle each layer before placing next layer.
3. Allow no stones larger than 2 in. diameter in fill up to 2 ft above piping and allow not

stones larger than 4 in. diameter in fill over 2 ft above piping.

H. Restore surfaces, sidewalks, pavements, curbing, lawns, and shrubs that are disturbed or
damaged.

I. Dispose of acceptable surplus excavation on site and remove surplus and unsuitable
excavated materials from site as directed.

3.02 CUTTING THROUGH CELLULAR FLOORING

A. Cut openings for reception of work in accordance with manufacturer's recommendations and
approval and in a manner not to interrupt continuity of electrical raceways.

3.03 PAINTING

A. General:
1. Provide labor, materials, and equipment necessary for field prime painting and apply in

accordance with manufacturers' instructions.
2. Protect flooring and equipment with drop cloths and store paint and materials in a location

where directed. Wire brush and remove all oil, dirt, rust and grease before applying paint.
3. Apply zinc based primer with finish to match surroundings, to marred surfaces of steel

equipment and raceways.
4. Apply galvanized iron primer on panel and pull boxes, after fabrication.
5. Apply hot dip galvanizing or dip in zinc based primer: outlet boxes, junction boxes, conduit

hangers, rods, inserts, and supports.
6. Field apply zinc based primer coat on non-galvanized steel and iron work.

3.04 ELECTRICAL IDENTIFICATION

A. Refer to identification Section 26 0553.

3.05 FOUNDATIONS

A. Foundations and concrete will be provided under General Construction Work.

B. Provide concrete as specified herein:
1. One part Portland cement, two parts fine aggregate, and four parts coarse aggregate.
2. Concrete shall be the same consistency as specified under General Construction Work.
3. Provide concrete, poured in place on roughened concrete floor, cleaned and slushed with

coat of cement grout. Do not pour foundation unit concrete has set. Foundation shall be
puddled and finished smooth.

C. Hold vibration isolation and anchor bolts in position during pour. Set anchor bolts in oversized
sleeves with washers and nuts at bottom. Finish bolts shall be slush with nuts on top.
Foundations shall extend 6 in. beyond equipment, except as noted.

D. Provide a minimum of 4 in. concrete foundations. Provide a minimum as required for installation
of J bolts for foundations under built up air handling units.
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E. Forms: Provide 18-gauge galvanized steel form with welded seams and joints, cross-strip
bracing welded to top and bottom angle edges and intermediate bracing welded or riveted to
sides as required. Bend top and bottom edges to form 2-inch integral internal angles (bend
back exposed edges).

F. Forms; Provide moisture-resistant commercial standard fir with non-staining mineral oil interior
surface coating with rounded or chamfered edges.

G. Forms: Forms will be provided under General Construction Work.

H. Provide foundations for:
1. Standby power plants.
2. Floor mounted transformers.
3. As noted.

3.06 WATERPROOFING

A. Waterproofing will be provided under General Construction Work.

B. Where any work pierces waterproofing, installation shall be subject to review, provide all
necessary sleeves, caulking, flashing and flashing fittings required to make openings absolutely
watertight.

C. Flashing:
1. Provide Copper: ASTM B370, cold rolled 16 oz/sq ft (24 gage) (0.0216 inch) (0.55 mm)

thick; natural finish.

3.07 FIELD QUALITY CONTROL

A. Perform tests as noted, and in the presence of Architect and/or Engineer and authorities having
jurisdiction.

B. Provide required labor, material, equipment, and connections necessary for tests and submit
results for review.

C. Repair or replace defective work and pay for restoring or replacing damaged work due to tests,
as directed.

3.08 START-UP

A. Properly lubricate all pieces of equipment.

B. Check and clean all pipes and ducts of dirt and debris.

C. Prepare each piece of equipment in accordance with manufacturer's installation instructions
and have a copy at the equipment.

D. Check rotation on each motor.

E. Have representatives of each manufacturer present when hereinafter specified, so that
equipment will be started up by manufacturer.

3.09 CLEANING

A. Brush and clean work prior to concealing, painting and acceptance. Perform in stages if
directed.

B. Clean and repair painted exposed work, soiled or damaged, to match adjoining work before
final acceptance.

C. Remove debris from inside and outside of material and equipment.

3.10 PROJECT CLOSEOUT PROCEDURES

A. It shall be each contractor's responsibility to personally hand-deliver all of the required project
closeout checklist items and to obtain Owner's authorized  representative(s) signed receipt on
all items requiring Owner sign-off.

B. Review requirements of each section of the specifications and submit for approval to Architect
the sign-off forms which shall become the project closeout checklist.  These, at a minimum,
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shall include the following information shown in attached Project Closeout Checklist Example.
 The Architect and/or Owner may incorporate additional specific items to the following checklist
which shall become part of the project requirements.

C. Closeout Checklist Example:
DATES

 ITEM COMPLETED RECEIVED BY
OWNER

 OWNER'S
SIGNOFF

PERMITS
CITY AND COUNTY
INSPECTION
MANUFACTURER'S
WARRANTIES
CONTRACTOR'S WARRANTIES
STATE FIRE RATING DATA
COPY OF FINAL SHOP
DRAWINGS
LIST AND POSSESSION OF
SPARE PARTS
PRESSURE TESTS
EQUIPMENT TESTS REQUIRED
BY SPECS
O & M MANUALS
RECORD DOCUMENTS
COORDINATION DRAWINGS
FIELD TEST REPORTS
COMMISSIONING
REPORTS/LETTERS/FORMS
ON-SITE TRAINING COMPLETE
PROTECTIVE DEVICE
SETTINGS
TAGS AND CHARTS
FINAL FA INSTALLATION
DRAWINGS
INSURANCE UNDERWRITERS
APPROVALS
FINAL PUNCH LIST (INITIALED
BY CONTRACTOR THAT ITEMS
ARE COMPLETE)
BUILDING CERTIFICATE OF
OCCUPANCY (C.O.)
24-HOUR PHONE NO. FOR
SERVICE DURING GUARANTEE
PERIOD

END OF SECTION  260001
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SECTION 260300
FIRESTOPPING

PART 1 GENERAL

1.01 SECTION INCLUDES

A. Firestopping systems.

B. Firestopping of joints and penetrations in fire resistance rated and smoke resistant assemblies ,
whether indicated on drawings or not , and other openings indicated .

1.02 SUBMITTALS

A. See Section 013000 - Administrative Requirements, or 260001 - General Provisions for
Electrical Work for submittal procedures.

B. Schedule of Firestopping: List each type of penetration, fire rating of the penetrated assembly,
and firestopping test or design number .

C. Product Data: Provide data on product characteristics, performance ratings, and limitations .

D. System Drawings:  submitdocumentation from a qualified third-party testing agency that is
applicable to each through-penetration firestop system configuration for construction and
penetrating items.

E. Sustainable Design Submittal: Submit VOC content documentation for all non-preformed
materials.

F. Manufacturer's Installation Instructions: Indicate preparation and installation instructions.

G. Manufacturer's Certificate: Certify that products meet or exceed specified requirements.

H. Installer Qualification: Submit qualification statements for installing mechanics.

1.03 QUALITY ASSURANCE

A. Fire Testing: Provide through-penetration firestop systems from a qualified, testing and
inspection agencysigns that provide the scheduled fire ratings when tested in accordance with
methods indicated.
1. Listing in UL (FRD), FM (AG), or Intertek  will be considered as constituting an acceptable

test report.
2. Valid evaluation report published by ICC Evaluation Service, Inc. (ICC-ES) at www.icc-

es.org will be considered as constituting an acceptable test report.

B. Manufacturer Qualifications: Company specializing in manufacturing the products specified in
this section with minimum three  years  documented  experience.

C. Installer Qualifications: Company specializing in performing the work of this section and:
1. Trained by manufacturer.
2. Approved by Factory Mutual Research Corporation under FM 4991 , or meeting any two of

the following requirements: 
3. Verification of minimum three  years  documented  experience installing work of this type.
4. Verification of at least five  satisfactorily completed projects of comparable size and type.
5. Licensed by local authorities having jurisdiction (AHJ).

1.04 FIELD CONDITIONS

A. Comply with firestopping manufacturer's recommendations for temperature and conditions
during and after installation; maintain minimum temperature before, during, and for three  days
after installation of materials.

B. Provide ventilation in areas where solvent-cured materials are being installed.

PART 2 PRODUCTS

2.01 MANUFACTURERS

A. Firestopping Manufacturers:
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1. Specified Technologies Inc ; ____ : www.stifirestop.com.
2. 3M Fire Protection Products ; ____ : www.3m.com/firestop.
3. Hilti, Inc ; ____ : www.us.hilti.com.

2.02 MATERIALS

A. Firestopping Materials: Any materials meeting requirements .
1. Provide through-penetration firestop systems that are compatible with one another, with

the substrates forming openings, and with the items, if any, penetrating through-
penetration firestop systems, under conditions of service and application, as demonstrated
by through-penetration firestop system manufacturer based on testing and field
experience.

2. Single Source: Obtain firestop systems for each type of penetration and construction
condition indicated only from a single manufacturer.

B. Volatile Organic Compound (VOC) Content: Provide products having VOC content lower than
that required by SCAQMD 1168.

C. Mold and Mildew Resistance: Provide firestoppping materials with mold and mildew resistance
rating of zero(0) in accordance with ASTM G21.

D. Primers, Sleeves, Forms, Insulation, Packing, Stuffing, and Accessories: Provide type of
materials as required for tested firestopping assembly.

2.03 FIRESTOPPING ASSEMBLY REQUIREMENTS

A. Through Penetration Firestopping: Use system that has been tested according to ASTM E814
or UL 14to have fire resistance F Rating equal to required fire rating of penetrated assembly.
1. Provide T-Rating Collar Devices tested in accordance with ASTM E814 or ANSI/UL1479

for metallic pipe penetrations requiring T-Ratings per the applicable building code.
2. Air Leakage: Provide systems that have been tested to show L Rating as indicated.
3. Watertightness: Provide systems that have been tested to show W Rating as indicated.
4. Listing by FM (AG), Intertek, UL (DIR), or UL (FRD) in their certification directories will be

considered evidence of successful testing.

2.04 FIRESTOPPING PENETRATIONS THROUGH CONCRETE, CONCRETE MASONRY, AND
GYPSUM BOARD CONSTRUCTION

A. Firestop Penetration schedule (Basis of Design - Specified Technologies, Inc.)

Design
Assembly & System

Summary
Insulation

Annular
Space

FireTemp Leakg. Water Sleeve Product

CAJ
1240 

Block, wall, floor: Max
30" Steel or Iron or 6"
Copper pipe, max 6"
rigid steel conduit or
max 4" EMT. Min
2-1/2" concrete.

No 0" - 2"
2&3
Hr

0 Hr
<
1CFM

Class
1

Optional
Sched
10 +

LCI, SSS,
SIL300 or
SIL300SL

CAJ
8181

Block, wall, floor: 
Multiple metal pipes or
conduits, cables,
cable tray, busway,
and EZ-Path. 36 sq. ft.
opening size.

No

annular
space
varies by
penetrant

2&3
Hr

0 Hr
< 1
CFM

No No

Composite
Sheet and
various
others

CAJ
8113

Block, wall, floor: 
Multiple metal pipes or
conduits with optional
pipe insulation, plastic
pipes or conduits,

Optional

annular
space
varies by
penetrant

2
Hr

0,
1/4,
1/2,
3/4 &
2 Hr

No No No
LCI or
SSS
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steel ducts, busways,
cable trays, AC Line
Sets. 1024 sq in.
opening. Caulk &
Backing.

CAJ
8093

Block, wall, floor: 
Multiple metal pipes or
conduits with optional
pipe insulation, plastic
pipes or conduits,
steel ducts, busways,
cables and cable
trays. 6 ft x 3 ft
opening.

Optional

annular
space
varies by
penetrant

2 &
3
Hr

1/4,
1/2,
3/4,
1-1/4
& 2
Hr

<
1CFM

No No Pillows

CAJ
8131

Block, wall, floor: 
Multiple metal pipes,
conduits, or plastic
pipes (closed) or
RNC/OFR/ENT, and
cables. 8" diameter
hole. Sleeve cut flush
or extended up to 2".
Caulk & backing.
Hollow Core Plank
option.

No

annular
space
varies by
penetrant

2
Hr

0,
1/4,
1/2,
3/4 &
2 Hr

No No
Optional
(steel
pipe)

LCI
or SSS

FA
1110

Floor 2-1/2"+:  ONE
max 6" steel or iron
pipe, max 6" copper
pipe or tube, max 6"
steel conduit or EMT.
With or without steel
fluted decking.
Optional W Rating.

No N/A
2 &
3
Hr

0 &
1/4
Hr

< 1
CFM

Class
1

No

CID (Cast-
In) and
optional
SIL300 or
SIL300SL

FA
1117

Floor 4-1/2" +. ONE
OR MORE max 3"
steel, iron, copper
pipe/tube, steel
conduit, EMT. With or
without steel fluted
decking. W Rating
(Class 1).

No

0" - 2" bet
conduit &
perhiphery,
1/8" - 2"
bet
penetrants

3
Hr

1/4
Hr

< 1
CFM

Class
1

No

CID (Cast-
In) and
optional
SIL300 or
SIL300SL

FA
3037

Concrete floor.
Electrical, Telephone
or Data Cables (max
100% visual fill). EZ
Path Series 44+. Max
16 devices. Floor Grid
System.

No N/A
3
Hr

0 & 2
Hr

< 1 to
2.3
CFM

No N/A EZ Path
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FA
3029

Concrete floor. 
Electrical,
Telephone/Data
Cables, or
Armored/Metal Clad
(max 48% fill)

No N/A
3
Hr

0 Hr N/A No Yes
Ready-
Sleeves &
Putty

FA
3055

Concrete
floor. Electrical,
Telephone or Data
Cables (max 40% fill).

No Min 1/8 "
2 &
3 H
r

0 Hr
< 1
CFM

Class
1

N/A

CID (Cast-
In) &
optional
Putty or
SIL300SL

WJ
3158

Concrete
Wall. Electrical,
Telephone or Data
Cables (max 40% fill).

No N/A
2
Hr

0,
1/2,
3/4,
1,
1-1/2
& 2
Hr

2.3
CFM

No N/A EZ Path

WJ
3141

Concrete
Wall. Electrical,
Telephone or Data
Cables (max 40% fill).

No N/A
2
Hr

0 Hr No No N/A EZ Path

WL
1222

Gypsum wall. Max 8"
steel or iron pipe, 4"
copper pipe/tube, 6"
conduit, 4" EMT, 4"
flexible conduit, or
1-1/4" flexible pipe.
Angled penetrant
option. Caulk only.

No 0" - 2"
1 &
2 H
r

1/4,
3/4,
& 1
Hr

No No No LCI

WL
1448

Gypsum wall. Pull or
junction box and steel
conduit or EMT. Caulk
and walk.

No 0" to 1"
1&
2 H
r

0 Hr No No None
LCI or
SSS

WL
3377

Gypsum
Wall. Electrical,
Telephone or Data
Cables (max 100%
visual fill). EZ Path
(Series 22, 33, 44+). 

No N/A

1,
2,
3, &
4
Hr

3/4,
1,
1-1/2
& 2
Hr

< 1 to
7 CFM

No N/A EZ Path

WL
7304

Gypsum Wall. Max
20" wide by 42" high
by max 5-3/4" deep
(or smaller) steel box
with integral steel
hinged door and latch.
Putty Pads.

No
see UL
System

1&2
Hr

1&2
Hr

No No N/A

Putty
Pads AND
LCI or
SSS

WL Gypsum Wall. Mult Optional see UL 1 0 Hr No No No Comp.
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8073 plastic or metal pipes
(bare or insulated),
conduits, cables,
cable tray, busway,
duct and EZ-Path.
Maximum 24 sq ft
opening.

max 2"
FG or
Mineral
Fiber

System &2
Hr

Sheet with
Wrap
Strip, LCI
or SSS or
Putty

WL
7212

Gypsum Wall. Max
14-3/8" x 39-1/8" Steel
Electrical Panel box

No N/A
1
&2
Hr

1 & 2
Hr

N/A No No

Thermal
Barrier
Wrap &
LCI

WL
8050

Gypsum Wall. Multiple
bare or insulated
metal pipes or
conduits. Optional 2"
fiberglass, 3/4"
AB/PVC, 3" cellular
glass or 3" calcium
silicate. Max 2"
PVC/CPVC/RNC/ENT/
OFR, max 4" cable
bundle, max. 748 sq.
in. opening.

Optional,
Various

0" - 6" bet
penetrants,
0" - 8" bet
penetrants
&
periphery

1&2
Hr

1/4,
1,
1-1/4,
& 2
Hr

see UL
System

No No Pillows

CLIV
Gypsum
Wall. Electrical Boxes

N/A N/A
1&2
Hr

No No No N/
SSP Putty
Pads or
Inserts

PART 3 EXECUTION

3.01 EXAMINATION

A. Verify openings are ready to receive the work of this section.

3.02 PREPARATION

A. Clean substrate surfaces of dirt, dust, grease, oil, loose material, or other materials that could
adversely affect bond of firestopping material.

B. Remove incompatible materials that could adversely affect bond.

C. Install backing  materials to prevent liquid material from leakage.

3.03 INSTALLATION

A. Install materials in manner described in fire test report and in accordance with manufacturer's
instructions, completely closing openings.

B. Do not cover installed firestopping until inspected by Owner 's Independent Testing Agency.

C. Do not cover installed firestopping until inspected by authorities having jurisdiction.

D. Install labeling required by code.

3.04 FIELD QUALITY CONTROL

A. Independent Testing Agency: Inspection agency employed and paid by Owner , will examine
penetration firestopping in accordance with ASTM E2174, and ASTM E2393.

B. Provide all documentation and assistance as required by the Independent Testing Agency.
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C. Repair or replace penetration firestopping and joints at locations where inspection results
indicate firestopping or joints do not meet specified requirements.

3.05 CLEANING

A. Clean adjacent surfaces of firestopping materials.

3.06 PROTECTION

A. Protect adjacent surfaces from damage by material installation.

END OF SECTION  260300
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SECTION 260400
DEMONSTRATION AND TRAINING

PART 1  GENERAL

1.01 SUMMARY

A. Demonstration of products and systems to be commissioned and where indicated in specific
specification sections.

B. Training of Owner personnel in operation and maintenance is required for:
1. All software-operated systems.
2. Electrical systems and equipment.
3. Items specified in individual product Sections.

1.02 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures; except:
1. Make all submittals specified in this section, and elsewhere where indicated for

commissioning purposes, directly to the Commissioning Authority.
2. Submit one copy to the Commissioning Authority, not to be returned.
3. Make commissioning submittals on time schedule specified by Commissioning Authority.
4. Submittals indicated as "Draft" are intended for the use of the Commissioning Authority in

preparation of overall Training Plan; submit in editable electronic format, Microsoft Word
2003 preferred.

B. Draft Training Plans:  Owner will designate personnel to be trained; tailor training to needs and
skill-level of attendees.
1. Submit to Owner.
2. Submit to Commissioning Authority for review and inclusion in overall training plan.
3. Submit not less than four weeks prior to start of training.
4. Revise and resubmit until acceptable.
5. Provide an overall schedule showing all training sessions.
6. Include at least the following for each training session:

a. Identification, date, time, and duration.
b. Description of products and/or systems to be covered.
c. Name of firm and person conducting training; include qualifications.
d. Intended audience, such as job description.
e. Objectives of training and suggested methods of ensuring adequate training.
f. Methods to be used, such as classroom lecture, live demonstrations, hands-on, etc.
g. Media to be used, such a slides, hand-outs, etc.
h. Training equipment required, such as projector, projection screen, etc., to be

provided by Contractor.

C. Training Manuals:  Provide training manual for each attendee; allow for minimum of two
attendees per training session.
1. Include applicable portion of O&M manuals.
2. Include copies of all hand-outs, slides, overheads, video presentations, etc., that are not

included in O&M manuals.
3. Provide one extra copy of each training manual to be included with operation and

maintenance data.

D. Training Reports:  
1. Identification of each training session, date, time, and duration.
2. Sign-in sheet showing names and job titles of attendees.
3. List of attendee questions and written answers given, including copies of and references

to supporting documentation required for clarification; include answers to questions that
could not be answered in original training session.

4. Include Commissioning Authority's formal acceptance of training session.
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E. Video Recordings:  Submit digital video recording of each demonstration and training session
for Owner's subsequent use.
1. Format:  DVD Disc.
2. Label each disc and container with session identification and date.

1.03 QUALITY ASSURANCE

A. Instructor Qualifications:  Familiar with design, operation, maintenance and troubleshooting of
the relevant products and systems.  
1. Provide as instructors the most qualified trainer of those contractors and/or installers who

actually supplied and installed the systems and equipment.
2. Where a single person is not familiar with all aspects, provide specialists with necessary

qualifications.

PART 2  PRODUCTS - NOT USED

PART 3  EXECUTION

3.01 DEMONSTRATION - GENERAL

A. Demonstrations conducted during system start-up do not qualify as demonstrations for the
purposes of this section, unless approved in advance by Owner.

B. Demonstrations conducted during Functional Testing need not be repeated unless Owner
personnel training is specified.

C. Demonstration may be combined with Owner personnel training if applicable.

D. Operating Equipment and Systems:  Demonstrate operation in all modes, including start-up,
shut-down, seasonal changeover, emergency conditions, and troubleshooting, and
maintenance procedures, including scheduled and preventive maintenance.
1. Perform demonstrations not less than two weeks prior to Substantial Completion.
2. For equipment or systems requiring seasonal operation, perform demonstration for other

season within six months.

E. Non-Operating Products:  Demonstrate cleaning, scheduled and preventive maintenance, and
repair procedures.
1. Perform demonstrations not less than two weeks prior to Substantial Completion.

3.02 TRAINING - GENERAL

A. Commissioning Authority will prepare the Training Plan based on draft plans submitted.

B. Conduct training on-site unless otherwise indicated.

C. Owner will provide classroom and seating at no cost to Contractor.

D. Do not start training until Functional Testing is complete, unless otherwise specified or
approved by the Commissioning Authority.

E. Provide training in minimum two hour segments.

F. The Commissioning Authority is responsible for determining that the training was satisfactorily
completed and will provide approval forms.

G. Training schedule will be subject to availability of Owner's personnel to be trained; re-schedule
training sessions as required by Owner; once schedule has been approved by Owner failure to
conduct sessions according to schedule will be cause for Owner to charge Contractor for
personnel "show-up" time.

H. Review of Facility Policy on Operation and Maintenance Data:  During training discuss:
1. The location of the O&M manuals and procedures for use and preservation; backup

copies.
2. Typical contents and organization of all manuals, including explanatory information,

system narratives, and product specific information.
3. Typical uses of the O&M manuals.
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I. Product- and System-Specific Training:
1. Review the applicable O&M manuals.
2. For systems, provide an overview of system operation, design parameters and

constraints, and operational strategies.
3. Review instructions for proper operation in all modes, including start-up, shut-down,

seasonal changeover and emergency procedures, and for maintenance, including
preventative maintenance.

4. Provide hands-on training on all operational modes possible and preventive maintenance.
5. Emphasize safe and proper operating requirements; discuss relevant health and safety

issues and emergency procedures.
6. Discuss common troubleshooting problems and solutions.
7. Discuss any peculiarities of equipment installation or operation.
8. Discuss warranties and guarantees, including procedures necessary to avoid voiding

coverage.
9. Review recommended tools and spare parts inventory suggestions of manufacturers.
10. Review spare parts and tools required to be furnished by Contractor.
11. Review spare parts suppliers and sources and procurement procedures.

J. Be prepared to answer questions raised by training attendees; if unable to answer during
training session, provide written response within three days.

END OF SECTION  260400
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SECTION 260505
SELECTIVE DEMOLITION FOR ELECTRICAL

PART 3  EXECUTION

1.01 EXAMINATION

A. Verify field measurements and circuiting arrangements are as indicated.

B. Verify that abandoned wiring and equipment serve only abandoned facilities.

C. Demolition drawings are based on casual field observation and existing record documents.

D. Report discrepancies to Owner before disturbing existing installation.

E. Report discrepancies to Engineer before disturbing existing installation.

F. Beginning of demolition means installer accepts existing conditions.

1.02 PREPARATION

A. Disconnect electrical systems in walls, floors, and ceilings to be removed.

B. Coordinate utility service outages with utility company and owner.

C. Provide temporary wiring and connections to maintain existing systems in service during
construction. Equipment, devices, and wiring to be removed shall be de-energized prior to any
demolition work.

D. Existing Electrical Service:  Maintain existing system in service until new system is complete
and ready for service.  Disable system only to make switchovers and connections.  Minimize
outage duration.
1. Obtain permission from Owner at least 24 hours before partially or completely disabling

system.
2. Make temporary connections and provide temporary equipment if required to maintain

service in areas adjacent to work area.

E. Existing Fire Alarm System:  Maintain existing system in service until new system is accepted.
 Disable system only to make switchovers and connections.  Minimize outage duration. Provide
fire watches as required.
1. Notify Owner before partially or completely disabling system. All shutdowns to be done in

overtime. All costs for shutdowns to be borne by the contractor.
2. Make notifications at least 24 hours in advance.
3. All work to be coordinated with existing Fire Alarm system servicing company.
4. Removal of all low voltage systems shall be in accordance with requirements of respective

contract documents.

1.03 DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WORK

A. Perform work for removal and disposal of equipment and materials containing toxic substances
regulated under the Federal Toxic Substances Control Act (TSCA) in accordance with
applicable federal, state, and local regulations. Applicable equipment and materials include, but
are not limited to:
1. PCB-containing electrical equipment, including transformers, capacitors, and switches.
2. PCB- and DEHP-containing lighting ballasts.
3. Mercury-containing lamps and tubes, including fluorescent lamps, high intensity discharge

(HID), arc lamps, ultra-violet, high pressure sodium, mercury vapor, ignitron tubes, neon,
and incandescent.

B. Provide all necessary protection to existing electrical system components required to remain or
be reused.

C. Remove, relocate, and extend existing installations to accommodate new construction.

D. Remove abandoned wiring to source of supply.
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E. Remove exposed abandoned conduit, including abandoned conduit above accessible ceiling
finishes.  Cut conduit flush with walls and floors, and patch surfaces.

F. Disconnect abandoned outlets and remove devices.  Remove abandoned outlets if conduit
servicing them is abandoned and removed.  Provide blank cover for abandoned outlets that are
not removed.

G. Disconnect and remove abandoned panelboards and distribution equipment.

H. Disconnect and remove electrical devices and equipment serving utilization equipment that has
been removed.

I. Disconnect and remove abandoned luminaires.  Remove brackets, stems, hangers, and other
accessories.

J. Unless otherwise noted, all removed electrical systems components shall be taken from the site
and disposed in accordance with applicable laws and regulations.

K. Repair adjacent construction and finishes damaged during demolition and extension work.

L. Maintain access to existing electrical installations that remain active.  Modify installation or
provide access panel as appropriate.

M. Extend existing installations using materials and methods compatible with existing electrical
installations, or as specified.

1.04 CLEANING AND REPAIR

A. See Section 017419 - Construction Waste Management and Disposal for additional
requirements.

B. Clean and repair existing materials and equipment that remain or that are to be reused.

C. Panelboards:  Clean exposed surfaces and check tightness of electrical connections.  Replace
damaged circuit breakers and provide closure plates for vacant positions.  Provide typed circuit
directory showing revised circuiting arrangement.

D. Luminaires:  Remove existing luminaires for cleaning.  Use mild detergent to clean all exterior
and interior surfaces; rinse with clean water and wipe dry.  Replace lamps, ballasts and broken
electrical parts.

E. Remove all debris resulting from removal of electrical work.

END OF SECTION  260505
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SECTION 260519
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Building wires, cable, connectors, splices, terminations, etc., rated 600V or less. These items
are as follows:
1. Single conductor building wire.
2. Metal-clad cable.
3. Wiring connectors.
4. Electrical tape.
5. Heat shrink tubing.
6. Oxide inhibiting compound.
7. Wire pulling lubricant.
8. Cable ties.

1.02 RELATED REQUIREMENTS

A. Section 078400 - Firestopping.

B. Section 260526 - Grounding and Bonding for Electrical Systems:  Additional requirements for
grounding conductors and grounding connectors.

C. Section 260553 - Identification for Electrical Systems:  Identification products and requirements.

1.03 REFERENCE STANDARDS

A. ASTM B3 - Standard Specification for Soft or Annealed Copper Wire; 2013.

B. ASTM B8 - Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard,
Medium-Hard, or Soft; 2011.

C. ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for Electrical
Purposes; 2010 (Reapproved 2014).

D. ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-Stranded Copper
Conductors for Subsequent Insulation; 2004 (Reapproved 2014).

E. ASTM B800 - Standard Specification for 8000 Series Aluminum Alloy Wire for Electrical
Purposes - Annealed and Intermediate Tempers; 2005 (Reapproved 2015).

F. ASTM B801 - Standard Specification for Concentric-Lay-Stranded Conductors of 8000 Series
Aluminum Alloy Wire for Subsequent Covering of Insulation; 2016.

G. ASTM D3005 - Standard Specification for Low-Temperature Resistant Vinyl Chloride Plastic
Pressure-Sensitive Electrical Insulating Tape; 2010.

H. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

I. NECA 104 - Recommended Practice for Installing Aluminum Building Wire and Cable; 2012.

J. NECA 120 - Standard for Installing Armored Cable (AC) and Metal-Clad Cable (MC); 2012.

K. NEMA WC 70 - Power Cables Rated 2000 Volts or Less for the Distribution of Electrical
Energy; 2009.

L. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems;
2013.

M. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

N. UL 44 - Thermoset-Insulated Wires and Cables; Current Edition, Including All Revisions.

O. UL 83 - Thermoplastic-Insulated Wires and Cables; Current Edition, Including All Revisions.

P. UL 486A-486B - Wire Connectors; Current Edition, Including All Revisions.

Q. UL 486C - Splicing Wire Connectors; Current Edition, Including All Revisions.
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R. UL 486D - Sealed Wire Connector Systems; Current Edition, Including All Revisions.

S. UL 510 - Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape; Current Edition,
Including All Revisions.

T. UL 1569 - Metal-Clad Cables; Current Edition, Including All Revisions.

1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for conductors
and cables, including detailed information on materials, construction, ratings, listings, and
available sizes, configurations, and stranding.

C. Design Data:  Indicate voltage drop and ampacity calculations for aluminum conductors
substituted for copper conductors. Include proposed modifications to raceways, boxes, wiring
gutters, enclosures, etc. to accommodate substituted conductors.

1.05 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

1.06 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store conductors and cables in accordance with manufacturer's
instructions.

1.07 FIELD CONDITIONS

A. Do not install or otherwise handle thermoplastic-insulated conductors at temperatures lower
than 14 degrees F, unless otherwise permitted by manufacturer's instructions. When installation
below this temperature is unavoidable, notify Architect and obtain direction before proceeding
with work.

PART 2  PRODUCTS

2.01 CONDUCTOR AND CABLE APPLICATIONS

A. Do not use conductors and cables for applications other than as permitted by NFPA 70 and
product listing.

B. Provide single conductor building wire installed in suitable raceway unless otherwise indicated,
permitted, or required.

C. Nonmetallic-sheathed cable is not permitted.

D. Metal-clad cable is permitted only as follows:
1. Where not otherwise restricted, may be used:

a. Where concealed above accessible ceilings for final connections from junction boxes
to luminaires.

b. Where concealed in hollow stud walls, above accessible ceilings, and under raised
floors for branch circuits up to 20 A.
1) Exception:  Provide wires in raceway for circuit homerun from the first junction

box located in the nearest concealed location to panelboard.
2. In addition to other applicable restrictions, may not be used:

a. Unless approved by Owner.
b. Where exposed to damage.
c. For damp, wet, or corrosive locations, unless provided with a PVC jacket listed as

suitable for those locations.

2.02 CONDUCTOR AND CABLE GENERAL REQUIREMENTS

A. Provide products that comply with requirements of NFPA 70.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.

C. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring,
connectors, etc. as required for a complete operating system.
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D. Comply with NEMA WC 70.

E. Thermoplastic-Insulated Conductors and Cables:  Listed and labeled as complying with UL 83.

F. Thermoset-Insulated Conductors and Cables:  Listed and labeled as complying with UL 44.

G. Conductors for Grounding and Bonding:  Also comply with Section 260526.

H. Conductor Material:
1. Provide copper conductors except where aluminum conductors are specifically indicated

or permitted for substitution.  Conductor sizes indicated are based on copper unless
specifically indicated as aluminum.  Conductors designated with the abbreviation "AL"
indicate aluminum.
a. Where aluminum conductors are substituted for copper, comply with the following:

1) Increase raceway sizes to accommodate the increased conductor sizes.
2) Increase size of raceways, boxes, wiring gutters, enclosures, etc. as required to

accommodate aluminum conductors.
2. Copper Conductors:  Soft drawn annealed, 98 percent conductivity, uncoated copper

conductors complying with ASTM B3, ASTM B8, or ASTM B787/B787M unless otherwise
indicated.

3. Tinned Copper Conductors:  Comply with ASTM B33.
4. Aluminum Conductors (only where specifically indicated or permitted for substitution):

 AA-8000 series aluminum alloy conductors recognized by ASTM B800 and compact
stranded in accordance with ASTM B801 unless otherwise indicated.

I. Minimum Conductor Size:
1. Branch Circuits:  12 AWG.

a. Exceptions:
1) 20 A, 120 V circuits longer than 55 feet:  10 AWG, for 3% voltage drop.
2) 20 A, 120 V circuits longer than [95] feet ([29] m): 8 AWG, for 3% voltage drop.
3) 20 A, 120 V circuits longer than 145 feet:  6 AWG, for 3% voltage drop.
4) 20 A, 277 V circuits longer than 125 feet:  10 AWG, for 3% voltage drop.
5) 20 A, 277 V circuits longer than [210] feet ([64] m):  8 AWG, For 3% voltage

drop.

J. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable
minimum size requirements specified.

K. Conductor Color Coding:
1. Color code conductors as indicated unless otherwise required by the authority having

jurisdiction.  Maintain consistent color coding throughout project.
2. Color Coding Method:  Integrally colored insulation.
3. Color Code:

a. 480Y/277 V, 3 Phase, 4 Wire System:
1) Phase A:  Brown.
2) Phase B:  Orange.
3) Phase C:  Yellow.
4) Neutral/Grounded:  Gray.

b. 208Y/120 V, 3 Phase, 4 Wire System:
1) Phase A:  Black.
2) Phase B:  Red.
3) Phase C:  Blue.
4) Neutral/Grounded:  White.

c. 240/120 V, 1 Phase, 3 Wire System:
1) Phase A:  Black.
2) Phase B:  Red.
3) Neutral/Grounded:  White.

d. Equipment Ground, All Systems:  Green.
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e. Isolated Ground, All Systems:  Green with yellow stripe.
f. For control circuits, comply with manufacturer's recommended color code.

2.03 SINGLE CONDUCTOR BUILDING WIRE

A. Manufacturers:
1. Copper Building Wire:

a. Cerro Wire LLC :  www.cerrowire.com.
b. Encore Wire Corporation :  www.encorewire.com.
c. General Cable Technologies Corporation ; _____ :  www.generalcable.com.
d. Service Wire Co :  www.servicewire.com.
e. Southwire Company :  www.southwire.com.

B. Description:  Single conductor insulated wire.

C. Conductor Stranding:
1. Feeders and Branch Circuits:

a. Size 10 AWG and Smaller:  Solid.
b. Size 8 AWG and Larger:  Stranded.

D. Insulation Voltage Rating:  600 V.

E. Insulation:
1. Copper Building Wire:  Type THHN/THWN, except as indicated below.

a. Installed in wet locations: THWN-2 or XHHW-2.
b. Installed Underground:  Type XHHW-2.

2.04 METAL-CLAD CABLE

A. Manufacturers:
1. AFC Cable Systems Inc :  www.afcweb.com.
2. Encore Wire Corporation :  www.encorewire.com.
3. Service Wire Co :  www.servicewire.com.
4. Southwire Company :  www.southwire.com.

B. Description:  NFPA 70, Type MC cable listed and labeled as complying with UL 1569, and listed
for use in classified firestop systems to be used.

C. Conductor Stranding:
1. Size 10 AWG and Smaller:  Solid.
2. Size 8 AWG and Larger:  Stranded.

D. Insulation Voltage Rating:  600 V.

E. Insulation:  Type THHN, THHN/THWN, or THHN/THWN-2.

F. Grounding:  Full-size integral equipment grounding conductor.

G. Provide UL listed 2-hour fire rated cable where indicated or required by code.

H. Armor:  Steel, interlocked tape.

I. Provide PVC jacket applied over cable armor where indicated or required for environment of
installed location.

2.05 WIRING CONNECTORS

A. Description:  Wiring connectors appropriate for the application, suitable for use with the
conductors to be connected, and listed as complying with UL 486A-486B or UL 486C as
applicable.

B. Connectors for Grounding and Bonding:  Comply with Section 260526.

C. Wiring Connectors for Splices and Taps:
1. Copper Conductors Size 8 AWG and Smaller:  Use twist-on insulated spring connectors.
2. Copper Conductors Size 6 AWG and Larger:  Use mechanical connectors or compression

connectors.
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D. Wiring Connectors for Terminations:
1. Provide terminal lugs for connecting conductors to equipment furnished with terminations

designed for terminal lugs.
2. Provide compression adapters for connecting conductors to equipment furnished with

mechanical lugs when only compression connectors are specified.
3. Where over-sized conductors are larger than the equipment terminations can

accommodate, provide connectors suitable for reducing to appropriate size, but not less
than required for the rating of the overcurrent protective device.

4. Copper Conductors Size 8 AWG and Larger:  Use mechanical connectors or compression
connectors where connectors are required.

E. Do not use push-in wire connectors as a substitute for twist-on insulated spring connectors.

F. Twist-on Insulated Spring Connectors:  Rated 600 V, 221 degrees F for standard applications
and 302 degrees F for high temperature applications; pre-filled with sealant and listed as
complying with UL 486D for damp and wet locations.

G. Mechanical Connectors:  Provide bolted type or set-screw type.

H. Compression Connectors:  Provide circumferential type or hex type crimp configuration.

2.06 ACCESSORIES

A. Electrical Tape:
1. Manufacturers:

a. 3M :  www.3m.com.
2. Vinyl Color Coding Electrical Tape:  Integrally colored to match color code indicated; listed

as complying with UL 510; minimum thickness of 7 mil; resistant to abrasion, corrosion,
and sunlight; suitable for continuous temperature environment up to 221 degrees F.

3. Vinyl Insulating Electrical Tape:  Complying with ASTM D3005 and listed as complying
with UL 510; minimum thickness of 7 mil; resistant to abrasion, corrosion, and sunlight;
conformable for application down to 0 degrees F and suitable for continuous temperature
environment up to 221 degrees F.

B. Heat Shrink Tubing:  Heavy-wall, split-resistant, with factory-applied adhesive; rated 600 V;
suitable for direct burial applications; listed as complying with UL 486D.

C. Oxide Inhibiting Compound:  Listed; suitable for use with the conductors or cables to be
installed.

D. Wire Pulling Lubricant:  Listed; suitable for use with the conductors or cables to be installed and
suitable for use at the installation temperature.

E. Cable Ties:  Material and tensile strength rating suitable for application.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that interior of building has been protected from weather.

B. Verify that work likely to damage wire and cable has been completed.

C. Verify that raceways, boxes, and equipment enclosures are installed and are properly sized to
accommodate conductors and cables in accordance with NFPA 70.

D. Verify that field measurements are as indicated.

E. Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION

A. Clean raceways thoroughly to remove foreign materials before installing conductors and
cables.

3.03 INSTALLATION

A. Circuiting Requirements:
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1. Unless dimensioned, circuit routing indicated is diagrammatic.
2. When circuit destination is indicated without specific routing, determine exact routing

required.
3. Arrange circuiting to minimize splices.
4. Include circuit lengths required to install connected devices within 10 ft of location

indicated.
5. Maintain separation of Class 1, Class 2, and Class 3 remote-control, signaling, and power-

limited circuits in accordance with NFPA 70.
6. Maintain separation of wiring for emergency, legally required, and optional standby

systems [essential system branches] in accordance with NFPA 70.

B. Install products in accordance with manufacturer's instructions.

C. Perform work in accordance with NECA 1 (general workmanship).

D. Install aluminum conductors in accordance with NECA 104.

E. Install metal-clad cable (Type MC) in accordance with NECA 120.

F. Installation in Raceway:
1. Tape ends of conductors and cables to prevent infiltration of moisture and other

contaminants.
2. Pull all conductors and cables together into raceway at same time.
3. Do not damage conductors and cables or exceed manufacturer's recommended maximum

pulling tension and sidewall pressure.
4. Use suitable pulling means and wire pulling lubricant where necessary, except when

lubricant is not recommended by the manufacturer.

G. Paralleled Conductors in Multiset Feeders:  Install conductors of the same length and terminate
in the same manner.

H. Secure and support conductors and cables in accordance with NFPA 70 using suitable
supports and methods approved by the authority having jurisdiction.  Provide independent
support from building structure.  Do not provide support from raceways, piping, ductwork, or
other systems.

I. Terminate cables using suitable fittings.
1. Metal-Clad Cable (Type MC):

a. Use listed fittings.
b. Cut cable armor only using specialized tools to prevent damaging conductors or

insulation. Do not use hacksaw or wire cutters to cut armor.

J. Install conductors with a minimum of 12 inches of slack at each outlet.

K. Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment
enclosures.

L. Group or otherwise identify neutral and equipment grounding conductors with associated
ungrounded conductors inside enclosures in accordance with NFPA 70.

M. Make wiring connections using specified wiring connectors.
1. Make splices and taps only in accessible boxes. Do not pull splices into raceways or make

splices in conduit bodies or wiring gutters.
2. Remove appropriate amount of conductor insulation for making connections without

cutting, nicking or damaging conductors.
3. Do not remove conductor strands to facilitate insertion into connector.
4. Clean contact surfaces on conductors and connectors to suitable remove corrosion,

oxides, and other contaminates. Do not use wire brush on plated connector surfaces.
5. Connections for Aluminum Conductors:  Fill connectors with oxide inhibiting compound

where not pre-filled by manufacturer.
6. Mechanical Connectors:  Secure connections according to manufacturer's recommended

torque settings.
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7. Compression Connectors:  Secure connections using manufacturer's recommended tools
and dies.

N. Insulate splices and taps that are made with uninsulated connectors using methods suitable for
the application, with insulation and mechanical strength at least equivalent to unspliced
conductors.

O. Insulate ends of spare conductors using vinyl insulating electrical tape.

P. Install firestopping to preserve fire resistance rating of partitions and other elements, using
materials and methods specified in Section 078400.

Q. Unless specifically indicated to be excluded, provide final connections to all equipment and
devices, including those furnished by others, as required for a complete operating system.

3.04 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Inspect and test in accordance with NETA ATS, except Section 4.

C. Perform inspections and tests listed in NETA ATS, Section 7.3.2.  The insulation resistance test
is required for all conductors. The resistance test for parallel conductors listed as optional is not
required.

D. Correct deficiencies and replace damaged or defective conductors and cables.

END OF SECTION  260519
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SECTION 260526
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Grounding and bonding requirements.

B. Conductors for grounding and bonding.

C. Connectors for grounding and bonding.

D. Ground bars.

E. Ground rod electrodes.

F. Ground access wells.

1.02 RELATED REQUIREMENTS

A. Section 260519 - Low-Voltage Electrical Power Conductors and Cables:  Additional
requirements for conductors for grounding and bonding, including conductor color coding.

B. Section 260553 - Identification for Electrical Systems:  Identification products and requirements.

1.03 REFERENCE STANDARDS

A. ANSI/TIA-607-B- Generic Telecommunications Bonding and Grounding (Earthing) for Customer
Premises; 2011.

B. IEEE 81 - IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface
Potentials of a Grounding System; 2012.

C. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

D. NEMA GR 1 - Grounding Rod Electrodes and Grounding Rod Electrode Couplings; 2007.

E. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems;
2013.

F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

G. UL 467 - Grounding and Bonding Equipment; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Verify exact locations of underground metal water service pipe entrances to building.
2. Notify Engineer of any conflicts with or deviations from Contract Documents. Obtain

direction before proceeding with work.

B. Sequencing:
1. Do not install ground rod electrodes until final backfill and compaction is complete.

1.05 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittals procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for grounding
and bonding system components.

C. Manufacturer's Instructions:  Indicate application conditions and limitations of use stipulated by
product testing agency.  Include instructions for storage, handling, protection, examination,
preparation, and installation of product.

D. Field quality control test reports.

1.06 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.
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B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

D. Installer Qualifications for Signal Reference Grids:  Company with minimum five years
documented experience with high frequency grounding systems.

E. Product Listing Organization Qualifications:  An organization recognized by OSHA as a
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

PART 2  PRODUCTS

2.01 GROUNDING AND BONDING REQUIREMENTS

A. Existing Work:  Where existing grounding and bonding system components are indicated to be
reused, they may be reused only where they are free from corrosion, integrity and continuity are
verified, and where acceptable to the authority having jurisdiction.

B. Do not use products for applications other than as permitted by NFPA 70 and product listing.

C. Unless specifically indicated to be excluded, provide all required components, conductors,
connectors, conduit, boxes, fittings, supports, accessories, etc. as necessary for a complete
grounding and bonding system.

D. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable
minimum size requirements specified.

E. Grounding System Resistance:
1. Achieve specified grounding system resistance under normally dry conditions unless

otherwise approved by Engineer. Precipitation within the previous 48 hours does not
constitute normally dry conditions.

2. Grounding Electrode System:  Not greater than 5 ohms to ground, when tested according
to IEEE 81 using "fall-of-potential" method.

3. Between Grounding Electrode System and Major Electrical Equipment Frames, System
Neutral, and Derived Neutral Points:  Not greater than 0.5 ohms, when tested using "point-
to-point" methods.

F. Grounding Electrode System:
1. Provide connection to required and supplemental grounding electrodes indicated to form

grounding electrode system.
a. Provide continuous grounding electrode conductors without splice or joint.
b. Install grounding electrode conductors in raceway where exposed to physical

damage. Bond grounding electrode conductor to metallic raceways at each end with
bonding jumper.

2. Ground Rod Electrode(s):
a. Provide three electrodes in an equilateral triangle configuration unless otherwise

indicated or required.
b. Space electrodes not less than 10 feet from each other and any other ground

electrode.
c. Where location is not indicated, locate electrode(s) at least 5 feet outside building

perimeter foundation as near as possible to electrical service entrance; where
possible, locate in softscape (uncovered) area.

3. Provide additional ground electrode(s) if required to achieve specified grounding electrode
system resistance.

4. Ground Bar:  Provide ground bar, separate from service equipment enclosure, for
common connection point of grounding electrode system bonding jumpers as permitted in
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NFPA 70. Connect grounding electrode conductor provided for service-supplied system
grounding to this ground bar.
a. Ground Bar Size:  1/4 by 2 by 12 inches unless otherwise indicated or required.
b. Where ground bar location is not indicated, locate in accessible location as near as

possible to service equipment enclosure .
c. Ground Bar Mounting Height: 18 inches  to centerline above finished floor unless

otherwise indicated.
5. Ground Riser:  Provide common grounding electrode conductor not less than 3/0 AWG for

tap connections to multiple separately derived systems as permitted in NFPA 70.

G. Service-Supplied System Grounding:
1. For each service equipment, provide grounding electrode conductor to connect neutral

(grounded) service conductor to grounding electrode system. Unless otherwise indicated,
make connection at neutral (grounded) bus in service equipment enclosure .

2. For each service equipment, provide main bonding jumper to connect neutral (grounded)
bus to equipment ground bus where not factory-installed. Do not make any other
connections between neutral (grounded) conductors and ground on load side of service
equipment.

H. Grounding for Separate Building or Structure Supplied by Feeder(s) or Branch Circuits:
1. Provide grounding electrode system for each separate building or structure.
2. Provide equipment grounding conductor routed with supply conductors.
3. For each disconnecting means, provide grounding electrode conductor to connect

equipment ground bus to grounding electrode system.
4. Do not make any connections and remove any factory-installed jumpers between neutral

(grounded) conductors and ground.

I. Separately Derived System Grounding:
1. Separately derived systems include, but are not limited to:

a. Transformers (except autotransformers such as buck-boost transformers).
b. Generators, when neutral is switched in the transfer switch.

2. Provide grounding electrode conductor to connect separately derived system grounded
conductor to nearest effectively grounded metal building frame , if it exists. Unless
otherwise indicated, make connection at neutral (grounded) bus in source enclosure .

3. Provide bonding jumper to connect derived system grounded conductor to nearest metal
building frame and nearest metal water piping in the area served by the derived system,
where not already used as a grounding electrode for the derived system. Make connection
at same location as grounding electrode conductor connection.

4. Outdoor Source:  Where the source of the separately derived system is located outside
the building or structure supplied, provide connection to grounding electrode at source in
accordance with NFPA 70.

5. Provide system bonding jumper to connect system grounded conductor to equipment
ground bus. Make connection at same location as grounding electrode conductor
connection. Do not make any other connections between neutral (grounded) conductors
and ground on load side of separately derived system disconnect.

6. Where the source and first disconnecting means are in separate enclosures, provide
supply-side bonding jumper between source and first disconnecting means.

J. Bonding and Equipment Grounding:
1. Provide bonding for equipment grounding conductors, equipment ground busses, metallic

equipment enclosures, metallic raceways and boxes, device grounding terminals, and
other normally non-current-carrying conductive materials enclosing electrical
conductors/equipment or likely to become energized as indicated and in accordance with
NFPA 70.

2. Provide insulated equipment grounding conductor in each feeder and branch circuit
raceway. Do not use raceways as sole equipment grounding conductor.
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3. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit
equipment grounding conductor and to outlet box with bonding jumper.

4. Terminate branch circuit equipment grounding conductors on solidly bonded equipment
ground bus only. Do not terminate on neutral (grounded) or isolated/insulated ground bus.

5. Provide bonding jumper across expansion or expansion/deflection fittings provided to
accommodate conduit movement.

K. Grounding Underground Distribution System Components:
1. Comply with IEEE C2 grounding requirements.
2. Grounding Manholes and Handholes: Install a driven ground rod through manhole or

handhole floor, close to wall, and set rod depth so 4 inches (100mm) will extend above
finished floor. If necessary, install ground rod before manhole is placed and provide No.
1/0 AWG bare, tinned-copper conductor from ground rod into manhole through a
waterproof sleeve in manhole wall. Protect ground rods passing through concrete floor
with a double wrapping of pressure-sensitive insulating tape or heat-shrunk insulating
sleeve from 2 inches (50 mm) above to 6 inches (150 mm) below concrete. Seal floor
opening with waterproof, nonshrink grout.

2.02 GROUNDING AND BONDING COMPONENTS

A. General Requirements:
1. Provide products listed, classified, and labeled as suitable for the purpose intended.
2. Provide products listed and labeled as complying with UL 467 where applicable.

B. Conductors for Grounding and Bonding, in Addition to Requirements of Section 260526:
1. Use insulated copper conductors unless otherwise indicated.

a. Exceptions:
1) Use bare copper conductors where installed underground in direct contact with

earth.
2) Use bare copper conductors where directly encased in concrete (not in

raceway).

C. Connectors for Grounding and Bonding:
1. Description:  Connectors appropriate for the application and suitable for the conductors

and items to be connected; listed and labeled as complying with UL 467.
2. Unless otherwise indicated, use exothermic welded connections for underground,

concealed and other inaccessible connections.
3. Unless otherwise indicated, use mechanical connectors, compression connectors, or

exothermic welded connections for accessible connections.

D. Ground Bars:
1. Description:  Copper rectangular ground bars with mounting brackets and insulators.
2. Size:  As indicated.
3. Holes for Connections:  As indicated or as required for connections to be made.

E. Ground Rod Electrodes:
1. Comply with NEMA GR 1.
2. Material:  Copper-bonded (copper-clad) steel.
3. Size:  3/4 inch diameter by 10 feet length, unless otherwise indicated.

F. Ground Access Wells:
1. Description:  Open bottom round or rectangular well with access cover for testing and

inspection; suitable for the expected load at the installed location.
2. Size:  As required to provide adequate access for testing and inspection, but not less than

minimum size requirements specified.
3. Depth:  As required to extend below frost line to prevent frost upheaval, but not less than

10 inches.
4. Cover:  Factory-identified by permanent means with word "GROUND".

PART 3  EXECUTION
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3.01 EXAMINATION

A. Verify that work likely to damage grounding and bonding system components has been
completed.

B. Verify that field measurements are as indicated.

C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Perform work in accordance with NECA 1 (general workmanship).

C. Ground Rod Electrodes:  Unless otherwise indicated, install ground rod electrodes vertically.
Where encountered rock prohibits vertical installation, install at 45 degree angle or bury
horizontally in trench at least 30 inches (750 mm) deep in accordance with NFPA 70 or provide
ground plates.
1. Outdoor Installations:  Unless otherwise indicated, install with top of rod 6 inches below

finished grade.
2. Indoor Installations:  Unless otherwise indicated, install with 4 inches of top of rod

exposed.

D. Make grounding and bonding connections using specified connectors.
1. Remove appropriate amount of conductor insulation for making connections without

cutting, nicking or damaging conductors. Do not remove conductor strands to facilitate
insertion into connector.

2. Remove nonconductive paint, enamel, or similar coating at threads, contact points, and
contact surfaces.

3. Exothermic Welds:  Make connections using molds and weld material suitable for the
items to be connected in accordance with manufacturer's recommendations.

4. Mechanical Connectors:  Secure connections according to manufacturer's recommended
torque settings.

5. Compression Connectors:  Secure connections using manufacturer's recommended tools
and dies.

E. Identify grounding and bonding system components in accordance with Section 260553.

3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Inspect and test in accordance with NETA ATS except Section 4.

C. Perform inspections and tests listed in NETA ATS, Section 7.13.

D. Perform ground electrode resistance tests under normally dry conditions. Precipitation within
the previous 48 hours does not constitute normally dry conditions.

E. Investigate and correct deficiencies where measured ground resistances do not comply with
specified requirements.

F. Submit detailed reports indicating inspection and testing results and corrective actions taken.

END OF SECTION  260526
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SECTION 260529
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Support and attachment requirements and components for equipment, conduit, cable, boxes,
and other electrical work.

1.02 RELATED REQUIREMENTS

A. Section 260533.13 - Conduit for Electrical Systems:  Additional support and attachment
requirements for conduits.

B. Section 260533.16 - Boxes for Electrical Systems:  Additional support and attachment
requirements for boxes.

1.03 REFERENCE STANDARDS

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2017.

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel
Hardware; 2016a.

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel;
2015.

D. MFMA-4 - Metal Framing Standards Publication; 2004.

E. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate sizes and arrangement of supports and bases with the actual equipment and

components to be installed.
2. Coordinate the work with other trades to provide additional framing and materials required

for installation.
3. Coordinate compatibility of support and attachment components with mounting surfaces at

the installed locations.

B. Sequencing:
1. Do not install products on or provide attachment to concrete surfaces until concrete has

fully cured in accordance with Section 033000.

1.05 PERFORMANCE REQUIREMENTS

A. Delegated Design: Design supports for multiple raceways, including comprehensive
engineering analysis by a qualified professional engineer, using performance requirements and
design criteria indicated.

B. Design supports for multiple raceways capable of supporting combined weight of supported
systems and its contents.

C. Design equipment supports capable of supporting combined operating weight of supported
equipment and connected systems and components.

D. Rated strength: Adequate in tension, shear, and pullout force to resist maximum loads
calculated or imposed for this Project, with a minimum structural safety factor of five times the
applied force.

1.06 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.

B. Shop Drawings:  Include details for fabricated hangers and supports where materials or
methods other than those indicated are proposed for substitution.
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C. Manufacturer's Instructions:  Indicate application conditions and limitations of use stipulated by
product testing agency.  Include instructions for storage, handling, protection, examination,
preparation, and installation of product.

1.07 QUALITY ASSURANCE

A. Comply with NFPA 70.

B. Comply with applicable building code.

C. All hangars, supports and anchorage to structure shall be selected by the manufacturer's
authorized representative and approved by the project structural engineer.

D. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

E. Installer Qualifications for Field-Welding:  As specified in Section 055000 .   Qualify processes
and operators acording to AWS D1.1/D1.1M "Structural Welding Code - Steel.

F. Certify that each welder has passed AWS qualification tests for welding processesinvolved and
that certification is current.

G. Product Listing Organization Qualifications:  An organization recognized by OSHA as a
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

1.08 SUPPLEMENTARY STEEL

A. Furnish supplementary steel as required for proper installation, mounting and support of
electrical work.

B. Connect supplementary steel firmly to building construction in an acceptable manner.

C. Determine type and size of supplementary steel.  Supplementary steel shall be of sufficient
strength and size to allow a minimum deflection of the span and in conformance with
manufacturer's requirements of loading.

D. Install supplementary steel in a neat and workmanlike manner parallel to walls, floors and
ceiling construction.

E. All supplementary steel and channel supports shall be submitted to the structural engineer for
review

1.09 EXPANSION ANCHORS

A. Provide spacing and install anchors in accordance with manufacturer's recommendations.

B. Comply with ACI 318 as amended by the authority having jurisdiction.

C. All expansion anchors shall be submitted to the structural engineer for review.

D. File all post installed anchors and assist with special inspections where required by the
authority having jurisdiction.

PART 2  PRODUCTS

2.01 SUPPORT AND ATTACHMENT COMPONENTS

A. General Requirements:
1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and

hardware as necessary for the complete installation of electrical work.
2. Provide products listed, classified, and labeled as suitable for the purpose intended, where

applicable.
3. Where support and attachment component types and sizes are not indicated, select in

accordance with manufacturer's application criteria as required for the load to be
supported  with a minimum safety factor of 4.0 . Include consideration for vibration,
equipment operation, and shock loads where applicable.

4. Do not use products for applications other than as permitted by NFPA 70 and product
listing.
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5. Steel Components:  Use corrosion resistant materials suitable for the environment where
installed.
a. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633.
b. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM

A123/A123M or ASTM A153/A153M.

B. Conduit and Cable Supports:  Straps, clamps, etc. suitable for the conduit or cable to be
supported.
1. Conduit Straps:  One-hole or two-hole type; steel or malleable iron.
2. Conduit Clamps:  Bolted type unless otherwise indicated.

C. Outlet Box Supports:  Hangers, brackets, etc. suitable for the boxes to be supported.

D. Metal Channel (Strut) Framing Systems:  Factory-fabricated continuous-slot metal channel
(strut) and associated fittings, accessories, and hardware required for field-assembly of
supports.
1. Comply with MFMA-4.
2. Minimum Channel Thickness:  1/8 inch.
3. Minimum Channel Dimensions:  1-1/2 inch  width by 1-1/2 inch  height.

E. Hanger Rods:  Threaded zinc-plated steel unless otherwise indicated.
1. Minimum Size, Unless Otherwise Indicated or Required:

a. Equipment Supports:  1/2 inch diameter.
b. Busway Supports:  1/2 inch diameter.
c. Single Conduit up to 1 inch (27 mm) trade size:  1/4 inch diameter.
d. Single Conduit larger than 1 inch (27 mm) trade size:  3/8 inch diameter.
e. Trapeze Support for Multiple Conduits:  3/8 inch diameter.
f. Outlet Boxes:  1/4 inch diameter.

F. Anchors and Fasteners:
1. Unless otherwise indicated and where not otherwise restricted, use the anchor and

fastener types indicated for the specified applications.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that mounting surfaces are ready to receive support and attachment components.

C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Perform work in accordance with NECA 1 (general workmanship).

C. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES)
evaluation report conditions of use where applicable.

D. Provide independent support from building structure. Do not provide support from piping,
ductwork, or other systems.

E. Unless specifically indicated or approved by Architect, do not provide support from suspended
ceiling support system or ceiling grid.

F. Unless specifically indicated or approved by Architect, do not provide support from roof deck.

G. Do not penetrate or otherwise notch or cut structural members without approval of Structural
Engineer.

H. Equipment Support and Attachment:
1. Securely fasten floor-mounted equipment. Do not install equipment such that it relies on

its own weight for support.
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I. Remove temporary supports.

3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Inspect support and attachment components for damage and defects.

C. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by
manufacturer. Replace components that exhibit signs of corrosion. Clean field welds and
abraded areas of shop paint. Paint exposed areas immediately after erecting hangers and
supports. Use same materials as used for shop painting. Comply with SSPC-PA 1 requirements
for touching up field painted surfaces.

D. Correct deficiencies and replace damaged or defective support and attachment components.

END OF SECTION  260529
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SECTION 260533.13
CONDUIT FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Galvanized steel rigid metal conduit (RMC).

B. Intermediate metal conduit (IMC).

C. Flexible metal conduit (FMC).

D. Liquidtight flexible metal conduit (LFMC).

E. Electrical metallic tubing (EMT).

F. Conduit fittings.

1.02 RELATED REQUIREMENTS

A. Section 078400 - Firestopping.

B. Section 260526 - Grounding and Bonding for Electrical Systems.

C. Section 260529 - Hangers and Supports for Electrical Systems.

1.03 REFERENCE STANDARDS

A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC); 2020.

B. ANSI C80.3 - American National Standard for Electrical Metallic Tubing -- Steel (EMT-S); 2020.

C. ANSI C80.6 - American National Standard for Electrical Intermediate Metal Conduit; 2018.

D. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

E. NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT); 2013.

F. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic
Tubing, and Cable; 2014.

G. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

H. UL 1 - Flexible Metal Conduit; Current Edition, Including All Revisions.

I. UL 6 - Electrical Rigid Metal Conduit-Steel; Current Edition, Including All Revisions.

J. UL 360 - Liquid-Tight Flexible Metal Conduit; Current Edition, Including All Revisions.

K. UL 514B - Conduit, Tubing, and Cable Fittings; Current Edition, Including All Revisions.

L. UL 797 - Electrical Metallic Tubing-Steel; Current Edition, Including All Revisions.

M. UL 1242 - Electrical Intermediate Metal Conduit-Steel; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate minimum sizes of conduits with the actual conductors to be installed, including

adjustments for conductor sizes increased for voltage drop.
2. Coordinate the arrangement of conduits with structural members, ductwork, piping,

equipment and other potential conflicts installed under other sections or by others.
3. Verify exact conduit termination locations required for boxes, enclosures, and equipment

installed under other sections or by others.
4. Coordinate the work with other trades to provide roof penetrations that preserve the

integrity of the roofing system and do not void the roof warranty.
5. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain

direction before proceeding with work.

B. Sequencing:
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1. Do not begin installation of conductors and cables until installation of conduit is complete
between outlet, junction and splicing points.

1.05 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittals procedures.

1.06 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store conduit and fittings in accordance with manufacturer's
instructions.

PART 2  PRODUCTS

2.01 CONDUIT APPLICATIONS

A. Do not use conduit and associated fittings for applications other than as permitted by NFPA 70
and product listing.

B. Unless otherwise indicated and where not otherwise restricted, use the conduit types indicated
for the specified applications. Where more than one listed application applies, comply with the
most restrictive requirements. Where conduit type for a particular application is not specified,
use galvanized steel rigid metal conduit.

C. Concealed Within Hollow Stud Walls:  Use galvanized steel rigid metal conduit, intermediate
metal conduit (IMC), or electrical metallic tubing (EMT).

D. Concealed Above Accessible Ceilings:  Use galvanized steel rigid metal conduit, intermediate
metal conduit (IMC), or electrical metallic tubing (EMT).

E. Interior, Damp or Wet Locations:  Use galvanized steel rigid metal conduit.

F. Exposed, Interior, Not Subject to Physical Damage:  Use galvanized steel rigid metal conduit,
intermediate metal conduit (IMC), or electrical metallic tubing (EMT).

G. Exposed, Interior, Subject to Physical Damage:  Use galvanized steel rigid metal conduit or
intermediate metal conduit (IMC).

H. Exposed, Exterior:  Use galvanized steel rigid metal conduit or PVC-coated galvanized steel
rigid metal conduit .

I. Concealed, Exterior, Not Embedded in Concrete or in Contact With Earth:  Use galvanized
steel rigid metal conduit .

J. Connections to Vibrating Equipment:
1. Dry Locations:  Use flexible metal conduit.
2. Damp, Wet, or Corrosive Locations:  Use liquidtight flexible metal conduit.
3. Maximum Length:  6 feet unless otherwise indicated.
4. Vibrating equipment includes, but is not limited to:

a. Transformers.
b. Motors.

2.02 CONDUIT REQUIREMENTS

A. Existing Work:  Where existing conduits are indicated to be reused, they may be reused only
where they comply with specified requirements, are free from corrosion, and integrity is verified
by pulling a mandrel through them.

B. Electrical Service Conduits:  Also comply with Section 262100.

C. Fittings for Grounding and Bonding:  Also comply with Section 260526.

D. Provide all conduit, fittings, supports, and accessories required for a complete raceway system.

E. Provide products listed, classified, and labeled as suitable for the purpose intended.

F. Minimum Conduit Size, Unless Otherwise Indicated:
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1. Branch Circuits:  3/4 inch (21 mm)  trade size.
2. Branch Circuit Homeruns:  3/4 inch (21 mm) trade size.
3. Control Circuits:  3/4 inch ( 21 mm)  trade size.

G. Where conduit size is not indicated, size to comply with NFPA 70 but not less than applicable
minimum size requirements specified.

2.03 GALVANIZED STEEL RIGID METAL CONDUIT (RMC)

A. Manufacturers:
1. Allied Tube & Conduit, a division of Atkore International :  www.alliedeg.com.
2. Western Tube, a division of Zekelman Industries :  www.westerntube.com.
3. Wheatland Tube, a division of Zekelman Industries :  www.wheatland.com.

B. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit complying with ANSI
C80.1 and listed and labeled as complying with UL 6.

C. Fittings:
1. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled

as complying with UL 514B.
2. Material:  Use steel or malleable iron.
3. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw and

compression (gland) type fittings are not permitted.

2.04 INTERMEDIATE METAL CONDUIT (IMC)

A. Manufacturers:
1. Allied Tube & Conduit, a division of Atkore International :  www.alliedeg.com.
2. Western Tube, a division of Zekelman Industries :  www.westerntube.com.
3. Wheatland Tube, a division of Zekelman Industries :  www.wheatland.com.
4. Substitutions:  See Section 016000 - Product Requirements.

B. Description:  NFPA 70, Type IMC galvanized steel intermediate metal conduit complying with
ANSI C80.6 and listed and labeled as complying with UL 1242.

C. Fittings:
1. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled

as complying with UL 514B.
2. Material:  Use steel or malleable iron.
3. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw and

compression (gland) type fittings are not permitted.

2.05 FLEXIBLE METAL CONDUIT (FMC)

A. Manufacturers:
1. AFC Cable Systems, Inc ; ____ :  www.afcweb.com.
2. Electri-Flex Company ; ____ :  www.electriflex.com.
3. International Metal Hose ; ____ :  www.metalhose.com.
4. Substitutions:  See Section 016000 - Product Requirements.

B. Description:  , Type FMC standard wall steel  flexible metal conduit listed and labeled as
complying with , and listed for use in classified firestop systems to be used.NFPA 70UL 1

C. Fittings:
1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with

UL 514B.
2. Material:  Use steel or malleable iron.

2.06 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC)

A. Manufacturers:
1. AFC Cable Systems, Inc ; ____ :  www.afcweb.com.
2. International Metal Hose ; ____ :  www.metalhose.com.
3. Substitutions:  See Section 016000 - Product Requirements.
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B. Description:  , Type LFMC polyvinyl chloride (PVC) jacketed steel  flexible metal conduit listed
and labeled as complying with .NFPA 70UL 360

C. Fittings:
1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with

UL 514B.
2. Material:  Use steel or malleable iron.

2.07 ELECTRICAL METALLIC TUBING (EMT)

A. Manufacturers:
1. Allied Tube & Conduit, a division of Atkore International :  www.alliedeg.com.
2. Western Tube, a division of Zekelman Industries :  www.westerntube.com.
3. Wheatland Tube, a division of Zekelman Industries :  www.wheatland.com.
4. Substitutions:  See Section 016000 - Product Requirements.

B. Description:  NFPA 70, Type EMT steel electrical metallic tubing complying with ANSI C80.3
and listed and labeled as complying with UL 797.

C. Fittings:
1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with

UL 514B.
2. Material:  Use steel or malleable iron.
3. Connectors and Couplings:  Use compression (gland) or double set-screw  type.

a. Do not use indenter type connectors and couplings.
b. Single set screw fittings are not permitted.cut

2.08 ACCESSORIES

A. Conduit Joint Compound:  Corrosion-resistant, electrically conductive; suitable for use with the
conduit to be installed.

B. Pull Strings: Use nylon cord with average breaking strength of not less than 200 pound-force.

C. Modular Seals for Conduit Penetrations:  Rated for minimum of 40 psig; Suitable for the
conduits to be installed.

D. Sealing Systems for Roof Penetrations:  Premanufactured components and accessories as
required to preserve integrity of roofing system and maintain roof warranty; suitable for conduits
and roofing system to be installed; designed to accommodate existing penetrations where
applicable.

E. Flashing Panels for Exterior Wall Penetrations:  Premanufactured components and accessories
as required to preserve integrity of building envelope; suitable for conduits and facade materials
to be installed.

F. Firestop Sleeves:  Listed; provide as required to preserve fire resistance rating of building
elements.

G. Duct Bank Spacers:  Nonmetallic; designed for maintaining conduit/duct spacing for concrete
encasement in open trench installation; suitable for the conduit/duct arrangement to be
installed.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that mounting surfaces are ready to receive conduits.

C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Perform work in accordance with NECA 1 (general workmanship).
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C. Install galvanized steel rigid metal conduit (RMC) in accordance with NECA 101.

D. Install intermediate metal conduit (IMC) in accordance with NECA 101.

E. Conduit Routing:
1. Unless dimensioned, conduit routing indicated is diagrammatic.
2. When conduit destination is indicated without specific routing, determine exact routing

required. The final routing shall be coordinated with other trades and architects.
3. Conceal all conduits unless specifically indicated to be exposed.
4. Conduits in the following areas may be exposed, unless otherwise indicated:

a. Electrical rooms.
b. Mechanical equipment rooms.

5. Arrange conduit to maintain adequate headroom, clearances, and access.
6. Arrange conduit to provide no more than the equivalent of four  90 degree bends between

pull points, unless otherwise required elsewhere. Telecommunication system conduit
pullboxes shall be provided for not more than equivalent of two 90 degree bends between
pull points.

7. Arrange conduit to provide no more than 150 feet  between pull points. Unless otherwise
required elsewhere, telecommunication system conduits to be provided with no more than
100 feet (30 m) between pull points.

8. Route conduits above water and drain piping where possible.
9. Arrange conduit to prevent moisture traps. Provide drain fittings at low points and at

sealing fittings where moisture may collect.
10. Maintain minimum clearance of 6 inches between conduits and piping for other systems.
11. Maintain minimum clearance of 12 inches between conduits and hot surfaces. This

includes, but is not limited to:
a. Heaters.
b. Hot water piping.
c. Flues.

F. Conduit Support:
1. Secure and support conduits in accordance with  and Section 260529  using suitable

supports and methods approved by the authority having jurisdiction.NFPA 70
2. Provide independent support from building structure. Do not provide support from piping,

ductwork, or other systems.
3. Installation Above Suspended Ceilings:  Do not provide support from ceiling support

system. Do not provide support from ceiling grid or allow conduits to lay on ceiling tiles.
4. Use conduit strap to support single surface-mounted conduit.

a. Use clamp back spacer with conduit strap for damp and wet locations to provide
space between conduit and mounting surface.

5. Use metal channel (strut) with accessory conduit clamps to support multiple parallel
surface-mounted conduits.

6. Use conduit clamp to support single conduit from beam clamp or threaded rod.
7. Use trapeze hangers assembled from threaded rods and metal channel (strut) with

accessory conduit clamps to support multiple parallel suspended conduits.
8. Use of wire for support of conduits is not permitted.

G. Connections and Terminations:
1. Use approved zinc-rich paint or conduit joint compound on field-cut threads of galvanized

steel conduits prior to making connections.
2. Where two threaded conduits must be joined and neither can be rotated, use three-piece

couplings or split couplings. Do not use running threads.
3. Use suitable adapters where required to transition from one type of conduit to another.
4. Provide drip loops for liquidtight flexible conduit connections to prevent drainage of liquid

into connectors.
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5. Terminate threaded conduits in boxes and enclosures using threaded hubs or double lock
nuts for dry locations and raintight hubs for wet locations.

6. Provide insulating bushings or insulated throats at all conduit terminations to protect
conductors.

7. Secure joints and connections to provide maximum mechanical strength and electrical
continuity.

H. Penetrations:
1. Do not penetrate or otherwise notch or cut structural members, including footings and

grade beams, without approval of Structural Engineer.
2. Make penetrations perpendicular to surfaces unless otherwise indicated.
3. Provide sleeves for penetrations as indicated or as required to facilitate installation. Set

sleeves flush with exposed surfaces unless otherwise indicated or required.
4. Conceal bends for conduit risers emerging above ground.
5. Seal interior of conduits entering the building from underground at first accessible point to

prevent entry of moisture and gases.
6. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of

membrane.
7. Make penetrations for roof-mounted equipment within associated equipment openings and

curbs where possible to minimize roofing system penetrations. Where penetrations are
necessary, seal as indicated or as required to preserve integrity of roofing system and
maintain roof warranty. Include proposed locations of penetrations and methods for
sealing with submittals.

8. Install firestopping to preserve fire resistance rating of partitions and other elements, using
materials and methods specified in Section 078400.

I. Conduit Movement Provisions:  Where conduits are subject to movement, provide expansion
and expansion/deflection fittings to prevent damage to enclosed conductors or connected
equipment. This includes, but is not limited to:
1. Where conduits cross structural joints intended for expansion, contraction, or deflection.
2. Where conduits are subject to earth movement by settlement or frost.

J. Condensation Prevention:  Where conduits cross barriers between areas of potential
substantial temperature differential, provide sealing fitting or approved sealing compound at an
accessible point near the penetration to prevent condensation. This includes, but is not limited
to:
1. Where conduits pass from outdoors into conditioned interior spaces.
2. Where conduits pass from unconditioned interior spaces into conditioned interior spaces.

K. Provide grounding and bonding in accordance with Section 260526.

L. Identify conduits in accordance with Section 260553.

3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by
manufacturer. Replace components that exhibit signs of corrosion.

C. Correct deficiencies and replace damaged or defective conduits.

3.04 CLEANING

A. Clean interior of conduits to remove moisture and foreign matter.

3.05 PROTECTION

A. Immediately after installation of conduit, use suitable manufactured plugs to provide protection
from entry of moisture and foreign material and do not remove until ready for installation of
conductors.

END OF SECTION  260533.13
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SECTION 260533.16
BOXES FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Outlet and device boxes up to 100 cubic inches, including those used as junction and pull
boxes.

B. Cabinets and enclosures, including junction and pull boxes larger than 100 cubic inches.

C. Floor boxes.

D. Underground boxes/enclosures.

1.02 RELATED REQUIREMENTS

A. Section 083100 - Access Doors and Panels:  Panels for maintaining access to concealed
boxes.

B. Section 260529 - Hangers and Supports for Electrical Systems.

C. Section 260533.13 - Conduit for Electrical Systems:
1. Conduit bodies and other fittings.
2. Additional requirements for locating boxes to limit conduit length and/or number of bends

between pulling points.

D. Section 262726 - Wiring Devices:
1. Wall plates.
2. Floor box service fittings.

1.03 REFERENCE STANDARDS

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

B. NECA 130 - Standard for Installing and Maintaining Wiring Devices; 2010.

C. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic
Tubing, and Cable; 2014.

D. NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports; 2013.

E. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014.

F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

G. SCTE 77 - Specification for Underground Enclosure Integrity; 2013.

H. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current
Edition, Including All Revisions.

I. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,
Including All Revisions.

J. UL 508A - Industrial Control Panels; Current Edition, Including All Revisions.

K. UL 514A - Metallic Outlet Boxes; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work with other trades and architect to avoid placement of ductwork,

piping, equipment, or other potential obstructions within the dedicated equipment spaces
and working clearances for electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Coordinate minimum sizes of boxes with the actual installed arrangement of conductors,
clamps, support fittings, and devices, calculated according to NFPA 70.
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4. Coordinate minimum sizes of pull boxes with the actual installed arrangement of
connected conduits, calculated according to NFPA 70.

5. Coordinate the placement of boxes with millwork, furniture, devices, equipment, etc.
installed under other sections or by others.

6. Coordinate the work with other trades to preserve insulation integrity.
7. Coordinate the work with other trades and architect to provide walls suitable for installation

of flush-mounted boxes where indicated.
8. Notify Engineer of any conflicts with or deviations from Contract Documents. Obtain

direction before proceeding with work.

1.05 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for cabinets
and enclosures, boxes for hazardous (classified) locations, floor boxes, and underground
boxes/enclosures.

1.06 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

PART 2  PRODUCTS

2.01 BOXES

A. General Requirements:
1. Do not use boxes and associated accessories for applications other than as permitted by

NFPA 70 and product listing.
2. Provide all boxes, fittings, supports, and accessories required for a complete raceway

system and to accommodate devices and equipment to be installed.
3. Provide products listed, classified, and labeled as suitable for the purpose intended.
4. Where box size is not indicated, size to comply with NFPA 70 but not less than applicable

minimum size requirements specified.
5. Provide grounding terminals within boxes where equipment grounding conductors

terminate.

B. Outlet and Device Boxes Up to 100 cubic inches, Including Those Used as Junction and Pull
Boxes:
1. Use sheet-steel boxes for dry locations unless otherwise indicated or required.
2. Use cast iron boxes or cast aluminum boxes for damp or wet locations unless otherwise

indicated or required; furnish with compatible weatherproof gasketed covers.
3. Use suitable concrete type boxes where flush-mounted in concrete.
4. Use suitable masonry type boxes where flush-mounted in masonry walls.
5. Use raised covers suitable for the type of wall construction and device configuration where

required.
6. Use shallow boxes where required by the type of wall construction.
7. Do not use "through-wall" boxes designed for access from both sides of wall.
8. Sheet-Steel Boxes:  Comply with NEMA OS 1, and list and label as complying with UL

514A.
9. Cast Metal Boxes:  Comply with NEMA FB 1, and list and label as complying with UL

514A; furnish with threaded hubs.
10. Boxes for Supporting Luminaires and Ceiling Fans:  Listed as suitable for the type and

weight of load to be supported; furnished with fixture stud to accommodate mounting of
luminaire where required.

11. Boxes for Ganged Devices:  Use multigang boxes of single-piece construction. Do not use
field-connected gangable boxes unless specifically indicated or permitted.
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12. Wall Plates:  Comply with Section 262726.

C. Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic inches:
1. Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E, or UL

508A.
2. NEMA 250 Environment Type, Unless Otherwise Indicated:
3. Junction and Pull Boxes Larger Than 100 cubic inches:

a. Provide screw-cover or hinged-cover enclosures unless otherwise indicated.

D. Floor Boxes:
1. Description:  Floor boxes compatible with floor box service fittings provided in accordance

with Section 262726; with partitions to separate multiple services; furnished with all
components, adapters, and trims required for complete installation.

2. Manufacturer:  Same as manufacturer of floor box service fittings.

E. Underground Boxes/Enclosures:
1. Description:  In-ground, open bottom boxes furnished with flush, non-skid covers with

legend indicating type of service and stainless steel tamper resistant cover bolts.
2. Size:  As indicated on drawings.
3. Depth:  As required to extend below frost line to prevent frost upheaval, but not less than

12 inches.
4. Applications:

a. Do not use polymer concrete enclosures in areas subject to deliberate vehicular
traffic.

5. Polymer Concrete Underground Boxes/Enclosures:  Comply with SCTE 77.
a. Manufacturers:

1) Hubbell Incorporated; Quazite Products ; ______ :
 www.hubbellpowersystems.com.

2) MacLean Highline ; __________ :  www.macleanhighline.com.
3) Oldcastle Precast, Inc ; __________ :  www.oldcastleprecast.com.

b. Combination fiberglass/polymer concrete boxes/enclosures are acceptable.
c. Product(s):

1) MacLean Highline PHA Series: Straight wall, all-polymer concrete splice box/pull
box; available Tier 8, Tier 15, and Tier 22 load ratings.

2) MacLean Highline CHA Series:  Fiberglass/polymer concrete splice box/pull box;
available Tier 8 and Tier 15 load ratings.

3) MacLean Highline CVA Series:  Fiberglass/polymer concrete splice vault;
available Tier 8, Tier 15, and Tier 22 load ratings.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that mounting surfaces are ready to receive boxes.

C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Install boxes in accordance with NECA 1 (general workmanship) and, where applicable, NECA
130, including mounting heights specified in those standards where mounting heights are not
indicated.

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's
instructions and NFPA 70.

D. Provide separate boxes for emergency, legally required, optional standby, and normal power
systems.
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E. Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems.

F. Where floor mounted power receptacle outlet and low voltage system outlet (IT, audio, video,
etc.) occur at the same location, power and low voltage system devices shall be provided with a
multiple gang box under a single cover plate as required.

G. Flush-mount boxes in finished areas unless specifically indicated to be surface-mounted.

H. Unless otherwise indicated, boxes may be surface-mounted where exposed conduits are
indicated or permitted.

I. Box Locations:
1. Locate boxes to be accessible. Provide access panels in accordance with Section 083100

as required where approved by the Architect.
2. Unless dimensioned, box locations indicated are approximate.
3. Locate boxes so that wall plates do not span different building finishes.
4. Locate boxes so that wall plates do not cross masonry joints.
5. Unless otherwise indicated, where multiple outlet boxes are installed at the same location

at different mounting heights, install along a common vertical center line.
6. Do not install flush-mounted boxes on opposite sides of walls back-to-back. Provide

minimum 6 inches horizontal separation unless otherwise indicated.
7. Acoustic-Rated Walls:  Do not install flush-mounted boxes on opposite sides of walls

back-to-back; provide minimum 24 inches horizontal separation.
8. Fire Resistance Rated Walls:  Install flush-mounted boxes such that the required fire

resistance will not be reduced.
a. Do not install flush-mounted boxes on opposite sides of walls back-to-back; provide

minimum 24 inches separation where wall is constructed with individual
noncommunicating stud cavities or protect both boxes with listed putty pads.

b. Do not install flush-mounted boxes with area larger than 16 square inches or such
that the total aggregate area of openings exceeds 100 square inches for any 100
square feet of wall area.

9. Locate junction and pull boxes as indicated, as required to facilitate installation of
conductors, and to limit conduit length and/or number of bends between pulling points in
accordance with Section 260533.13.

J. Box Supports:
1. Secure and support boxes in accordance with NFPA 70 and Section 260529 using

suitable supports and methods approved by the authority having jurisdiction.
2. Provide independent support from building structure except for cast metal boxes (other

than boxes used for fixture support) supported by threaded conduit connections in
accordance with NFPA 70. Do not provide support from piping, ductwork, or other
systems.

K. Install boxes plumb and level.

L. Flush-Mounted Boxes:
1. Install boxes in noncombustible materials such as concrete, tile, gypsum, plaster, etc. so

that front edge of box or associated raised cover is not set back from finished surface
more than 1/4 inch or does not project beyond finished surface.

2. Install boxes in combustible materials such as wood so that front edge of box or
associated raised cover is flush with finished surface.

3. Repair rough openings around boxes in noncombustible materials such as concrete, tile,
gypsum, plaster, etc. so that there are no gaps or open spaces greater than 1/8 inch at the
edge of the box.

M. Install boxes as required to preserve insulation integrity.

N. Metallic Floor Boxes:  Install box level at the proper elevation to be flush with finished floor.

O. Underground Boxes/Enclosures:
1. Install enclosure on gravel base, minimum 6 inches deep.
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2. Flush-mount enclosures located in concrete or paved areas.
3. Mount enclosures located in landscaped areas with top at 1 inch above finished grade.
4. Install additional bracing inside enclosures in accordance with manufacturer's instructions

to minimize box sidewall deflections during backfilling. Backfill with cover bolted in place.

P. Install permanent barrier between ganged wiring devices when voltage between adjacent
devices exceeds 300 V.

Q. Install firestopping to preserve fire resistance rating of partitions and other elements, using
materials and methods specified in Section 078400.

R. Close unused box openings.

S. Install blank wall plates on junction boxes and on outlet boxes with no devices or equipment
installed or designated for future use.

T. Provide grounding and bonding in accordance with Section 260526.

3.03 CLEANING

A. Clean interior of boxes to remove dirt, debris, plaster and other foreign material.

3.04 PROTECTION

A. Immediately after installation, protect boxes from entry of moisture and foreign material until
ready for installation of conductors.

END OF SECTION  260533.16
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SECTION 260543
UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.01 RELATED DOCUMENTS

A. Drawings and general provisions of Contract, including General and Supplementary Conditions
and Division 01 Specification Sections, apply to this section.

1.02 SUMMARY

A. This section includes the following basic electrical materials and methods to complement other
Division 26 Sections.
1. This Section includes underground direct buried and concrete encased electrical ducts,

raceways and duct banks pull boxes and handholes .

1.03 DEFINITIONS

A. Underground Ducts:  Plastic conduit encased in concrete.

1.04 SUBMITTALS

A. Product Data:  For the following:
1. Duct-bank materials, including separators and miscellaneous components.
2. Ducts and conduits and their accessories, including elbows, end bells, bends, fittings, and

solvent cement.
3. Accessories for manholes, handholes, boxes, and other utility structures.
4. Warning tape.
5. Warning planks.

B. Shop Drawings for Factory-Fabricated Handholes and Boxes Other Than Precast Concrete:
 Include dimensioned plans, sections, and elevations, and fabrication and installation details,
including the following:

C. Duct-Bank Coordination Drawings:  Show duct profiles and coordination with other utilities and
underground structures.

1.05 PROJECT CONDITIONS

A. Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others unless
permitted under the following conditions and then only after arranging to provide temporary
utility services according to requirements indicated.
1. Notify Owner no fewer than ten (10) business days in advance of proposed interruption of

electrical service.
2. Do not proceed with interruption of electrical service without written permission from the

Owner.

1.06 COORDINATION

A. Coordinate layout and installation of ducts, manholes, handholes, and boxes with final
arrangement of other utilities, site grading, and surface features as determined in the field.

B. Coordinate elevations of ducts and duct-bank entrances into manholes, handholes, and boxes
with final locations and profiles of ducts and duct banks as determined by coordination with
other utilities, underground obstructions, and surface features.  Revise locations and elevations
from those indicated as required to suit field conditions and to ensure that duct runs drain to
manholes and handholes, and as approved by Architect.

1.07 EXTRA MATERIALS

A. Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with labels describing contents.

B. Furnish cable-support stanchions, arms, insulators, and associated fasteners in quantities
equal to five (5) percent of quantity of each item installed.
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PART 2 – PRODUCTS

2.01 CONDUIT

A. Rigid Steel Conduit:  Galvanized.  Comply with ANSI C80.1.

B. RNC (Rigid Nonmetallic Conduit): NEMA TC 2, _______ and Type EPC-80-PVC , UL 651, with
matching fittings by same manufacturer as the conduit, complying with NEMA TC 3 and
UL 514B.

2.02 NONMETALLIC DUCTS AND DUCT ACCESSORIES

A. Basis-of-Design Product:  Subject to compliance with requirements, provide the product
indicated on Drawings or a comparable product by one of the following:
1. ARNCO Corp.
2. Beck Manufacturing.
3. Cantex, Inc.
4. CertainTeed Corp.; Pipe & Plastics Group.
5. Condux International, Inc.
6. ElecSys, Inc.
7. Electri-Flex Company.
8. IPEX Inc.

B. Underground Plastic Utilities Duct:  NEMA TC 6 & 8, Type EB-20-PVC, ASTM F 512, UL 651A,
with matching fittings by the same manufacturer as the duct, complying with NEMA TC 9.

C. Underground Plastic Utilities Duct:  NEMA TC 6 & 8, Type DB-60-PVC and Type DB-120-PVC,
ASTM F 512, with matching fittings by the same manufacturer as the duct, complying with
NEMA TC 9.

D. Duct Accessories:
1. Duct Separators:  Factory-fabricated rigid PVC interlocking spacers, sized for type and

sizes of ducts with which used, and selected to provide minimum duct spacings indicated
while supporting ducts during concreting or backfilling.

2. Warning Tape:  Underground-line warning tape specified in Division 26 Section
"Identification for Electrical Systems."

3. Concrete Warning Planks:  Nominal 12 by 24 by 3 inches (300 by 600 by 76 mm) in size,
manufactured from 6000-psi (41-MPa) concrete.
a. Color:  Red dye added to concrete during batching.
b. Mark each plank with "ELECTRIC" in 2-inch- (50-mm-) high, 3/8-inch- (10-mm-) deep

letters.

2.03 PRECAST CONCRETE HANDHOLES AND BOXES

A. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:
1. Carder Concrete Products.
2. Christy Concrete Products.
3. Elmhurst-Chicago Stone Co.
4. Oldcastle Precast Group.
5. Riverton Concrete Products; a division of Cretex Companies, Inc.
6. Utility Concrete Products, LLC.
7. Utility Vault Co.
8.

B. Comply with ASTM C 858 for design and manufacturing processes.

C. Description:  Factory-fabricated, reinforced-concrete, monolithically poured walls and bottom
unless open-bottom enclosures are indicated.  Frame and cover shall form top of enclosure and
shall have load rating consistent with that of handhole or box.
1. Frame and Cover:  Weatherproof cast-iron frame, with cast-iron cover with recessed cover

hook eyes and tamper-resistant, captive, cover-securing bolts.
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2. Frame and Cover:  Weatherproof steel frame, with steel cover with recessed cover hook
eyes and tamper-resistant, captive, cover-securing bolts.

3. Frame and Cover:  Weatherproof steel frame, with hinged steel access door assembly
with tamper-resistant, captive, cover-securing bolts.
a. Cover Hinges:  Concealed, with hold-open ratchet assembly.
b. Cover Handle:  Recessed.

4. Frame and Cover:  Weatherproof aluminum frame with hinged aluminum access door
assembly with tamper-resistant, captive, cover-securing bolts.
a. Cover Hinges:  Concealed, with hold-open ratchet assembly.
b. Cover Handle:  Recessed.

5. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
6. Cover Legend:  Molded lettering, "ELECTRIC", "TELEPHONE", and As indicated for each

service 
7. Configuration:  Units shall be designed for flush burial and have open bottom, unless

otherwise indicated.
8. Extensions and Slabs:  Designed to mate with bottom of enclosure.  Same material as

enclosure.
a. Extension shall provide increased depth of _______ .
b. Slab:  Same dimensions as bottom of enclosure, and arranged to provide closure.

9. Windows:  Precast openings in walls, arranged to match dimensions and elevations of
approaching ducts and duct banks plus an additional 12 inches (300 mm) vertically and
horizontally to accommodate alignment variations.
a. Windows shall be located no less than 6 inches (150 mm) from interior surfaces of

walls, floors, or frames and covers of handholes, but close enough to corners to
facilitate racking of cables on walls.

b. Window opening shall have cast-in-place, welded wire fabric reinforcement for field
cutting and bending to tie in to concrete envelopes of duct banks.

c. Window openings shall be framed with at least two additional No. 4 steel reinforcing
bars in concrete around each opening.

10. Duct Entrances in Handhole Walls:  Cast end-bell or duct-terminating fitting in wall for
each entering duct.
a. Type and size shall match fittings to duct or conduit to be terminated.
b. Fittings shall align with elevations of approaching ducts and be located near interior

corners of handholes to facilitate racking of cable.
11. Handholes_______ and larger shall have inserts for cable racks and pulling-in irons

installed before concrete is poured.

2.04 HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE

A. Description:  Comply with SCTE 77.
1. Color:Gray  
2. Configuration:  Units shall be designed for flush burial and have [open] [closed] [integral

closed] bottom, unless otherwise indicated.
3. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural

load rating consistent with enclosure.
4. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
5. Cover Legend:  Molded lettering, "ELECTRIC" and "TELEPHONE".
6. Direct-Buried Wiring Entrance Provisions:  Knockouts equipped with insulated bushings or

end-bell fittings, selected to suit box material, sized for wiring indicated, and arranged for
secure, fixed installation in enclosure wall.

7. Duct Entrance Provisions:  Duct-terminating fittings shall mate with entering ducts for
secure, fixed installation in enclosure wall.

8. Handholes  _______ and larger shall have factory-installed inserts for cable racks and
pulling-in irons.
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B. Polymer Concrete Handholes and Boxes with Polymer Concrete Cover:  Molded of sand and
aggregate, bound together with a polymer resin, and reinforced with steel or fiberglass or a
combination of the two.
1. Available Manufacturers:  Subject to compliance with requirements, manufacturers

offering products that may be incorporated into the Work include, but are not limited to, the
following:

2. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:

3. Basis-of-Design Product: Subject to compliance with requirements, provide the product
indicated on Drawings  or a comparable product by one of the following:
a. Armorcast Products Company.
b. Carson Industries LLC.
c. CDR Systems Corporation.
d. NewBasis.
e.

C. Fiberglass Handholes and Boxes with Polymer Concrete Frame and Cover:  Sheet-molded,
fiberglass-reinforced, polyester resin enclosure joined to polymer concrete top ring or frame.

D. Fiberglass Handholes and Boxes: Molded of fiberglass-reinforced polyester resin, with covers
of polymer concrete.
1. Basis-of-Design Product:  Subject to compliance with requirements, provide [the

product indicated on Drawings] or a comparable product by one of the following:
a. Carson Industries LLC.
b. Christy Concrete Products.
c. Nordic Fiberglass, Inc.
d.

E. High-Density Plastic Boxes: Injection molded of high-density polyethylene or copolymer-
polypropylene. Cover shall be polymer concrete.
1. Available Manufacturers:  Subject to compliance with requirements, manufacturers

offering products that may be incorporated into the Work include, but are not limited to, the
following:

2. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:

3. Basis-of-Design Product:  Subject to compliance with requirements, provide [the
product indicated on Drawings] or a comparable product by one of the following:
a. Carson Industries LLC.
b. Nordic Fiberglass, Inc.
c. PenCell Plastics.
d.

2.05 PRECAST MANHOLES

A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

B. Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:
1. Carder Concrete Products.
2. Christy Concrete Products.
3. Elmhurst-Chicago Stone Co.
4. Oldcastle Precast Group.
5. Riverton Concrete Products; a division of Cretex Companies, Inc.
6. Utility Concrete Products, LLC.
7. Utility Vault Co.
8. Wausau Tile, Inc.
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9.

C. Comply with ASTM C 858[, with structural design loading as specified in Part 3 "Underground
Enclosure Application" Article] and with interlocking mating sections, complete with
accessories, hardware, and features.
1. WINDOWS:  PRECAST OPENINGS IN WALLS, ARRANGED TO MATCH DIMENSIONS

AND elevations of approaching ducts and duct banks plus an additional 12 inches (300
mm) vertically and horizontally to accommodate alignment variations.
a. Windows shall be located no less than 6 inches (150 mm) from interior surfaces of

walls, floors, or roofs of manholes, but close enough to corners to facilitate racking of
cables on walls.

b. Window opening shall have cast-in-place, welded wire fabric reinforcement for field
cutting and bending to tie in to concrete envelopes of duct banks.

c. Window openings shall be framed with at least two additional No. 4 steel reinforcing
bars in concrete around each opening.

2. Duct Entrances in Manhole Walls:  Cast end-bell or duct-terminating fitting in wall for each
entering duct.
a. Type and size shall match fittings to duct or conduit to be terminated.
b. Fittings shall align with elevations of approaching ducts and be located near interior

corners of manholes to facilitate racking of cable.

D. Concrete Knockout Panels:  1-1/2 to 2 inches (38 to 50 mm) thick, for future conduit entrance
and sleeve for ground rod.

E. Joint Sealant:  Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability
properties necessary to withstand maximum hydrostatic pressures at the installation location
with the ground-water level at grade.

PART 3 - EXECUTION

3.01 APPLICATION

A. [Underground Duct Banks:  Concrete encased rigid plastic underground conduit, except as
noted below.]

B. [Duct Banks Under Paved Areas Open To Regular Vehicular Traffic:  Reinforced concrete
encased rigid plastic underground conduit.]

C. [Duct Banks Passing Under Buildings:  Concrete encased rigid steel conduit.]

D. [Single Tier Duct Banks:  Direct buried Schedule 80 PVC rigid plastic conduit, except utilize
plastic coated rigid steel conduits where under buildings.]

E. [Manholes (and Handholes):  Cast-in-place concrete or underground precast concrete utility
structures.]

3.02 EXAMINATION

A. Examine site to receive ducts [and manholes or handholes] for compliance with installation
tolerances and other conditions affecting performance of the underground ducts [and manholes
or handholes].  Do not proceed with installation until unsatisfactory conditions have been
corrected.

3.03 EARTHWORK

A. Excavation and Backfill:  Comply with Division 31, Section "Earth Moving”, but do not use
heavy-duty, hydraulic-operated, compaction equipment.

B. Restore surface features at areas disturbed by excavation, and reestablish original grades
except as otherwise indicated. Comply with Division 32 Sections "Planting" [Replace removed
sod as soon as possible after backfilling is completed.] [Restore all areas disturbed by
trenching, storing of dirt, cable laying, and other work.] [Restore vegetation and include
necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, or mulching.]

C. [Restore disturbed paving.  Refer to "Cutting and Patching" in Division 01.]
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3.04 CONDUIT AND DUCT INSTALLATION

A. Install nonmetallic conduit and duct as indicated according to manufacturer's written
instructions.

B. Slope:  Pitch ducts minimum of 4 inches per 100 feet (1:300) to drain toward manholes and
handholes and away from buildings and equipment.  Slope ducts from a high point in runs
between 2 manholes to drain in both directions.

C. Curves and Bends:  Use manufactured elbows for stub-ups at equipment and at building
entrances.  Use manufactured long sweep bends with a minimum radius of 25 feet (7.5 m) both
horizontally and vertically at other locations.

D. Make joints in ducts and fittings watertight according to manufacturer's instructions.  Stagger
couplings so those of adjacent ducts do not lie in the same plane.

E. [Duct Entrances to Manholes and Handholes:  Space end bells approximately 10 inches
(250 mm) on center for 5-inch (125 mm) ducts and varied proportionately for other duct sizes.
 Change from regular spacing to end-bell spacing 10 feet (3 m) from the end bell without
reducing duct line slope and without forming a trap in the line.  Grout end bells into manhole
walls from both sides to provide watertight entrances.]

F. Building Entrances:  Transition from underground duct to conduit 10 feet (3 m) minimum
outside the building wall.  Use fittings manufactured for the purpose.  Follow appropriate
installation instructions below.
1. Concrete-Encased Ducts:  Install reinforcing in duct banks passing through disturbed

earth near buildings and other excavations.  Coordinate duct bank with structural design to
support duct bank at wall without reducing structural or watertight integrity of building wall.

2. [Direct-Buried, Nonencased Duct Entering Nonwaterproofed Walls:  Install a Schedule 40
galvanized-steel pipe sleeve for each duct.  Caulk space between conduit and sleeve with
duct-sealing compound on both sides for moisture-tight seal.]

3. Waterproofed Wall and Floor Entrances:  Install a watertight entrance-sealing device with
the sealing gland assembly on the inside.  Anchor device into masonry construction with 1
or more integral flanges.  Secure membrane waterproofing to the device to make
permanently watertight.

G. [Separation Between Direct-Buried, Nonencased Ducts:  3 inches (75 mm) minimum for like
services, and 6 inches (150 mm) minimum between power and signal ducts.]

H. Concrete-Encased Nonmetallic Ducts:  Support on plastic separators coordinated with duct size
and required duct spacing, and install according to the following:
1. Separator Installation:  Space separators close enough to prevent sagging and deforming

of ducts, and secure separators to the earth and to ducts to prevent floating during
concreting.  Do not use tie wires or reinforcing steel that may form conductive or magnetic
loops around ducts or duct groups.

2. Concreting:  Spade concrete carefully during pours to prevent voids under and between
conduits and at exterior surface of envelope.  Do not use power-driven agitating
equipment unless specifically designed for duct bank application.  Pour each run of
envelope between manholes or other terminations in 1 continuous operation.  When more
than one pour is necessary, terminate each pour in a vertical plane and install 3/4-inch
(18 mm) reinforcing rod dowels extending 18 inches (450 mm) into the concrete on both
sides of joint near the corners of the envelope.

3. Reinforcing:  Reinforce duct banks where they cross disturbed earth, where they cross
over or under underground utilities or other obstructions and where indicated.

4. Forms:  Use the walls of the trench to form the side walls of the duct bank where the soil is
self-supporting and concrete envelope can be poured without soil inclusions, otherwise,
use forms.

5. Minimum Clearances Between Ducts:  3 inches (75 mm) between ducts and exterior
envelope wall, 2 inches (50 mm) between ducts for like services, and 4 inches (100 mm)
between power and signal ducts.
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6. Depth:  Except as otherwise indicated, install top of duct bank at least 30 inches (750 mm)
below finished grade.  Increase cover where required by field conditions.  Clearance may
be reduced (to a minimum of 18 inches (450 mm)) where passing over other utilities or
obstructions or where necessary to avoid low points.  Reinforce the concrete where
clearance is so reduced.

I. Stub-Ups:  Use rigid steel conduit for stub-ups to equipment.  For equipment mounted on
outdoor concrete pads, extend steel conduit a minimum of 5 feet (1.5 m) from edge of pad.
 Install insulated grounding bushings on the terminations.  Couple steel conduits to the ducts
with adapters designed for the purpose and then encase coupling with 3 inches (75 mm) of
concrete.

J. Sealing:  Provide temporary closure at terminations of ducts that are wired under this Project.
 Seal spare ducts at terminations.  Use sealing compound and plugs to withstand at least 15 psi
(1.03 MPa) hydrostatic pressure.

K. Pulling Cord:  Install 100-pound (45 kg) test nylon cord in ducts, including spares.

3.05 [EXCAVATION FOR UNDERGROUND CONDUIT BANKS

A. Slope sides of excavations to comply with local codes and ordinances.  Shore and brace as
required for stability of excavation.

B. Shoring and Bracing: Establish requirements for trench shoring and bracing to comply with local
codes and authorities.  Maintain shoring and bracing in excavations regardless of time period
excavations will be open.
1. Remove shoring and bracing when no longer required.  Where sheeting is allowed to

remain, cut top of sheeting at an elevation of 30 inches (750 mm) below finished grade
elevation.

C. Install sediment and erosion control measures in accordance with local codes and ordinances.

D. Dewatering: Prevent surface water and subsurface or ground water from flowing into
excavations and from flooding project site and surrounding area.
1. Do not allow water to accumulate in excavations.  Remove water to prevent softening of

bearing materials.  Provide and maintain dewatering system components necessary to
convey water away from excavations.

2. Establish and maintain temporary drainage ditches and other diversions outside
excavation limits to convey surface water to collecting or run-off areas. Do not use trench
excavations as temporary drainage ditches.

E. Material Storage: Stockpile satisfactory excavated materials where directed, until required for
backfill or fill.  Place, grade, and shape stockpiles for proper drainage.
1. Locate and retain soil materials away from edge of excavations.  Do not store within drip-

line of trees indicated to remain.
2. Remove and legally dispose of excess excavated materials and materials not acceptable

for use as backfill or fill.

F. Excavation for Underground Vaults and Electrical Structures: Conform to elevations and
dimensions shown within a tolerance of plus or minus 0.25 foot (75 mm); plus a sufficient
distance to permit placing and removal of concrete formwork, installation of services, other
construction, and for inspection.
1. Excavate, by hand, areas within drip-line of large trees.  Protect the root system from

damage and dry-out.  Maintain moist conditions for root system and cover exposed roots
with burlap.  Paint root cuts of 1 inch (25 mm) in diameter and larger with emulsified
asphalt tree paint.

2. Take care not to disturb bottom of excavation.  Excavate by hand to final grade just before
concrete reinforcement is placed.

G. Trenching: Excavate trenches for electrical installations as follows:
1. Excavate trenches to the uniform width, sufficiently wide to provide ample working room

and a minimum of 6 to 9 inches (150 to 225 mm) clearance on both sides of raceways and
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equipment.
2. Excavate trenches to depth required to accommodate the installation of conduit (duct

banks).
3. Limit the length of open trench to that in which installations can be made and the trench

backfilled within the same day.
4. Where rock is encountered, carry excavation below required elevation and backfill with a

layer of crushed stone or gravel prior to installation of raceways and equipment.  Provide a
minimum of 6 inches (150 mm) of stone or gravel cushion between rock bearing surface
and electrical installations.

H. Cold Weather Protection: Protect excavation bottoms against freezing when atmospheric
temperature is less than 35 deg F (1 deg 2 C).

I. Backfilling and Filling: Place soil materials in layers to required subgrade elevations for each
area classification listed below, using materials specified in this Section.
1. Under walks and pavements, use a combination of subbase materials and excavated or

borrowed materials.
2. Under building slabs, use drainage fill materials.
3. Under piping and equipment, use subbase materials where required over rock bearing

surface and for correction of unauthorized excavation.
4. For raceways less than 30 inches (750 mm) below surface of roadways, provide 4-inch

(100mm) thick concrete base slab support.  After installation of raceways, provide a 4-inch
(100mm) thick concrete encasement (sides and top) prior to backfilling and placement of
roadway subbase.

5. Other areas, use excavated or borrowed materials.

J. Backfill excavations as promptly as work permits, but not until completion of the following:
1. Inspection, testing, approval, and locations of underground utilities have been recorded.
2. Removal of concrete formwork.
3. Removal of shoring and bracing, and backfilling of voids.
4. Removal of trash and debris.

K. Placement and Compaction: Place backfill and fill materials in layers of not more than 8 inches
(200 mm) in loose depth for material compacted by heavy equipment, and not more than 4
inches (100 mm) in loose depth for material compacted by hand-operated tampers.

L. Before compaction, moisten or aerate each layer as necessary to provide optimum moisture
content.  Compact each layer to required percentage of maximum dry density or relative dry
density for each area classification specified below.  Do not place backfill or fill material on
surfaces that are muddy, frozen, or contain frost or ice.

M. Place backfill and fill materials evenly adjacent to structures, piping, and equipment to required
elevations.  Prevent displacement of raceways and equipment by carrying material uniformly
around them to approximately same elevation in each lift.

N. Compaction: Control soil compaction during construction, providing minimum percentage of
density specified for each area classification indicated below.
1. Percentage of Maximum Density Requirements: Compact soil to not less than the

following percentages of maximum density for soils which exhibit a well-defined moisture-
density relationship (cohesive soils), determined in accordance with ASTM D 1557 and
not less than the following percentages of relative density, determined in accordance with
ASTM D 2049, for soils which will not exhibit a well-defined moisture-density relationship
(cohesionless soils).
a. Areas Under Structures, Building Slabs and Steps, Pavements: Compact top 12

inches (300 mm) of subgrade and each layer of backfill or fill material to 90 percent
maximum density for cohesive material, or 95 percent relative density for
cohesionless material.

b. Areas Under Walkways: Compact top 6 inches (150 mm) of subgrade and each layer
of backfill or fill material to 90 percent maximum density for cohesive material, or 95
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percent relative density for cohesionless material.
c. Other Areas: Compact top 6 inches (150 mm) of subgrade and each layer of backfill

or fill material to 85 percent maximum density for cohesive soils, and 90 percent
relative density for cohesionless soils.

2. Moisture Control: Where subgrade or layer of soil material must be moisture conditioned
before compaction, uniformly apply water. Apply water in minimum quantity necessary to
achieve required moisture content and to prevent water appearing on surface during, or
subsequent to, compaction operations.

O. Subsidence: Where subsidence occurs at electrical installation excavations during the period
12 months after Substantial Completion, remove surface treatment (i.e., pavement, lawn, or
other finish), add backfill material, compact to specified conditions, and replace surface
treatment.  Restore appearance, quality, and condition of surface or finish to match adjacent
areas.]

3.06 [CONCRETE ENCASEMENT FOR UNDERGROUND CONDUIT BANKS

A. Utilize the sides of the trench in formwork for underground conduit banks to the maximum
extent possible.  Utilize a splashboard to divert the concrete flow away from the trench sides to
avoid dislodging soil and stones.

B. Provide reinforcement where required.  Verify that any required reinforcement is installed prior
to commencing placement of concrete.

C. Place concrete in accordance with the following:
1. General:  Comply with ACI 304, "Guide for Measuring, Mixing, Transporting, and Placing

Concrete," and as specified.
2. Deposit concrete continuously or in layers of such thickness that no new concrete will be

placed on concrete that has hardened sufficiently to cause seams or planes of weakness.
 If a section cannot be placed continuously, provide construction joints as specified.
 Deposit concrete to avoid segregation at its final location.

3. Cold-Weather Placement:  Comply with provisions of ACI 306 and as follows.  Protect
concrete work from physical damage or reduced strength that could be caused by frost,
freezing actions or low temperatures.

4. When air temperature has fallen to or is expected to fall below 40 F (4 C), uniformly heat
water and aggregates before mixing to obtain a concrete mixture temperature of not less
than 50 F (10 C) and not more than 80 F (27 C) at point of placement.
a. Do not use frozen materials or materials containing ice or snow.  Do not place

concrete on frozen subgrade or on subgrade containing frozen materials.
b. Do not use calcium chloride, salt, or other materials containing antifreeze agents or

chemical accelerators unless otherwise accepted in mix designs.
5. Installation of Fire-Stopping Sealant: Install sealant, including forming, packing, and other

accessory materials, to fill openings around electrical services penetrating floors and
walls, to provide fire-stops with fire-resistance ratings indicated for floor or wall assembly
in which penetration occurs.  Comply with installation requirements established by testing
and inspecting agency.]

3.07 FIELD QUALITY CONTROL

A. Testing:  Demonstrate capability and compliance with requirements upon completion of
installation of underground duct and utility structures.
1. [Grounding:  Test manhole grounding to ensure electrical continuity of bonding and

grounding connections.  Measure ground resistance at each ground rod and report
results.  Use an instrument specifically designed for ground-resistance measurements.]

2. Duct Integrity:  Rod ducts with a mandrel 1/4 inch (6 mm) smaller in diameter than internal
diameter of ducts.  Where rodding indicates obstructions in ducts, remove the obstructions
and retest.

3. [Water Tightness:  Make internal inspection of manholes 3 months after completion of
construction for indications of water ingress.  Where leakage is noted, remove water and
seal leak sources.  Reinspect after 2 months and reseal remaining leak sources.  Repeat
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process at 2 month intervals until leaks are corrected.]

B. [Inspect installed components for damage and faulty work, including the following:
1. Concrete for underground conduit runs.
2. Excavation for underground conduit runs.]

C. Correct installations where possible, and retest to demonstrate compliance.  Otherwise, remove
and replace defective products and retest.

3.08 CLEANING

A. Pull brush through full length of ducts.  Use round bristle brush with a diameter ½ inch (12 mm)
greater than internal diameter of duct.

B. [Clean internal surfaces of manholes including sump.  Remove foreign material.]

END OF SECTION  260543
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SECTION 260553
IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Electrical identification requirements.

B. Identification nameplates and labels.

C. Wire and cable markers.

D. Voltage markers.

E. Underground warning tape.

F. Floor marking tape.

G. Warning signs and labels.

1.02 RELATED REQUIREMENTS

A. Section 099113 - Exterior Painting.

B. Section 099123 - Interior Painting.

C. Section 260519 - Low-Voltage Electrical Power Conductors and Cables:  Color coding for
power conductors and cables 600 V and less; vinyl color coding electrical tape.

D. Section 262726 - Wiring Devices - Lutron:  Device and wallplate finishes; factory pre-marked
wallplates.

1.03 REFERENCE STANDARDS

A. ANSI Z535.2 - American National Standard for Environmental and Facility Safety Signs; 2011.

B. ANSI Z535.4 - American National Standard for Product Safety Signs and Labels; 2011.

C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

D. NFPA 70E - Standard for Electrical Safety in the Workplace; 2015.

E. UL 969 - Marking and Labeling Systems; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Verify final designations for equipment, systems, and components to be identified prior to

fabrication of identification products.

B. Sequencing:
1. Do not conceal items to be identified, in locations such as above suspended ceilings, until

identification products have been installed.
2. Do not install identification products until final surface finishes and painting are complete.

1.05 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittals procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for each
product.

1.06 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

1.07 FIELD CONDITIONS

A. Do not install adhesive products when ambient temperature is lower than recommended by
manufacturer.

PART 2  PRODUCTS



Maryland Zoo AKF
Backup Generator Project Project No. 230980
Baltimore, Maryland 100% Bid Documents - September 6, 2024

Identification for Electrical Systems  260553 - 2 

2.01 IDENTIFICATION REQUIREMENTS

A. Identification for Equipment:
1. Use identification nameplate to identify each piece of electrical distribution and control

equipment and associated sections, compartments, and components.
a. Panelboards:

1) Identify ampere rating.
2) Identify voltage and phase.
3) Identify power source and circuit number. Include location when not within sight

of equipment.
4) Identify main overcurrent protective device. Use identification label for

panelboards with a door. For power distribution panelboards without a door, use
identification nameplate.

5) Use typewritten circuit directory to identify load(s) served for panelboards with a
door. Identify spares and spaces using pencil.

6) For power panelboards without a door, use identification nameplate to identify
load(s) served for each branch device. Identify spares and spaces.

b. Transformers:
1) Identify kVA rating.
2) Identify K-factor rating.
3) Identify voltage and phase for primary and secondary.
4) Identify power source and circuit number. Include location when not within sight

of equipment.
5) Identify load(s) served. Include location when not within sight of equipment.

c. Enclosed switches, circuit breakers, and motor controllers:
1) Identify voltage and phase.
2) Identify power source and circuit number. Include location when not within sight

of equipment.
3) Identify load(s) served. Include location when not within sight of equipment.

d. Transfer Switches:
1) Identify voltage and phase.
2) Identify power source and circuit number for both normal power source and

standby power source. Include location when not within sight of equipment.
3) Identify load(s) served. Include location when not within sight of equipment.
4) Identify short circuit current rating based on the specific overcurrent protective

device type and settings protecting the transfer switch.
2. Service Equipment:

a. Use identification nameplate to identify each service disconnecting means.
b. For buildings or structures supplied by more than one service, or any combination of

branch circuits, feeders, and services, use identification nameplate or means of
identification acceptable to authority having jurisdiction at each service disconnecting
means to identify all other services, feeders, and branch circuits supplying that
building or structure. Verify format and descriptions with authority having jurisdiction.

3. Emergency System Equipment:
a. Use identification nameplate or voltage marker to identify emergency system

equipment in accordance with NFPA 70.
b. Use identification nameplate at each piece of service equipment to identify type and

location of on-site emergency power sources.
4. Use voltage marker to identify highest voltage present for each piece of electrical

equipment.
5. Use identification nameplate to identify equipment utilizing series ratings, where permitted,

in accordance with NFPA 70.
6. Use identification nameplate to identify disconnect location for equipment with remote

disconnecting means.
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7. Use identification label  on inside of door  at each fused switch to identify required NEMA
fuse class and size.

8. Use identification label to identify overcurrent protective devices for branch circuits serving
fire alarm circuits. Identify with text "FIRE ALARM CIRCUIT".

9. Use field-painted floor markings, floor marking tape, or warning labels to identify required
equipment working clearances where indicated or where required by the authority having
jurisdiction.
a. Field-Painted Floor Markings:  Alternating black and white stripes, 3 inches wide,

painted in accordance with Section 099123 and 099113.
10. Available Fault Current Documentation:  Use identification label to identify the available

fault current and date calculations were performed at locations requiring documentation by
NFPA 70 including but not limited to the following.
a. Service equipment.
b. Industrial control panels.
c. Motor control centers.
d. Elevator control panels.
e. Industrial machinery.

11. Arc Flash Hazard Warning Labels:  Use warning labels to identify arc flash hazards for
electrical equipment, such as switchboards, panelboards, industrial control panels, meter
socket enclosures, and motor control centers that are likely to require examination,
adjustment, servicing, or maintenance while energized.
a. Minimum Size:  3.5 by 5 inches.
b. Legend:  Include orange header that reads "WARNING", followed by the word

message "Arc Flash and Shock Hazard; Appropriate PPE Required; Do not operate
controls or open covers without appropriate personal protection equipment; Failure to
comply may result in injury or death; Refer to NFPA 70E for minimum PPE
requirements" or approved equivalent.

c. Service Equipment:  Include the following information in accordance with NFPA 70.
1) Nominal system voltage.
2) Available fault current.
3) Clearing time of service overcurrent protective device(s).
4) Date label applied.

12. Use warning labels to identify electrical hazards for equipment, compartments, and
enclosures containing exposed live parts or exposed conductors operating at over 600 V
nominal with the word message "DANGER; HIGH VOLTAGE; KEEP OUT".

13. Use warning labels, identification nameplates, or identification labels to identify electrical
hazards for equipment where multiple power sources are present with the word message
"DANGER; Hazardous voltage; Multiple power sources may be present; Disconnect all
electric power including remote disconnects before servicing" or approved equivalent.

B. Identification for Conductors and Cables:
1. Color Coding for Power Conductors 600 V and Less:  Comply with Section 260519.
2. Use identification nameplate or identification label to identify color code for ungrounded

and grounded power conductors inside door or enclosure at each piece of feeder or
branch-circuit distribution equipment when premises has feeders or branch circuits served
by more than one nominal voltage system.

3. Use wire and cable markers to identify circuit number or other designation indicated for
power, control, and instrumentation conductors and cables at the following locations:
a. At each source and load connection.
b. Within boxes when more than one circuit is present.
c. Within equipment enclosures when conductors and cables enter or leave the

enclosure.

C. Armored and Metal-Clad Identification Materials
1. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of

color field for each cable size.
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2. Colors for cables carrying circuits at 600V and Less:
a. Black letters on an orange field.
b. Legend: Indicate voltage and system or service type.

D. Identification for Raceways:
1. Use voltage markers  to identify highest voltage present for accessible conduits  at

maximum intervals of 10 feet .
2. Use voltage markers or color-coded bands  to identify systems other than normal power

system  for accessible conduits at maximum intervals of 10 feet .
a. Color-Coded Bands:  Use field-painting or vinyl color coding electrical tape to mark

bands 3 inches wide.
1) Color Code:

(a) Optional Standby Power System: Yellow
(b) Fire Alarm System:  Red.

2) Field-Painting:  Comply with Section 099123 and 099113.
3) Vinyl Color Coding Electrical Tape:  Comply with Section 260519.

3. Use identification labels or plastic marker tags  to identify circuits enclosed  for accessible
conduits at wall penetrations, at floor penetrations, at roof penetrations, and at equipment
terminations  when source is not within sight .

4. Use identification labels or plastic marker tags  to identify spare conduits at each end .
Identify purpose and termination location.

5. Use underground warning tape to identify underground raceways.

E. Identification for Boxes:
1. Use voltage markers to identify highest voltage present.
2. Use voltage markers or color coded boxes to identify systems other than normal power

system.
a. Color-Coded Boxes:  Field-painted in accordance with Section 099123 and 099113

per the same color code used for raceways.
1) Optional Standby Power System: Yellow
2) Fire Alarm System:  Red.

3. Use identification labels or handwritten text using indelible marker to identify circuits
enclosed.
a. For exposed boxes in public areas, use only identification labels.

F. Identification for Devices:
1. Wiring Device and Wallplate Finishes:  Comply with Section 262726.
2. Use identification label to identify fire alarm system devices.
3. Use identification label or engraved wallplate to identify serving branch circuit for all

receptacles.
4. Use identification label or engraved wallplate to identify load controlled for wall-mounted

control devices controlling loads that are not visible from the control location and for
multiple wall-mounted control devices installed at one location.

5. Use identification label to identify receptacles protected by upstream GFI protection,
where permitted.

6. Use identification label to identify automatically controlled receptacles by time switch,
occupancy sensor device, etc.

2.02 IDENTIFICATION NAMEPLATES AND LABELS

A. Identification Nameplates:
1. Materials:

a. Indoor Clean, Dry Locations:  Use plastic nameplates.
b. Outdoor Locations:  Use plastic, stainless steel, or aluminum nameplates suitable for

exterior use.
2. Plastic Nameplates:  Two-layer or three-layer laminated acrylic or electrically non-

conductive phenolic with beveled edges; minimum thickness of 1/16 inch; engraved text.
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3. Stainless Steel Nameplates:  Minimum thickness of 1/32 inch; engraved or laser-etched
text.

4. Aluminum Nameplates:  Anodized; minimum thickness of 1/32 inch; engraved or laser-
etched text.

5. Mounting Holes for Mechanical Fasteners:  Two, centered on sides for sizes up to 1 inch
high; Four, located at corners for larger sizes.

B. Identification Labels:
1. Materials:  Use self-adhesive laminated plastic labels; UV, chemical, water, heat, and

abrasion resistant.
2. Text:  Use factory pre-printed or machine-printed text. Do not use handwritten text unless

otherwise indicated.

C. Format for Equipment Identification:
1. Minimum Size:  1 inch by 2.5 inches.
2. Legend:

a. System designation where applicable:
1) Optional Standby System: Identify with text "Optional Standby."
2) Fire Alarm System:  Identify with text "FIRE ALARM".

b. Equipment designation or other approved description.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:

a. System Designation:  1 inch.
b. Equipment Designation:  1/2 inch.
c. Other Information:  1/4 inch.

5. Color:
a. Normal Power System: White text on black background.
b. Optional Standby Power System: Black text on yellow background.

D. Format for General Information and Operating Instructions:
1. Minimum Size:  1 inch by 2.5 inches.
2. Legend:  Include information or instructions indicated or as required for proper and safe

operation and maintenance.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  1/4 inch.
5. Color:  Black text on white background unless otherwise indicated.

E. Format for Caution and Warning Messages:
1. Minimum Size:  2 inches by 4 inches.
2. Legend:  Include information or instructions indicated or as required for proper and safe

operation and maintenance.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  1/2 inch.
5. Color:  Black text on yellow background unless otherwise indicated.

F. Format for Receptacle Identification:
1. Minimum Size:  3/8 inch by 1.5 inches.
2. Legend:  Power source and circuit number or other designation indicated.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  3/16 inch.
5. Color:  Black text on clear background.

G. Format for Fire Alarm Device Identification:
1. Minimum Size:  3/8 inch by 1.5 inches.
2. Legend:  Designation indicated and device zone or address.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  3/16 inch.
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5. Color:  Red text on white background.

2.03 WIRE AND CABLE MARKERS

A. Markers for Conductors and Cables:  Use wrap-around self-adhesive vinyl cloth, wrap-around
self-adhesive vinyl self-laminating, heat-shrink sleeve, plastic sleeve, plastic clip-on, or vinyl
split sleeve type markers suitable for the conductor or cable to be identified.

B. Markers for Conductor and Cable Bundles:  Use plastic marker tags secured by nylon cable
ties.

C. Legend:  Power source and circuit number or other designation indicated.

D. Text:  Use factory pre-printed or machine-printed text, all capitalized unless otherwise indicated.

E. Minimum Text Height:  1/8 inch.

F. Color:  Black text on white background unless otherwise indicated.

2.04 VOLTAGE MARKERS

A. Markers for Conduits:  Use factory pre-printed self-adhesive vinyl, self-adhesive vinyl cloth, or
vinyl snap-around type markers.

B. Markers for Boxes and Equipment Enclosures:  Use factory pre-printed self-adhesive vinyl or
self-adhesive vinyl cloth type markers.

C. Minimum Size:
1. Markers for Equipment:  1 1/8 by 4 1/2 inches.
2. Markers for Conduits:  As recommended by manufacturer for conduit size to be identified.
3. Markers for Pull Boxes:  1 1/8 by 4 1/2 inches.
4. Markers for Junction Boxes:  1/2 by 2 1/4 inches.

D. Legend:
1. Markers for Voltage Identification:  Highest voltage present.
2. Markers for System Identification:

a. Optional Stand-By Power System:  Text "OPTIONAL STAND-BY".

E. Color:  Black text on orange background unless otherwise indicated.

2.05 UNDERGROUND WARNING TAPE

A. Materials:  Use non-detectable type polyethylene tape suitable for direct burial, unless
otherwise indicated.

B. Non-detectable Type Tape:  6 inches wide, with minimum thickness of 4 mil.

C. Legend:  Type of service, continuously repeated over full length of tape.

D. Color:

2.06 FLOOR MARKING TAPE

A. Floor Marking Tape for Equipment Working Clearance Identification:  Self-adhesive vinyl or
polyester tape with overlaminate, 3 inches wide, with alternating black and white stripes.

2.07 WARNING SIGNS AND LABELS

A. Comply with ANSI Z535.2 or ANSI Z535.4 as applicable.

B. Warning Signs:
1. Materials:

a. Indoor Dry, Clean Locations:  Use factory pre-printed rigid plastic or self-adhesive
vinyl signs.

b. Outdoor Locations:  Use factory pre-printed rigid aluminum signs.
2. Rigid Signs:  Provide four mounting holes at corners for mechanical fasteners.
3. Minimum Size:  7 by 10 inches unless otherwise indicated.

C. Warning Labels:
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1. Materials:  Use factory pre-printed or machine-printed self-adhesive polyester or self-
adhesive vinyl labels; UV, chemical, water, heat, and abrasion resistant; produced using
materials recognized to UL 969.

2. Machine-Printed Labels:  Use thermal transfer process printing machines and accessories
recommended by label manufacturer.

3. Minimum Size:  2 by 4 inches unless otherwise indicated.

PART 3  EXECUTION

3.01 PREPARATION

A. Clean surfaces to receive adhesive products according to manufacturer's instructions.

3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Install identification products to be plainly visible for examination, adjustment, servicing, and
maintenance. Unless otherwise indicated, locate products as follows:
1. Surface-Mounted Equipment:  Enclosure front.
2. Flush-Mounted Equipment:  Inside of equipment door.
3. Free-Standing Equipment:  Enclosure front; also enclosure rear for equipment with rear

access.
4. Elevated Equipment:  Legible from the floor or working platform.
5. Branch Devices:  Adjacent to device.
6. Interior Components:  Legible from the point of access.
7. Conduits:  Legible from the floor.
8. Boxes:  Outside face of cover.
9. Conductors and Cables:  Legible from the point of access.
10. Devices:  Outside face of cover.

C. Install identification products centered, level, and parallel with lines of item being identified.

D. Secure nameplates to exterior surfaces of enclosures using stainless steel screws and to
interior surfaces using self-adhesive backing or epoxy cement.

E. Install self-adhesive labels and markers to achieve maximum adhesion, with no bubbles or
wrinkles and edges properly sealed.

F. Install underground warning tape above buried lines with one tape per trench at 3 inches below
finished grade.

G. Secure rigid signs using stainless steel screws.

H. Mark all handwritten text, where permitted, to be neat and legible.

3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Replace self-adhesive labels and markers that exhibit bubbles, wrinkles, curling or other signs
of improper adhesion.

END OF SECTION  260553
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SECTION 260573
POWER SYSTEM STUDIES

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Short-circuit study.

B. Protective device coordination study.

C. Arc flash and shock risk assessment.
1. Includes arc flash hazard warning labels.

D. Criteria for the selection and adjustment of equipment and associated protective devices not
specified in this section, as determined by studies to be performed.

1.02 RELATED REQUIREMENTS

A. Section 260553 - Identification for Electrical Systems:  Additional requirements for arc flash
hazard warning labels.

B. Section 262100 - Low-Voltage Electrical Service Entrance.

C. Section 262416 - Panelboards.

D. Section 262813 - Fuses.

E. Section 262816.16 - Enclosed Switches.

1.03 REFERENCE STANDARDS

A. IEEE 141 - IEEE Recommended Practice for Electrical Power Distribution for Industrial Plants;
1993 (Reaff 1999).

B. IEEE 242 - IEEE Recommended Practice for Protection and Coordination of Industrial and
Commercial Power Systems; 2001, with Errata, 2003.

C. IEEE 399 - IEEE Recommended Practice for Industrial and Commercial Power Systems
Analysis; 1997.

D. IEEE 551 - IEEE Recommended Practice for Calculating Short-Circuit Currents in Industrial and
Commercial Power Systems; 2006.

E. IEEE 1584 - IEEE Guide for Performing Arc Flash Hazard Calculations; 2002, including 1584a
(2004) and 1584b (2011) amendments.

F. NEMA MG 1 - Motors and Generators; 2018.

G. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems;
2013.

H. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Existing Installations:  Coordinate with equipment manufacturer(s) to obtain data

necessary for completion of studies.
2. Coordinate the work to provide equipment and associated protective devices complying

with criteria for selection and adjustment, as determined by studies to be performed.
3. Notify Engineer of any conflicts with or deviations from Contract Documents. Obtain

direction before proceeding with work.

B. Sequencing:
1. Submit study reports prior to or concurrent with product submittals.
2. Do not order equipment until matching study reports and product submittals have both

been evaluated by Architect.

1.05 SUBMITTALS
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A. See Section 013000 - Administrative Requirements, for submittal procedures.

B. Study reports, stamped or sealed and signed by study preparer.

C. Product Data:  In addition to submittal requirements specified in other sections, include
manufacturer's standard catalog pages and data sheets for equipment and protective devices
indicating information relevant to studies.
1. Include characteristic time-current trip curves for protective devices.
2. Include impedance data for busway.
3. Include impedance data for engine generators.
4. Clearly indicate whether proposed short circuit current ratings are fully rated or, where

acceptable, series rated systems.
5. Include documentation of listed series ratings upon request.
6. Identify modifications made in accordance with studies that:

a. Can be made at no additional cost to Owner.
b. As submitted will involve a change to the contract sum.

D. Project Record Documents:  Revise studies as required to reflect as-built conditions.
1. Include hard copies with operation and maintenance data submittals.
2. Include computer software files used to prepare studies with file name(s) cross-referenced

to specific pieces of equipment and systems.

1.06 POWER SYSTEM STUDIES

A. Scope of Studies:
1. Perform analysis of  both new and directly affected existing portions of  electrical

distribution system  as indicated on drawings .
2. Except where study descriptions below indicate exclusions, analyze system at each bus

from primary protective devices of utility source down to each piece of equipment
involved, including parts of system affecting calculations being performed (e.g. fault
current contribution from motors).

3. Include in analysis alternate sources and operating modes (including known future
configurations) to determine worst case conditions.

B. General Study Requirements:
1. Comply with NFPA 70.
2. Perform studies utilizing computer software complying with specified requirements;

manual calculations are not permitted.

C. Data Collection:
1. Compile information on project-specific characteristics of actual installed equipment,

protective devices, feeders, etc. as necessary to develop single-line diagram of electrical
distribution system and associated input data for use in system modeling.
a. Utility Source Data:  Include primary voltage, maximum and minimum three-phase

and line-to-ground fault currents, impedance, X/R ratio, and primary protective device
information.
1) Obtain up-to-date information from Utility Company.
2) Utility Company:  BGE .

b. Generators:  Include manufacturer/model, kW and voltage ratings, and impedance.
c. Motors:  Include manufacturer/model, type (e.g. induction, synchronous), horsepower

rating, voltage rating, full load amps, and locked rotor current or NEMA MG 1 code
letter designation.

d. Transformers:  Include primary and secondary voltage ratings, kVA rating, winding
configuration, percent impedance, and X/R ratio.

e. Protective Devices:
1) Circuit Breakers:  Include manufacturer/model, type (e.g. thermal magnetic,

electronic trip), frame size, trip rating, voltage rating, interrupting rating, available
field-adjustable trip response settings, and features (e.g. zone selective
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interlocking).
2) Fuses:  Include manufacturer/model, type/class (e.g. Class J), size/rating, and

speed (e.g. time delay, fast acting).
f. Protective Relays:  Include manufacturer/model, type, settings, current/potential

transformer ratio, and associated protective device.
g. Conductors:  Include feeder size, material (e.g. copper, aluminum), insulation type,

voltage rating, number per phase, raceway type, and actual length.
2. Existing Installations:

a. Collect data on existing electrical distribution system necessary for completion of
studies, including field verification of available existing data (e.g. construction
documents, previous studies). Include actual settings for field-adjustable devices.

D. Short-Circuit Study:
1. Comply with IEEE 551 and applicable portions of IEEE 141, IEEE 242, and IEEE 399.
2. For purposes of determining equipment short circuit current ratings, consider conditions

that may result in maximum available fault current, including but not limited to:
a. Maximum utility fault currents.
b. Maximum motor contribution.
c. Known operating modes (e.g. utility as source, generator as source, utility/generator

in parallel, bus tie breaker open/close positions).
3. For each bus location, calculate the maximum available three-phase bolted symmetrical

and asymmetrical fault currents. For grounded systems, also calculate the maximum
available line-to-ground bolted fault currents.

E. Protective Device Coordination Study:
1. Comply with applicable portions of IEEE 242 and IEEE 399.
2. Analyze alternate scenarios considering known operating modes (e.g. utility as source,

generator as source, utility/generator in parallel, bus tie breaker open/close positions).
3. Analyze protective devices and associated settings for suitable margins between time-

current curves to achieve full selective coordination while providing adequate protection
for equipment and conductors.

F. Arc Flash and Shock Risk Assessment:
1. Comply with NFPA 70E.
2. Perform incident energy and arc flash boundary calculations in accordance with IEEE

1584 (as referenced in NFPA 70E Annex D), where applicable.
3. Analyze alternate scenarios considering conditions that may result in maximum incident

energy, including but not limited to:
a. Maximum and minimum utility fault currents.
b. Maximum and minimum motor contribution.
c. Known operating modes (e.g. utility as source, generator as source, utility/generator

in parallel, bus tie breaker open/close positions).

G. Study Reports:
1. General Requirements:

a. Identify date of study and study preparer.
b. Identify study methodology and software product(s) used.
c. Identify scope of studies, assumptions made, implications of possible alternate

scenarios, and any exclusions from studies.
d. Identify base used for per unit values.
e. Include single-line diagram and associated input data used for studies; identify buses

on single-line diagram as referenced in reports, and indicate bus voltage.
f. Include conclusions and recommendations.

2. Short-Circuit Study:
a. For each scenario, identify at each bus location:

1) Calculated maximum available symmetrical and asymmetrical fault currents
(both three-phase and line-to-ground where applicable).
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2) Fault point X/R ratio.
3) Associated equipment short circuit current ratings.

b. Identify locations where the available fault current exceeds the equipment short
circuit current rating, along with recommendations.

3. Protective Device Coordination Study:
a. For each scenario, include time-current coordination curves plotted on log-log scale

graphs.
b. For each graph include (where applicable):

1) Partial single-line diagram identifying the portion of the system illustrated.
2) Protective Devices:  Time-current curves with applicable tolerance bands for

each protective device in series back to the source, plotted up to the maximum
available fault current at the associated bus.

3) Conductors:  Damage curves.
4) Transformers:  Inrush points and damage curves.
5) Generators:  Full load current, overload curves, decrement curves, and short

circuit withstand points.
6) Motors:  Full load current, starting curves, and damage curves.
7) Capacitors:  Full load current and damage curves.

c. For each protective device, identify fixed and adjustable characteristics with available
ranges and recommended settings.
1) Circuit Breakers:  Include long time pickup and delay, short time pickup and

delay, and instantaneous pickup.
2) Include ground fault pickup and delay.
3) Include fuse ratings.
4) Protective Relays:  Include current/potential transformer ratios, tap, time dial,

and instantaneous pickup.
d. Identify cases where either full selective coordination or adequate protection is not

achieved, along with recommendations.
4. Arc Flash and Shock Risk Assessment:

a. For the worst case for each scenario, identify at each bus location:
1) Calculated incident energy and associated working distance.
2) Calculated arc flash boundary.
3) Bolted fault current.
4) Arcing fault current.
5) Clearing time.
6) Arc gap distance.

b. For purposes of producing arc flash hazard warning labels, summarize the maximum
incident energy and associated data reflecting the worst case condition of all
scenarios at each bus location.

c. Identify locations where the calculated maximum incident energy exceeds 40 calories
per sq cm .

1.07 QUALITY ASSURANCE

A. Study Preparer Qualifications:  Professional electrical engineer licensed in the State in which
the Project is located and with minimum five years experience in the preparation of studies of
similar type and complexity using specified computer software.

B. Computer Software for Study Preparation:  Use the latest edition of commercially available
software utilizing specified methodologies.

PART 2  PRODUCTS

2.01 ARC FLASH HAZARD WARNING LABELS

A. Provide warning labels complying with ANSI Z535.4 to identify arc flash hazards for each work
location analyzed by the arc flash and shock risk assessment.
1. Materials:  Comply with Section 260553.
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2. Minimum Size:  4 by 6 inches.
3. Legend:  Provide custom legend in accordance with NFPA 70E based on equipment-

specific data as determined by arc flash and shock risk assessment.
a. Include the following information:

1) Arc flash boundary.
2) Available incident energy and corresponding working distance.
3) Site-specific PPE (personnel protective equipment) requirements.
4) Nominal system voltage.

PART 3  EXECUTION

3.01 INSTALLATION

A. Install arc flash warning labels in accordance with Section 260553.

3.02 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Inspect and test in accordance with NETA ATS, except Section 4.

C. Adjust equipment and protective devices for compliance with studies and recommended
settings.

D. Notify Architect of any conflicts with or deviations from studies. Obtain direction before
proceeding.

3.03 CLOSEOUT ACTIVITIES

A. See Section 017800 - Closeout Submittals, for closeout submittals.

B. See Section 017900 - Demonstration and Training, for additional requirements.

END OF SECTION  260573
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SECTION 260583
WIRING CONNECTIONS

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Electrical connections to equipment.

1.02 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Obtain and review shop drawings, product data, manufacturer's wiring diagrams, and

manufacturer's instructions for equipment furnished under other sections.
2. Determine connection locations and requirements.

B. Sequencing:
1. Install rough-in of electrical connections before installation of equipment is required.
2. Make electrical connections before required start-up of equipment.

1.03 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide wiring device manufacturer’s catalog information showing dimensions,
configurations, and construction.

1.04 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Products:  Listed, classified, and labeled as suitable for the purpose intended.

PART 2  PRODUCTS

2.01 MATERIALS

A. Cords and Caps:  NEMA WD 6; match receptacle configuration at outlet provided for
equipment.
1. Colors:  Comply with NEMA WD 1.
2. Cord Construction:  NFPA 70, Type SO, multiconductor flexible cord with identified

equipment grounding conductor, suitable for use in damp locations.
3. Size:  Suitable for connected load of equipment, length of cord, and rating of branch circuit

overcurrent protection.

B. Disconnect Switches:  As specified in Section 262816.16 and in individual equipment sections.

C. Wiring Devices:  As specified in Section 262726.

D. Flexible Conduit:  As specified in Section 260533.13.

E. Wire and Cable:  As specified in Section 260519.

F. Boxes:  As specified in Section 260533.16.

2.02 EQUIPMENT CONNECTIONS

A. As indicated on drawings.:

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that equipment is ready for electrical connection, wiring, and energization.

3.02 ELECTRICAL CONNECTIONS

A. Make electrical connections in accordance with equipment manufacturer's instructions.

B. Make conduit connections to equipment using rigid or flexible conduit as required.  Use
liquidtight flexible conduit with watertight connectors in damp or wet locations.
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C. Connect heat producing equipment using wire and cable with insulation suitable for
temperatures encountered.

D. Provide receptacle outlet to accommodate connection with attachment plug.

E. Provide cord and cap where field-supplied attachment plug is required.

F. Install suitable strain-relief clamps and fittings for cord connections at outlet boxes and
equipment connection boxes.

G. Install disconnect switches, controllers, control stations, and control devices to complete
equipment wiring requirements.

H. Install terminal block jumpers to complete equipment wiring requirements.

I. Install interconnecting conduit and wiring between devices and equipment to complete
equipment wiring requirements.

END OF SECTION  260583
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SECTION 262200
LOW-VOLTAGE TRANSFORMERS

PART 1  GENERAL

1.01 SECTION INCLUDES

A. General purpose transformers.

1.02 RELATED REQUIREMENTS

A. Section 033000 - Cast-in-Place Concrete: Concrete equipment pads.

B. Section 260526 - Grounding and Bonding for Electrical Systems.

C. Section 260529 - Hangers and Supports for Electrical Systems.

D. Section 260533.13 - Conduit for Electrical Systems:  Flexible conduit connections.

E. Section 260553 - Identification for Electrical Systems: Identification products and requirements.

1.03 REFERENCE STANDARDS

A. IEEE C57.94 - IEEE Recommended Practice for Installation, Application, Operation, and
Maintenance of Dry-Type Distribution and Power Transformers; 2015.

B. IEEE C57.96 - Guide for Loading Dry-Type Distribution and Power Transformers; 2013.

C. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

D. NECA 409 - Standard for Installing and Maintaining Dry-Type Transformers; 2015.

E. NEMA ST 20 - Dry-Type Transformers for General Applications; 2014.

F. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014.

G. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

H. UL 506 - Standard for Specialty Transformers; Current Edition, Including All Revisions.

I. UL 1561 - Standard for Dry-Type General Purpose and Power Transformers; Current Edition,
Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment,

or other potential obstructions within the dedicated equipment spaces and working
clearances required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Coordinate the work with placement of supports, anchors, etc. required for mounting.
4. Verify with manufacturer that conductor terminations are suitable for use with the

conductors to be installed.
5. Notify Engineer of any conflicts with or deviations from Contract Documents. Obtain

direction before proceeding with work.

1.05 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Include voltage, kVA, impedance, tap configurations, insulation system class
and rated temperature rise, efficiency, sound level, enclosure ratings, outline and support point
dimensions, weight, required clearances, service condition requirements, and installed
features.
1. K-factor Rated Transformers:  Include K-factor ratings.

C. Shop Drawings:  Provide dimensioned plan and elevation views of transformers and adjacent
equipment with all required clearances indicated.
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D. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of use
stipulated by product testing agency.  Include instructions for storage, handling, protection,
examination, preparation, and installation of product.

E. Maintenance Data:  Include recommended maintenance procedures and intervals.

1.06 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Source Limitations: Obtain each transformer type through one source from a single
manufacturer.

D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Article 100, acceptable to authorities having jurisdiction, and marked for intended use.

E. Comply with IEEE C57.12.91, "Test Code for Dry-Type Distribution and Power Transformers."

F. Product Listing Organization Qualifications:  An organization recognized by OSHA as a
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Store in a clean, dry space that is continuously under normal control of temperature and
humidity. Maintain factory wrapping or provide an additional heavy canvas or heavy plastic
cover to protect units from dirt, water, construction debris, and traffic.

B. Handle in accordance with manufacturer's written instructions.  Lift only with lugs provided for
the purpose.  Handle carefully to avoid damage to transformer internal components, enclosure,
and finish.

1.08 WARRANTY

A. See Section 017800 - Closeout Submittals, for additional warranty requirements.

B. Manufacturer warranty period of 5 years after substantial completion.

PART 2  PRODUCTS

2.01 MANUFACTURERS

A. ABB/GE; ______:  www.geindustrial.com/#sle.

B. Eaton Corporation; ______:  www.eaton.com/#sle.

C. Schneider Electric; Square D Products:  www.schneider-electric.us/#sle.

D. Siemens Industry, Inc; ______:  www.usa.siemens.com/#sle.

2.02 TRANSFORMERS - GENERAL REQUIREMENTS

A. Description:  Factory-assembled, dry type transformers for 60 Hz operation designed and
manufactured in accordance with NEMA ST 20 and listed, classified, and labeled as suitable for
the purpose intended.

B. Unless noted otherwise, transformer ratings indicated are for continuous loading according to
IEEE C57.96 under the following service conditions:
1. Altitude:  Less than 3,300 feet.
2. Ambient Temperature:

a. Greater than 10 kVA:  Not exceeding 104 degrees F.
b. Less than 10 kVA:  Not exceeding 77 degrees F.

C. Core:  High grade,  grain oriented, non-aging silicon steel with high magnetic permeability and
low hysteresis and eddy current losses. Keep magnetic flux densities substantially below
saturation point, even at 10 percent primary overvoltage. Tightly clamp core laminations to
prevent plate movement and maintain consistent pressure throughout core length.
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D. Vacuum Pressure Impregnated (VPI) core and coil assembly with non-hydroscopic thermo-
setting varnish to effectively seal out moisture and other contaminants.

E. Basic Impulse Level:  10 kV.

F. Ground core and coil assembly to enclosure by means of a visible flexible copper grounding
strap.

G. Isolate core and coil from enclosure using vibration-absorbing mounts.

H. Nameplate:  Include transformer connection data, ratings, wiring diagrams, and overload
capacity based on rated winding temperature rise.

2.03 GENERAL PURPOSE TRANSFORMERS

A. Description:  Self-cooled, two winding transformers listed and labeled as complying with UL 506
or UL 1561; ratings as indicated on the drawings.

B. Insulation System and Allowable Average Winding Temperature Rise:
1. 15 kVA and Larger:  Class 220 degrees C insulation system with 115  degrees C average

winding temperature rise.

C. Coil Conductors:  Continuous aluminum  windings with terminations brazed or welded.

D. Winding Taps:
1. ____ 
2. ____ 
3. 15 kVA through 300 kVA:  Two 2.5 percent full capacity primary taps above and four 2.5

percent full capacity primary taps below rated voltage.
4. 500 kVA and Larger:  Two 2.5 percent full capacity primary taps above and two 2.5

percent full capacity primary taps below rated voltage.

E. Mounting Provisions:
1. 15 kVA:  Suitable for wall mounting.
2. 30 kVA through 75 kVA:  Suitable for floor or ceiling  mounting.
3. Larger than 75 kVA:  Suitable for floor mounting.

F. Transformer Enclosure:  Comply with NEMA ST 20.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the

following installation locations:
a. All locations:  Type 3R.

2. Construction:  Steel.
a. Less than 15 kVA:  Totally enclosed, non-ventilated.
b. 15 kVA and Larger:  Ventilated.

3. Finish:  Manufacturer's standard grey, suitable for outdoor installations.
4. Provide lifting eyes or brackets.

G. Accessories:
1. Mounting Brackets:  Provide manufacturer's standard brackets.
2. Weathershield Kits:  Provide for ventilated transformers installed outdoors to provide a

listed NEMA 250, type 3R assembly.
3. Lug Kits:  Sized as required for termination of conductors as indicated on the drawings.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that suitable support frames and anchors are installed where required and that mounting
surfaces are ready to receive transformers.

C. Perform pre-installation tests and inspections on transformers per manufacturer's instructions
and as specified in NECA 409 and in accordance with IEEE C57.12.91. Correct deficiencies
prior to installation.
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D. Verify that conditions are satisfactory for installation prior to starting work.

E. Verify that ground connections are in place and requirements in Section 260526 "Grounding
and Bonding for Electrical Systems" have been met.

F. Proceed with installation only after unsatisfactory conditions have been corrected.

G. Examine conditions for compliance with enclosure and ambient-temperature requirements for
each transformer.

3.02 INSTALLATION

A. Perform work in accordance with NECA 1 (general workmanship).

B. Install products in accordance with manufacturer's instructions.

C. Install transformers in accordance with NECA 409 and IEEE C57.94.

D. Use flexible conduit, under the provisions of Section 260533.13, 2 feet minimum length, for
connections to transformer case.  Make conduit connections to side panel of enclosure.

E. Arrange equipment to provide minimum clearances for access, and for cooling air circulation,
as specified on transformer nameplate and in accordance with manufacturer's instructions and
NFPA 70.

F. Install transformers plumb and level.

G. Transformer Support:
1. Provide required support and attachment in accordance with Section 260529, where not

furnished by transformer manufacturer.
2. Use integral transformer flanges, accessory brackets furnished by manufacturer, or field-

fabricated supports to support wall-mounted transformers.
3. Unless otherwise indicated, mount floor-mounted transformers on properly sized 4 inch

high concrete pad.
4. Use trapeze hangers assembled from threaded rods and metal channel (strut) to support

suspended transformers. Provide independent support from building structure. Do not
provide support from piping, ductwork, or other systems.

H. Provide grounding and bonding in accordance with Section 260526.

I. Remove shipping braces and adjust bolts that attach the core and coil mounting bracket to the
enclosure according to manufacturer's recommendations in order to reduce audible noise
transmission.

J. Where not factory-installed, install lugs sized as required for termination of conductors as
indicated.

K. Arrange equipment to provide adequate spacing for access and for cooling air circulation.

L. Identify transformers in accordance with Section 260553.

M. Connections
1. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical

Systems."

3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Testing Agency: Engage a qualified testing agency to perform tests and inspections and
prepare test reports.

C. Remove and replace units that do not pass tests or inspections and retest as specified above.

D. Infrared Scanning: Two months after Substantial Completion, perform an infrared scan of
transformer connections.
1. Use an infrared-scanning device designed to measure temperature or detect significant

deviations from normal values. Provide documentation of device calibration.
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2. Perform 1 follow-up infrared scans of transformers  at 11 months after Substantial
Completion.

3.04 ADJUSTING

A. Record transformer secondary voltage at each unit for at least 48 hours of typical occupancy
period. 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. Submit recording and tap
settings as test results.

B. Adjust tightness of mechanical and electrical connections to manufacturer's recommended
torque settings.

3.05 CLEANING

A. Clean dirt and debris from transformer components according to manufacturer's instructions.

B. Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION  262200
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SECTION 262416
PANELBOARDS

PART 1  GENERAL

1.01 RELATED REQUIREMENTS

A. Section 260526 - Grounding and Bonding for Electrical Systems.

B. Section 260529 - Hangers and Supports for Electrical Systems.

C. Section 260573 - Power System Studies:  Additional criteria for the selection and adjustment of
equipment and associated protective devices specified in this section.

1.02 REFERENCE STANDARDS

A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; Revision E with
Supplement 1, 2013.

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

C. NECA 407 - Standard for Installing and Maintaining Panelboards; 2015.

D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014.

E. NEMA PB 1 - Panelboards; 2011.

F. NEMA PB 1.1 - General Instructions for Proper Installation, Operation and Maintenance of
Panelboards Rated 600 Volts or Less; 2013.

G. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems;
2013.

H. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

I. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current
Edition, Including All Revisions.

J. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,
Including All Revisions.

K. UL 67 - Panelboards; Current Edition, Including All Revisions.

L. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker
Enclosures; Current Edition, Including All Revisions.

M. UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions.

1.03 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment,

or other potential obstructions within the dedicated equipment spaces and working
clearances for electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Coordinate the work with other trades to provide walls suitable for installation of flush-
mounted panelboards where indicated.

4. Verify with manufacturer that conductor terminations are suitable for use with the
conductors to be installed.

5. Notify Engineer of any conflicts with or deviations from Contract Documents. Obtain
direction before proceeding with work.

1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for
panelboards, enclosures, overcurrent protective devices, surge protection devices, finishes,
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and other installed components and accessories.

C. Shop Drawings:  Indicate outline and support point dimensions, voltage, main bus ampacity,
overcurrent protective device arrangement and sizes, short circuit current ratings, conduit entry
locations, conductor terminal information, enclosure types, and installed features and
accessories.
1. Include dimensioned plan sections and details, and elevation views of panelboards and

adjacent equipment with all required clearances indicated.
2. Include wiring diagrams showing all factory and field connections.
3. Clearly indicate whether proposed short circuit current ratings are fully rated or, where

acceptable, series rated systems. Include evidence on NRTL listing of series rating of
devices.

4. Identify mounting conditions required for equipment seismic qualification.

D. Maintenance Data:  Include information on replacement parts and recommended maintenance
procedures and intervals.

1.05 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

C. Product Listing Organization Qualifications:  An organization recognized by OSHA as a
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

D. Source Limitations: Obtain panelboards, overcurrent protective devices, components, and
accessories from single source from single manufacturer.

E. Product Selection for Restricted Space: Drawings indicate maximum dimensions for
panelboards including clearances between panelboards and adjacent surfaces and other items.
Comply with indicated maximum dimensions.

F. 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.

G. Comply with NEMA PB 1.

1.06 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store panelboards in accordance with manufacturer's instructions
and NECA 407.

B. Store in a clean, dry space that is continuously under normal control of temperature and
humidity. Maintain factory wrapping or provide an additional heavy canvas or heavy plastic
cover to protect units from dirt, water, construction debris, and traffic.

C. Handle carefully in accordance with NECA 407, NEMA PB-1 and manufacturer's written
instructions to avoid damage to panelboard internal components, enclosure, and finish.

1.07 FIELD CONDITIONS

A. Maintain ambient temperature within the following limits during and after installation of
panelboards:
1. Panelboards Containing Circuit Breakers:  Between 23 degrees F and 104 degrees F.

B. Coordination
1. Coordinate layout and installation of panelboards and components with other construction

that penetrates walls or is supported by them, including electrical and other types of
equipment, raceways, piping, encumbrances to workspace clearance requirements, and
adjacent surfaces. Maintain required workspace clearances and required clearances for
equipment access door and panels.

C. Warranty
1. Manufacturer warranty period of five years from date of Substantial Completion
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PART 2  PRODUCTS

2.01 MANUFACTURERS

A. ABB/GE :  www.geindustrial.com/#sle.

B. Eaton Corporation :  www.eaton.com/#sle.

C. Schneider Electric; Square D Products; ______:  www.schneider-electric.us/#sle.

D. Siemens Industry, Inc; ______:  www.usa.siemens.com/#sle.

2.02 PANELBOARDS - GENERAL REQUIREMENTS

A. Provide products listed, classified, and labeled as suitable for the purpose intended.

B. Unless otherwise indicated, provide products suitable for continuous operation under the
following service conditions:
1. Altitude:  Less than 6,600 feet.
2. Ambient Temperature:

a. Panelboards Containing Circuit Breakers:  Between 23 degrees F and 104 degrees
F.

C. Short Circuit Current Rating:
1. The final panelboard short circuit current ratings shall be not less than the available fault

current at the installed location as determined by short circuit study performed in
accordance with Section 260573.

D. Mains:  Configure for top or bottom incoming feed as indicated or as required for the
installation.

E. Branch Overcurrent Protective Devices:  Replaceable without disturbing adjacent devices.

F. Bussing:  Sized in accordance with UL 67 temperature rise requirements.
1. Provide fully rated neutral bus unless otherwise indicated, with a suitable lug for each

feeder or branch circuit requiring a neutral connection.
2. Provide solidly bonded equipment ground bus in each panelboard, with a suitable lug for

each feeder and branch circuit equipment grounding conductor.

G. Conductor Terminations:  Suitable for use with the conductor material and sizes to be installed.

H. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the

following installation locations:
a. All Locations: NEMA 250 Type 3R.

2. Boxes:  Galvanized steel unless otherwise indicated.
a. Provide wiring gutters sized to accommodate the conductors to be installed.

3. Fronts:
a. Fronts for Surface-Mounted Enclosures:  Same dimensions as boxes.
b. Fronts for Flush-Mounted Enclosures:  Overlap boxes on all sides to conceal rough

opening.
4. Lockable Doors:  All locks keyed alike unless otherwise indicated.

I. Future Provisions:  Prepare all unused spaces for future installation of devices including
bussing, bus connectors, filler plates, mounting hardware and all other required provisions.

J. Multi-Section Panelboards:  Provide enclosures of the same height, with feed-through lugs or
sub-feed lugs and feeders as indicated or as required to interconnect sections.

2.03 POWER OR DISTRIBUTION PANELBOARDS

A. Description:  Panelboards complying with NEMA PB 1, power and feeder distribution type,
circuit breaker type, and listed and labeled as complying with UL 67; ratings, configurations and
features as indicated on the drawings.

B. Conductor Terminations:
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1. Main and Neutral Lug Material:  Copper, suitable for terminating aluminum or copper
conductors.

2. Main and Neutral Lug Type:  Mechanical.

C. Bussing:
1. Phase and Neutral Bus Material:  Copper.
2. Ground Bus Material:  Copper.

D. Circuit Breakers:
1. Provide bolt-on  type  __________ .
2. Provide electronic trip circuit breakers where indicated.

E. Enclosures:
1. Provide surface-mounted enclosures unless otherwise indicated. In no case shall the

enclosure be wider than 42 inches (106 cm) or deeper than 18 inches (46 cm).
2. Fronts:  Provide door-in-door trim with hinged cover for access to load terminals and

wiring gutters, and separate lockable hinged door with concealed hinges for access to
overcurrent protective device handles without exposing live parts.

3. Provide clear plastic circuit directory metal frame holder mounted on inside of door.

2.04 LIGHTING AND APPLIANCE PANELBOARDS

A. Description:  Panelboards complying with NEMA PB 1, lighting and appliance branch circuit
type, circuit breaker type, and listed and labeled as complying with UL 67; ratings,
configurations and features as indicated on the drawings.

B. Manufacturers
1. Eaton Corporation; []: www.eaton.com/#sle.
2. General Electric Company; []: www.geindustrial.com/#sle.
3. Schneider Electric; Square D Products; []: www.schneider-electric.us/#sle.

C. Conductor Terminations:
1. Main and Neutral Lug Material:  Copper, suitable for terminating aluminum or copper

conductors..
2. Main and Neutral Lug Type:  Mechanical.

D. Bussing:
1. Phase Bus Connections:  Arranged for sequential phasing of overcurrent protective

devices.
2. Phase and Neutral Bus Material:  Copper.
3. Ground Bus Material:  Copper.

E. Circuit Breakers:  Thermal magnetic bolt-on type unless otherwise indicated.

F. Enclosures:
1. Provide surface-mounted or flush-mounted enclosures as indicated. Enclosure width and

depth shall not exceed 24 inches (61 cm) by 6 inches (15 cm) respectively.
2. Provide clear plastic circuit directory holder metal frame mounted on inside of door.

2.05 OVERCURRENT PROTECTIVE DEVICES

A. Molded Case Circuit Breakers:
1. Description:  Quick-make, quick-break, over center toggle, trip-free, trip-indicating circuit

breakers listed and labeled as complying with UL 489, and complying with FS W-C-375
where applicable; ratings, configurations, and features as indicated on the drawings.

2. Interrupting Capacity:
a. Provide circuit breakers with interrupting capacity as required by short circuit study

performed in accordance with Section 26 0573.
b. Fully Rated Systems:  Provide circuit breakers with interrupting capacity not less than

the short circuit current rating indicated.
3. Conductor Terminations:

a. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.
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4. Thermal Magnetic Circuit Breakers:  For each pole, furnish thermal inverse time tripping
element for overload protection and magnetic instantaneous tripping element for short
circuit protection.

5. Electronic Trip Circuit Breakers:  Furnish solid state, microprocessor-based, true rms
sensing trip units.
a. Provide the following field-adjustable trip response settings:

1) Long time delay.
2) Short time pickup and delay.
3) Instantaneous pickup.
4) Ground fault pickup and delay where ground fault protection is indicated.

6. Multi-Pole Circuit Breakers:  Furnish with common trip for all poles.
7. Provide the following circuit breaker types where indicated:

a. Ground Fault Circuit Interrupter (GFCI) Circuit Breakers:  Listed as complying with UL
943, class A for protection of personnel.

b. 100 Percent Rated Circuit Breakers:  Listed for application within the panelboard
where installed at 100 percent of the continuous current rating.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that the ratings and configurations of the panelboards and associated components are
consistent with the indicated requirements.

C. Verify that mounting surfaces are ready to receive panelboards.

D. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Perform work in accordance with NECA 1 (general workmanship).

B. Install products in accordance with manufacturer's instructions.

C. Install panelboards in accordance with NECA 407 and NEMA PB 1.1.

D. Arrange equipment to provide minimum clearances in accordance with manufacturer's
instructions and NFPA 70.

E. Provide required support and attachment in accordance with Section 260529.

F. Install panelboards plumb.

G. Install flush-mounted panelboards so that trims fit completely flush to wall with no gaps and
rough opening completely covered.

H. Mount panelboards such that the highest position of any operating handle for circuit breakers or
switches does not exceed 79 inches above the floor or working platform.

I. Provide minimum of four spare 1 inch trade size conduits out of each flush-mounted
panelboard stubbed into accessible space above ceiling or space designated to be accessible
ceiling space in the future. Provide four 1-inch (27-mm) empty conduits [into raised floor space
or] below slab not on grade.

J. Provide grounding and bonding in accordance with Section 260526.

K. Install all field-installed branch devices, components, and accessories.

L. Set field-adjustable circuit breaker tripping function settings as determined by overcurrent
protective device coordination study performed according to Section 260573.

M. Provide filler plates to cover unused spaces in panelboards.

3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Inspect and test in accordance with NETA ATS, except Section 4.
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C. Molded Case Circuit Breakers:  Perform inspections and tests listed in NETA ATS, Section
7.6.1.1 for all main circuit breakers and circuit breakers larger than _____ amperes. Tests listed
as optional are not required.

D. Test GFCI circuit breakers to verify proper operation.

E. Correct deficiencies and replace damaged or defective panelboards or associated components
and retest to demonstrate compliance.

F. Perform the following infrared scan tests and inspections and prepare reports:
1. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after

Final Acceptance, perform an infrared scan of each panelboard. Remove front panels so
joints and connections are accessible to portable scanner.

2. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each
panelboard 11 months after date of Substantial Completion.

3. Instruments and Equipment:
a. Use an infrared scanning device to measure temperature or to detect significant

deviations from normal values. Provide calibration record for device.

G. Panelboards will be considered defective if they do not pass the inspections.

H. 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.

3.04 ADJUSTING

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended
torque settings.

B. Adjust alignment of panelboard fronts.

C. Set field-adjustable circuit-breaker trip ranges as specified in Section 26 0573 "Power System
Study."

D. Load Balancing:  For each panelboard, rearrange circuits such that the difference between
each measured steady state phase load does not exceed 20 percent and adjust circuit
directories accordingly.  Maintain proper phasing for multi-wire branch circuits. After Substantial
Completion, but not more than 60 days after Final Acceptance, measure load balancing and
make circuit changes.
1. Measure as directed during period of normal system loading.
2. Perform load-balancing circuit changes outside normal occupancy/working schedule of the

facility and at time directed. Avoid disrupting critical 24-hour services such as fax
machines and on-line data processing, computing, transmitting, and receiving equipment.

3. After circuit changes, recheck loads during normal load period. Record all load readings
before and after changes and submit test records.

3.05 CLEANING

A. Clean dirt and debris from panelboard enclosures and components according to manufacturer's
instructions.

B. Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION  262416
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SECTION 262813
FUSES

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Fuses.

B. Spare fuse cabinet.

1.02 REFERENCE STANDARDS

A. NEMA FU 1 - Low Voltage Cartridge Fuses; 2012.

B. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

C. UL 248-1 - Low-Voltage Fuses - Part 1: General Requirements; Current Edition, Including All
Revisions.

D. UL 248-8 - Low-Voltage Fuses - Part 8: Class J Fuses; Current Edition, Including All Revisions.

E. UL 248-10 - Low-Voltage Fuses - Part 10: Class L Fuses; Current Edition, Including All
Revisions.

F. UL 248-12 - Low-Voltage Fuses - Part 12: Class R Fuses; Current Edition, Including All
Revisions.

1.03 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate fuse clips furnished in equipment provided under other sections for

compatibility with indicated fuses.
2. Coordinate fuse requirements according to manufacturer's recommendations and

nameplate data for actual equipment to be installed.

1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures and coordination
charts and tables.

B. Product Data:  Provide manufacturer's standard data sheets including voltage and current
ratings, interrupting ratings, time-current curves, and current limitation curves.
1. Spare Fuse Cabinet:  Include dimensions.

C. Maintenance Materials:   Furnish the following for Owner's use in maintenance of project.
1. See Section 016000 - Product Requirements, for additional provisions.
2. Extra Fuses:  Percent of quantity installed for each size and type, but not fewer than Three 

set(s) of three for each type and size installed.
3. Fuse Pullers:  One set(s) compatible with each type and size installed.
4. Spare Fuse Cabinet Keys:  Two.

1.05 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

C. Obtain fuses from single source from single manufacturer.

D. Product Listing Organization Qualifications:  An organization recognized by OSHA as a
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

PART 2  PRODUCTS

2.01 MANUFACTURERS

A. Bussmann, a division of Eaton Corporation ; ______ :  www.cooperindustries.com.
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B. Littelfuse, Inc ; ______ :  www.littelfuse.com.

C. Substitutions:  See Section 016000 - Product Requirements.

2.02 APPLICATIONS

A. Service Entrance:
1. Fusible Switches up to 600 Amperes:  Class J, time-delay.
2. Fusible Switches Larger Than 600 Amperes:  Class L, time-delay.

B. Feeders:
1. Fusible Switches up to 600 Amperes:  Class J, time-delay.
2. Fusible Switches Larger Than 600 Amperes:  Class L, time-delay.

C. General Purpose Branch Circuits:  Class RK1, time-delay.

D. Individual Motor Branch Circuits:  Class RK5, time-delay.

2.03 FUSES

A. Provide products listed, classified, and labeled as suitable for the purpose intended.

B. Unless specifically indicated to be excluded, provide fuses for all fusible equipment as required
for a complete operating system.

C. Provide fuses of the same type, rating, and manufacturer within the same switch.

D. Comply with UL 248-1.

E. Unless otherwise indicated, provide cartridge type fuses complying with NEMA FU 1, Class and
ratings as indicated.

F. Voltage Rating:  Suitable for circuit voltage.

G. Class R Fuses:  Comply with UL 248-12.

H. Class J Fuses:  Comply with UL 248-8.
1. Class J, Time-Delay Fuses:

I. Class L Fuses:  Comply with UL 248-10.

2.04 SPARE FUSE CABINET

A. Description:  Wall-mounted sheet metal cabinet with shelves and hinged door with cylinder lock,
suitably sized to store 15% of spare fuses and fuse pullers specified.

B. Finish:  Manufacturer's standard, factory applied grey finish unless otherwise indicated.

C. Identification: "Spare Fuses" in 1-1/2" (38 mm) high letters on exterior of door.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that fuse ratings are consistent with circuit voltage and manufacturer's recommendations
and nameplate data for equipment.

B. Verify that mounting surfaces are ready to receive spare fuse cabinet.

C. Examine fuses before installation. Reject fuses that are moisture damaged or physically
damaged.

D. Examine holders to receive fuses for compliance with installation tolerances and other
conditions affecting performance, such as rejection features.

E. Examine utilization equipment nameplates and installation instructions. Install fuses of sizes
and with characteristics appropriate for each piece of equipment.

F. Evaluate ambient temperatures to determine if fuse rating adjustment factors must be applied
to fuse ratings.

G. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
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A. Do not install fuses until circuits are ready to be energized.

B. Install fuses with label oriented such that manufacturer, type, and size are easily read.

C. Install spare fuse cabinet where indicated.

D. Identify spare fuse cabinet in accordance with Section 260553.

3.03 IDENTIFICATION

A. Install labels complying with requirements for identification specified in Section 26 0553
"Identification for Electrical Systems" and indicating fuse replacement information on inside
door of each fused switch and adjacent to each fuse block, socket, and holder.

END OF SECTION  262813
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SECTION 262816.16
ENCLOSED SWITCHES

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Enclosed safety switches.

1.02 RELATED REQUIREMENTS

A. Section 260526 - Grounding and Bonding for Electrical Systems.

B. Section 260529 - Hangers and Supports for Electrical Systems.

C. Section 260573 - Power System Studies:  Additional criteria for the selection of equipment and
associated protective devices specified in this section.

D. Section 262813 - Fuses.

1.03 REFERENCE STANDARDS

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

B. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014.

C. NEMA KS 1 - Heavy Duty Enclosed and Dead-Front Switches (600 Volts Maximum); 2013.

D. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems;
2013.

E. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

F. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current
Edition, Including All Revisions.

G. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,
Including All Revisions.

H. UL 98 - Enclosed and Dead-Front Switches; Current Edition, Including All Revisions.

I. UL 869A - Reference Standard for Service Equipment; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work with other trades.  Avoid placement of ductwork, piping, equipment,

or other potential obstructions within the dedicated equipment spaces and within working
clearances for electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Verify with manufacturer that conductor terminations are suitable for use with the
conductors to be installed.

4. Notify Engineer of any conflicts with or deviations from Contract Documents. Obtain
direction before proceeding with work.

1.05 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for enclosed
switches and other installed components and accessories.

C. Shop Drawings:  Indicate outline and support point dimensions, voltage and current ratings,
short circuit current ratings, conduit entry locations, conductor terminal information, and
installed features and accessories.
1. Include dimensioned plan and elevation views of enclosed switches and adjacent

equipment with all required clearances indicated.
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2. Include wiring diagrams for power, signal, and control, showing all factory and field
connections.

3. Identify mounting conditions required for equipment seismic qualification.

D. Maintenance Data:  Include information on replacement parts and recommended maintenance
procedures and intervals.

1.06 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

C. Product Listing Organization Qualifications:  An organization recognized by OSHA as a
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Store in a clean, dry space having uniform temperature to prevent condensation.  Maintain
factory wrapping or provide an additional heavy canvas or heavy plastic cover to protect units
from dirt, water, construction debris, and traffic.

B. Handle carefully in accordance with manufacturer's written instructions to avoid damage to
enclosed switch internal components, enclosure, and finish.

PART 2  PRODUCTS

2.01 MANUFACTURERS

A. ABB/GE ; ______ :  www.geindustrial.com.

B. Eaton Corporation ; ______ :  www.eaton.com.

C. Schneider Electric; Square D Products ; ______ :  www.schneider-electric.us.

D. Siemens Industry, Inc ; ______ :  www.usa.siemens.com.

E. Substitutions:  See Section 016000 - Product Requirements.

F. Source Limitations:  Furnish enclosed switches and associated components produced by the
same manufacturer as the other electrical distribution equipment used for this project and
obtained from a single  source from single manufacturer.

2.02 ENCLOSED SAFETY SWITCHES

A. Description:  Quick-make, quick-break enclosed safety switches listed and labeled as
complying with UL 98; heavy duty; ratings, configurations, and features as indicated on the
drawings.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.

C. Unless otherwise indicated, provide products suitable for continuous operation under the
following service conditions:
1. Altitude:  Less than 6,600 feet.
2. Ambient Temperature: Between -22 degrees F and 104 degrees F.

D. Horsepower Rating:  Suitable for connected load.

E. Voltage Rating:  Suitable for circuit voltage.

F. Short Circuit Current Rating:
1. Provide enclosed safety switches, when protected by the fuses or supply side overcurrent

protective devices to be installed, with listed short circuit current rating not less than the
available fault current at the installed location as determined by short circuit study
performed in accordance with Section 260573.

2. Minimum Ratings:
a. Switches Protected by Class H Fuses:  10,000 rms symmetrical amperes.
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b. Heavy Duty Single Throw Switches Protected by Class R, Class J, Class L, or Class
T Fuses:  200,000 rms symmetrical amperes.

c. Double Throw Switches Protected by Class R, Class J, or Class T Fuses:  100,000
rms symmetrical amperes.

G. Enclosed Safety Switches Used for Service Entrance:  Listed and labeled as suitable for use as
service equipment according to UL 869A.

H. Provide with switch blade contact position that is visible when the cover is open.

I. Fuse Clips for Fusible Switches:  As required to accept fuses indicated.
1. Where NEMA Class R fuses are installed, provide rejection feature to prevent installation

of fuses other than Class R.

J. Conductor Terminations:  Suitable for use with the conductors to be installed.

K. Provide insulated, groundable fully rated solid neutral assembly where a neutral connection is
required, with a suitable lug for terminating each neutral conductor.

L. Provide solidly bonded equipment ground bus in each enclosed safety switch, with a suitable
lug for terminating each equipment grounding conductor.

M. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the

following installation locations:
a. All Locations:  Type 3R.

2. Finish for Painted Steel Enclosures:  Manufacturer's standard, factory applied grey unless
otherwise indicated.

N. Provide safety interlock to prevent opening the cover with the switch in the ON position with
capability of overriding interlock for testing purposes.

O. Heavy Duty Switches:
1. Comply with NEMA KS 1.
2. Conductor Terminations:

a. Provide mechanical lugs unless otherwise indicated.
b. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.

3. Provide externally operable handle with means for locking in the OFF position, capable of
accepting three padlocks.
a. Provide means for locking handle in the ON position .

P. Provide the following features and accessories where indicated or where required to complete
installation:
1. Hubs:  As required for environment type; sized to accept conduits to be installed.
2. Integral fuse pullers.
3. Auxiliary Switch:  SPDT switch suitable for connection to system indicated, with auxiliary

contact operation before switch blades open and after switch blades close.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that the ratings of the enclosed switches are consistent with the indicated requirements.

C. Verify that mounting surfaces are ready to receive enclosed safety switches.

D. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Perform work in accordance with NECA 1 (general workmanship).
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C. Arrange equipment to provide minimum clearances in accordance with manufacturer's
instructions and NFPA 70.

D. Provide required support and attachment in accordance with Section 260529.

E. Install enclosed switches plumb.

F. Except where indicated to be mounted adjacent to the equipment they supply, mount enclosed
switches such that the highest position of the operating handle does not exceed 79 inches
above the floor or working platform.

G. Provide grounding and bonding in accordance with Section 260526.

H. Provide fuses complying with Section 262813 for fusible switches as indicated or as required by
equipment manufacturer's recommendations.

3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Inspect and test in accordance with NETA ATS, except Section 4.

C. Perform inspections and tests listed in NETA ATS, Section 7.5.1.1.

D. Perform each visual and mechanical inspection and electrical test states in NETA Acceptance
Testing Specification. Certify compliance with test parameters.

E. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance;
otherwise, replace with new units and retest.

F. Perform the following infrared scan tests and inspections and prepare reports:
1. Initial Infrared Scanning: After Substantial Completion: but not more than 60 days after

Final Acceptance, perform an infrared scan of each enclosed switch. Remove front panels
so joints and connections are accessible to portable scanner.

2. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each
enclosed switch and circuit breaker 11 months after date of Substantial Completion.

3. Instruments and Equipment: Use an infrared scanning device designed to measure
temperature or to detect significant deviations from normal values. Provide calibration
record for device.

G. Test and adjust controls, remote monitoring, and safeties. Replace damaged and
malfunctioning controls and equipment.

H. Enclosed switches will be considered defective if they do not pass tests and inspections.

I. Prepare test and inspection reports, including a certified report that identifies enclosed switches
and that describes scanning results. Include notation of deficiencies detected, remedial action
taken, and observations after remedial action.

J. Correct deficiencies and replace damaged or defective enclosed safety switches or associated
components.

3.04 ADJUSTING

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended
torque settings. If manufacturer's torque values are not indicated, use those specified in UL
486A and UL 486B.

B. Adjust moving parts and operable components to function smoothly, and lubricate as
recommended by manufacturer.

3.05 CLEANING

A. Clean dirt and debris from switch enclosures and components according to manufacturer's
instructions.

B. Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION  262816.16
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SECTION 263213
ENGINE GENERATORS

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Packaged engine generator system and associated components and accessories:
1. Generator set enclosure.

1.02 RELATED REQUIREMENTS

A. Section 231113 - Facility Fuel-Oil Piping:
1. Diesel fuel piping.

B. Section 235100 - Breechings, Chimneys, and Stacks:  Engine exhaust piping.

C. Section 260526 - Grounding and Bonding for Electrical Systems.

D. Section 260529 - Hangers and Supports for Electrical Systems.

E. Section 260553 - Identification for Electrical Systems:  Identification products and requirements.

F. Section 263600 - Transfer Switches.

1.03 REFERENCE STANDARDS

A. ASTM D975 - Standard Specification for Diesel Fuel Oils; 2016.

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

C. NECA/EGSA 404 - Standard for Installing Generator Sets; 2014.

D. NEMA MG 1 - Motors and Generators; 2018.

E. NFPA 30 - Flammable and Combustible Liquids Code; 2015.

F. NFPA 37 - Standard for the Installation and Use of Stationary Combustion Engines and Gas
Turbines; 2015.

G. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

H. NFPA 99 - Health Care Facilities Code; 2015.

I. NFPA 110 - Standard for Emergency and Standby Power Systems; 2016.

J. UL 142 - Steel Aboveground Tanks for Flammable and Combustible Liquids; Current Edition,
Including All Revisions.

K. UL 1236 - Battery Chargers for Charging Engine-Starter Batteries; Current Edition, Including All
Revisions.

L. UL 2200 - Stationary Engine Generator Assemblies; Current Edition, Including All Revisions.

M. UL 489 - Molded Case Circuit Breakers

N. IEEE 446 - Recommended Practice for Emergency and Standby Power Systems for Industrial
and Commercial Applications

O. IEEE 493 - Design of Reliable Industrial and Commercial Power Systems

P. ISO 8528-1:2018 Reciprocating Internal Combustion Engine Driven Alternating Current
Generator Sets

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate compatibility of generator sets to be installed with work provided under other

sections or by others.
a. Transfer Switches:  See Section 263600.

2. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment
or other potential obstructions within the spaces dedicated for engine generator system.
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3. Coordinate arrangement of equipment with the dimensions and clearance requirements of
the actual equipment to be installed.

4. Coordinate the work to provide electrical circuits suitable for the power requirements of the
actual auxiliary equipment and accessories to be installed.

5. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain
direction before proceeding with work.

B. Preinstallation Meeting:  Convene one week before starting work of this section; require
attendance of all affected installers.

1.05 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for each
product, including ratings, configurations, dimensions, finishes, weights, service condition
requirements, and installed features. Include alternator starting capabilities, engine fuel
consumption rates, and cooling, combustion air, and exhaust requirements.
1. Include generator set sound level test data.
2. Include characteristic trip curves for overcurrent protective devices upon request.

C. Shop Drawings:  Include dimensioned plan views and sections indicating locations of system
components, required clearances, and field connection locations. Include system
interconnection schematic diagrams showing all factory and field connections.
1. Identify mounting conditions required for equipment seismic qualification.
2. Dimensioned outline plan and elevation drawings of engine-generator set and other

components specified.
3. Design Calculations: Signed and sealed by a qualified professional engineer. Calculate

requirements for selecting vibration isolators and seismic restraints and for designing
vibration isolation bases.

4. Vibration Isolation Base Details: Signed and sealed by a qualified professional engineer.
Detail fabrication, including anchorages and attachments to structure and to supported
equipment. Include base weights.

5. Wiring diagrams: Power, signal, and control wiring.

D. Fuel Storage Tank Calculations:  Indicate maximum running time for generator set configuration
provided.

E. Specimen Warranty:  Submit sample of manufacturer's warranty.

F. Evidence of qualifications for installer.

G. Evidence of qualifications for maintenance contractor (if different entity from installer).

H. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of use
stipulated by product testing agency.  Include instructions for storage, handling, protection,
examination, preparation, installation, and operation of product.

I. Manufacturer's factory emissions certification.

J. Manufacturer's certification that products meet or exceed specified requirements.

K. Source quality control test reports.

L. Provide NFPA 110 required documentation from manufacturer where requested by authorities
having jurisdiction, including but not limited to:
1. Certified prototype tests.
2. Torsional vibration compatibility certification.
3. NFPA 110 compliance certification.
4. Certified rated load test at rated power factor.

M. Manufacturer’s detailed field testing procedures.

N. Field quality control test reports.
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O. Operation and Maintenance Data:  Include detailed information on system operation,
emergency operation, equipment programming and setup, replacement parts, and
recommended maintenance procedures and intervals.
1. Include a list of tools and replacement items recommended to be stored at Project for

ready access. Include part and drawing numbers, current unit prices, and source of
supply.

2. Include contact information for entity that will be providing contract maintenance and
trouble call-back service.

P. Executed Warranty:  Submit documentation of final executed warranty completed in Owner's
name and registered with manufacturer.

Q. Maintenance contracts.

R. Project Record Documents:  Record actual locations of system components, installed circuiting
arrangements and routing, and final equipment settings.

S. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 016000 - Product Requirements, for additional provisions.
2. Extra Fuses:  Two  of each type and size.
3. Extra Filter Elements:  Two  of each type, including fuel, oil and air.

1.06 QUALITY ASSURANCE

A. Comply with the following:
1. NFPA 70 (National Electrical Code).
2. NFPA 110 (Standard for Emergency and Standby Power Systems); meet requirements for

Level 1 system.
3. NFPA 37 (Standard for the Installation and Use of Stationary Combustion Engines and

Gas Turbines).
4. NFPA 30 (Flammable and Combustible Liquids Code).

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.
1. Authorized service facilities located within 30 miles  of project site. Facilities shall be

capable of providing training, parts, and emergency maintenance repairs.

D. Installer Qualifications:  Company  specializing in performing the work of this section  with
minimum three  years  documented  experience with engine generator systems of similar size,
type, and complexity ; manufacturer's authorized installer .
1. Maintenance Proximity: Not more than four (4) hours' normal travel time from Installer's

place of business to Project site.

E. Testing Agency Qualifications: An independent agency, with the experience and capability to
conduct the testing indicated, that is a member company of the National Electrical Testing
Association or is a nationally recognized testing laboratory (NRTL), and that is acceptable to
the owner, engineer and authorities having jurisdiction.
1. Testing Agency's Field Supervisor: Person currently certified by the National Electrical

Testing Association or the National Institute for Certification in Engineering Technologies
to supervise on-site testing specified in Part 3.

F. Product Listing Organization Qualifications:  An organization recognized by OSHA as a
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

G. Engine Exhaust Emissions: Comply with applicable local, state, and EPA Tier requirements as
base bid with add alternate pricing to increase to Tier 4.

H. Noise Emission: Comply with maximum noise level at building adjacencies/windows due to
sound emitted by generator set including engine, engine exhaust, engine cooling-air intake and
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discharge, load bank, and other components of installation.

1.07 PROJECT CONDITIONS

A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied
by Owner or others unless permitted under the following conditions and then only after
arranging to provide temporary electrical service according to requirements indicated:
1. Notify Construction Manager and Owner no fewer than two (2) weeks in advance of

proposes interruption of electrical service.
2. Do not proceed with interruption of electrical service without Construction Manager's and

Owner's written permission.

B. Environmental Conditions: Engine-generator system shall withstand the following
environmental conditions without mechanical or electrical damage or degradation of
performance capability:
1. Ambient Temperature: Minus 15 to plus 43 deg C.
2. Relative Humidity: 0 to 95 percent.

C. Unusual Service Conditions: Engine-generator equipment and installation are required to
operate under the specific conditions of the site. Manufacturer shall review design conditions to
provide appropriate generator system selection and design as required to ensure proper
operation without negatively effecting system performance. Generator system may require
parallel operation increased static handling capability of radiator fans, special radiator
discharge ducting, derating of radiator based on ambient operating temperature, customized
exhaust systems including silencer, special orientation of output breakers and separation of
same depending on system type, particulate filters on exhaust, regenerative power controls and
other site specific requirements.

1.08 COORDINATION

A. Coordinate size and location of concrete bases for package engine generators. Cast anchor-
bolt inserts into bases. Concrete, reinforcement, and formwork requirements are specified in
Division 03.

1.09 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store generator sets in accordance with manufacturer's
instructions and NECA/EGSA 404.

B. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas
or heavy plastic cover to protect units from dirt, water, construction debris, and traffic.

C. Handle carefully in accordance with manufacturer's instructions to avoid damage to generator
set components, enclosure, and finish.

1.10 FIELD CONDITIONS

A. Maintain field conditions within manufacturer's required service conditions during and after
installation.

1.11 WARRANTY

A. See Section 017800 - Closeout Submittals, for additional warranty requirements.

B. Provide minimum five  year manufacturer warranty covering repair or replacement due to
defective materials or workmanship.

1.12 MAINTENANCE SERVICE

1.13 EXTRA MATERIALS

A. Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with labels describing contents.
1. Fuses: One for every 10 of each type and rating, but no fewer than three of each.
2. Indicator Lamps: Two for every six of each type used, but no fewer than two of each.
3. Filters: One set each of lubricating oil, fuel, and combustion-air filters.
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PART 2  PRODUCTS

2.01 MANUFACTURERS

A. Packaged Engine Generator Set - Basis of Design: Caterpillar
www.cat.com/en_US/products/new/power-systems/electric-power-generation/diesel-generator-
sets.html. 

B. Packaged Engine Generator Set- Other Acceptable Manufacturers:
1. Cummins Power Generation Inc ; __________ :  www.cumminspower.com.
2. Kohler Co ; _________ :  www.kohlerpower.com.

2.02 PACKAGED ENGINE GENERATOR SYSTEM

A. Provide new  engine generator system manufactured within the last two (2) years, consisting of
all required equipment, sensors, conduit, boxes, wiring, piping, supports, accessories, system
programming, etc. as necessary for a complete operating system that provides the functional
intent indicated.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.

C. System Description:
1. Application:  Emergency/standby.
2. Configuration:  Single packaged engine generator set operated independently (not in

parallel).

D. Packaged Engine Generator Set:
1. Type:  Diesel (compression ignition).
2. Power Rating:  As indicated on drawings , standby .
3. Voltage:  As indicated on drawings.
4. Main Line Circuit Breaker:

a. Type:  Thermal magnetic.
b. Trip Rating:  Select according to generator set rating.

E. Generator Set General Requirements:
1. Prototype tested in accordance with NFPA 110 for Level 1 systems.
2. Factory-assembled, with components mounted on suitable base.
3. List and label engine generator assembly as complying with UL 2200.
4. Power Factor:  Unless otherwise indicated, specified power ratings are at 0.8 power factor

for three phase voltages and 1.0 power factor for single phase voltages.
5. Provide suitable guards to protect personnel from accidental contact with rotating parts,

hot piping, and other potential sources of injury.
6. Main Line Circuit Breakers:  Provide factory-installed line side connections with suitable

lugs for load side connections.  All breakers shall be LSIG* Provide ground fault indication
only; ground fault trip function is not permissible.

F. Service Conditions:  Provide engine generator system and associated components suitable for
operation under the service conditions at the installed location.

G. Starting and Load Acceptance Requirements:
1. Cranking Method:  Cycle cranking complying with NFPA 110 (15 second crank period,

followed by 15 second rest period, with cranking limiter time-out after 3 cycles), unless
otherwise required.

2. Cranking Limiter Time-Out:  If generator set fails to start after specified cranking period,
indicate overcrank alarm condition and lock-out generator set from further cranking until
manually reset.

3. Start Time:  Capable of starting and achieving conditions necessary for load acceptance
within 10 seconds (NFPA 110, Type 10).

4. Maximum Load Step:  Supports 100 percent of rated load in one step.

H. Exhaust Emissions Requirements:
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1. Comply with federal (EPA), state, and local regulations applicable at the time of
commissioning; include factory emissions certification with submittals.

2. Do not make modifications affecting generator set factory emissions certification without
approval of manufacturer and Engineer. Where such modifications are made, provide field
emissions testing as necessary for certification.

I. Sound Level Requirements:
1. Do not exceed 74 dBA  when measured at 23 feet  from generator set in free field (no

sound barriers) while operating at full load ; include manufacturer's sound data with
submittals .

2.03 ENGINE AND ENGINE ACCESSORY EQUIPMENT

A. Provide engine with adequate horsepower to achieve specified power output at rated speed,
accounting for alternator efficiency and parasitic loads.

B. Engine Fuel System - Diesel (Compression Ignition):
1. Fuel Source:  Diesel, ASTM D975 No. 2-D or approved cold weather diesel blends.
2. Fuel Storage:  Sub-base fuel tank.
3. Engine Fuel Supply:  Provide engine-driven, positive displacement fuel pump with

replaceable fuel filter(s), water separator, check valve to secure prime, manual fuel
priming pump, and relief-bypass valve. Provide fuel cooler where recommended by
manufacturer.

4. Engine Fuel Connections:  Provide suitable, approved flexible fuel lines for coupling
engine to fuel source.

5. Sub-Base Fuel Tank:
a. Provide sub-base mounted, double-wall fuel tank with secondary containment; listed

and labeled as complying with UL 142.
b. Tank Capacity:  Size for minimum of 24 hours of continuous engine generator

operation at 100 percent rated load, but not larger than permissible by applicable
codes.

c. Features:
1) Direct reading fuel level gauge.
2) Normal atmospheric vent.
3) Emergency pressure relief vent.
4) Fuel fill opening with lockable cap.
5) Dedicated electrical conduit stub-up area.
6) Low fuel level switch.
7) Leak detection switch; located within secondary containment interstitial space

for detection of primary tank fuel leak.

C. Engine Starting System:
1. System Type:  24-V electric, with DC solenoid-activated starting motor(s).
2. Battery(s):

a. Battery Type:  Per NFPA 110 
b. Battery Capacity:  ____  Oversize (10%) capacity to accommodate starting within

ambient temperature range specified range specified in Part 1 "Project Conditions"
Article to provide specified cranking cycle at least three times without recharging.

c. Provide battery rack, cables, and connectors suitable for the supplied battery(s); size
battery cables according to manufacturer's recommendations for cable length to be
installed. Include required interconnecting conductors and connection accessories.

3. Battery-Charging Alternator:  Factory mounted on engine with solid-state voltage
regulation and 35-A minimum continuous rating.

4. Battery Charger: Current-limiting, automatic-equalizing and float-charging type. Unit shall
comply with UL 1236 and include the following features:
a. Provide dual rate battery charger with automatic float and equalize charging modes

and minimum rating of 10 amps; suitable for maintaining the supplied battery(s) at full
charge without manual intervention.
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b. Capable of returning supplied battery(s) from fully discharged to fully charged
condition within 24 hours, as required by NFPA 110 for Level 1 applications while
carrying normal loads.

c. Recognized as complying with UL 1236.
d. Furnished with integral overcurrent protection; current limited to protect charger

during engine cranking; reverse polarity protection.
e. Provide integral DC output ammeter and voltmeter with five percent accuracy.
f. Provide alarm output contacts as necessary for alarm indications.

5. Battery Heater:  Provide thermostatically controlled battery heater to improve starting
under cold ambient conditions.

D. Engine Speed Control System (Governor):
1. Single Engine Generator Sets (Not Operated in Parallel):  Provide electronic isochronous

governor for controlling engine speed/alternator frequency.
2. Frequency Regulation, Electronic Isochronous Governors:  No change in frequency from

no load to full load; plus/minus 0.25 percent at steady state.

E. Engine Lubrication System:
1. System Type:  Full pressure, with engine-driven, positive displacement lubrication oil

pump, replaceable full-flow oil filter(s), and dip-stick for oil level indication. Provide oil
cooler where recommended by manufacturer.

2. Filter and Strainer: Duplex oil filters rated to remove 90 percent of particles 5 micrometers
and smaller while passing full flow.

3. Thermostatic Control Valve: Control flow in system to maintain optimum oil temperature.
Unit shall be capable of full flow and is designed to be fail safe.

4. Oil Level regulator

F. Engine Cooling System:
1. System Type:  Closed-loop, liquid-cooled, with unit-mounted radiator/fan and engine-

driven coolant pump; suitable for providing adequate cooling while operating at full load
under worst case ambient temperature.

2. Coolant: Solution of 50 percent ethylene-glycol-based antifreeze and 50 percent water,
with anticorrosion additives as recommended by engine manufacturer.

3. Size of Radiator: Adequate to contain expansion of total system coolant from cold start to
110 percent load condition.

4. Expansion Tank: Constructed of welded steel plate and rated to withstand maximum
closed-loop coolant system pressure for engine used. Equip with gage glass and petcock.

5. Temperature Control: Self-contained, thermostatic-control valve modulates coolant flow
automatically to maintain optimum constant coolant temperature as recommended by
engine manufacturer.

6. Coolant Hose: Flexible assembly with inside surface of nonporous rubber and outer
covering of aging-, ultraviolet-, and abrasion-resistant fabric.
a. Rating: 50-psig (345-kPa) maximum working pressure with coolant at 180 deg F (82

deg C), and non-collapsible under vacuum.
b. End Fittings: Flanges or steel pipe nipples with clamps to suit piping and equipment

connections.
7. Cooling System: Heat rejected to the engine jacket water shall be discharged to the

atmosphere through a close-coupled engine mounted radiator. The radiator shall be size
to cool the engine continuously while operating at full rated load and at specified site
conditions at a minimum of 110 degree F ambient. Ambient capability stated on
manufacturer's literature shall be based on the actual ambient capability and have
minimum of an additional 10 degree allowance for temperature rise across the engine
before thew air enters the radiator. Provide manufacturer's published radiator performance
data to substantiate this requirement. If such data is not provided, the proposed system
will not be accepted. General cooling system requirements:
a. Configuration: Horizontal air discharge with duct flange.
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b. Radiator Core Tubes: Aluminum or nonferrous-metal construction other than
aluminum.

c. Size of Radiator: Adequate to contain expansion of total system coolant from cold
start to 110 percent load condition.

d. Fan: Driven by totally enclosed electric motor with sealed bearings.
e. Coolant: Solution of 50 percent ethylene-glycol-based antifreeze and 50 percent

water, with anticorrosion additives as recommended by engine manufacturer.
Temperature Control: Self-contained, thermostatic-control valve modulates coolant
flow automatically to maintain optimum constant coolant temperature as
recommended by engine manufacturer.

f. Minimum of one (1) inch wg external static handling capability.
8. Fan Guard:  Provide suitable guard to protect personnel from accidental contact with fan.

G. Engine Air Intake and Exhaust System:
1. Air Intake Filtration:  Provide engine-mounted, replaceable, dry element filter, with

"blocked filter" indicator and air inlet adapters & shutoff.
2. Engine Exhaust Connection:  Provide suitable, approved flexible connector for coupling

engine to exhaust system.

2.04 GENERATOR OVERCURRENT AND FAULT PROTECTION

A. Generator Circuit Breaker(s):  UL Listed Molded-case, electronic-trip type; 100 percent rated;
complying with UL 489.
1. Tripping Characteristics:  Adjustable long-time and short-time delay and instantaneous.
2. Trip Settings:  Selected to coordinate with generator thermal damage curve.
3. Mounting:  Integrated with gen-set.  Cable entry to be coordinated with electrician in the

field prior to order.

B. Generator Protector:  Microprocessor-based unit shall continuously monitor current level in
each phase of generator output, integrate generator heating effect over time, and predict when
thermal damage of alternator will occur.  When signaled by generator protector or other
generator-set protective devices, a shunt-trip device in the generator disconnect switch shall
open the switch to disconnect the generator from load circuits.  Protector shall perform the
following functions:
1. Initiates a generator overload alarm when generator has operated at an overload

equivalent to 110 percent of full-rated load for 60 seconds.  Indication for this alarm is
integrated with other generator-set malfunction alarms.

2. Under single or three-phase fault conditions, regulates generator to 300 percent of rated
full-load current for up to 10 seconds.

3. As overcurrent heating effect on the generator approaches the thermal damage point of
the unit, protector switches the excitation system off, opens the generator disconnect
device, and shuts down the generator set.

4. Senses clearing of a fault by other overcurrent devices and controls recovery of rated
voltage to avoid overshoot.

C. Ground-Fault Indication:  Comply with NFPA 70, "Emergency System" signals for ground-fault.
 Integrate ground-fault alarm indication with other generator-set alarm indications.

2.05 GENERATOR, EXCITER, AND VOLTAGE REGULATOR

A. Comply with NEMA MG 1.

B. Drive:  Generator shaft shall be directly connected to engine shaft.  Exciter shall be rotated
integrally with generator rotor.

C. Electrical Insulation:  Class H. Windings shall be of the form wound type.  Temperature rise
shall not exceed 125 degree C over 40 degree C ambient temperature.

D. Stator-Winding Leads:  Brought out to terminal box to permit future reconnection for other
voltages if required.
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E. Construction shall prevent mechanical, electrical, and thermal damage due to vibration,
overspeed up to 125 percent of rating, and heat during operation at 110 percent of rated
capacity.

F. Enclosure:  Drip proof.

G. Instrument Transformers:  Mounted within generator enclosure.

H. Voltage Regulator:  Solid-state type, separate from exciter, providing performance as specified.
1. Adjusting rheostat on control and monitoring panel shall provide plus or minus 5 percent

adjustment of output-voltage operating band.

I. Strip Heater:  Thermostatically controlled unit arranged to maintain stator windings above dew
point.

J. Windings:  Two-thirds pitch stator winding and fully linked amortisseur winding.

K. Subtransient Reactance:  12 percent or less.

2.06 VIBRATION ISOLATION DEVICES

A. Restrained Spring Isolators:  Freestanding, steel, open-spring isolators with seismic restraint.
1. Housing: Steel with resilient vertical-limit stops to prevent spring extension due to wind

loads or if weight is removed; factory-drilled baseplate bonded to 1/4-inch- (6 mm) thick,
elastomeric isolator pad attached to baseplate underside; and adjustable equipment
mounting and leveling bolt that acts as blocking during installation.

2. Outside Spring Diameter:  Not less than 80 percent of compressed height of the spring at
rated load.

3. Minimum Additional Travel: 50 percent of required deflection at rated load.
4. Lateral Stiffness: More than 80 percent of rated vertical stiffness.
5. Overload Capacity: Support 200 percent of rated load, fully compressed, without

deformation or failure.

2.07 ALTERNATOR (GENERATOR)

A. Alternator:  60 Hz output  revolving field, synchronous generator complying with NEMA MG 1;
connected to engine with flexible coupling; voltage output configuration as indicated, with
reconnectable leads for 3 phase alternators.

B. Exciter:
1. Exciter Type:  Brushless; provide permanent magnet generator (PMG) excitation system;

self-excited (shunt) systems are not permitted.
2. PMG Excitation Short-Circuit Current Support:  Capable of sustaining 300 percent of rated

output current for 10 seconds.
3. Voltage Regulation (with PMG excitation):  Plus/minus 0.5 percent for any constant load

from no load to full load.

C. Temperature Rise:  Comply with UL 2200.

D. Insulation System:  NEMA MG 1, Class H; suitable for alternator temperature rise.

E. Enclosure:  NEMA MG 1, drip-proof.

F. Total Harmonic Distortion:  Not greater than five percent.

2.08 GENERATOR SET CONTROL SYSTEM

A. Provide microprocessor-based control system for automatic control, monitoring, and protection
of generator set. Include sensors, wiring, and connections necessary for functions/indications
specified.

B. Control Panel:
1. Control Panel Mounting:  Unit-mounted unless otherwise indicated; vibration isolated.
2. Generator Set Control Functions:

a. Automatic Mode:  Initiates generator set start/shutdown upon receiving corresponding
signal from remote device (e.g. automatic transfer switch).
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b. Manual Mode:  Initiates generator set start/shutdown upon direction from operator.
c. Reset Mode:  Clears all faults, allowing generator set restart after a shutdown.
d. Emergency Stop:  Immediately shuts down generator set (without time delay) and

prevents automatic restarting until manually reset.
e. Cycle Cranking:  Programmable crank time, rest time, and number of cycles.
f. Time Delay:  Programmable for shutdown (engine cooldown) and start (engine

warmup).
g. Voltage Adjustment:  Adjustable through range of plus/minus 5 percent.

3. Generator Set Status Indications:
a. Voltage (Volts AC):  Line-to-line, line-to-neutral for each phase.
b. Current (Amps):  For each phase.
c. Frequency (Hz).
d. Real power (W/kW).
e. Reactive power (VAR/kVAR).
f. Apparent power (VA/kVA).
g. Power factor.
h. Fuel tank high0level shutdown of fuel supply alarm.
i. Duty Level:  Actual load as percentage of rated power.
j. Engine speed (RPM).
k. Battery voltage (Volts DC).
l. Engine oil pressure.
m. Engine coolant temperature.
n. Engine run time.
o. Generator powering load (position signal from transfer switch).

4. Generator Set Protection and Warning/Shutdown Indications:
a. Comply with NFPA 110; configurable for NFPA 110 Level 1 or Level 2, or NFPA 99

systems including but not limited to the following protections/indications:
1) Overcrank (shutdown).
2) Low coolant temperature (warning).
3) High coolant temperature (warning).
4) High coolant temperature (shutdown).
5) Low oil pressure (shutdown).
6) Overspeed (shutdown).
7) Low fuel level (warning).
8) Low coolant level (warning/shutdown).
9) Generator control not in automatic mode (warning).
10) High battery voltage (warning).
11) Low cranking voltage (warning).
12) Low battery voltage (warning).
13) Battery charger failure (warning).

b. In addition to NFPA 110 requirements, provide the following protections/indications:
1) High AC voltage (shutdown).
2) Low AC voltage (shutdown).
3) High frequency (shutdown).
4) Low frequency (shutdown).
5) Overcurrent (shutdown).
6) Fuel tank leak (warning), where applicable.

c. Provide contacts for local and remote common alarm.
d. Provide lamp test function that illuminates all indicator lamps.

5. Other Control Panel Features:
6. Other Control Panel Features:

a. Event log.



Maryland Zoo AKF
Backup Generator Project Project No. 230980
Baltimore, Maryland 100% Bid Documents - September 6, 2024

Engine Generators  263213 - 11 

b. Communications Capability:  Compatible with system indicated.  Provide all
accessories necessary for proper interface.

C. Common Remote Audible Alarm: Comply with NFPA 110 requirements for Level 1 systems.
 Include necessary contacts and terminals in control and monitoring panel.
1. Overcrank shutdown.
2. Coolant low-temperature alarm.
3. Control switch not in auto position.
4. Battery-charger malfunction alarm.
5. Battery low-voltage alarm.

D. Common Remote Audible Alarm:  Signal the occurrence of any events listed below without
differentiating between event types.  Connect so that after an alarm is silenced, clearing of
initiating condition will reactivate alarm until silencing switch is reset.
1. Engine high-temperature shutdown.
2. Lube-oil, low-pressure shutdown.
3. Overspeed shutdown.
4. Remote emergency-stop shutdown.
5. Engine high-temperature prealarm.
6. Lube-oil, low-pressure prealarm.
7. Fuel tank, low-fuel level.
8. Low coolant level.

E. Remote Annunciator:
1. Remote Annunciator Mounting:  Wall-mounted; Provide flush-mounted annunciator for

finished areas and surface-mounted annunciator for non-finished areas unless otherwise
indicated.

2. Generator Set Status Indications:
a. Generator powering load (via position signal from transfer switch).
b. Communication functional.

3. Generator Set Warning/Shutdown Indications:
a. Comply with NFPA 110; configurable for NFPA 110 Level 1 or Level 2, or NFPA 99

systems including but not limited to the following indications:
1) Overcrank (shutdown).
2) Low coolant temperature (warning).
3) High coolant temperature (warning).
4) High coolant temperature (shutdown).
5) Low oil pressure (shutdown).
6) Overspeed (shutdown).
7) Low fuel level (warning).
8) Low coolant level (warning/shutdown).
9) Generator control not in automatic mode (warning).
10) High battery voltage (warning).
11) Low cranking voltage (warning).
12) Low battery voltage (warning).
13) Battery charger failure (warning).

b. Provide audible alarm with silence function. Silencing switch in face of panel shall
silence signal without altering visual indication. Connect so that after an alarm is
silenced, clearing of initiating condition will reactivate alarm until silencing switch is
reset. Cabinet and faceplate are surface- or flush-mounting type to suit mounting
conditions indicated. Provide remote annunciators for the following locations:
Residential Fire Alarm Control Panel, Retail Fire Alarm Control Panel, Residential
Lobby Desk, Retail Entrance Lobby Desk, Engineers' office.

c. Provide lamp test function that illuminates all indicator lamps.
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F. Connection to Data Link:  ModBus and BACnet output for base building BMS integration of the
generator systems.  Manufacturer shall provide all required technical applications, scripts and
programming assistance and testing as required.

2.09 GENERATOR SET ENCLOSURE

A. Enclosure Type:  Sound attenuating, weather protective.

B. Enclosure Material:  Steel or aluminum.

C. Hardware Material:  Stainless steel.

D. Color:  Manufacturer's standard .

E. Access Doors:  Lockable, with all locks keyed alike.

F. Openings:  Designed to prevent bird/rodent entry.

G. External Drains:  Extend oil and coolant drain lines to exterior of enclosure for maintenance
service.

H. Sound Attenuating Enclosures:  Line enclosure with non-hydroscopic, self-extinguishing sound-
attenuating material.

2.10 SOURCE QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Perform production tests on generator sets at factory to verify operation and performance
characteristics prior to shipment. Include certified test report with submittals.
1. Comply with NFPA 110, Level 1 Energy Converters and with IEEE 115.

C. Diesel Fuel Storage Tanks:  Perform pressurized leak test prior to shipment.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that the ratings and configurations of generator sets and auxiliary equipment are
consistent with the indicated requirements.

C. Verify that rough-ins for field connections are in the proper locations.

D. Verify that mounting surfaces are ready to receive equipment.

E. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Perform work in accordance with NECA 1 (general workmanship).

B. Install products in accordance with manufacturer's instructions.

C. Install generator sets and associated accessories in accordance with NECA/EGSA 404.

D. Arrange equipment to provide minimum clearances and required maintenance access.

E.

F. Install packaged engine generator with restrained spring isolators having a minimum deflection
of 2 inch (50.8 mm) on 4-inch- (100-mm-) high concrete base.  Secure sets to anchor bolts
installed in concrete bases.  

G. Provide required support and attachment in accordance with Section 260529.

H. Use manufacturer's recommended oil and coolant, suitable for the worst case ambient
temperatures.

I. Provide diesel fuel piping and venting in accordance with Section 231113, where not factory
installed.

J. Provide engine exhaust piping in accordance with Section 235100, where not factory installed.
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1. Include piping expansion joints, piping insulation, thimble, condensation trap/drain, rain
cap, hangers/supports, etc. as indicated or as required.

2. Do not exceed manufacturer's maximum back pressure requirements.

K. Provide grounding and bonding in accordance with Section 260526.

L. Electrical Wiring: Identify system wiring and components in accordance with Section 260553 .
Install electrical devices furnished by equipment manufacturers but not specified to be factory
mounted.  Electrical wiring includes but is not limited to battery chargers, heaters, control
power, load bank, grounding, remote annunciator panels, paralleling gear, remote control
panels, etc.  Contractor to include as part of their scope of work, wall wiring and empty conduit
indicated on contract drawings, specified herein, indicated/noted on approved manufacturers
shop drawings and as required to provide a fully functional system.

3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Perform tests recommended by manufacturer and each electrical test and visual and
mechanical inspection for "AC Generators and for Emergency Systems" specified in NETA
Acceptance Testing Specification.  Certify compliance with test parameters. Generators shall
be tested individually and in parallel.

C. NFPA 110 Acceptance Tests:  Perform tests required by NFPA 110 that are additional to those
specified here including, but not limited to, single-step full-load pickup test.

D. Battery Tests:  Equalize charging of battery cells according to manufacturer's written
instructions.  Record individual cell voltages.
1. Measure charging voltage and voltages between available battery terminals for full-

charging and float-charging conditions. Check electrolyte level and specific gravity under
both conditions.

2. Test for contact integrity of all connectors. Perform an integrity load test and a capacity
load test for the battery.

3. Verify acceptance of charge for each element of the battery after discharge.
4. Verify that measurements are within manufacturer's specifications.

E. Battery-Charger Tests:  Verify specified rates of charge for both equalizing and float-charging
conditions.

F. System Integrity Tests:  Methodically verify proper installation, connection, and integrity of each
element of engine-generator system before and during system operation.  Check for air,
exhaust, and fluid leaks.

G. Exhaust-System Back-Pressure Test:  Use a manometer with a scale exceeding 40-inch wg
(120 kPa).  Connect to exhaust line close to engine exhaust manifold.  Verify that back
pressure at full-rated load is within manufacturer's written allowable limits for the engine.

H. Exhaust Emissions Test:  Comply with applicable government test criteria to confirm adherence
to EPA Tier rating. Manufacturer or their authorized representative is responsible to provide all
field testing/emissions testing including on-site inspections required by local codes and
authorities having jurisdiction as may be necessary to obtain operating permit and/or sign-offs.
 All fees, labor and testing agencies/equipment shall be furnished as part of the generator
scope of work.

I. Voltage and Frequency Transient Stability Tests:  Use recording oscilloscope to measure
voltage and frequency transients for 50 and 100 percent step-load increases and decreases,
and verify that performance is as specified.

J. Harmonic-Content Tests:  Measure harmonic content of output voltage under 25 percent and at
100 percent of rated linear load.  Verify that harmonic content is within specified limits.

K. Pull the Plug Test”: Automatic start-up by means of simulated power outage to test remote-
automatic starting, transfer of the load, and automatic shutdown. Prior to this test, all transfer
switch timers shall be adjusted for proper system coordination. Engine coolant temperature, oil
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pressure, and battery charge level along with generator set voltage, amperes, and frequency
shall be monitored throughout the test.

L. Leak Test: After installation, charge system and test for leaks. Repair leaks and retest until no
leaks exist.

M. Operational Test: After electrical circuitry has been energized, start units to confirm proper
motor rotation and unit operation.

N. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and
equipment.

O. Test instruments shall have been calibrated within the last 12 months, traceable to standards of
NIST, and adequate for making positive observation of test results.  Make calibration records
available for examination on request.

P. Remove and replace malfunctioning units and retest as specified above.

Q. Retest: Correct deficiencies identified by tests and observations and retest until specified
requirements are met.

R. Provide services of a manufacturer's authorized representative to prepare and start systems
and perform inspection and testing . Include manufacturer's detailed testing procedures and
field reports  with submittals.

S. Notify Owner and Engineer at least two weeks prior to scheduled inspections and tests.

T. Notify authorities having jurisdiction and comply with their requirements for scheduling
inspections and tests and for observation by their personnel.

U. Provide all equipment, tools, and supplies required to accomplish inspection and testing,
including load bank and fuel.

V. Preliminary inspection and testing to include, at a minimum:
1. Inspect each system component for damage and defects.
2. Verify tightness of mechanical and electrical connections are according to manufacturer's

recommended torque settings.
3. Check for proper oil and coolant levels.

W. Prepare and start system in accordance with manufacturer's instructions.

X. Perform acceptance test in accordance with NFPA 110.

Y. Inspection and testing to include, at a minimum:
1. Verify compliance with starting and load acceptance requirements.
2. Verify voltage and frequency; make required adjustments as necessary.
3. Verify phase sequence.
4. Verify control system operation, including safety shutdowns.
5. Verify operation of auxiliary equipment and accessories (e.g. battery charger, heaters,

etc.).
6. Perform load tests in accordance with NFPA 110 (1.5 hour building load test followed by 2

hour full load test).

Z. Provide field emissions testing where necessary for certification.

AA. Sound Level Tests:  Measure sound levels for compliance with specified requirements. Identify
and report ambient noise conditions.

BB. Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final
Acceptance, perform an infrared scan of each power wiring termination and each bus
connection.  Remove all access panels so terminations and connections are accessible to
portable scanner.
1. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan 11 months

after date of Substantial Completion.
2. Instrument: Use an infrared scanning device designed to measure temperature or to

detect significant deviations from normal values. Provide calibration record for device.
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3. Record of Infrared Scanning: Prepare a certified report that identifies terminations and
connections checked and that describes scanning results. Include notation of deficiencies
detected, remedial action taken, and observations after remedial action.

CC. Correct defective work, adjust for proper operation, and retest until entire system complies with
Contract Documents.

DD. Submit detailed reports indicating inspection and testing results and corrective actions taken.

3.04 CLEANING

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match
original factory finish.

3.05 CLOSEOUT ACTIVITIES

A. See Section 017800 - Closeout Submittals, for closeout submittals.

B. See Section 017900 - Demonstration and Training, for additional requirements.

C. Demonstration:  Demonstrate proper operation of system to Owner, and correct deficiencies or
make adjustments as directed.

D. Training:  Train Owner's personnel on operation, adjustment, and maintenance of system.
1. Use operation and maintenance manual as training reference, supplemented with

additional training materials as required.
2. Provide minimum of four hours of training.
3. Instructor:  Manufacturer's authorized representative.
4. Location:  At project site.

E. After successful acceptance test and just prior to Substantial Completion, replace air, oil, and
fuel filters and fill fuel storage tank.

3.06 PROTECTION

A. Protect installed engine generator system from subsequent construction operations.

3.07 MAINTENANCE

A. See Section 017000 - Execution and Closeout Requirements, for additional requirements
relating to maintenance service.

B. Provide to Owner a proposal as an alternate to the base bid, a separate maintenance contract
for the service and maintenance of engine generator system for two years from date of
Substantial Completion; Include a complete description of preventive maintenance, systematic
examination, adjustment, inspection, and testing, with a detailed schedule.

END OF SECTION  263213
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SECTION 263600
TRANSFER SWITCHES

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Transfer switches for low-voltage (600 V and less) applications and associated accessories:
1. Automatic transfer switches.
2. Includes service entrance rated transfer switches.
3. Remote annunciators.

1.02 RELATED REQUIREMENTS

A. Section 033000 - Cast-in-Place Concrete:  Concrete equipment pads.

B. Section 142100 - Electric Traction Elevators:  For interface with transfer switch.

C. Section 142400 - Hydraulic Elevators:  For interface with transfer switch.

D. Section 260526 - Grounding and Bonding for Electrical Systems.

E. Section 260529 - Hangers and Supports for Electrical Systems.

F. Section 260548 - Vibration and Seismic Controls for Electrical Systems.

G. Section 260553 - Identification for Electrical Systems:  Identification products and requirements.

H. Section 260573 - Power System Studies:  Additional criteria for the selection of equipment
specified in this section.

I. Section 262100 - Low-Voltage Electrical Service Entrance.
1. Includes Utility Company contact information.

J. Section 262816.16 - Enclosed Switches:  Safety switches not listed for use as transfer switch
equipment.

K. Section 263213 - Engine Generators:  For interface with transfer switches.
1. Includes code requirements applicable to work of this section.
2. Includes additional testing requirements.
3. Includes related demonstration and training requirements.

1.03 REFERENCE STANDARDS

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

B. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2014.

C. NEMA ICS 1 - Industrial Control and Systems General Requirements.

D. NEMA ICS 10 Part 1 - Industrial Control and Systems Part 1:  Electromechanical AC Transfer
Switch Equipment; 2005.

E. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems;
2013.

F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

G. NFPA 99 - Health Care Facilities Code; 2015.

H. NFPA 110 - Standard for Emergency and Standby Power Systems; 2016.

I. UL 869A - Reference Standard for Service Equipment; Current Edition, Including All Revisions.

J. UL 1008 - Transfer Switch Equipment; Current Edition, Including All Revisions.

1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate compatibility of transfer switches to be installed with work provided under other

sections or by others.
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2. Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases.
Concrete, reinforcement, and formwork requirements are specified in Section 03 3000
"Cast-in-Place Concrete."
a. Engine Generators:  See Section 263213.

3. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment,
or other potential obstructions within the dedicated equipment spaces and working
clearances required by NFPA 70.

4. Coordinate arrangement of equipment with the dimensions and clearance requirements of
the actual equipment to be installed.

5. Coordinate the work with placement of supports, anchors, etc. required for mounting.
6. Notify Engineer of any conflicts with or deviations from Contract Documents. Obtain

direction before proceeding with work.

B. Preinstallation Meeting:  Convene one week before starting work of this section; require
attendance of all affected installers.

C. Where work of this section involves interruption of existing electrical service, arrange service
interruption with Owner . Notify Owner no fewer than five days in advance. Proceed with
interruption of electrical service with Owner's written permission.

1.05 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for each
product, including ratings, configurations, dimensions, finishes, weights, service condition
requirements, and installed features.
1. Where applicable, include characteristic trip curves for overcurrent protective devices

upon request.

C. Shop Drawings:  Include dimensioned plan views, elevations, and sections indicating locations
of system components, required clearances, and field connection locations. Include system
interconnection schematic diagrams showing all factory and field connections.
1. Clearly indicate whether proposed short circuit current ratings are based on testing with

specific overcurrent protective devices or time durations; indicate short-time ratings where
applicable.

2. Identify mounting conditions required for equipment seismic qualification.

D. Manufacturer's equipment seismic qualification certification.

E. Specimen Warranty:  Submit sample of manufacturer's warranty.

F. Evidence of qualifications for installer.

G. Evidence of qualifications for maintenance contractor (if different entity from installer).

H. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of use
stipulated by product testing agency.  Include instructions for storage, handling, protection,
examination, preparation, installation, and operation of product.

I. Manufacturer's certification that products meet or exceed specified requirements.

J. Source quality control test reports.

K. Manufacturer’s detailed field testing procedures.

L. Field quality control test reports.

M. Operation and Maintenance Data:  Include detailed information on system operation,
equipment programming and setup, replacement parts, and recommended maintenance
procedures and intervals.
1. List of all factory settings of relays; provide relay-setting and calibration instructions,

including software, where applicable.
2. Include contact information for entity that will be providing contract maintenance and

trouble call-back service.
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N. Executed Warranty:  Submit documentation of final executed warranty completed in Owner's
name and registered with manufacturer.

O. Maintenance contracts.

P. Project Record Documents:  Record actual locations of system components, installed circuiting
arrangements and routing, and final equipment settings.

Q. Maintenance Materials:   Furnish the following for Owner's use in maintenance of project.
1. See Section 016000 - Product Requirements, for additional provisions.
2. Bypass/Isolation Transfer Switches:  Provide accessories (ramps, dollies, etc.) necessary

for removal of drawout components.

1.06 QUALITY ASSURANCE

A. Comply with the following:
1. NFPA 70

B. Maintain at the project site a copy of each referenced document that prescribes execution
requirements.

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.
1. Authorized service facilities located within 200 miles of project site.

D. Installer Qualifications:  Company  specializing in performing the work of this section  with
minimum fifteen (15)  years  documented  experience with power transfer systems of similar size,
type, and complexity ; manufacturer's authorized installer .

E. Maintenance Contractor Qualifications:  Same entity as installer or different entity with specified
qualifications.
1. Contract maintenance office located within 200 miles of project site.

F. Product Listing Organization Qualifications:  An organization recognized by OSHA as a
Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

1.07 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store transfer switches in accordance with manufacturer's
instructions.

B. Store in a clean, dry space with controlled required temperature and humidity levels.  Maintain
factory wrapping or provide an additional heavy canvas or heavy plastic cover to protect units
from dirt, water, construction debris, and traffic.

C. Handle carefully in accordance with manufacturer's instructions to avoid damage to transfer
switch components, enclosure, and finish.

1.08 FIELD CONDITIONS

A. Maintain field conditions within manufacturer's required service conditions during and after
installation.

1.09 WARRANTY

A. See Section 017800 - Closeout Submittals, for additional warranty requirements.

B. Provide minimum five  year manufacturer warranty covering repair or replacement due to
defective materials or workmanship.

PART 2  PRODUCTS

2.01 MANUFACTURERS

A. Transfer Switches - Basis of Design:  ASCO Power Technologies .

B. Transfer Switches- Other Acceptable Manufacturers:
1. Eaton Corporation :  www.eaton.com.
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2. Russ Electric
3. Same as manufacturer of engine generator(s) used for this project.

C. Substitutions:  See Section 016000 - Product Requirements.

D. Products other than basis of design are subject to compliance with specified requirements and
prior approval of Engineer. By using products other than basis of design, Contractor accepts
responsibility for costs associated with any necessary modifications to related work, including
any design fees.

E. Source Limitations:  Furnish transfer switches and accessories produced by a single
manufacturer and obtained from a single supplier.

2.02 TRANSFER SWITCHES

A. Provide complete power transfer system consisting of all required equipment, conduit, boxes,
wiring, supports, accessories, system programming, etc. as necessary for a complete operating
system that provides the functional intent indicated.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.

C. Applications:
1. Utilize open transition transfer unless otherwise indicated or required.
2. Utilize open transition transfer with in-phase monitor or disconnection (prior to transfer)

and timed reconnection (after transfer) of designated motors . ATS shall be operated by
two electric solenoids (Dual Operator ATS). Single Operator with passive in-phase monitor
not allowed.

3. Neutral Switching (Single Phase, Three Wire and Three Phase, Four Wire Systems):
a. Unless otherwise indicated or required, provide neutral switching:

1) Where the alternate/emergency source is a separately derived system.
4. Provide signal before transfer contacts for transfer switches serving elevators.

D. Construction Type:  Either "contactor type" (open contact) or "breaker type" (enclosed contact)
transfer switches complying with specified requirements are acceptable.

E. Automatic Transfer Switch:
1. Transfer Switch Type:  As indicated on the drawings.
2. Transition Configuration:  Open-transition (no neutral position), utilizing in-phase monitor .
3. Voltage:  As indicated on the drawings.
4. Ampere Rating:  As indicated on the drawings.
5. Neutral Configuration:  Switched neutral .
6. Load Served:  As indicated on the drawings.
7. Primary Source:  As indicated on the drawings.
8. Alternate Source:  As indicated on the drawings.
9. Features:

a. __________.

F. Comply with NEMA ICS 10 Part 1, and list and label as complying with UL 1008 for the
classification of the intended application (e.g. emergency, legally required standby).

G. Do not use double throw safety switches or other equipment not specifically designed for power
transfer applications and listed as transfer switch equipment.

H. Load Classification:  Classified for total system load (any combination of motor, electric
discharge lamp, resistive, and tungsten lamp loads with tungsten lamp loads not exceeding 30
percent of the continuous current rating) unless otherwise indicated or required.

I. Solid State Controls: Repetitive accuracy of all settings shall be plus or minus 2 percent or
better over an operating temperature range of minus 20 to plus 70 deg C.

J. Resistance to Damage by Voltage Transients: Components shall meet or exceed voltage-surge
withstand capability requirements when tested according to IEEE C62.41. Components shall
meet or exceed voltage-impulse withstand test of NEMA ICS 1.
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K. Electrical Operation: Accomplish by a nonfused, momentarily energized solenoid or electric-
motor-operated mechanism, mechanically and electrical interlocked in both directions.

L. Switch Characteristics: Designed for continuous duty-repetitive transfer of full-rated current
between active power sources.

M. Switch Action: Double throw; mechanically held in both directions.

N. Contacts: Silver composition or silver allow for load-current switching. Conventional automatic
transfer-switch units, rated 225 A and higher, shall have separate arcing contacts.

O. Switching Methods:
1. Open Transition (Single Operator):

a. Provide break-before-make transfer without a neutral position that is not connected to
either source, and with interlocks to prevent simultaneous connection of the load to
both sources.

b. Where in-phase transfer is indicated, utilize in-phase monitor to initiate transfer when
phase angle difference between sources is near zero to limit in-rush currents.

2. Delayed Transition (Dual Operator):
a. Provide break-before-make transfer with programmable time delay in a neutral

position not connected to either source, and with interlocks to prevent simultaneous
connection of the load to both sources.

3. Neutral Switching. Switch shall be of the 3-pole type when interposed in a 3-wire feeder,
and of the 4-pole type when interposed in a 4-wire feeder, regardless of any other
indication to the contrary. Neutral pole shall be switched simultaneously with phase poles.
Overlapping neutral method is not acceptable.

4. Neutral Terminal: Ampacity and switch rating of neutral path shall be equal to the rating of
the switch, unless otherwise indicated

5. Oversize Neutral: Ampacity and switch rating of neutral path through units indicated for
installation in feeder with oversize neutral shall be double the nominal rating of the circuit
in which the switch is installed.

6. Obtain control power for transfer operation from line side of source to which the load is to
be transferred.

P. Service Conditions:  Provide transfer switches suitable for continuous operation at indicated
ratings under the service conditions at the installed location.

Q. Heater: Equip switches exposed to outdoor temperatures and humidity, and other units
indicated, with an internal heater. Provide internal power source and thermostat within
enclosure to control heater.

R. Annunciation, Control, and Programming Interface Components: Devices at transfer switches
for communicating with remote programming devices, annunciators, or annunciator and control
panels shall have communication capability matched with remote device.

S. Factory Wiring: Train and bundle factory wiring and label, consistent with Shop Drawings, either
by color-code or by numbered or lettered wire and cable tape markers at terminations. Color-
coding and wire and cable tape markers are specified in Section 267 0553 "Identification for
Electrical Systems."
1. Designated Terminals: Pressure type, suitable for types and sizes of field wiring indicated.
2. Power-Terminal Arrangement and Field-Wiring Space: Suitable for top, side, or bottom

entrance of feeder conductors as indicated.
3. Control Wiring: Equipped with lugs suitable for connection to terminal strips.

T. Enclosures:
1. General-purpose NEMA 250, complying with NEMA ICS 6 and UL 508, unless otherwise

indicated. Manufacturer's standard enamel over corrosion-resistant pretreatment and
primer ____ . 
a. All Locations:  Type 3R or Type 4.

2. Provide lockable door(s)  for all locations. .
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3. Finish:  Manufacturer's standard unless otherwise indicated.

U. Short Circuit Current Rating:
1. Withstand and Close Ratings

a. The ATS shall be UL listed in accordance with UL 1008 for 3 cycle close and
withstand ratings. ATS's that are not tested and labeled for 3 cycle, ratings are not
acceptable. Minimum UL listed close and withstand ratings shall be as follows for
ANY upstream circuit breaker:
Size Amps 3 Cycle Current Limiting Fuses
100 - 400 42 Ka 200,000 Ka
600 - 800 65 Ka 200,000 Ka
1000 - 1200 85 Ka 200,000 Ka
1600 - 4000 100 Ka 200,000 Ka

b. During 3 cycle closing and withstand tests, there shall be no contact welding or
damage. The 3 cycle test shall be performed without the use of current limiting fuses.
The tests shall verify that contact separation has not occurred, and there is contact
continuity across all phases. Test procedures shall be done in accordance with
UL-1008, and testing shall be certified by Underwriters Laboratories, Inc.

c. When conducting temperature rise tests to UL-1008, the manufacturer shall include
post-endurance temperature rise tests to verify the ability of the ATS to carry full
rated current after completing the overload and endurance tests.

V. Automatic Transfer Switches:
1. Description:  Transfer switches with automatically initiated transfer between sources;

electrically operated and mechanically held.
2. Comply with Level 1 equipment according to NFPA 110.
3. Switching Arrangement: Double-throw type, incapable of pauses or intermediate position

stops during normal functioning, unless otherwise indicated.
4. Manual Switch Operation: Under load, with door closed and with either or both sources

energized, Transfer time is same as for electrical operation. Control circuit automatically
disconnects from electrical operator during manual operation.

5. Control Functions:
a. Automatic mode.
b. Test Mode:  Simulates failure of primary/normal source.
c. Voltage and Frequency Sensing:

1) Undervoltage sensing for each phase of primary/normal source; adjustable
dropout/pickup settings.

2) Undervoltage sensing for alternate/emergency source; adjustable
dropout/pickup settings.

3) Underfrequency sensing for alternate/emergency source; adjustable
dropout/pickup settings.

d. Outputs:
1) Engine Starting Contacts: One isolated and normally closed, and one isolated

and normally open; rated 10 A at 32-V dc minimum.
2) Engine Shutdown Contacts: Time delay adjustable from zero to five minutes,

and factory set for five minutes. Contacts shall initiate shutdown at remote
engine-generator controls after retransfer of load to normal source.

3) Unassigned Auxiliary Contacts: Four normally open, single-pole, double-throw
contacts for each switch position, rated 10 A at 240-V ac. ____ 

e. Adjustable Time Delays:
1) Engine generator start time delay; delays engine start signal to override

momentary primary/normal source failures. Adjustable from zero to six seconds.
2) Transfer to alternate/emergency source time delay.
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3) Time Delay for Retransfer to Normal Source: Adjustable from 0 to 30 minutes,
and factory set for 10 minutes to automatically defeat delay on loss of voltage or
sustained undervoltage of emergency source, provided normal supply has been
restored.

4) Signal-Before-Transfer Contacts (for Elevator Loads): A set of normally
open/normally closed dry contacts operates in advance of retransfer to normal
source and a second set that operated in advance of transfer to the emergency
source. Interval shall be adjustable from 1 to 30 seconds.

5) Engine generator cooldown time delay; delays engine shutdown following
retransfer to primary/normal source to permit generator to run unloaded for
cooldown period.

f. In-Phase Monitor (Open Transition Transfer Switches):  Monitors phase angle
difference between sources for initiating in-phase transfer.

g. Synchronization/In-Phase Monitor (Closed Transition Transfer Switches):  Monitors
voltage and phase angle difference between sources for initiating synchronized
transfer.

h. Transfer Override Switch: Overrides automatic retransfer control so automatic
transfer switch will remain connected to emergency power source regardless of
condition of normal source. Pilot light indicates override status.

i. Engine-Generator Exerciser: Solid-state, programmable-time switch starts engine
generator and transfers load to it from normal source for a preset time, then
retransfers and shuts down engine after a preset cool-down period. Initiates exercise
cycle at preset intervals adjustable from 7 to 30 days. Running periods are adjustable
from 10 to 30 minutes. Factory settings are for 7-day exercise cycle, 20-minute
running period, and 5-minute cool-down period. Exerciser features include the
following:
1) Exerciser Transfer Selector Switch: Permits selection of exercise with and

without load transfer.
2) Push-button programming control with digital display of settings.
3) Integral battery operation of time switch when normal control power is not

available.
6. Status Indications:

a. Connected to alternate/emergency source.
b. Connected to primary/normal source.
c. Alternate/emergency source available.
d. Primary/normal source available.

7. Alarm Indications for Closed Transition Transfer Switches:
a. Failure to synchronize.
b. Extended source interconnection/transfer switch locked out.

8. Other Features:
a. Event log.
b. Digital Communication Interface: Matched to capability of remote annunciator or

annunciator and control panel. ____ 
c. Remote monitoring capability via PC.

9. Automatic Sequence of Operations:
a. Upon failure of primary/normal source for a programmable time period (engine

generator start time delay), initiate starting of engine generator where applicable.
b. Where applicable, initiate signal before transfer (load disconnect) contacts at

programmable time before transfer.
c. When alternate/emergency source is available, transfer load to alternate/emergency

source after programmable time delay.
d. When primary/normal source has been restored, retransfer to primary/normal source

after a programmable time delay. Bypass time delay if alternate/emergency source
fails and primary/normal source is available.
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e. Where applicable, initiate shutdown of engine generator after programmable engine
cooldown time delay.

f. Upon loss of integrity of the remote start circuit(s) provided for emergency system
(life safety branch for Health Care Facilities) ATS (s), generator system shall start.

W. Remote Annunciator and Control System
1. Functional Description: Include the following functions for indicated transfer switches:

a. Indication of sources available, as defined by actual pickup and dropout settings of
transfer-switch controls.

b. Indication of switch position.
c. Indication of switch in test mode.
d. Indication of failure of digital communications link.
e. Key-switch or user-code access to control functions of panel.
f. Control of switch-test initiation.

2. Malfunction of annunciator, annunciation and control panel, or communication link shall
not affect functions of automatic transfer switch. In the event of failure of communication
link, automatic transfer switch automatically reverts to stand-alone, self-contained
operation. Automatic transfer-switch sensing, controlling, or operating function shall not
depend on remote panel for proper operation.

3. Remote Annunciation and Control Panel: Solid-state components. Include the following
features:
a. Controls and indicating lights grouped together for each transfer switch.
b. Label each indicating light control group. Indicate transfer switch it controls, location

of switch, and load it serves.
c. Digital Communication Capability: Matched to that of transfer switches supervised.
d. Mounting: Flush, modular, steel cabinet, unless otherwise indicated.
e. Integrity of emergency system (life safety branch for Health Care Facilities) generator

control wiring shall be continuously monitored. Loss of integrity of the remote start
circuit(s) shall initiate visual and audible annunciation of generator malfunction at the
generator annunciator(s).

X. Interface with Other Work:
1. Interface with engine generators as specified in Section 263213.
2. Interface with elevators as specified in Section 142100 and 142400.

a. Utilize signal before transfer contacts to disconnect elevator(s) served prior to
transfer.

3. Interface with building automation system __________.
4. Interface with Existing Work:  __________.

2.03 SOURCE QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Factory test and inspect components, assembled switches, and associated equipment. Ensure
proper operation. Check transfer time and voltage, frequency, and time-delay settings for
compliance with specified requirements. Perform dielectric strength test complying with NEMA
ICS 1.

C. Perform production tests on transfer switches at factory to verify operation and performance
characteristics prior to shipment. Include certified test report with submittals.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that the ratings and configurations of transfer switches are consistent with the indicated
requirements.

C. Verify that rough-ins for field connections are in the proper locations.
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D. Verify that mounting surfaces are ready to receive transfer switches.

E. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Perform work in accordance with NECA 1 (general workmanship).

B. Install products in accordance with manufacturer's instructions.

C. Arrange equipment to provide minimum clearances and required maintenance access.

D. Provide required support and attachment in accordance with Section 260529.

E. Provide required seismic controls in accordance with Section 260548.

F. Install transfer switches plumb and level.

G. Unless otherwise indicated, mount floor-mounted transfer switches on properly sized 4 inch 
high concrete pad constructed in accordance with Section 033000 .

H. Provide grounding and bonding in accordance with Section 260526.

I. Annunciator and Control Panel Mounting: Flush in wall, unless otherwise indicated.

J. Set field-adjustable intervals and delays, relays and engine exerciser clock.

K. Identify transfer switches and associated system wiring in accordance with Section 260553.

3.03 CONNECTIONS

A. Wiring to Remote Components: Match type and number of cables and conductors to control
and communication requirements of transfer switches as recommended by manufacturer.
Increase raceway sizes at no additional cost to Owner if necessary to accommodate required
wiring.

B. Ground equipment according to Section 26 0526 "Grounding and Bonding for Electrical
Systems."

C. Connect wiring according to Section 26 0519 "Low-Voltage Electrical Power Conductors and
Cables."

3.04 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.

B. Testing Agency: Engage a qualified testing agency to perform tests and inspections.

C. Perform the following tests and inspections with the assistance of a factory-authorized service
representative:
1. After installing equipment and after electrical circuitry has been energized, test 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. Measure insulation resistance phase-to-phase and phase-to-ground with insulation-

resistance tester. Include external annunciation and control circuits. Use test voltages and
procedure recommended by manufacturer. Comply with manufacturer's specified
minimum resistance.
a. Check for electrical continuity of circuits and for short circuits.
b. Inspect for physical damage, property installation and connection, and integrity of

barriers, covers, and safety features.
c. Verify that manual transfer warnings are properly placed.
d. Perform manual transfer operation.

4. After energizing circuits, demonstrate interlocking sequence and operational function for
each switch at least three times.
a. Simulate power failures of normal source to automatic transfer switches and of

emergency source with normal source available.
b. Simulate loss of phase-to-ground voltage for each phase of normal source.
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c. Verify time-delay settings.
d. Verify pickup and dropout voltages by data readout or inspection of control settings.
e. Test bypass/isolation unit functional modes and related automatic transfer-switch

operations.
5. Ground-Fault Tests: Coordinate with testing of ground-fault protective devices for power

delivery from both sources.
a. Verify grounding connections and locations and ratings of sensors.

6. Coordinate tests with tests of generator and run them concurrently.
7. Report results of tests and inspections in writing. Record adjustable relay settings and

measured insulation and contact resistances and time delays. Attach a label or tag to
each tested component indicating satisfactory completion of tests.

8. Remove and replace malfunctioning units and retest as specified above.
9. Prepare test and inspection reports.
10. Infrared Scanning: After Substantial Completion, but not more than 60 days after Final

Acceptance, perform an infrared scan of each switch. Remove all access panels so joints
and connections are accessible to portable scanner.
a. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each

switch 11 months after date of Substantial Completion.
b. Instrument: Use an infrared scanning device designed to measure temperature or to

detect significant deviations from normal values. Provide calibration record for device.
c. Record of Infrared Scanning: Prepare a certified report that identifies switches

checked and that describes scanning results. Include notation of deficiencies
detected, remedial action taken, and observations after remedial action.

11. Disconnect surge protective devices (SPDs) prior to performing any high potential testing.
Replace SPDs damaged by performing high potential testing with SPDs connected.

D. Provide additional inspection and testing as required for completion of associated engine
generator testing as specified in Section 263213.

E. Correct defective work, adjust for proper operation, and retest until entire system complies with
Contract Documents.

F. Submit detailed reports indicating inspection and testing results and corrective actions taken.

3.05 CLEANING

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match
original factory finish.

3.06 CLOSEOUT ACTIVITIES

A. See Section 017800 - Closeout Submittals, for closeout submittals.

B. See Section 017900 - Demonstration and Training, for additional requirements.

C. Demonstration:  Demonstrate proper operation of transfer switches to Owner, and correct
deficiencies or make adjustments as directed.

D. Training:  Train Owner's personnel on operation, adjustment, and maintenance of transfer
switches.
1. Use operation and maintenance manual as training reference, supplemented with

additional training materials as required.
2. Provide minimum of four hours of training.
3. Instructor:  Manufacturer's authorized representative.
4. Location:  At project site.

E. Coordinate with related generator demonstration and training as specified in Section 263213.

3.07 PROTECTION

A. Protect installed transfer switches from subsequent construction operations.

3.08 MAINTENANCE
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A. See Section 017000 - Execution and Closeout Requirements, for additional requirements
relating to maintenance service.

B. Provide to Owner a proposal as an alternate to the base bid, a separate maintenance contract
for the service and maintenance of transfer switches for two years from date of Substantial
Completion; Include a complete description of preventive maintenance, systematic
examination, adjustment, inspection, and testing, with a detailed schedule.

C. Conduct site visit at least once every three months to perform inspection, testing, and
preventive maintenance. Submit report to Owner indicating maintenance performed along with
evaluations and recommendations.

D. Provide trouble call-back service upon notification by Owner:
1. Provide on-site response within 4 hours of notification.
2. Include allowance for call-back service during normal working hours at no extra cost to

Owner.
3. Owner will pay for call-back service outside of normal working hours on an hourly basis,

based on actual time spent at site and not including travel time; include hourly rate and
definition of normal working hours in maintenance contract.

E. Maintain an on-site log listing the date and time of each inspection and call-back visit, the
condition of the system, nature of the trouble, correction performed, and parts replaced.

END OF SECTION  263600



This page intentionally left blank


