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SECTION 01 10 00 - SUMMARY

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A. Section Includes:

Project information.

Work covered by Contract Documents.
Access to site.

Coordination with occupants.

Work restrictions.

Specification and Drawing conventions.
Miscellaneous provisions.

Nk wd =

B.  Related Requirements:

1. Section 01 50 00 "Temporary Facilities and Controls" for limitations and procedures
governing temporary use of Owner's facilities.

1.3 PROJECT INFORMATION

A.  Project Identification: Automatic Transfer Switch Replacement at the Riverview Psychiatric
Center in Augusta, Maine.

1. Project Location: Riverview Psychiatric Center, Augusta, Maine.
B. Owner: Riverview Psychiatric Center.
C.  Owner's Representative: Joseph Silva
Riverview Psychiatric Center
Augusta, ME

D.  BGS Representative: ~ Robert Gurney
111 Sewall Street, 77 State House Station
Burton M. Cross Building, 4th Floor
Augusta, ME 04333-0077
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E. Engineer: Brian Gardiner

brian.gardner@salasobrien.com

Allied Engineering, Inc, 160 Veranda Street, Portland, Maine 04103.

1.4 WORK COVERED BY CONTRACT DOCUMENTS

A.  The Work of Project is defined by the Contract Documents and consists of the following:

Replace the existing 2,500 amp automatic transfer switch serving existing switchboard MD-EE
and associated feeders with a new unit of same rating, function, configuration, and footprint.

B.  Type of Contract:

1.

Project will be constructed under a single prime contract.

1.5 WORK RESTRICTIONS

A.  Work Restrictions, General: Comply with restrictions on construction operations.

1.

SUMMARY

The work described herein shall be conducted in a fully occupied and secured facility.
The contractor shall keep scheduled interruptions to a maximum duration of two hours.
Such shutdowns shall be strictly scheduled with the owner a minimum of two weeks in
advance. Power outages shall be limited to those systems associated with the specific
gear being replaced under the scope of this project. Refer to the electrical drawings for
detailed requirements associated with minimized interruptions and specific work
limitations and requirements.

Generally, the following limitations/restrictions/requirements shall apply:

a. In preparation for ordering the replacement switch, the contractor shall schedule a
shutdown of power associated with the switch to be replaced, shall open up the
switch, and shall thoroughly document and measure the internal arrangement of the
existing switch, to the extent that a custom switch may be built to replace in kind
the existing. In scheduling the shutdown, the contractor shall notify the owner and
engineer so that they may both have representatives present for the shutdown.
Additionally, the contractor shall submit, prior to the shutdown, a written plan
which details the activities and timeline associated with the shutdown, data
collection, and re-energizing of the equipment. The written plan shall include
personnel to be in attendance for the shutdown and investigation.

b. Prior to ordering the replacement switch, the contractor shall submit detailed cut

sheets and shop drawings for the replacement switch as well as detailed
documentation collected at the site for the existing switch, for approval by the
owner and engineer.
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c. At completion of factory build for the replacement switch, prior to shipping, the
contractor shall notify owner and engineer of pending factory test and shall
coordinate with the factory to enable owner and engineer to attend and witness the
factory testing of the switch at their option.

d. Prior to scheduling the equipment replacement, the contractor shall have the new
switch in the space, within close proximity of the switch to be replaced and shall
have rigging equipment in place. Additionally, the contractor shall submit a
certificate outlining proof of factory load testing with acceptable results.

e. Prior to conducting the shutdown for switch replacement, the contractor shall,
again, submit a detailed plan which prescribes their detailed approach to shutdown
#1 for back-up power tie in, power up on temporary power, switchgear
replacement plan, inspection by owner and engineer for the replacement
terminations, shutdown #2 for powering down the temporary power and energizing
the new switch, testing the switch. The plan shall include information for personnel
to be on site during the replacement, total duration for replacement, and
contingency plan for extended temporary power or temporary power restoration in
the event of failure of the new equipment on startup. At minimum, the Contractor
shall have sufficient materials and/or equipment on-site to provide whole-facility
temporary power restoration in the event of new equipment failure.

f. Refer to Notes on Sheet E-100 and Electrical Work Task Matrix on Sheet E-500
for script authoring additional information relative to specific project requirements
and coordination.

At no time shall power be interrupted to security and access control systems.
Notify Owner not less than two weeks in advance of proposed utility interruptions.
Obtain Owner's written permission before proceeding with utility interruptions.

Shutdowns shall be scheduled to occur during shoulder seasons (March through May and
September through November) and shall occur between the hours of 4:00 AM and 6:00
AM. (for temporary shut-down or transfer to stand-by power) Or 7:00 PM and 9:00 PM
(for transfer back to normal)

Comply with limitations on use of public streets and with other requirements of
authorities having jurisdiction.

In the event that the contractor wish to shut down any portion of the public street or in
any way impede access to adjacent facilities to facilitate rigging of equipment to the roof,
the contractor shall strictly schedule this work with the City, the Owner, and Authorities
Having Jurisdiction. It is preferable that such work, if required, be performed outside of
normal working hours.

For access to facility parking areas for the purpose of rigging, coordinate these activities
strictly with the owner.
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B. On-Site Work Hours: It is the intent that work in most areas of the project may be conducted
during normal business hours, of 8:00 a.m. to 5:00 p.m., Monday through Friday, unless
otherwise indicated.

C. Noise, Vibration, and Odors: Coordinate operations that may result in high levels of noise and
vibration, odors, or other disruption to Owner occupancy with Owner.

1. Notify Owner not less than two days in advance of proposed disruptive operations.
2. Obtain Owner's written permission before proceeding with disruptive operations.
3. Schedule such activities to occur outside of normal working hours.

D. Dust Control: Erect temporary partitions and plastic sheeting as required to prevent the
migration of dust and construction debris to occupied areas of the facility during construction.

E.  Restricted Substances: Use of tobacco products and other controlled substances on Project site
is not permitted.

1.6 SPECIFICATION AND DRAWING CONVENTIONS

A.  Specification Content: The Specifications use certain conventions for the style of language and
the intended meaning of certain terms, words, and phrases when used in particular situations.
These conventions are as follows:

1. Imperative mood and streamlined language are generally used in the Specifications. The
words "shall," "shall be," or "shall comply with," depending on the context, are implied
where a colon (@) is used within a sentence or phrase.

2. Specification requirements are to be performed by Contractor unless specifically stated
otherwise.
B.  Division 01 General Requirements: Requirements of Sections in Division 01 apply to the Work

of all Sections in the Specifications.

C.  Drawing Coordination: Requirements for materials and products identified on Drawings are
described in detail in the Specifications. One or more of the following are used on Drawings to
identify materials and products:

L. Terminology: Materials and products are identified by the typical generic terms used in
the individual Specifications Sections.

2. Abbreviations: Materials and products are identified by abbreviations published as part of
the U.S. National CAD Standard and scheduled on Drawings.

3. Keynoting: Materials and products are identified by reference keynotes referencing
Specification Section numbers found in this Project Manual.
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PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION 01 10 00
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SECTION 01 50 00 - TEMPORARY FACILITIES AND CONTROLS

PART 1 - GENERAL

1.1

1.2

1.3

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes requirements for temporary utilities, support facilities, and security and
protection facilities.

Related Requirements:

1. Section 01 10 00 "Summary" for work restrictions and limitations on utility interruptions.

USE CHARGES

General: Installation and removal of and use charges for temporary facilities shall be included in
the Contract Sum unless otherwise indicated. Allow other entities engaged in the Project to use
temporary services and facilities without cost, including, but not limited to, Owner's
construction forces, Architect, occupants of Project, testing agencies, and authorities having
jurisdiction.

Sewer Service: Owner will pay sewer-service use charges for sewer usage by all entities for
construction operations.

Water Service: Owner will pay water-service use charges for water used by all entities for
construction operations.

Electric Power Service: Owner will pay electric-power-service use charges for electricity used
by all entities for construction operations.

Water and Sewer Service from Existing System: Water from Owner's existing water system is
available for use without metering and without payment of use charges. Provide connections
and extensions of services as required for construction operations.

Electric Power Service from Existing System: Electric power from Owner's existing system is
available for use without metering and without payment of use charges. Provide connections
and extensions of services as required for construction operations.

TEMPORARY FACILITIES AND CONTROLS 015000-1
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Refer to the electrical drawings for temporary back up power requirements as required to
provide power to the facility during utility interruptions with scheduled durations anticipated to
exceed 2 hrs.

QUALITY ASSURANCE

Electric Service: Comply with NECA, NEMA, and UL standards and regulations for temporary
electric service. Install service to comply with NFPA 70.

Tests and Inspections: Arrange for authorities having jurisdiction to test and inspect each
temporary utility before use. Obtain required certifications and permits.

PROJECT CONDITIONS

Temporary Use of Permanent Facilities: Engage Installer of each permanent service to assume
responsibility for operation, maintenance, and protection of each permanent service during its
use as a construction facility before Owner's acceptance, regardless of previously assigned
responsibilities.

PART 2 - PRODUCTS

2.1

A.

B.

C.

2.2

A.

B.

MATERIALS

Polyethylene Sheet: Reinforced, fire-resistive sheet, 10-mil minimum thickness, with flame-
spread rating of 15 or less per ASTM E 84 and passing NFPA 701 Test Method 2.

Dust-Control Adhesive-Surface Walk-Off Mats: Provide mats minimum 36 by 60 inches.
Insulation: Unfaced mineral-fiber blanket, manufactured from glass, slag wool, or rock wool;
with maximum flame-spread and smoke-developed indexes of 25 and 50, respectively.
EQUIPMENT

Fire Extinguishers: Portable, UL rated; with class and extinguishing agent as required by
locations and classes of fire exposures.

Air-Filtration Units: Primary and secondary HEPA-filter-equipped portable units with four-
stage filtration. Provide single switch for emergency shutoff. Configure to run continuously.

TEMPORARY FACILITIES AND CONTROLS 015000-2
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PART 3 - EXECUTION

3.1

A.

3.2

33

TEMPORARY FACILITIES, GENERAL

Conservation: Coordinate construction and use of temporary facilities with consideration given
to conservation of energy, water, and materials. Coordinate use of temporary utilities to
minimize waste.

1. Salvage materials and equipment involved in performance of, but not actually
incorporated into, the Work. See other Sections for disposition of salvaged materials that
are designated as Owner's property.

INSTALLATION, GENERAL

Locate facilities where they will serve Project adequately and result in minimum interference

with performance of the Work. Relocate and modify facilities as required by progress of the

Work.

1. Locate facilities to limit site disturbance as specified in Section 01 10 00 "Summary."

Provide each facility ready for use when needed to avoid delay. Do not remove until facilities

are no longer needed or are replaced by authorized use of completed permanent facilities.

TEMPORARY UTILITY INSTALLATION

General: Install temporary service or connect to existing service.

L. Arrange with utility company, Owner, and existing users for time when service can be
interrupted, if necessary, to make connections for temporary services.

2. Refer to electrical drawings for additional requirements.

Water Service: Connect to Owner's existing water service facilities. Clean and maintain water
service facilities in a condition acceptable to Owner. At Substantial Completion, restore these
facilities to condition existing before initial use.

Sanitary Facilities: Provide temporary toilets, wash facilities, and drinking water for use of
construction personnel. Comply with requirements of authorities having jurisdiction for type,
number, location, operation, and maintenance of fixtures and facilities.

1. Toilets: Use of Owner's existing toilet facilities will be permitted, as long as facilities are
cleaned and maintained in a condition acceptable to Owner. At Substantial Completion,
restore these facilities to condition existing before initial use.

Isolation of Work Areas in Occupied Facilities: Prevent dust, fumes, and odors from entering
occupied areas.

TEMPORARY FACILITIES AND CONTROLS 015000-3
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1. Prior to commencing work, isolate the HVAC system in area where work is to be
performed.

a. Disconnect supply and return ductwork in work area from HVAC systems
servicing occupied areas.

b. Maintain negative air pressure within work area using HEPA-equipped air-
filtration units, starting with commencement of temporary partition construction,
and continuing until removal of temporary partitions is complete.

2. Maintain dust partitions during the Work. Use vacuum collection attachments on dust-
producing equipment. Isolate limited work within occupied areas using portable dust-
containment devices.

3. Perform daily construction cleanup and final cleanup using approved, HEPA-filter-
equipped vacuum equipment.

E. Electric Power Service: Connect to Owner's existing electric power service. Maintain equipment
in a condition acceptable to Owner.

F. Lighting: Provide temporary lighting with local switching that provides adequate illumination
for construction operations, observations, inspections, and traffic conditions.

1. Install and operate temporary lighting that fulfills security and protection requirements
without operating entire system.

34 SUPPORT FACILITIES INSTALLATION
A.  Lifts and Hoists: Provide facilities necessary for hoisting materials and personnel.

L. Truck cranes and similar devices used for hoisting materials are considered "tools and
equipment” and not temporary facilities.

B.  Existing Elevator Use: Use of Owner's existing elevators will be permitted, provided elevators
are cleaned and maintained in a condition acceptable to Owner. At Substantial Completion,
restore elevators to condition existing before initial use, including replacing worn cables, guide
shoes, and similar items of limited life.

1. Do not load elevators beyond their rated weight capacity.

2. Provide protective coverings, barriers, devices, signs, or other procedures to protect
elevator car and entrance doors and frame. If, despite such protection, elevators become
damaged, engage elevator Installer to restore damaged work so no evidence remains of
correction work. Return items that cannot be refinished in field to the shop, make
required repairs and refinish entire unit, or provide new units as required.

C.  Existing Stair Usage: Use of Owner's existing stairs will be permitted, provided stairs are

cleaned and maintained in a condition acceptable to Owner. At Substantial Completion, restore
stairs to condition existing before initial use.

TEMPORARY FACILITIES AND CONTROLS 015000-4
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1. Provide protective coverings, barriers, devices, signs, or other procedures to protect stairs
and to maintain means of egress. If stairs become damaged, restore damaged areas so no
evidence remains of correction work.

SECURITY AND PROTECTION FACILITIES INSTALLATION

Protection of Existing Facilities: Protect existing vegetation, equipment, structures, utilities, and
other improvements at Project site and on adjacent properties, except those indicated to be
removed or altered. Repair damage to existing facilities.

L. Where access to adjacent properties is required in order to affect protection of existing
facilities, obtain written permission from adjacent property owner to access property for
that purpose.

Environmental Protection: Provide protection, operate temporary facilities, and conduct
construction as required to comply with environmental regulations and that minimize possible
air, waterway, and subsoil contamination or pollution or other undesirable effects.

L. Comply with work restrictions specified in Section 01 10 00 "Summary."

Temporary Partitions: Provide floor-to-ceiling dustproof partitions to limit dust and dirt
migration and to separate areas occupied by Owner from fumes and noise.

1. Construct dustproof partitions with gypsum wallboard with joints taped on occupied side,
and fire-retardant-treated plywood on construction operations side.
2. Construct dustproof partitions with two layers of 6-mil polyethylene sheet on each side.

Cover floor with two layers of 6-mil polyethylene sheet, extending sheets 18 inches up
the sidewalls. Overlap and tape full length of joints. Cover floor with fire-retardant-

treated plywood.

a. Construct vestibule and airlock at each entrance through temporary partition with
not less than 48 inches between doors. Maintain water-dampened foot mats in
vestibule.

3. Where fire-resistance-rated temporary partitions are indicated or are required by
authorities having jurisdiction, construct partitions according to the rated assemblies.

4. Insulate partitions to control noise transmission to occupied areas.

5. Seal joints and perimeter. Equip partitions with gasketed dustproof doors and security
locks where openings are required.

6. Protect air-handling equipment.

7. Provide walk-off mats at each entrance through temporary partition.

Temporary Fire Protection: Install and maintain temporary fire-protection facilities of types
needed to protect against reasonably predictable and controllable fire losses. Comply with
NFPA 241; manage fire-prevention program.

1. Prohibit smoking in construction areas. Comply with additional limits on smoking
specified in other Sections.

TEMPORARY FACILITIES AND CONTROLS 015000-5
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2. Supervise welding operations, combustion-type temporary heating units, and similar
sources of fire ignition according to requirements of authorities having jurisdiction.
3. Develop and supervise an overall fire-prevention and -protection program for personnel

at Project site. Review needs with local fire department and establish procedures to be
followed. Instruct personnel in methods and procedures. Post warnings and information.

4. Provide temporary standpipes and hoses for fire protection. Hang hoses with a warning
sign stating that hoses are for fire-protection purposes only and are not to be removed.
Match hose size with outlet size and equip with suitable nozzles.

OPERATION, TERMINATION, AND REMOVAL

Supervision: Enforce strict discipline in use of temporary facilities. To minimize waste and
abuse, limit availability of temporary facilities to essential and intended uses.

Maintenance: Maintain facilities in good operating condition until removal.

1. Maintain operation of temporary enclosures, heating, cooling, humidity control,
ventilation, and similar facilities on a 24-hour basis where required to achieve indicated
results and to avoid possibility of damage.

Temporary Facility Changeover: Do not change over from using temporary security and
protection facilities to permanent facilities until Substantial Completion.

Termination and Removal: Remove each temporary facility when need for its service has ended,
when it has been replaced by authorized use of a permanent facility, or no later than Substantial
Completion. Complete or, if necessary, restore permanent construction that may have been
delayed because of interference with temporary facility. Repair damaged Work, clean exposed
surfaces, and replace construction that cannot be satisfactorily repaired.

1. Materials and facilities that constitute temporary facilities are property of Contractor.
Owner reserves right to take possession of Project identification signs.
2. Remove temporary roads and paved areas not intended for or acceptable for integration

into permanent construction. Where area is intended for landscape development, remove
soil and aggregate fill that do not comply with requirements for fill or subsoil. Remove
materials contaminated with road oil, asphalt and other petrochemical compounds, and
other substances that might impair growth of plant materials or lawns. Repair or replace
street paving, curbs, and sidewalks at temporary entrances, as required by authorities
having jurisdiction.

END OF SECTION 01 50 00
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SECTION 01 78 23 - OPERATION AND MAINTENANCE DATA

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes administrative and procedural requirements for preparing operation and
maintenance manuals, including the following:

Operation and maintenance documentation directory manuals.
Emergency manuals.

Systems and equipment operation manuals.

Systems and equipment maintenance manuals.

Product maintenance manuals.

A

Related Requirements:

1. Section 01 33 00 "Submittal Procedures" for submitting copies of submittals for
operation and maintenance manuals.

DEFINITIONS

System: An organized collection of parts, equipment, or subsystems united by regular
interaction.

Subsystem: A portion of a system with characteristics similar to a system.

CLOSEOUT SUBMITTALS

Submit operation and maintenance manuals indicated. Provide content for each manual as
specified in individual Specification Sections, and as reviewed and approved at the time of
Section submittals. Submit reviewed manual content formatted and organized as required by
this Section.

1. Architect will comment on whether content of operation and maintenance submittals is
acceptable.
2. Where applicable, clarify and update reviewed manual content to correspond to revisions

and field conditions.
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B.  Format: Submit operation and maintenance manuals in the following format:

1. Submit by uploading to web-based project software site. Enable reviewer comments on
draft submittals.

C.  Initial Manual Submittal: Submit draft copy of each manual at least 30 days before commencing
demonstration and training. Architect will comment on whether general scope and content of
manual are acceptable.

D.  Final Manual Submittal: Submit each manual in final form prior to requesting inspection for
Substantial Completion and at least 15 days before commencing demonstration and training.
Architect will return copy with comments.

1. Correct or revise each manual to comply with Architect's comments. Submit copies of
each corrected manual within 15 days of receipt of Architect's comments and prior to
commencing demonstration and training.

E.  Comply with Section 01 77 00 "Closeout Procedures" for schedule for submitting operation and
maintenance documentation.

1.5 FORMAT OF OPERATION AND MAINTENANCE MANUALS

A.  Manuals, Electronic Files: Submit manuals in the form of a multiple file composite electronic
PDF file for each manual type required.

1. Electronic Files: Use electronic files prepared by manufacturer where available. Where
scanning of paper documents is required, configure scanned file for minimum readable
file size.

2. File Names and Bookmarks: Bookmark individual documents based on file names. Name

document files to correspond to system, subsystem, and equipment names used in manual
directory and table of contents. Group documents for each system and subsystem into
individual composite bookmarked files, then create composite manual, so that resulting
bookmarks reflect the system, subsystem, and equipment names in a readily navigated
file tree. Configure electronic manual to display bookmark panel on opening file.

1.6 SYSTEMS AND EQUIPMENT OPERATION MANUALS
A.  Systems and Equipment Operation Manual: Assemble a complete set of data indicating
operation of each system, subsystem, and piece of equipment not part of a system. Include
information required for daily operation and management, operating standards, and routine and

special operating procedures.

1. Engage a factory-authorized service representative to assemble and prepare information
for each system, subsystem, and piece of equipment not part of a system.

OPERATION AND MAINTENANCE DATA 017823-2
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2. Prepare a separate manual for each system and subsystem, in the form of an instructional
manual for use by Owner's operating personnel.

B. Content: In addition to requirements in this Section, include operation data required in
individual Specification Sections and the following information:

1. System, subsystem, and equipment descriptions. Use designations for systems and
equipment indicated on Contract Documents.

Performance and design criteria if Contractor has delegated design responsibility.
Operating standards.

Operating procedures.

Operating logs.

Wiring diagrams.

Control diagrams.

Piped system diagrams.

Precautions against improper use.

0. License requirements including inspection and renewal dates.

S0 PN LR W

C.  Descriptions: Include the following:

1. Product name and model number. Use designations for products indicated on Contract
Documents.

Manufacturer's name.

Equipment identification with serial number of each component.

Equipment function.

Operating characteristics.

Limiting conditions.

Performance curves.

Engineering data and tests.

Complete nomenclature and number of replacement parts.

A e Al

D.  Operating Procedures: Include the following, as applicable:

1. Startup procedures.
2. Equipment or system break-in procedures.
3. Routine and normal operating instructions.
4. Regulation and control procedures.
5. Instructions on stopping.
6. Normal shutdown instructions.
7. Seasonal and weekend operating instructions.
8. Required sequences for electric or electronic systems.
9. Special operating instructions and procedures.
E. Systems and Equipment Controls: Describe the sequence of operation, and diagram controls as
installed.
F. Piped Systems: Diagram piping as installed and identify color coding where required for
identification.

OPERATION AND MAINTENANCE DATA 017823-3
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1.7 SYSTEMS AND EQUIPMENT MAINTENANCE MANUALS

A.  Systems and Equipment Maintenance Manuals: Assemble a complete set of data indicating
maintenance of each system, subsystem, and piece of equipment not part of a system. Include
manufacturers' maintenance documentation, preventive maintenance procedures and frequency,
repair procedures, wiring and systems diagrams, lists of spare parts, and warranty information.

1. Engage a factory-authorized service representative to assemble and prepare information
for each system, subsystem, and piece of equipment not part of a system.
2. Prepare a separate manual for each system and subsystem, in the form of an instructional

manual for use by Owner's operating personnel.

B. Content: For each system, subsystem, and piece of equipment not part of a system, include
source information, manufacturers' maintenance documentation, maintenance procedures,
maintenance and service schedules, spare parts list and source information, maintenance service
contracts, and warranties and bonds as described below.

C.  Source Information: List each system, subsystem, and piece of equipment included in manual,
identified by product name and arranged to match manual's table of contents. For each product,
list name, address, and telephone number of Installer or supplier and maintenance service agent,
and cross-reference Specification Section number and title in Project Manual and drawing or
schedule designation or identifier where applicable.

D.  Manufacturers' Maintenance Documentation: Include the following information for each
component part or piece of equipment:

L. Standard maintenance instructions and bulletins; include only sheets pertinent to product
or component installed. Mark each sheet to identify each product or component
incorporated into the Work. If data include more than one item in a tabular format,
identify each item using appropriate references from the Contract Documents. Identify
data applicable to the Work and delete references to information not applicable.

a. Prepare supplementary text if manufacturers' standard printed data are not
available and where the information is necessary for proper operation and
maintenance of equipment or systems.

2. Drawings, diagrams, and instructions required for maintenance, including disassembly
and component removal, replacement, and assembly.
3. Identification and nomenclature of parts and components.
4. List of items recommended to be stocked as spare parts.
E. Maintenance Procedures: Include the following information and items that detail essential

maintenance procedures:

Test and inspection instructions.

Troubleshooting guide.

Precautions against improper maintenance.

Disassembly; component removal, repair, and replacement; and reassembly instructions.

el S
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5. Aligning, adjusting, and checking instructions.
6. Demonstration and training video recording, if available.

F. Maintenance and Service Schedules: Include service and lubrication requirements, list of
required lubricants for equipment, and separate schedules for preventive and routine
maintenance and service with standard time allotment.

1. Scheduled Maintenance and Service: Tabulate actions for daily, weekly, monthly,
quarterly, semiannual, and annual frequencies.

2. Maintenance and Service Record: Include manufacturers' forms for recording
maintenance.

G.  Spare Parts List and Source Information: Include lists of replacement and repair parts, with
parts identified and cross-referenced to manufacturers' maintenance documentation and local
sources of maintenance materials and related services.

H.  Maintenance Service Contracts: Include copies of maintenance agreements with name and
telephone number of service agent.

L Warranties and Bonds: Include copies of warranties and bonds and lists of circumstances and
conditions that would affect validity of warranties or bonds.

1. Include procedures to follow and required notifications for warranty claims.

J. Drawings: Prepare drawings supplementing manufacturers' printed data to illustrate the
relationship of component parts of equipment and systems and to illustrate control sequence and
flow diagrams. Coordinate these drawings with information contained in record Drawings to
ensure correct illustration of completed installation.

L. Do not use original project record documents as part of maintenance manuals.

1.8 PRODUCT MAINTENANCE MANUALS

A.  Product Maintenance Manual: Assemble a complete set of maintenance data indicating care and
maintenance of each product, material, and finish incorporated into the Work.

B.  Content: Organize manual into a separate section for each product, material, and finish. Include
source information, product information, maintenance procedures, repair materials and sources,
and warranties and bonds, as described below.

C.  Source Information: List each product included in manual, identified by product name and
arranged to match manual's table of contents. For each product, list name, address, and
telephone number of Installer or supplier and maintenance service agent, and cross-reference
Specification Section number and title in Project Manual and drawing or schedule designation
or identifier where applicable.
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D.  Product Information: Include the following, as applicable:

1. Product name and model number.
2. Manufacturer's name.
3. Color, pattern, and texture.
4. Material and chemical composition.
5. Reordering information for specially manufactured products.
E. Maintenance Procedures: Include manufacturer's written recommendations and the following:
L. Inspection procedures.
2. Types of cleaning agents to be used and methods of cleaning.
3. List of cleaning agents and methods of cleaning detrimental to product.
4. Schedule for routine cleaning and maintenance.
5. Repair instructions.
F. Repair Materials and Sources: Include lists of materials and local sources of materials and

related services.

G.  Warranties and Bonds: Include copies of warranties and bonds and lists of circumstances and
conditions that would affect validity of warranties or bonds.

1. Include procedures to follow and required notifications for warranty claims.

PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION (Not Used)

END OF SECTION 01 78 23
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SECTION 01 79 00 - DEMONSTRATION AND TRAINING

PART 1 - GENERAL

1.1

1.2

1.3

1.4

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes administrative and procedural requirements for instructing Owner's personnel,
including the following:

1. Instruction in operation and maintenance of systems, subsystems, and equipment.

INFORMATIONAL SUBMITTALS

Instruction Program: Submit outline of instructional program for demonstration and training,
including a list of training modules and a schedule of proposed dates, times, length of
instruction time, and instructors' names for each training module. Include learning objective and
outline for each training module.

I. Indicate proposed training modules using manufacturer-produced demonstration and
training video recordings for systems, equipment, and products in licu of video recording
of live instructional module.

Attendance Record: For each training module, submit list of participants and length of
instruction time.

Evaluations: For each participant and for each training module, submit results and
documentation of performance-based test.

CLOSEOUT SUBMITTALS

1. Transcript: Prepared and bound in format matching operation and maintenance manuals.
Mark appropriate identification on front and spine of each binder. Include a cover sheet
with same label information as the corresponding video recording. Include name of
Project and date of video recording on each page.

2. Transcript: Prepared in PDF electronic format. Include a cover sheet with same label
information as the corresponding video recording and a table of contents with links to
corresponding training components. Include name of Project and date of video recording
on each page.
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3. At completion of training, submit complete training manual(s) for Owner's use prepared
in same PDF file format required for operation and maintenance manuals specified in
Section 01 78 23 "Operation and Maintenance Data."

1.5 QUALITY ASSURANCE

A.  Facilitator Qualifications: A firm or individual experienced in training or educating
maintenance personnel in a training program similar in content and extent to that indicated for
this Project, and whose work has resulted in training or education with a record of successful
learning performance.

1.6 COORDINATION

A.  Coordinate instruction schedule with Owner's operations. Adjust schedule as required to
minimize disrupting Owner's operations and to ensure availability of Owner's personnel.

B.  Coordinate instructors, including providing notification of dates, times, length of instruction
time, and course content.

C.  Coordinate content of training modules with content of approved emergency, operation, and
maintenance manuals. Do not submit instruction program until operation and maintenance data
have been reviewed and approved by Architect.

1.7 INSTRUCTION PROGRAM

A.  Program Structure: Develop an instruction program that includes individual training modules
for each system and for equipment not part of a system, as required by individual Specification
Sections.

B.  Training Modules: Develop a learning objective and teaching outline for each module. Include a
description of specific skills and knowledge that participant is expected to master. For each
module, include instruction for the following as applicable to the system, equipment, or
component:

1. Basis of System Design, Operational Requirements, and Criteria: Include the following:

System, subsystem, and equipment descriptions.

Performance and design criteria if Contractor is delegated design responsibility.
Operating standards.

Regulatory requirements.

Equipment function.

Operating characteristics.

Limiting conditions.

Performance curves.

B o po o
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2. Documentation: Review the following items in detail:

Emergency manuals.

Systems and equipment operation manuals.

Systems and equipment maintenance manuals.

Product maintenance manuals.

Project Record Documents.

Identification systems.

Warranties and bonds.

Maintenance service agreements and similar continuing commitments.

B o po o

3. Emergencies: Include the following, as applicable:

Instructions on meaning of warnings, trouble indications, and error messages.
Instructions on stopping.

Shutdown instructions for each type of emergency.

Operating instructions for conditions outside of normal operating limits.
Sequences for electric or electronic systems.

Special operating instructions and procedures.

hoe oo oW

4. Operations: Include the following, as applicable:

Startup procedures.

Equipment or system break-in procedures.

Routine and normal operating instructions.
Regulation and control procedures.

Control sequences.

Safety procedures.

Instructions on stopping.

Normal shutdown instructions.

Operating procedures for emergencies.

Operating procedures for system, subsystem, or equipment failure.
Seasonal and weekend operating instructions.
Required sequences for electric or electronic systems.
Special operating instructions and procedures.

S RTER MO a0 o

5. Adjustments: Include the following:

Alignments.

Checking adjustments.

Noise and vibration adjustments.
Economy and efficiency adjustments.

;oo

6. Troubleshooting: Include the following:

a. Diagnostic instructions.
b. Test and inspection procedures.
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7. Maintenance: Include the following:
a. Inspection procedures.
b. Types of cleaning agents to be used and methods of cleaning.
c. List of cleaning agents and methods of cleaning detrimental to product.
d. Procedures for routine cleaning.
e. Procedures for preventive maintenance.
f. Procedures for routine maintenance.
g. Instruction on use of special tools.

8. Repairs: Include the following:

a. Diagnosis instructions.

b. Repair instructions.

c. Disassembly; component removal, repair, and replacement; and reassembly
instructions.

d. Instructions for identifying parts and components.

e. Review of spare parts needed for operation and maintenance.

1.8 PREPARATION
A.  Assemble educational materials necessary for instruction, including documentation and training
module. Assemble training modules into a training manual organized in coordination with

requirements in Section 01 78 23 "Operation and Maintenance Data."

B. Set up instructional equipment at instruction location.

1.9 INSTRUCTION

A.  Facilitator: Engage a qualified facilitator to prepare instruction program and training modules,
to coordinate instructors, and to coordinate between Contractor and Owner for number of
participants, instruction times, and location.

B.  Engage qualified instructors to instruct Owner's personnel to adjust, operate, and maintain
systems, subsystems, and equipment not part of a system.

1. Architect will furnish an instructor to describe basis of system design, operational
requirements, criteria, and regulatory requirements.
2. Owner will furnish an instructor to describe Owner's operational philosophy.
3. Owner will furnish Contractor with names and positions of participants.
C.  Scheduling: Provide instruction at mutually agreed-on times. For equipment that requires

seasonal operation, provide similar instruction at start of each season.

1. Schedule training with Owner with at least seven days' advance notice.
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D.  Training Location and Reference Material: Conduct training on-site in the completed and fully
operational facility using the actual equipment in-place. Conduct training using final operation

and maintenance data submittals.

E. Evaluation: At conclusion of each training module, assess and document each participant's
mastery of module by use of a demonstration performance-based test.

F. Cleanup: Collect used and leftover educational materials and remove from Project site. Remove
instructional equipment. Restore systems and equipment to condition existing before initial
training use.

PART 2 - PRODUCTS

PART 3 - EXECUTION

END OF SECTION 01 79 00
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SECTION 260010 - SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL
PART 1 - GENERAL
1.1 SUMMARY
A.  This Section specifies supplemental requirements generally applicable to the Work specified in

Division 26. This Section is also referenced by related Work specified in other Divisions.

1.2 REFERENCES

A.  Abbreviations and Acronyms for Electrical Terms and Units of Measure:

L. 8P8C: An 8-position 8-contact modular jack.

2. A: Ampere, unit of electrical current.

3. AC or ac: Alternating current.

4. AFCI: Arc-fault circuit interrupter.

5. AIC: Ampere interrupting capacity.

6. AL, Al, or ALUM: Aluminum.

7. ASD: Adjustable-speed drive; also called "variable-frequency drive" (VFD).

8. ATS: Automatic transfer switch.

9. AWG: American wire gauge; see ASTM B258.

10. BAS: Building automation system.

11.  BIL: Basic impulse insulation level.

12.  BIM: Building information modeling.

13.  CAD: Computer-aided design or drafting.

14. CATV: Community antenna television.

15.  CB: Circuit breaker.

16. cd: Candela, the SI fundamental unit of luminous intensity.

17.  CO/ALR: Copper-aluminum, revised.

18.  COPS: Critical operations power system.

19. CU or Cu: Copper.

20. CU-AL or AL-CU: Copper-aluminum.

21. dB: Decibel, a unitless logarithmic ratio of two electrical, acoustical, or optical power
values.

22.  dB(A-weighted) or dB(A): Decibel acoustical sound pressure level with A-weighting

applied in accordance with IEC 61672-1.

23. dB(adjusted) or dBa: Decibel weighted absolute noise power with respect to 3.16 pW
(minus 85 dBm).

24,  dBm: Decibel absolute power with respect to 1 mW.

25.  DC or dc: Direct current.

26. DCOA: Designated critical operations area.

27. DDC: Direct digital control (HVAC).

28.  EGC: Equipment grounding conductor.

29. ELV: Extra-low voltage.
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EMEF: Electromotive force.

EMI: Electromagnetic interference.

EPM: Electrical preventive maintenance.

EPS: Emergency power supply.

EPSS: Emergency power supply system.

ESS: Energy storage system.

EV: Electric vehicle.

EVPE: Electric vehicle power export equipment.

EVSE: Electric vehicle supply equipment.

fc: Footcandle, an internationally recognized unit of illuminance equal to one lumen per
square foot or 10.76 Ix. The simplified conversion 1 fc = 10 Ix in the Specifications is
common practice and considered adequate precision for building construction activities.
When there are conflicts, lux is the primary unit; footcandle is specified for convenience.
FLC: Full-load current.

ft: Foot.

ft-cd: Foot-candle, the antiquated U.S. Standard unit of illuminance, equal to one
international candle measured at a distance of one foot, that was superseded in 1948 by
the unit "footcandle" after the SI unit candela (cd) replaced the international candle; see
"fC,"

GEC: Grounding electrode conductor.

GFCI: Ground-fault circuit interrupter.

GFPE: Ground-fault protection of equipment.

GND: Ground.

HACR: Heating, air conditioning, and refrigeration.

HDPE: High-density polyethylene.

HID: High-intensity discharge.

HP or hp: Horsepower.

HVAC: Heating, ventilating, and air conditioning.

Hz: Hertz.

IBT: Intersystem bonding termination.

inch: Inch. To avoid confusion, the abbreviation "in." is not used.

IP: Ingress protection rating (enclosures); Internet protocol (communications).

IR: Infrared.

IS: Intrinsically safe.

IT&R: Inspecting, testing, and repair.

ITE: Information technology equipment.

kAIC: Kiloampere interrupting capacity.

kemil or MCM: One thousand circular mils.

kV: Kilovolt.

kVA: Kilovolt-ampere.

kVAr or kVAR: Kilovolt-ampere reactive.

kW: Kilowatt.

kWh: Kilowatt-hour.

LAN: Local area network.

Ib: Pound (weight).

1bf: Pound (force).

LCD: Liquid-crystal display.

LCDI: Leakage-current detector-interrupter.

LED: Light-emitting diode.
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73.  Li-ion: Lithium-ion.

74.  Im: Lumen, the SI derived unit of luminous flux.
75. LNG: Liquefied natural gas.

76.  LP-Gas: Liquefied petroleum gas.

77.  LRC: Locked-rotor current.

78. LV:Low voltage.

79.  Ix: Lux, the SI derived unit of illuminance equal to one lumen per square meter.
80. m: Meter.

81. MCC: Motor-control center.

82. MDC: Modular data center.

83. MG set: Motor-generator set.

84. MIDI: Musical instrument digital interface.

85.  MLO: Main lugs only.

86. MV: Medium voltage.

87. MVA: Megavolt-ampere.

88.  mW: Milliwatt.

89. MW: Megawatt.

90. MWh: Megawatt-hour.

91. NC: Normally closed.

92.  Ni-Cd: Nickel-cadmium.

93.  Ni-MH: Nickel-metal hydride.

94.  NIU: Network interface unit.

95.  NO: Normally open.

96. NPT: National (American) standard pipe taper.
97.  OCPD: Overcurrent protective device.

98.  ONT: Optical network terminal.

99.  PC: Personal computer.

100. PCS: Power conversion system.

101. PCU: Power-conditioning unit.

102. PF or pf: Power factor.

103. PHEV: Plug-in hybrid electric vehicle.

104. PLC: Programmable logic controller.

105. PLFA: Power-limited fire alarm.

106. PoE: Power over Ethernet.

107. PV: Photovoltaic.

108. PVC: Polyvinyl chloride.

109. pW: Picowatt.

110. RFI: (electrical) Radio-frequency interference; (contract) Request for interpretation.
111. RMS or rms: Root-mean-square.

112. RPM or rpm: Revolutions per minute.

113. SCADA: Supervisory control and data acquisition.
114. SCR: Silicon-controlled rectifier.

115. SPD: Surge protective device.

116. sq.: Square.

117. SWD: Switching duty.

118. TCP/IP: Transmission control protocol/Internet protocol.
119. TEFC: Totally enclosed fan-cooled.

120. TR: Tamper resistant.

121. TVSS: Transient voltage surge suppressor.
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UL: (standards) Underwriters Laboratories, Inc.; (product categories) UL, LLC.

UL CCN: UL Category Control Number.

UPS: Uninterruptible power supply.

USB: Universal serial bus.

UV: Ultraviolet.

V: Volt, unit of electromotive force.

V(ac): Volt, alternating current.

V(dc): Volt, direct current.

VA: Volt-ampere, unit of complex electrical power.
VAR: Volt-ampere reactive, unit of reactive electrical power.
VFC: Variable-frequency controller.

VOM: Volt-ohm-multimeter.

VPN: Virtual private network.

VRLA: Valve regulated lead acid; also called "sealed lead acid (SLA)" or "valve

regulated sealed lead acid."

W: Watt, unit of real electrical power.

Wh: Watt-hour, unit of electrical energy usage.
WPT: Wireless power transfer.

WPTE: Wireless power transfer equipment.
WR: Weather resistant.

Abbreviations and Acronyms for Electrical Raceway Types:

PN R WD =

CR: Communications raceway.

CR-GP: General-purpose communications raceway.
CR-P: Plenum communications raceway.

CR-R: Riser communications raceway.

EMT: Electrical metallic tubing.

EMT-A: Aluminum electrical metallic tubing.

EMT-S: Steel electrical metallic tubing.

EMT-SS: Stainless steel electrical metallic tubing.

ENT: Electrical nonmetallic tubing.

EPEC: Electrical HDPE underground conduit (thin wall).
EPEC-A: Type A electrical HDPE underground conduit.
EPEC-B: Type B electrical HDPE underground conduit.
ERMC: Electrical rigid metal conduit.

ERMC-A: Aluminum electrical rigid metal conduit.
ERMCS-S: Steel electrical rigid metal conduit.
ERMC-S-G: Galvanized-steel electrical rigid metal conduit.
ERMC-S-PVC: PVC-coated-steel electrical rigid metal conduit.
ERMC-SS: Stainless steel electrical rigid metal conduit.
FMC: Flexible metal conduit.

FMC-A: Aluminum flexible metal conduit.

FMC-S: Steel flexible metal conduit.

FMT: Steel flexible metallic tubing.

FNMC: Flexible nonmetallic conduit. See "LFNC."
HDPE: HDPE underground conduit (thick wall).
HDPE-40: Schedule 40 HDPE underground conduit.
HDPE-80: Schedule 80 HDPE underground conduit.

SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL
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IMC: Steel electrical intermediate metal conduit.

LFMC: Liquidtight flexible metal conduit.

LFMC-A: Aluminum liquidtight flexible metal conduit.

LFMC-S: Steel liquidtight flexible metal conduit.

LFMC-SS: Stainless steel liquidtight flexible metal conduit.

LFNC: Liquidtight flexible nonmetallic conduit.

LFNC-A: Layered (Type A) liquidtight flexible nonmetallic conduit.

LFNC-B: Integral (Type B) liquidtight flexible nonmetallic conduit.

LFNC-C: Corrugated (Type C) liquidtight flexible nonmetallic conduit.

OFR: Optical fiber raceway.

OFR-GP: General-purpose optical fiber raceway.

OFR-P: Plenum optical fiber raceway.

OFR-R: Riser optical fiber raceway.

PVC: Rigid PVC conduit.

PVC-40: Schedule 40 rigid PVC conduit.

PVC-80: Schedule 80 rigid PVC Conduit.

PVC-A: Type A rigid PVC concrete-encased conduit.

PVC-EB: Type EB rigid PVC concrete-encased underground conduit.

RGS: See ERMC-S-G.

RMC: See ERMC.

RTRC: Reinforced thermosetting resin conduit.

RTRC-AG: Low-halogen, aboveground reinforced thermosetting resin conduit.
RTRC-AG-HW: Heavy wall, low-halogen, aboveground reinforced thermosetting resin
conduit.

RTRC-AG-SW: Standard wall, low-halogen, aboveground reinforced thermosetting resin
conduit.

RTRC-AG-XW: Extra heavy wall, low-halogen, aboveground reinforced thermosetting
resin conduit.

RTRC-BG: Low-halogen, belowground reinforced thermosetting resin conduit.

C.  Abbreviations and Acronyms for Electrical Single-Conductor and Multiple-Conductor Cable
Types:

000N LR W

10.
11.
12.
13.
14.
15.
16.

AC: Armored cable.

CATYV: Coaxial general-purpose cable.
CATVP: Coaxial plenum cable.

CATVR: Coaxial riser cable.

CI: Circuit integrity cable.

CL2: Class 2 cable.

CL2P: Class 2 plenum cable.

CL2R: Class 2 riser cable.

CL2X: Class 2 cable, limited use.

CL3: Class 3 cable.

CL3P: Class 3 plenum cable.

CL3R: Class 3 riser cable.

CL3X: Class 3 cable, limited use.

CM: Communications general-purpose cable.
CMG: Communications general-purpose cable.
CMP: Communications plenum cable.
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17. CMR: Communications riser cable.

18. CMUC: Under-carpet communications wire and cable.

19. CMX: Communications cable, limited use.

20.  DG: Distributed generation cable.

21.  FC: Flat cable.

22.  FCC: Flat conductor cable.

23.  FPL: Power-limited fire-alarm cable.

24.  FPLP: Power-limited fire-alarm plenum cable.

25. FPLR: Power-limited fire-alarm riser cable.

26. IGS: Integrated gas spacer cable.

27.  ITC: Instrumentation tray cable.

28.  ITC-ER: Instrumentation tray cable, exposed run.

29. MC: Metal-clad cable.

30. MC-HL: Metal-clad cable, hazardous location.

31.  MI: Mineral-insulated, metal-sheathed cable.

32. MTW: (machine tool wiring) Moisture-, heat-, and oil-resistant thermoplastic cable.

33. MV: Medium-voltage cable.

34. NM: Nonmetallic sheathed cable.

35. NMC: Nonmetallic sheathed cable with corrosion-resistant nonmetallic jacket.

36. NMS: Nonmetallic sheathed cable with signaling, data, and communications conductors,
plus power or control conductors.

37. NPLF: Non-power-limited fire-alarm circuit cable.

38. NPLFP: Non-power-limited fire-alarm circuit cable for environmental air spaces.

39. NPLFR: Non-power-limited fire-alarm circuit riser cable.

40. NUCC: Nonmetallic underground conduit with conductors.

41. OFC: Conductive optical fiber general-purpose cable.

42.  OFCG: Conductive optical fiber general-purpose cable.

43.  OFCP: Conductive optical fiber plenum cable.

44.  OFCR: Conductive optical fiber riser cable.

45.  OFN: Nonconductive optical fiber general-purpose cable.

46. OFNG: Nonconductive optical fiber general-purpose cable.

47.  OFNP: Nonconductive optical fiber plenum cable.

48. OFNR: Nonconductive optical fiber riser cable.

49.  P: Marine shipboard cable.

50. PLTC: Power-limited tray cable.

51.  PLTC-ER: Power-limited tray cable, exposed run.

52.  PV: Photovoltaic cable.

53. RHH: (high heat) Thermoset rubber, heat-resistant cable.

54.  RHW: Thermoset rubber, moisture-resistant cable.

55.  SA: Silicone rubber cable.

56.  SE: Service-entrance cable.

57.  SER: Service-entrance cable, round.

58.  SEU: Service-entrance cable, flat.

59.  SIS: Thermoset cable for switchboard and switchgear wiring.

60. TBS: Thermoplastic cable with outer braid.

61. TC: Tray cable.

62. TC-ER: Tray cable, exposed run.

63. TC-ER-HL: Tray cable, exposed run, hazardous location.

64. THW: Thermoplastic, heat- and moisture-resistant cable.
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THHN: Thermoplastic, heat-resistant cable with nylon jacket outer sheath.

THHW: Thermoplastic, heat- and moisture-resistant cable.

THWN: Thermoplastic, moisture- and heat-resistant cable with nylon jacket outer sheath.
TW: Thermoplastic, moisture-resistant cable.

UF: Underground feeder and branch-circuit cable.

USE: Underground service-entrance cable.

XHH: Cross-linked polyethylene, heat-resistant cable.

XHHW: Cross-linked polyethylene, heat- and moisture-resistant cable.

D.  Abbreviations and Acronyms for Electrical Flexible Cord Types:

1.

2.

10.

11.

12.

13.

14.

15.

16.

SEO: 600 V extra-hard-usage, hard-service cord with thermoplastic elastomer insulation
and oil-resistant thermoplastic elastomer outer covering for damp locations.

SEOW: 600V extra-hard-usage, hard-service cord with thermoplastic elastomer
insulation and oil-resistant thermoplastic elastomer outer covering for damp or wet
locations.

SEOO: 600V extra-hard-usage, hard-service cord with oil-resistant thermoplastic
elastomer insulation and oil-resistant thermoplastic elastomer outer covering for damp
locations.

SEOOW: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoplastic
elastomer insulation and oil-resistant thermoplastic elastomer outer covering for damp or
wet locations.

SJEO: 300V hard-usage, junior hard-service cord with thermoplastic elastomer
insulation and oil-resistant thermoplastic elastomer outer cover for damp locations.
SJEOW: 300V hard-usage, junior hard-service cord with thermoplastic elastomer
insulation and oil-resistant thermoplastic elastomer outer cover for damp or wet locations.
SJEOO: 300V hard-usage, junior hard-service cord with oil-resistant thermoplastic
clastomer insulation and oil-resistant thermoplastic elastomer outer cover for damp
locations.

SJEOOW: 300 V hard-usage, junior hard-service cord with oil-resistant thermoplastic
clastomer insulation and oil-resistant thermoplastic elastomer outer cover for damp or
wet locations.

SJO: 300 V hard-usage, junior hard-service cord with thermoset insulation and oil-
resistant thermoset outer cover for damp locations.

SJOW: 300 V hard-usage, junior hard-service cord with thermoset insulation and oil-
resistant thermoset outer cover for damp or wet locations.

SJOO: 300 V hard-usage, junior hard-service cord with oil-resistant thermoset insulation
and oil-resistant thermoset outer cover for damp locations.

SJOOW: 300V hard-usage, junior hard-service cord with oil-resistant thermoset
insulation and oil-resistant thermoset outer cover for damp or wet locations.

SJTO: 300 V hard-usage, junior hard-service cord with thermoplastic insulation and oil-
resistant thermoplastic outer cover for damp locations.

SJTOW: 300 V hard-usage, junior hard-service cord with thermoplastic insulation and
oil-resistant thermoplastic outer cover for damp or wet locations.

SJTOO: 300V hard-usage, junior hard-service cord with oil-resistant thermoplastic
insulation and oil-resistant thermoplastic outer cover for damp locations.

SJTOOW: 300 V hard-usage, junior hard-service cord with oil-resistant thermoplastic
insulation and oil-resistant thermoplastic outer cover for damp or wet locations.
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SO: 600 V extra-hard-usage, hard-service cord with thermoset insulation and oil-resistant
thermoset outer covering for damp locations.

SOW: 600 V extra-hard-usage, hard-service cord with thermoset insulation and oil-
resistant thermoset outer covering for damp or wet locations.

SOO: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoset insulation
and oil-resistant thermoset outer covering for damp locations.

SOOW: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoset insulation
and oil-resistant thermoset outer covering for damp or wet locations.

STO: 600 V extra-hard-usage, hard-service cord with thermoplastic insulation and oil-
resistant thermoplastic outer covering for damp locations.

STOW: 600 V extra-hard-usage, hard-service cord with thermoplastic insulation and oil-
resistant thermoplastic outer covering for damp or wet locations.

STOO: 600V extra-hard-usage, hard-service cord with oil-resistant thermoplastic
insulation and oil-resistant thermoplastic outer covering for damp locations.

STOOW: 600V extra-hard-usage, hard-service cord with oil-resistant thermoplastic
insulation and oil-resistant thermoplastic outer covering for damp or wet locations.

E. Definitions:

L.

8-Position §-Contact (§P8C) Modular Jack: An unkeyed jack with up to eight contacts
commonly used to terminate twisted-pair and multiconductor Ethernet cable. Also called
a "TIA-1096 miniature 8-position series jack" (8PSJ), or an "IEC 8877 8-pole jack."

a. Be careful when suppliers use "RJ45" generically. Obsolete RJ45 jacks used for
analog telephone cables have rejection keys. 8P8C jacks used for digital telephone
cables and Ethernet cables do not have rejection keys.

Basic Impulse Insulation Level (BIL): Reference insulation level expressed in impulse
crest voltage with a standard wave not longer than 1.5 times 50 microseconds and 1.5
times 40 microseconds.

Cable: In accordance with NIST NBS Circular 37 and IEEE standards, in the United
States for the purpose of interstate commerce, the definition of "cable" is (1) a conductor
with insulation, or a stranded conductor with or without insulation (single-conductor
cable); or (2) a combination of conductors insulated from one another (multiple-
conductor cable).

Communications Jack: A fixed connecting device designed for insertion of a
communications cable plug.

Communications Outlet: One or more communications jacks, or cables and plugs,
mounted in a box or ring, with a suitable protective cover.

Conductor: In accordance with NIST NBS Circular 37 and IEEE standards, in the United
States for the purpose of interstate commerce, the definition of "conductor” is (1) a wire
or combination of wires not insulated from one another, suitable for carrying an electric
current; (2) (National Electrical Safety Code) a material, usually in the form of wire,
cable, or bar, suitable for carrying an electric current; or (3) (general) a substance or body
that allows a current of electricity to pass continuously along it.

Designated Seismic System: A system component that requires design in accordance with
Ch. 13 of ASCE/SEI 7 and for which the Component Importance Factor is greater than
1.0.
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8. Direct Buried: Installed underground without encasement in concrete or other protective
material.
9. Enclosure: The case or housing of an apparatus, or the fence or wall(s) surrounding an

installation, to prevent personnel from accidentally contacting energized parts or to
protect the equipment from physical damage. Types of enclosures and enclosure covers
include the following:

a.

Cabinet: An enclosure that is designed for either surface mounting or flush
mounting and is provided with a frame, mat, or trim in which a swinging door or
doors are or can be hung.

Concrete Box: A box intended for use in poured concrete.

Conduit Body: A means for providing access to the interior of a conduit or tubing
system through one or more removable covers at a junction or terminal point. In
the United States, conduit bodies are listed in accordance with outlet box
requirements.

Conduit Box: A box having threaded openings or knockouts for conduit, EMT, or
fittings.

Cutout Box: An enclosure designed for surface mounting that has swinging doors
or covers secured directly to and telescoping with the walls of the enclosure.
Device Box: A box with provisions for mounting a wiring device directly to the
box.

Extension Ring: A ring intended to extend the sides of an outlet box or device box
to increase the box depth, volume, or both.

Floor Box: A box mounted in the floor intended for use with a floor box cover and
other components to complete the floor box enclosure.

Floor-Mounted Enclosure: A floor box and floor box cover assembly with means
to mount in the floor that is sealed against the entrance of scrub water at the floor
level.

Floor Nozzle: An enclosure used on a wiring system, intended primarily as a
housing for a receptacle, provided with a means, such as a collar, for surface-
mounting on a floor, which may or may not include a stem to support it above the
floor level, and is sealed against the entrance of scrub water at the floor level.
Junction Box: A box with a blank cover that joins different runs of raceway or
cable and provides space for connection and branching of the enclosed conductors.
Outlet Box: A box that provides access to a wiring system having pryout openings,
knockouts, threaded entries, or hubs in either the sides or the back, or both, for the
entrance of conduit, conduit or cable fittings, or cables, with provisions for
mounting an outlet box cover, but without provisions for mounting a wiring device
directly to the box.

Pedestal Floor Box Cover: A floor box cover that, when installed as intended,
provides a means for typically vertical or near-vertical mounting of receptacle
outlets above the floor's finished surface.

Pull Box: A box with a blank cover that joins different runs of raceway and
provides access for pulling or replacing the enclosed cables or conductors.
Raised-Floor Box: A floor box intended for use in raised floors.

Recessed Access Floor Box: A floor box with provisions for mounting wiring
devices below the floor surface.

Recessed Access Floor Box Cover: A floor box cover with provisions for passage
of cords to recessed wiring devices mounted within a recessed floor box.
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. Ring: A sleeve, which is not necessarily round, used for positioning a recessed
wiring device flush with the plaster, concrete, drywall, or other wall surface.

S. Ring Cover: A box cover, with raised center portion to accommodate a specific
wall or ceiling thickness, for mounting wiring devices or luminaires flush with the
surface.

t. Termination Box: An enclosure designed for installation of termination base

assemblies consisting of bus bars, terminal strips, or terminal blocks with provision
for wire connectors to accommodate incoming or outgoing conductors, or both.

Emergency Systems: Those systems legally required and classed as emergency by
municipal, state, federal, or other codes, or by any governmental agency having
jurisdiction that are designed to ensure continuity of lighting, electrical power, or both, to
designated areas and equipment in the event of failure of the normal supply for safety to
human life.

Essential Electrical Systems: (healthcare facilities) Those systems designed to ensure
continuity of electrical power to designated areas and functions of a healthcare facility
during disruption of normal power sources, and also to minimize disruption within the
internal wiring system.

Fault Limited: Providing or being served by a source of electrical power that is limited to
not more than 100 W when tested in accordance with UL 62368-1.

a. The term "fault limited" is intended to encompass most Class 1, 2, and 3 power-
limited sources complying with Article 725 of NFPA 70; Class ES1 and ES2
electrical energy sources that are Class PS1 electrical power sources (e.g., USB);
and Class ES3 electrical energy sources that are Class PS1 and PS2 electrical
power sources (e.g., PoE). See UL 62368-1 for discussion of classes of electrical
energy sources and classes of electrical power sources.

High-Performance Building: A building that integrates and optimizes on a life-cycle basis
all major high-performance attributes, including energy conservation, environment,
safety, security, durability, accessibility, cost-benefit, productivity, sustainability,
functionality, and operational considerations.

Jacket: A continuous nonmetallic outer covering for conductors or cables.

Luminaire: A complete lighting unit consisting of a light source such as a lamp, together
with the parts designed to position the light source and connect it to the power supply. It
may also include parts to protect the light source or the ballast or to distribute the light.
Mode: The terms "Active Mode," "Off Mode," and "Standby Mode" are used as defined
in the Energy Independence and Security Act (EISA) of 2007.

Multi-Outlet Assembly: A type of surface, flush, or freestanding raceway designed to
hold conductors, receptacles, and switches, assembled in the field or at the factory.
Plenum: A compartment or chamber to which one or more air ducts are connected and
that forms part of the air distribution system.

Receptacle: A fixed connecting device arranged for insertion of a power cord plug. Also
called a power jack.

Receptacle Outlet: One or more receptacles mounted in a box with a suitable protective
cover.

Sheath: A continuous metallic covering for conductors or cables.
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22. UL Category Control Number (CCN): An alphabetic or alphanumeric code used to
identify product categories covered by UL's Listing, Classification, and Recognition

Services.

23.  Voltage Class: For specified circuits and equipment, voltage classes are defined as
follows:
a. Control Voltage: Having clectromotive force between any two conductors, or

between a single conductor and ground, that is supplied from a battery or other
Class 2 or Class 3 power-limited source.

b. Line Voltage: (1) (controls) Designed to operate using the supplied low-voltage
power without transformation. (2) (transmission lines, transformers, SPDs) The
line-to-line voltage of the supplying power system.

c. Extra-Low Voltage (ELV): Not having electromotive force between any two
conductors, or between a single conductor and ground, exceeding 30 V(ac rms),
42 V(ac peak), or 60 V(dc).

d. Low Voltage (LV): Having electromotive force between any two conductors, or
between a single conductor and ground, that is rated above 30 V but not exceeding
1000 V.

e. Medium Voltage (MV): Having electromotive force between any two conductors,
or between a single conductor and ground, that is rated about 1kV but not
exceeding 69 kV.

f. High Voltage: (1) (circuits) Having electromotive force between any two
conductors, or between a single conductor and ground, that is rated above 69 kV
but not exceeding 230 kV. (2) (safety) Having sufficient electromotive force to
inflict bodily harm or injury.

24.  Wire: In accordance with NIST NBS Circular 37 and IEEE standards, in the United
States for the purpose of interstate commerce, the definition of "wire" is a slender rod or
filament of drawn metal. A group of small wires used as a single wire is properly called a
"stranded wire." A wire or stranded wire covered with insulation is properly called an
"insulated wire" or a "single-conductor cable." Nevertheless, when the context indicates
that the wire is insulated, the term "wire" will be understood to include the insulation.

1.3 COORDINATION

A.  Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities
occupied by Owner or others unless permitted under the following conditions:

1. Notify Owner and engineer of record no fewer than seven days in advance of proposed
interruption of electrical service.

2. Do not proceed with interruption of electrical service without Owner's written
permission.

3. Coordinate interruption with systems impacted by outage including, but not limited to,

the following:

a. Exercising generators.
b. Emergency lighting.
c. Elevators.
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d. Fire-alarm systems.

B.  Arrange to provide temporary electrical power to support construction effort in accordance with
requirements specified in Division 01.

1.4 PREINSTALLATION MEETINGS

A. Electrical Preconstruction Conference: Schedule conference with Architect and Owner, not later
than 10 days after notice to proceed. Agenda topics include, but are not limited to, the

following:

1. Electrical installation schedule.

2. Status of power system studies.

3. Value analysis proposals and requests for substitution of electrical equipment.
4. Utility work coordination and class of service requests.

5. Commissioning activities.

1.5 SEQUENCING

A.  Conduct and submit results of power system studies before submitting Product Data and Shop
Drawings for electrical equipment.

1.6 SCHEDULING

A.  Generated by contractor for review by owner and engineer of record.

1.7 ACTION SUBMITTALS

A.  Coordination drawings.

1.8 INFORMATIONAL SUBMITTALS
A. Electrical installation schedule.

B. Qualification statements.

1.9 CLOSEOUT SUBMITTALS
A.  Facility EPM program binders.

B. Operation and maintenance data.

SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL 260010 - 12



SERVICE TRANSFORMER REPLACMENT
EDMUNDS CENTER

NORTHERN MAINE COMMUNITY COLLEGE
ISSUED FOR BID — OCTOBER 3, 2023

1.10 QUALITY ASSURANCE

A.  Qualifications: Prepare and submit qualification statements for the following entities performing
Work on Project:

L.

Qualified Regional Manufacturer: Manufacturer, possessing qualifications that maintains
a service center capable of providing training, parts, and emergency on-site repairs to
Project site with response time less than eight hours.

Structural Professional Engineer: Professional engineer possessing active qualifications
with expertise in structural engineering.

Electrical Professional Engineer: Professional engineer possessing active qualifications
with expertise in electrical engineering, including electrical power system modeling and
analysis of electrical safety in accordance with NFPA 70E.

ERMC-S-PVC Installers: Installer possessing active qualifications and able to present
unexpired certified Installer credentials issued by ERMC-S-PVC manufacturer prior to
starting installation.

Medium-Voltage Cable Installer: Entity possessing active qualifications with training and
manufacturer certification to install, splice, and terminate medium-voltage cable in
accordance with electrical utility service provider's requirements.

a. Medium-voltage cable Installer must be approved by owner.

Medium-Voltage Duct Installer: Entity possessing active qualifications with documented
training and experience with installation of medium-voltage duct banks in accordance
with electrical utility service provider's requirements.

a. Medium-voltage duct Installer must be approved by owner.

Medium-Voltage Equipment Installer: Entity possessing active qualifications with
documented training and experience with hazards and safety requirements associated
with installation and operation of medium-voltage equipmentin accordance with
electrical utility service provider requirements.

a. Medium-voltage equipment Installer must be approved by owner.

Medium-Voltage Electrical Testing and Inspecting Agency: Entities possessing active
credentials from a qualified electrical testing laboratory recognized by authorities having
jurisdiction.

a. On-site electrical testing supervisors must have documented certification and
experience with testing electrical equipment in accordance with NETA testing
standards.

Power-Limited Electrical Testing Agency: Entity possessing active credentials from a
qualified electrical testing laboratory recognized by authorities having jurisdiction.

a. On-site power-limited testing supervisor must have BICSI Registered
Communications Distribution Designer certification and documented training and
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experience with testing power-limited equipment in accordance with NETA testing
standards.

B. Certifications:

L. Seismic-Load Performance Certificates: Provide special certification for designated
seismic systems as indicated in Paragraph 13.2.2 "Special Certification Requirements for
Designated Seismic Systems" of ASCE/SEI 7-05 for all designated seismic-load systems
identified on Drawings or in the Specifications.

a. Include the following information:

1))
2)
3)
4)

5)

6)

7)

Basis for Certification: Indicate whether withstand certification is based on
actual test of assembled components or on calculation.

Dimensioned Outline Drawings of Equipment Unit: Identify center of
gravity and locate and describe mounting and anchorage provisions.
Detailed description of equipment anchorage devices on which the
certification is based and their installation requirements.

Detailed description of conduit support devices and interconnections on
which the certification is based and their installation requirements.

Provide equipment manufacturer's written certification for each designated
active electrical seismic device and system, stating that it will remain
operable following the design earthquake. Certification must be based on
requirements of ASCE/SEI 7, including shake table testing per ICC-
ES AC156 or a similar nationally recognized testing standard procedure
acceptable to authorities having jurisdiction, or experience data as permitted
by ASCE/SEI 7-05.

Provide equipment manufacturer's written certification that components with
hazardous contents maintain containment following the design earthquake
by methods required in ASCE/SEI 7-05.

Submit evidence demonstrating compliance with these requirements for
approval to authorities having jurisdiction after review and acceptance by
qualified structural professional engineer.

b. The following systems and components are Designated Seismic Systems and
require written special certification of seismic qualification by manufacturer:

1)

2)

PART 2 - PRODUCTS

Hangers and supports specified in Section 260529 "Hangers and Supports
for Electrical Systems."

Equipment, accessories, and components specified in Section 261219 "Pad-
Mounted, Liquid-Filled, Medium-Voltage Transformers."

2.1 SUBSTITUTION LIMITATIONS FOR ELECTRICAL EQUIPMENT

A.  Substitution requests for electrical equipment will be entertained under the following

conditions:
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Notification of Contractor's intent to request substitutions for convenience must be
declared during the Electrical Preconstruction Conference so potential risks to system
performance and construction schedule may be identified for Contractor's response in
submission of the substitution request. Submission of requests for substitutions for
convenience must meet the conditions and deadline specified in Section 012500
"Substitution Procedures" to receive approval.

For electrical equipment and systems, substitutions for cause are considered major
construction risks. If it is possible that Contractor may need to request substitutions for
cause because of equipment unavailability, or inability to meet construction schedule
because of lead time, Contractor must declare the possibility during the Electrical
Preconstruction Conference to permit establishing a mitigation plan for minimizing risks
to system performance and construction schedule.

PART 3 - EXECUTION

3.1

32

A.

B.

C.

EXAMINATION

Verification of Conditions

Preinstallation Testing

Evaluation and Assessment

PREPARATION

Electrical Installation Schedule: At preconstruction meeting, and periodically thereafter as dates
change, provide schedule for electrical installation Work to Owner and Architect including, but
not limited to, milestone dates for the following activities:

VRN DN

Submission of power system studies.

Submission of specified coordination drawings.
Submission of action submittals specified in Division 26.
Orders placed for major electrical equipment.

Arrival of major electrical equipment on-site.
Preinstallation meetings specified in Division 26.

Utility service outages.

Utility service inspection and activation.

Requests for inspections by authorities having jurisdiction.

Coordination Drawings for Large Equipment Outdoor Installations:

L.

Utilities site plan, drawn to scale, showing heavy equipment or truck access paths for
maintenance and replacement, with the following items shown and coordinated with each
other, based on input from installers of the items involved:
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a. Fences and walls, dimensioned concrete bases, outlines of equipment, conduit
entries, and grounding and bonding locations.

b. Indicate clear dimensions for fence gates and wall openings.

c. Indicate depth and type of ground cover, and locations of trees, shrubbery, and
other obstructions in access path.

d. Indicate clear height below tree branches, overhead lines, bridges, and other

overhead obstructions in access path, or where cranes and hoists will be needed to
handle large electrical equipment.

e. Support locations, type of support, and weight on each support. Locate structural
supports for structure-supported raceways.
f. Dimensioned working clearances and dedicated areas around electrical equipment.

Coordination Drawings for Duct Banks:

1. Show duct profiles and coordination with other utilities and underground structures.
2. Include plans and sections, drawn to scale, and show bends and locations of expansion
fittings.

Protection of In-Place Conditions

INSTALLATION OF ELECTRICAL WORK

Unless more stringent requirements are specified in the Contract Documents or manufacturers'
written instructions, comply with NFPA 70 and NECA NEIS 1 for installation of Work
specified in Division 26. Consult Architect for resolution of conflicting requirements.

SYSTEM STARTUP

Commissioning Activities:

1. Medium voltage cable, medium voltage transformer, low voltage cable and all related
termination devices.

FIELD QUALITY CONTROL

Administrant for Medium-Voltage Electrical Tests and Inspections:

1. Engage qualified medium-voltage electrical testing and inspecting agency to administer
and perform tests and inspections.

Administrant for Low-Voltage Electrical Tests and Inspections:

1. Administer and perform tests and inspections with assistance of factory-authorized
service representative.

Administrant for Power-Limited Electrical Tests and Inspections:

1. Engage qualified power-limited electrical testing and inspecting agency to administer and
perform tests and inspections.
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3.6 CLEANING

A.  Waste Management:

1. Coordinate with owner for location to turn over removed transformer for on site storage

3.7 CLOSEOUT ACTIVITIES

A.  Operation and Maintenance Data: Prepare and submit the following:

1. Provide emergency operation, normal operation, and preventive maintenance manuals for
each system, equipment, and device listed below:

a. New medium voltage transformer
b. New medium voltage cable.
2. Include the following information:

a. Manufacturer's operating specifications.

b. User's guides for software and hardware.

c. Schedule of maintenance material items recommended to be stored at Project site.

d. Detailed instructions covering operation under both normal and abnormal
conditions.

e. Time-current curves for overcurrent protective devices and manufacturer's written
instructions for testing and adjusting their settings.

f. List of load-current and overload-relay heaters with related motor nameplate data.

g. List of lamp types and photoelectric relays used on Project, with ANSI and
manufacturers' codes.

h. Manufacturer's instructions for setting field-adjustable components.

1. Manufacturer's instructions for testing, adjusting, and reprogramming
microprocessor controls.

] EPSS: Manufacturer's system checklists, maintenance schedule, and maintenance
log sheets in accordance with NFPA 110.

k. Exterior pole inspection and repair procedures.

1. Include copies of demonstration and training videos.

B.  Training: With assistance from factory-authorized service representatives, train Owner's

maintenance personnel on the following topics:
1. How to adjust, operate, and maintain equipment specified in Section 261219 "Pad-
Mounted, Liquid-Filled, Medium-Voltage Transformers."

END OF SECTION 260010
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SECTION 26 01 00 - BASIC ELECTRICAL REQUIREMENTS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A. Section Includes:

1. General requirements applicable to all Division 26 sections.

1.3 TEMPORARY POWER AND LIGHTING
A.  Provide a separately metered temporary electrical service for the construction area.

B.  Provide temporary utility services to existing facilities as required to maintain operation of
those facilities during construction. Coordinate with Owner and Utilities.

C.  Power Distribution: Provide weatherproof, grounded circuits with ground-fault interruption
features, with proper power characteristics and either permanently wired or plug-in connections
as appropriate for intended use. Provide overload-protected disconnect switch for each circuit
at distribution panel. Space 4-gang convenience outlets (20 amp circuit) so that every portion of
work can be reached with 100' extension cord.

D. Temporary Lighting: Provide lighting of intensity and quality sufficient for proper and safe
performance of the work and for access thereto and security thereof, minimum average
illumination level in every room shall be 20 footcandles.

1.4 GENERAL REQUIREMENTS APPLICABLE TO ALL DIVISION 26 SECTIONS
A.  Regulatory Requirements:

Conform to the requirements of all laws and regulations applicable to the work.

Conform to the requirements of Federal State and Municipal Building Codes.

Cooperate with all authorities having jurisdiction.

Compliance with laws and regulations governing the work on this project does not relieve
the Contractor from compliance with more restrictive requirements contained in these
specifications.

W=
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5. If the Contract Documents are found to be at variance with any law or regulation, the
Contractor shall notify the Architect/Engineer promptly in writing. The Contractor shall
assume full responsibility for any work contrary to law or regulation, and shall bear all
costs for the corrections thereof.

6. Minimum Requirements: The more stringent of the 2011 National Electrical Code
(NEC) or the edition enforced by the local Authority Having Jurisdiction, Underwriters
Laboratories, Inc. (UL), the National Fire Codes, and National Fire Protection
Association (NFPA) are a minimum requirement for work under this section. Design
drawings and other specification sections shall govern in those instances where
requirements are greater than those required by code.

B.  REFERENCES

1. The publications listed below form a part of this specification to the extent referenced.
The publications are referenced in the text by the basic designation only.

National Fire Protection Association (NFPA).

National Electrical Code (NEC)

National Electrical Safety Code (NESC)

Underwriters Laboratories, Inc. (UL)

American National Standards Institute (ANSI)

Certified Ballast Manufacturers Association (CBM)

National Electrical Manufacturers Association (NEMA)
International Municipal Signal Association (IMSA)

Institute of Electrical and Electronic Engineers (IEEE)
American Society for Testing Materials Specifications (ASTM)
National Bureau of Standards Handbook (NBS)

Occupational Safety and Health Administration (OSHA)
Americans with Disabilities Act (ADA)

Insulated Power Cable Engineers Association Specifications (IPCEA)

PR AT ER SO A o

C. Permits, Fees, and Inspections:

1. Secure and pay for all permits, fees, licenses, inspections, etc., required for the work
under Division 26.

2. Schedule and pay for all legally required inspections and cooperate with inspecting
officers.

3. Provide Certificates of Inspection and Approval from all regulatory authorities having

jurisdiction over the work in Division 26.

D.  The Contractor shall study all drawings and specifications and acquaint itself with the existing
conditions and the requirements of the plans and specifications. No claim will be recognized
for extra compensation due to the failure of the Contractor to familiarize itself with the
conditions and extent of the proposed work.

E. Measure indicated mounting heights to bottom of unit for suspended items and to center of unit
for wall-mounting items.
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F. Equipment: Install to facilitate service, maintenance, and repair or replacement of components
of both electrical equipment and other nearby installations. Connect in such a way as to
facilitate future disconnecting with minimum interference with other items in the vicinity.

1.5 COORDINATION

A.  Provide coordination drawings in accordance with Division 01.

B. Coordinate the work of Division 26 with other Divisions, the Owner, and utility companies.
C.  Coordinate arrangement, mounting, and support of electrical equipment:
1. To allow maximum possible headroom unless specific mounting heights that reduce
headroom are indicated.
2. To provide for ease of disconnecting the equipment with minimum interference to other
installations.
3. To allow right of way for piping and conduit installed at required slope.
4, So connecting raceways, cables, wireways, cable trays, and busways will be clear of

obstructions and of the working and access space of other equipment.

D.  Coordinate installation of required supporting devices and set sleeves in cast-in-place concrete,
masonry walls, and other structural components as they are constructed.

E. Coordinate location of access panels and doors for electrical items that are behind finished
surfaces or otherwise concealed. Access doors and panels are specified in Division 08.

F. Coordinate sleeve selection and application with selection and application of firestopping
specified in Division 07.
PART 2 - PRODUCTS — Not Used

PART 3 - EXECUTION — Not Used

END OF SECTION 26 01 00
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SECTION 260513 - MEDIUM-VOLTAGE CABLES

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A. Section includes cables and related cable splices, terminations, and accessories for medium-
voltage (2001 to 35,000 V) electrical distribution systems.
1.3 DEFINITIONS
A.  Jacket: A continuous nonmetallic outer covering for conductors or cables.
B.  NETA ATS: Acceptance Testing Specification.

C.  Sheath: A continuous metallic covering for conductors or cables.

1.4 ACTION SUBMITTALS

A.  Product Data: For each type of cable. Include splices and terminations for cables and cable
accessories.

B. Samples: 16-inch lengths for each type of cable specified.

1.5 INFORMATIONAL SUBMITTALS
Coordination Drawings: Indicate location of each cable, splice, and termination.
Qualification Data: For testing agency.

Material Certificates: For each type of cable and accessory.

c o = »

Design Data: Cable pulling calculations, including conduit size and fill percentage, pulling
tensions, cable sidewall pressure, jam probability, voltage drop, and ground wire sizing for each
cable.

E. Source quality-control reports.
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Field quality-control reports.

QUALITY ASSURANCE

Installer: Engage a cable splicer, trained and certified by splice material manufacturer, to install,
splice, and terminate medium-voltage cable.

Testing Agency Qualifications: Member company of NETA or an NRTL.

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing.

FIELD CONDITIONS

Interruption of Existing Electric Service: Do not interrupt electric service to facilities occupied
by Owner or others unless permitted under the following conditions and then only after
arranging to provide temporary electric service according to requirements indicated:

1. Notify Owner no fewer than five days in advance of proposed interruption of electric
service.
2. Do not proceed with interruption of electric service without Owner's written permission.

PART 2 - PRODUCTS

2.1

A.

B.

C.

2.2

B.

C.

SYSTEM DESCRIPTION

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.

Comply with IEEE C2 and NFPA 70.

Source Limitations: Obtain cables and accessories from single source from single manufacturer.

CABLES

1. General Cable; Prysmian Group North America.

2. Hendrix Wire and Cable; Marmon Holdings, Inc.; Berkshire Hathaway Inc.
3. Kerite Power Cable; Marmon Holdings, Inc.; Berkshire Hathaway Inc.

4. Okonite Company (The).

Cable Type: Type MV 105.
Conductor Insulation: Ethylene-propylene rubber.

1. Voltage Rating: 15 kV.
2. Insulation Thickness: 133 percent insulation level.

MEDIUM-VOLTAGE CABLES 260513 -2



SERVICE TRANSFORMER REPLACMENT
EDMUNDS CENTER
NORTHERN MAINE COMMUNITY COLLEGE
ISSUED FOR BID - OCTOBER 3, 2023
D.  Conductor: Copper.

E. Comply with UL 1072, AEIC CS8, ICEA S-93-639/NEMA WC 74, and ICEA S-97-682, and
ICEA S-94-649.

F. Conductor Stranding: Compact round, concentric lay, Class B.
G.  Shielding: Copper tape, helically applied over semiconducting insulation shield.

H.  Cable Jacket: Sunlight-resistant PVC.

23 CONNECTORS

1. 3M.
2. ABB, Electrification Business.
3. Eaton.
B.  Comply with ANSIC119.4 for connectors between aluminum conductors or for connections

between aluminum to copper conductors.

C. Copper-Conductor Connectors: Copper barrel crimped connectors.

24 SOLID TERMINATIONS

1. 3M.
2. ABB. Flectrification Business.
3. G&W Electric Company..

B.  Multiconductor Cable Sheath Seals: Type recommended by seal manufacturer for type of cable
and installation conditions, including orientation.
1. Cold-shrink sheath seal kit with preformed sleeve openings sized for cable and insulated
conductors.

C.  Shielded-Cable Terminations: Comply with the following classes of IEEE 48. Insulation class
shall be equivalent to that of cable. Include shield ground strap for shielded cable terminations.

1. Class 1 Terminations: Modular type, furnished as a kit, with stress-relief tube; multiple,
molded-silicone-rubber, insulator modules; shield ground strap; and compression-type
connector.

2. Class 1 Terminations: Modular type, furnished as a kit, with stress-relief shield

terminator; multiple-wet-process, porcelain, insulator modules; shield ground strap; and
compression-type connector.

3. Class 1 Terminations, Indoors: Kit with stress-relief tube, nontracking insulator tube,
shield ground strap, compression-type connector, and end seal.

MEDIUM-VOLTAGE CABLES 260513 -3



25

2.6

SERVICE TRANSFORMER REPLACMENT
EDMUNDS CENTER

NORTHERN MAINE COMMUNITY COLLEGE
ISSUED FOR BID — OCTOBER 3, 2023

SEPARABLE INSULATED CONNECTORS
Description: Modular system, complying with IEEE 386, with disconnecting, single-pole, cable

terminators and with matching, stationary, plug-in, dead-front terminals designed for cable
voltage and for sealing against moisture.

1. 3M.
2. ABB,. Electrification Business.
3. Eaton

Load-Break Cable Terminators: Elbow-type units with 200-A-load make/break and continuous-
current rating; coordinated with insulation diameter, conductor size, and material of cable being
terminated. Include test point on terminator body that is capacitance coupled.

Dead-Break Cable Terminators: Elbow-type unit with 200-A continuous-current rating;
designed for de-energized disconnecting and connecting; coordinated with insulation diameter,
conductor size, and material of cable being terminated. Include test point on terminator body
that is capacitance coupled.

Dead-Front Terminal Junctions: Modular bracket-mounted groups of dead-front stationary
terminals that mate and match with above cable terminators. Two-, three-, or four-terminal units
as indicated, with fully rated, insulated, watertight conductor connection between terminals and
complete with grounding lug, manufacturer's standard accessory stands, stainless-steel
mounting brackets, and attaching hardware.

1. Protective Cap: Insulating, electrostatic-shielding, water-sealing cap with drain wire.
2. Portable Feed-Through Accessory: Two-terminal, dead-front junction arranged for
removable mounting on accessory stand of stationary terminal junction.

3. Grounding Kit: Jumpered elbows, portable feed-through accessory units, protective caps,
test rods suitable for concurrently grounding three phases of feeders, and carrying case.
4. Standoff Insulator: Portable, single dead-front terminal for removable mounting on

accessory stand of stationary terminal junction. Insulators suitable for fully insulated
isolation of energized cable-elbow terminator.

Test-Point Fault Indicators: Applicable current-trip ratings and arranged for installation in test
points of load-break separable connectors, and complete with self-resetting indicators capable of
being installed with shotgun hot stick and tested with test tool.

Tool Set: Shotgun hot stick with energized terminal indicator, fault-indicator test tool, and
carrying case.

SPLICE KITS

Description: For connecting medium voltage cables; type as recommended by cable or splicing
kit manufacturer for the application.
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1. 3M.
2. ABB,. Electrification Business.
3. Eaton

Splicing Products: As recommended, in writing, by splicing kit manufacturer for specific sizes,

materials, ratings, and configurations of cable conductors. Include all components required for

complete splice, with detailed instructions.

L. Premolded, cold-shrink-rubber, in-line splicing kit.

2. Premolded, EPDM splicing body kit with cable joint sealed by interference fit of mating
parts and cable.

3. Separable multiway splice system with all components for the required splice
configuration.

MEDIUM-VOLTAGE TAPES

Description: Electrical grade, insulating tape rated for medium voltage application.

Ethylene/propylene rubber-based, 30-mil splicing tape, rated for 130 deg C operation. Minimum
3/4 inch wide.

Silicone rubber-based, 12-mil self-fusing tape, rated for 130 deg C operation. Minimum 1-1/2
inches (38 mm) wide.

FAULT INDICATORS

Indicators: Manually reset fault indicator with inrush restraint feature, arranged to clamp to
cable sheath and provide a display after a fault has occurred in cable. Instrument shall not be
affected by heat, moisture, and corrosive conditions and shall be recommended by manufacturer
for installation conditions.

Resetting Tool: Designed for use with fault indicators, with moisture-resistant storage and
carrying case.

SOURCE QUALITY CONTROL

Test and inspect cables according to ICEA S-97-682 before shipping.
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PART 3 - EXECUTION

3.1

A.

INSTALLATION
Install cables according to IEEE 576.

Proof conduits prior to conductor installation by passing a wire brush mandrel and then a rubber
duct swab through the conduit. Separate the wire brush and the rubber swab by 48 to 72 inches
on the pull rope.

1. Wire Brush Mandrel: Consists of a length of brush approximately the size of the conduit
inner diameter with stiff steel bristles and an eye on each end for attaching the pull ropes.
If an obstruction is felt, pull the brush back and forth repeatedly to break up the
obstruction.

2. Rubber Duct Swab: Consists of a series of rubber discs approximately the size of the
conduit inner diameter on a length of steel cable with an eye on each end for attaching the
pull ropes. Pull the rubber duct swab through the duct to extract loose debris from the
duct.

Pull Conductors: Do not exceed manufacturer's recommended maximum pulling tensions and
sidewall pressure values.

1. Where necessary, use manufacturer-approved pulling compound or lubricant that does
not deteriorate conductor or insulation.

2. Use pulling means, including fish tape, cable, rope, and basket-weave cable grips, that do
not damage cables and raceways. Do not use rope hitches for pulling attachment to cable.

3. Use pull-in guides, cable feeders, and draw-in protectors as required to protect cables
during installation.

4, Do not pull cables with ends unsealed. Seal cable ends with rubber tape.

Install exposed cables parallel and perpendicular to surfaces of exposed structural members and
follow surface contours where possible.

Support cables according to Section 260529 "Hangers and Supports for Electrical Systems."

In manholes, handholes, pull boxes, junction boxes, and cable vaults, train cables around walls
by the longest route from entry to exit; support cables at intervals adequate to prevent sag.

Install sufficient cable length to remove cable ends under pulling grips. Remove length of
conductor damaged during pulling.

Install cable splices at pull points and elsewhere as indicated; use standard kits. Use dead-front
separable watertight connectors in manholes and other locations subject to water infiltration.

Install terminations at ends of conductors, and seal multiconductor cable ends with standard
kits.

Install separable insulated-connector components as follows:
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1. Protective Cap: At each terminal junction, with one on each terminal to which no feeder
is indicated to be connected.

2. Portable Feed-Through Accessory: At each terminal junction, with one on each terminal.

3. Standoff Insulator: At each terminal junction, with one on each terminal.

K.  Install fault indicators on each phase where indicated.

L. Ground shields of shielded cable at terminations, splices, and separable insulated connectors.
Ground metal bodies of terminators, splices, cable and separable insulated-connector fittings,
and hardware.

M.  Identify cables according to Section 260553 "Identification for Electrical Systems." Identify
phase, cable kV rating, circuit number and served load name (or source name) of each
conductor at each splice, termination, pull point, and junction box. Arrange identification so that
it is unnecessary to move the cable or conductor to read the identification. Inside the existing
transformer vault provide same cable label product to indicate at interior wall of duct bank
departure the same information described above.

3.2 FIELD QUALITY CONTROL

A.  Testing Agency: Engage a qualified testing agency to perform tests and inspections.

B.  Tests and inspections:

1. Perform each visual and mechanical inspection and electrical test stated in NETA ATS.
Certify compliance with test parameters.

2. After installing medium-voltage cables and before electrical circuitry has been energized,
test for compliance with requirements.

3. Perform direct-current High Potential test of each new conductor according to
NETA ATS, Ch. 7.3.3. Do not exceed cable manufacturer's recommended maximum test
voltage.

4. Perform Partial Discharge test of each new conductor according to NETA ATS, Ch. 7.3.3
and to test equipment manufacturer's recommendations.

C.  Medium-voltage cables will be considered defective if they do not pass tests and inspections.

D.  Prepare test and inspection reports.

END OF SECTION 260513
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SECTION 26 05 19 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.5

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

Copper building wire rated 600 V or less.

Aluminum building wire rated 600 V or less.

Metal-clad cable, Type MC, rated 600 V or less.
Connectors, splices, and terminations rated 600 V and less.

el S

Related Requirements:

1. Section 26 05 23 "Control-Voltage Electrical Power Cables" for control systems
communications cables and Classes 1, 2, and 3 control cables.

2. Section 27 13 13 "Communications Copper Backbone Cabling" for twisted pair cabling
used for data circuits.

3. Section 27 15 13 "Communications Copper Horizontal Cabling" for twisted pair cabling
used for data circuits.

DEFINITIONS

RoHS: Restriction of Hazardous Substances.

VFC: Variable-frequency controller.

ACTION SUBMITTALS
Product Data: For each type of product.

Product Schedule: Indicate type, use, location, and termination locations.

INFORMATIONAL SUBMITTALS

Field quality-control reports.
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PART 2 - PRODUCTS

2.1

2.2

A.

COPPER BUILDING WIRE

Description: Flexible, insulated and uninsulated, drawn copper current-carrying conductor with
an overall insulation layer or jacket, or both, rated 600 V or less.

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

1. Alpha Wire Company.

2. Belden Inc.

3. General Cable Technologies Corporation.
4. Southwire Company.

Standards:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for
intended location and use.

2. RoHS compliant.

3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's
"Wire and Cable Marking and Application Guide."

Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8
for stranded conductors.

Conductor Insulation:

1. Type THHN and Type THWN-2: Comply with UL 83.

Shield:

L. Type TC-ER: Cable designed for use with VFCs, with oversized -crosslinked
polyethylene insulation, spiral-wrapped foil plus 85 percent coverage braided shields and
insulated full-size ground wire, and sunlight- and oil-resistant outer PVC jacket.

ALUMINUM BUILDING WIRE

Description: Flexible, insulated and uninsulated, drawn aluminum current-carrying conductor
with an overall insulation layer or jacket, or both, rated 600 V or less.

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

1. Alpha Wire Company.
2. Cerro Wire LLC.
3. General Cable Technologies Corporation.
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4. Okonite Company (The).
5. Southwire Company.

Standards:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for
intended location and use.

2. RoHS compliant.

3. Conductor and Cable Marking: Comply with wire and cable marking according to UL's
"Wire and Cable Marking and Application Guide."

Conductors: Aluminum, complying with ASTM B 800 and ASTM B 801.
Conductor Insulation:

1. Type THHN and Type THWN-2: Comply with UL 83.

2. Type XHHW-2: Comply with UL 44.

METAL-CLAD CABLE, TYPE MC

Description: A factory assembly of one or more current-carrying insulated conductors in an
overall metallic sheath.

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

1. Alpha Wire Company.

2. General Cable Technologies Corporation.
3. Southwire Company.

Standards:

1. Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for
intended location and use.

2. Comply with UL 1569.

3. RoHS compliant.

4, Conductor and Cable Marking: Comply with wire and cable marking according to UL's
"Wire and Cable Marking and Application Guide."

Circuits:

1. Single circuit and multicircuit with color-coded conductors.
2. Power-Limited Fire-Alarm Circuits: Comply with UL 1424,

Conductors: Copper, complying with ASTM B 3 for bare annealed copper and with ASTM B 8
for stranded conductors.

Ground Conductor: Insulated.
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Conductor Insulation:
1. Type TFN/THHN/THWN-2: Comply with UL 83.

Armor: Steel or Aluminum, interlocked.

CONNECTORS AND SPLICES

Description: Factory-fabricated connectors, splices, and lugs of size, ampacity rating, material,
type, and class for application and service indicated; listed and labeled as defined in NFPA 70,
by a qualified testing agency, and marked for intended location and use.

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to the following:

1. 3M Electrical Products.
2. Ideal Industries, Inc.
3. ILSCO.

Jacketed Cable Connectors: For steel and aluminum jacketed cables, zinc die-cast with set
screws, designed to connect conductors specified in this Section.

PART 3 - EXECUTION

3.1

A.

B.

C.

D.

32

A.

B.

CONDUCTOR MATERIAL APPLICATIONS

Feeders: Copper for feeders smaller than No. 4 AWG; copper or aluminum for feeders No. 4
AWG and larger. Conductors shall be solid for No. 10 AWG and smaller; stranded for No. 8
AWG and larger.

Branch Circuits: Copper. Solid or stranded for No. 10 AWG and smaller; stranded for No. 8
AWG and larger.

VFC Output Circuits Cable: Extra-flexible stranded for all sizes.

Power-Limited Fire Alarm and Control: Solid for No. 12 AWG and smaller.

CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND
WIRING METHODS

Service Entrance: Type THHN/THWN-2, single conductors in concrete encased underground
raceway.

Exposed Feeders: Exposed Feeders: Type MI cable where 2-hour rated feeders are indicated
and Type THHN-2-THWN-2, single conductors in raceway for other feeders.
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C.  Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type MI cable where 2-
hour rated feeders are indicated and Type THHN-2-THWN-2, single conductors in raceway for
other feeders.

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:
Type THHN/THWN-2, single conductors in concrete encased raceway.

E. Exposed Branch Circuits, Including in Crawlspaces: Type THHN/THWN-2, single conductors
in raceway.

F. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Metal-clad cable, Type MC.

G. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:
Type THHN/THWN-2, single conductors in raceway. Underground raceways for the
emergency system shall be concrete encased

H.  Cord Drops and Portable Appliance Connections: Type SO, hard service cord with stainless-
steel, wire-mesh, strain relief device at terminations to suit application. Provide coil cord where
indicated on the drawings.

L. VFC Output Circuits: Type XHHW-2 in metal conduit or Type TC-ER cable with braided
shield.

33 INSTALLATION OF CONDUCTORS AND CABLES

A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.

B.  Complete raceway installation between conductor and cable termination points according to
Section 26 05 33 "Raceways and Boxes for Electrical Systems" prior to pulling conductors and
cables.

C.  Use manufacturer-approved pulling compound or lubricant where necessary; compound used
must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended

maximum pulling tensions and sidewall pressure values.

D.  Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips that will
not damage cables or raceway.

E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and
follow surface contours where possible.

F. Support cables according to Section 26 05 29 "Hangers and Supports for Electrical Systems."
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CONNECTIONS
Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in
UL 486A-486B.
Make splices, terminations, and taps that are compatible with conductor material and that
possess equivalent or better mechanical strength and insulation ratings than unspliced
conductors.

1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors.

Wiring at Outlets: Install conductor at each outlet, with at least 6 inches (150 mm) of slack.

IDENTIFICATION

Identify and color-code conductors and cables according to Section 26 05 53 "Identification for
Electrical Systems."

Identify each spare conductor at each end with identity number and location of other end of
conductor, and identify as spare conductor.

SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply
with requirements in Section 26 05 44 "Sleeves and Sleeve Seals for Electrical Raceways and
Cabling."

FIRESTOPPING

Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore
original fire-resistance rating of assembly according to Division 07.

FIELD QUALITY CONTROL

Perform tests and inspections.

1. After installing conductors and cables and before electrical circuitry has been energized,

test service entrance and emergency system feeder conductors and conductors for
compliance with requirements.

2. Perform each of the following visual and electrical tests:
a. Inspect exposed sections of conductor and cable for physical damage and correct
connection according to the single-line diagram.
b. Test bolted connections for high resistance using one of the following:
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1) A low-resistance ohmmeter.
2) Calibrated torque wrench.
3) Thermographic survey.

c. Inspect compression-applied connectors for correct cable match and indentation.

d. Inspect for correct identification.

e. Inspect cable jacket and condition.

f. Insulation-resistance test on each conductor for ground and adjacent conductors.
Apply a potential of 500-V dc for 300-V rated cable and 1000-V dc for 600-V
rated cable for a one-minute duration.

g. Continuity test on each conductor and cable.

h. Uniform resistance of parallel conductors.

3. Initial Infrared Scanning: After Substantial Completion, but before Final Acceptance,

perform an infrared scan of each splice in conductors No. 3 AWG and larger. Remove
box and equipment covers so splices are accessible to portable scanner. Correct
deficiencies determined during the scan.

a.

Instrument: Use an infrared scanning device designed to measure temperature or to
detect significant deviations from normal values. Provide calibration record for
device.

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.

B.  Cables will be considered defective if they do not pass tests and inspections.

C.  Prepare test and inspection reports to record the following:

1. Procedures used.
2. Results that comply with requirements.
3. Results that do not comply with requirements, and corrective action taken to achieve

compliance with requirements.

END OF SECTION 26 05 19
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SECTION 26 05 26 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

1.5

RELATED DOCUMENTS

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

SUMMARY

Section includes grounding and bonding systems and equipment.

Section includes grounding and bonding systems and equipment, plus the following special
applications:

1. Foundation steel electrodes.

ACTION SUBMITTALS

Product Data: For each type of product indicated.

INFORMATIONAL SUBMITTALS

As-Built Data: Plans showing dimensioned as-built locations of grounding features specified in
"Field Quality Control" Article, including the following:

1. Test wells.
2. Ground rods.
3. Grounding arrangements and connections for separately derived systems.

Qualification Data: For testing agency and testing agency's field supervisor.

Field quality-control reports.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For grounding to include in emergency, operation, and
maintenance manuals.
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QUALITY ASSURANCE

Testing Agency Qualifications: Certified by NETA.

PART 2 - PRODUCTS

2.1

2.2

23

A.

A.

B.

A.

B.

C.

MANUFACTURERS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

1. Burndy: Part of Hubbell Electrical Systems.

2. ERICO International Corporation.

3. ILSCO.

4. 0O-Z/Gedney: a brand of Emerson Industrial Automation.

5. Thomas & Betts Corporation; A Member of the ABB Group.
SYSTEM DESCRIPTION

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.

Comply with UL 467 for grounding and bonding materials and equipment.

CONDUCTORS

Insulated Conductors: Copper or tinned-copper wire or cable insulated for 600 V unless
otherwise required by applicable Code or authorities having jurisdiction.

Bare Copper Conductors:

Solid Conductors: ASTM B 3.

Stranded Conductors: ASTM B 8.

Tinned Conductors: ASTM B 33.

Bonding Cable: 28 kemil, 14 strands of No. 17 AWG conductor, 1/4 inch in diameter.
Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.

Bonding Jumper: Copper tape, braided conductors terminated with copper ferrules; 1-5/8
inches wide and 1/16 inch thick.

7. Tinned Bonding Jumper: Tinned-copper tape, braided conductors terminated with copper
ferrules; 1-5/8 inches wide and 1/16 inch thick.

ANl S e

Grounding Bus: Predrilled rectangular bars of annealed copper, 1/4 by 4 inches in cross section,
with 9/32-inch holes spaced 1-1/8 inches apart. Stand-off insulators for mounting shall comply
with UL 891 for use in switchboards, 600 V and shall be Lexan or PVC, impulse tested at
5000 V.
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2.4 CONNECTORS
A.  Listed and labeled by an NRTL acceptable to authorities having jurisdiction for applications in
which used and for specific types, sizes, and combinations of conductors and other items

connected.

B.  Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for
materials being joined and installation conditions.

C.  Bus-Bar Connectors: Mechanical type, cast silicon bronze, solderless compression-type wire
terminals, and long-barrel, two-bolt connection to ground bus bar.

D. Beam Clamps: Mechanical type, terminal, ground wire access from four directions, with dual,
tin-plated or silicon bronze bolts.

E. Cable-to-Cable Connectors: Compression type, copper or copper alloy.
F. Cable Tray Ground Clamp: Mechanical type, zinc-plated malleable iron.
Conduit Hubs: Mechanical type, terminal with threaded hub.

G
H.  Ground Rod Clamps: Mechanical type, copper or copper alloy, terminal with hex head bolt.

!—1

Lay-in Lug Connector: Mechanical type, aluminum terminal with set screw.

J. U-Bolt Clamps: Mechanical type, copper or copper alloy, terminal listed for direct burial.
K.  Water Pipe Clamps:

1. Mechanical type, two pieces with zinc-plated bolts.

a. Material: Die-cast zinc alloy.
b. Listed for direct burial.

2. U-bolt type with malleable-iron clamp and copper ground connector rated for direct
burial.

2.5 GROUNDING ELECTRODES

A.  Ground Rods: Copper-clad steel; 3/4 inch by 10 feet.

PART 3 - EXECUTION

3.1 APPLICATIONS

A. Conductors: Install solid conductor for No. 10 AWG and smaller, and stranded conductors for
No. 8 AWG and larger unless otherwise indicated.
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Underground Grounding Conductors: Install bare copper conductor, No. 2/0 AWG minimum.

1. Bury at least 24 inches below grade.

2. Duct-Bank Grounding Conductor: Bury 12 inches above duct bank when indicated as
part of duct-bank installation.

Grounding Bus: Install in electrical equipment rooms, in rooms housing service equipment, and
elsewhere as indicated.

1. Install bus horizontally, on insulated spacers 2 inches minimum from wall, 6 inches
above finished floor unless otherwise indicated.

Conductor Terminations and Connections:

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.

2. Underground Connections: Welded connectors except at test wells and as otherwise
indicated.

3. Connections to Ground Rods at Test Wells: Bolted connectors.

4. Connections to Structural Steel: Welded connectors.

GROUNDING AT THE SERVICE

Equipment grounding conductors and grounding electrode conductors shall be connected to the
ground bus. Install a main bonding jumper between the neutral and ground buses.

GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS
Comply with utility company reequirements.
Comply with IEEE C2 grounding requirements.

Grounding Manholes and Handholes: Install a driven ground rod through manhole or handhole
floor, close to wall, and set rod depth so 4 inches 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 above to 6 inches below concrete.
Seal floor opening with waterproof, nonshrink grout.

Grounding Connections to Manhole Components: Bond exposed-metal parts such as inserts,
cable racks, pulling irons, ladders, and cable shields within each manhole or handhole, to
ground rod or grounding conductor. Make connections with No. 4 AWG minimum, stranded,
hard-drawn copper bonding conductor. Train conductors level or plumb around corners and
fasten to manhole walls. Connect to cable armor and cable shields according to written
instructions by manufacturer of splicing and termination kits.
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Pad-Mounted Transformers and Switches: Install two ground rods and ground ring around the
pad. Ground pad-mounted equipment and noncurrent-carrying metal items associated with
substations by connecting them to underground cable and grounding electrodes. Install tinned-
copper conductor not less than No. 2 AWG for ground ring and for taps to equipment grounding
terminals. Bury ground ring not less than 6 inches from the foundation.

EQUIPMENT GROUNDING
Install insulated equipment grounding conductors with all feeders and branch circuits.

Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-mounted
electrical devices operating at 120 V and more, including air cleaners, heaters, dampers,
humidifiers, and other duct electrical equipment. Bond conductor to each unit and to air duct
and connected metallic piping.

Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated
equipment grounding conductor to each electric water heater and heat-tracing cable. Bond
conductor to heater units, piping, connected equipment, and components.

Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate
insulated equipment grounding conductor in addition to grounding conductor installed with
branch-circuit conductors.

INSTALLATION

Grounding Conductors: Route along shortest and straightest paths possible unless otherwise
indicated or required by Code. Avoid obstructing access or placing conductors where they may
be subjected to strain, impact, or damage.

Ground Rods: Drive rods until tops are 2 inches below finished floor or final grade unless
otherwise indicated.

1. Interconnect ground rods with grounding electrode conductor below grade and as
otherwise indicated. Make connections without exposing steel or damaging coating if
any.

2. For grounding electrode system, install at least three rods spaced at least one-rod length

from each other and located at least the same distance from other grounding electrodes,
and connect to the service grounding electrode conductor.

Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are
specified in Section 26 05 43 "Underground Ducts and Raceways for Electrical Systems," and
shall be at least 12 inches deep, with cover.

1. Install at least one test well for each service unless otherwise indicated. Install at the
ground rod electrically closest to service entrance. Set top of test well flush with finished
grade or floor.
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Bonding Straps and Jumpers: Install in locations accessible for inspection and maintenance
except where routed through short lengths of conduit.

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to penetrate
any adjacent parts.

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports: Install
bonding so vibration is not transmitted to rigidly mounted equipment.

3. Use exothermic-welded connectors for outdoor locations; if a disconnect-type connection
is required, use a bolted clamp.

Grounding and Bonding for Piping:

1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit,
from building's main service equipment, or grounding bus, to main metal water service
entrances to building. Connect grounding conductors to main metal water service pipes;
use a bolted clamp connector or bolt a lug-type connector to a pipe flange by using one of
the lug bolts of the flange. Where a dielectric main water fitting is installed, connect
grounding conductor on street side of fitting. Bond metal grounding conductor conduit or
sleeve to conductor at each end.

2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass water
meters. Connect to pipe with a bolted connector.

3. Bond each aboveground portion of gas piping system downstream from equipment
shutoff valve.

Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of
associated fans, blowers, electric heaters, and air cleaners. Install bonding jumper to bond

across flexible duct connections to achieve continuity.

Grounding for Steel Building Structure: Install a driven ground rod at base of each corner
column and at intermediate exterior columns at distances not more than 60 feet apart.

Concrete-Encased Grounding Electrode (Ufer Ground): Fabricate according to NFPA 70; using
electrically conductive coated steel reinforcing bars or rods, at least 20 feet long. If reinforcing
is in multiple pieces, connect together by the usual steel tie wires or exothermic welding to
create the required length.

FIELD QUALITY CONTROL

Testing Agency: Engage a qualified testing agency to perform tests and inspections.

Tests and Inspections:

1. After installing grounding system but before permanent electrical circuits have been
energized, test for compliance with requirements.
2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted,

electrical connections with a calibrated torque wrench according to manufacturer's
written instructions.
3. Test completed grounding system at ground test wells.
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a. Measure ground resistance no fewer than two full days after last trace of
precipitation and without soil being moistened by any means other than natural
drainage or seepage and without chemical treatment or other artificial means of
reducing natural ground resistance.

b. Perform tests by fall-of-potential method according to IEEE 81.

4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod
assembly, and other grounding electrodes. Identify each by letter in alphabetical order,
and key to the record of tests and observations. Include the number of rods driven and
their depth at each location, and include observations of weather and other phenomena
that may affect test results. Describe measures taken to improve test results.

C.  Grounding system will be considered defective if it does not pass tests and inspections.
D.  Prepare test and inspection reports.

E. Report measured ground resistances that exceed the following values:

1. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 10
ohms.

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

END OF SECTION 26 05 26
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SECTION 26 05 29 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  This Section includes the following:
L. Hangers and supports for electrical equipment and systems.
2. Construction requirements for concrete bases.
1.3 DEFINITIONS
A.  EMT: Electrical metallic tubing.
B. IMC: Intermediate metal conduit.

C. RMC: Rigid metal conduit.

1.4 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.
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ACTION SUBMITTALS
Product Data: For the following:
1. Steel slotted support systems.

Shop Drawings: Show fabrication and installation details and include calculations for the
following:

1. Trapeze hangers. Include Product Data for components.
2. Steel slotted channel systems. Include Product Data for components.
3. Equipment supports.

QUALITY ASSURANCE

Comply with NFPA 70.

COORDINATION

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete,
reinforcement, and formwork requirements are specified together with concrete Specifications.

Coordinate installation of roof curbs, equipment supports, and roof penetrations. These items
are specified in Division 07.

PART 2 - PRODUCTS

2.1

A.

SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

Steel Slotted Support Systems: Comply with MFMA-4, factory-fabricated components for field
assembly.

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:

Cooper B-Line, Inc.: a division of Cooper Industries.
ERICO International Corporation.

Thomas & Betts Corporation.

Unistrut; Tyco International, Ltd.

oo
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2. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to
MFMA-4.
3. Channel Dimensions: Selected for applicable load criteria.

Raceway and Cable Supports: As described in NECA 1 and NECA 101.

Conduit and Cable Support Devices: Steel and malleable-iron hangers, clamps, and associated
fittings, designed for types and sizes of raceway or cable to be supported.

Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M, steel plates,
shapes, and bars; black and galvanized.

Mounting, Anchoring, and Attachment Components: Items for fastening electrical items or
their supports to building surfaces include the following:

L. Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated or stainless steel, for
use in hardened portland cement concrete with tension, shear, and pullout capacities
appropriate for supported loads and building materials in which used.

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:

1) Cooper B-Line, Inc.: a division of Cooper Industries.

2) Empire Tool and Manufacturing Co., Inc.

3) Hilti Inc.

4) ITW Ramset/Red Head: a division of Illinois Tool Works, Inc.
5) MKT Fastening, LLC.

2. Concrete Inserts: Steel or malleable-iron, slotted support system units similar to MSS
Type 18; complying with MFMA-4 or MSS SP-58.

3. Clamps for Attachment to Steel Structural Elements: MSS SP-58, type suitable for
attached structural element.

4, Through Bolts:  Structural type, hex head, and high strength. Comply with

ASTM A 325.

Toggle Bolts: All-steel springhead type.

6. Hanger Rods: Threaded steel.

hd

FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

Description: Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions
of supported equipment.

Materials: Comply with requirements in Division 05 for steel shapes and plates.
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PART 3 - EXECUTION

3.1

3.2

A.

APPLICATION

Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical
equipment and systems except if requirements in this Section are stricter.

Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports for
EMT, IMC, and RMC as scheduled in NECA 1, where its Table 1 lists maximum spacings less
than stated in NFPA 70. Minimum rod size shall be 1/4 inch in diameter.

Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slottedsupport
system, sized so capacity can be increased by at least 25 percent in future without exceeding
specified design load limits.

1. Secure raceways and cables to these supports with two-bolt conduit clamps or single-bolt
conduit clamps using spring friction action for retention in support channel.

SUPPORT INSTALLATION

Comply with NECA 1 and NECA 101 for installation requirements except as specified in this
Article.

Raceway Support Methods: In addition to methods described in NECA 1, EMT, IMC, and
RMC may be supported by openings through structure members, as permitted in NFPA 70.

Strength of Support Assemblies: Where not indicated, select sizes of components so strength
will be adequate to carry present and future static loads within specified loading limits.
Minimum static design load used for strength determination shall be weight of supported
components plus 200 Ib.

Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and fasten
electrical items and their supports to building structural elements by the following methods
unless otherwise indicated by code:

L. To Wood: Fasten with lag screws or through bolts.

2. To New Concrete: Bolt to concrete inserts.

To Masonry: Approved toggle-type bolts on hollow masonry units and expansion anchor
fasteners on solid masonry units.

To Existing Concrete: Expansion anchor fasteners.

To Steel: Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69.
To Light Steel: Sheet metal screws.

Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets,
panelboards, disconnect switches, control enclosures, pull and junction boxes,
transformers, and other devices on slotted-channel racks attached to substrate by means
that meet seismic-restraint strength and anchorage requirements.

W

Nowk
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Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing
bars.
INSTALLATION OF FABRICATED METAL SUPPORTS
Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation
to support and anchor electrical materials and equipment.
CONCRETE BASES
Construct concrete bases of dimensions indicated but not less than 4 inches larger in both
directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from
edge of the base.

Use 3000-psi, 28-day compressive-strength concrete.

Anchor equipment to concrete base.

L. Place and secure anchorage devices. Use supported equipment manufacturer's setting
drawings, templates, diagrams, instructions, and directions furnished with items to be
embedded.

2. Install anchor bolts to elevations required for proper attachment to supported equipment.

3. Install anchor bolts according to anchor-bolt manufacturer's written instructions.

PAINTING

Touchup: 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.

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils.

Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply
galvanizing-repair paint to comply with ASTM A 780.

END OF SECTION 26 05 29
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SECTION 26 05 33 RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A.  This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical wiring.
B.  Related Sections include the following:
1. Division 26 Section "Underground Ducts and Raceways for Electrical Systems" for

exterior ductbanks, manholes, and underground utility construction.

1.3 DEFINITIONS

A.  EMT: Electrical metallic tubing.

B.  EPDM: Ethylene-propylene-diene terpolymer rubber.
C. FMC: Flexible metal conduit.

D. IMC: Intermediate metal conduit.

E. LFMC: Liquidtight flexible metal conduit.

F. NBR: Acrylonitrile-butadiene rubber.

G. RNC: Rigid nonmetallic conduit.

1.4 SUBMITTALS

A.  Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover
enclosures, and cabinets.

B.  Shop Drawings: For the following raceway components. Include plans, elevations, sections,
details, and attachments to other work.

L. Custom enclosures and cabinets.
2. For handholes and boxes for underground wiring, including the following:
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Duct entry provisions, including locations and duct sizes.

Frame and cover design.

Grounding details.

Dimensioned locations of cable rack inserts, and pulling-in and lifting irons.
Joint details.

a0 os

C.  Manufacturer Seismic Qualification Certification: Submit certification that enclosures and
cabinets and their mounting provisions, including those for internal components, will withstand
seismic forces defined in Division 26 Section "Vibration and Seismic Controls for Electrical
Systems." Include the following:

1. Basis for Certification: Indicate whether withstand certification is based on actual test of
assembled components or on calculation.

a. The term "withstand" means "the cabinet or enclosure will remain in place without
separation of any parts when subjected to the seismic forces specified and the unit
will retain its enclosure characteristics, including its interior accessibility, after the
seismic event."

1.5 QUALITY ASSURANCE

A.  Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.

B.  Comply with NFPA 70.

PART 2 - PRODUCTS

2.1 METAL CONDUIT AND TUBING

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:

AFC Cable Systems, Inc.

Alflex Inc.

Allied Tube & Conduit; a Tyco International Ltd. Co.
0-Z Gedney; a unit of General Signal.

Wheatland Tube Company.

A

B.  Rigid Steel Conduit: ANSI C80.1.

C. IMC: ANSIC80.6.
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EMT: ANSI C80.3.
FMC: Zinc-coated steel.
LFMC: Flexible steel conduit with PVC jacket.

Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and Cable:
NEMA FB 1; listed for type and size raceway with which used, and for application and
environment in which installed.

L. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886.

2. Fittings for EMT: Steel set-screw type.

3. Coating for Fittings for PVC-Coated Conduit: Minimum thickness, 0.040 inch, with
overlapping sleeves protecting threaded joints.

Joint Compound for Rigid Steel Conduit or IMC: Listed for use in cable connector assemblies,
and compounded for use to lubricate and protect threaded raceway joints from corrosion and
enhance their conductivity.

NONMETALLIC CONDUIT AND TUBING

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:

AFC Cable Systems, Inc.

Anamet Electrical, Inc.; Anaconda Metal Hose.
Arnco Corporation.

CANTEX Inc.

Carlon Electrical Products.

RACO; a Hubbell Company.

Thomas & Betts Corporation.

Nk W=

RNC: NEMA TC 2, Type EPC-40-PVC, unless otherwise indicated.

Fittings and RNC: NEMA TC 3; match to conduit or tubing type and material.

OPTICAL FIBER/COMMUNICATIONS CABLE RACEWAY AND FITTINGS

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:

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

1. Arnco Corporation.
2. Endot Industries Inc.
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3. IPEX Inc.
4, Lamson & Sessions; Carlon Electrical Products.

Description: Comply with UL 2024; flexible type, approved for plenum installation.

METAL WIREWAYS

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:

1. Cooper B-Line, Inc.
2. Hoffman.
3. Square D; Schneider Electric.

Description: Sheet metal sized and shaped as indicated, NEMA 250, Type 1, unless otherwise
indicated.

Fittings and Accessories: Include couplings, offsets, elbows, expansion joints, adapters, hold-
down straps, end caps, and other fittings to match and mate with wireways as required for
complete system.

Wireway Covers: Hinged type.

Finish: Manufacturer's standard enamel finish.

BOXES, ENCLOSURES, AND CABINETS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

Cooper Crouse-Hinds; Div. of Cooper Industries, Inc.
EGS/Appleton Electric.

Erickson Electrical Equipment Company.

Hoffman.

Hubbell Incorporated; Killark Electric Manufacturing Co. Division.
0-Z/Gedney; a unit of General Signal.

RACO; a Hubbell Company.

Thomas & Betts Corporation.

Walker Systems, Inc.; Wiremold Company (The).

WO bW

Sheet Metal Outlet and Device Boxes: NEMA OS 1.

Cast-Metal Outlet and Device Boxes: NEMA FB 1, ferrous alloy, Type FD, with gasketed
cover.
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Metal Floor Boxes: Cast metal, rectangular. Basis of Design is FSR, Inc. FL-500P series.

Provide with pour pan for grade-level application where required.

Provide with cover and trim as applicable to finished flooring.

Trim and cover color as selected by Architect from manufacturers standard.

Provide complete with all components required to create configurations indicated or
scheduled on the drawings. Where empty floor boxes are indicated, provide blank
internal device plates.

el S

Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

Cast-Metal Access, Pull, and Junction Boxes: NEMA FB 1, cast aluminum with gasketed
cover.

Hinged-Cover Enclosures: NEMA 250, Type 1, with continuous-hinge cover with flush latch,
unless otherwise indicated.

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.

2. Nonmetallic Enclosures: Plastic finished inside with radio-frequency-resistant paint.
Cabinets:

1. NEMA 250, Type 1, galvanized-steel box with removable interior panel and removable

front, finished inside and out with manufacturer's standard enamel.

2. Hinged door in front cover with flush latch and concealed hinge.
3. Key latch to match panelboards.

4, Metal barriers to separate wiring of different systems and voltage.
5. Accessory feet where required for freestanding equipment.
SLEEVES FOR RACEWAYS

Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain
ends.

Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe,
with plain ends and integral waterstop, unless otherwise indicated.

Sleeves for Rectangular Openings: Galvanized sheet steel with minimum 0.052- or 0.138-inch
thickness as indicated and of length to suit application.

Coordinate sleeve selection and application with selection and application of firestopping
specified in Division 07 Section "Penetration Firestopping."
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A.

RACEWAY APPLICATION

Outdoors: Apply raceway products as specified below, unless otherwise indicated:

1.
2.
3.

4.

Exposed Conduit: Rigid steel conduit.

Concealed Conduit, Aboveground: Rigid steel conduit.

Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
Electric Solenoid, or Motor-Driven Equipment): LFMC

Boxes and Enclosures, Aboveground: NEMA 250, Type 3R

Comply with the following indoor applications, unless otherwise indicated:

—

~

Exposed, Not Subject to Physical Damage: EMT.

Exposed, Not Subject to Severe Physical Damage: EMT.

Exposed and Subject to Severe Physical Damage: Rigid steel conduit. Includes
raceways in the following locations:

a. Apparatus bays.

Concealed in Ceilings and Interior Walls and Partitions: EMT.

Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
Electric Solenoid, or Motor-Driven Equipment): FMC, except use LFMC in damp or wet
locations.

Damp or Wet Locations: Rigid steel conduit

Raceways for Optical Fiber or Communications Cable Risers in Vertical Shafts: EMT.
Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4, in damp or
wet locations.

Minimum Raceway Size: % inch trade size.

Raceway Fittings: Compatible with raceways and suitable for use and location.

L.

Rigid and Intermediate Steel Conduit: Use threaded rigid steel conduit fittings, unless
otherwise indicated.

Do not install aluminum conduits in contact with concrete.

INSTALLATION

Comply with NECA 1 for installation requirements applicable to products specified in Part 2
except where requirements on Drawings or in this Article are stricter.

Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes.
Install horizontal raceway runs above water and steam piping.
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C. Complete raceway installation before starting conductor installation.

D.  Support raceways as specified in Division 26 Section "Hangers and Supports for Electrical

Systems."
E.  Arrange stub-ups so curved portions of bends are not visible above the finished slab.
F. Install no more than the equivalent of three 90-degree bends in any conduit run except for

communications conduits, for which fewer bends are allowed.

G. Conceal conduit and EMT within finished walls, ceilings, and floors, unless otherwise
indicated.

H.  Raceways Embedded in Slabs:

1. Run conduit larger than Il-inch trade size, parallel or at right angles to main
reinforcement. Where at right angles to reinforcement, place conduit close to slab
support.

2. Arrange raceways to cross building expansion joints at right angles with expansion
fittings.

3. Change from RNC to rigid steel conduit, or IMC before rising above the floor.

L Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply
listed compound to threads of raceway and fittings before making up joints. Follow compound
manufacturer's written instructions.

J. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings
to protect conductors, including conductors smaller than No. 4 AWG.

K.  Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not
less than 200-1b tensile strength. Leave at least 12 inches of slack at each end of pull wire.

L. Raceways for Optical Fiber and Communications Cable: Install raceways, metallic and
nonmetallic, rigid and flexible, as follows:

1. 3/4-Inch Trade Size and Smaller: Install raceways in maximum lengths of 50 feet.
2. 1-Inch Trade Size and Larger: Install raceways in maximum lengths of 75 feet.
3. Install with a maximum of two 90-degree bends or equivalent for each length of raceway

unless Drawings show stricter requirements. Separate lengths with pull or junction boxes
or terminations at distribution frames or cabinets where necessary to comply with these
requirements.

M. Install raceway sealing fittings at suitable, approved, and accessible locations and fill them with
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a
blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway
sealing fittings at the following points:
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L. Where conduits pass from warm to cold locations, such as boundaries of refrigerated
spaces.
2. Where otherwise required by NFPA 70.

Expansion-Joint Fittings for RNC: Install in each run of aboveground conduit that is located
where environmental temperature change may exceed 30 deg F, and that has straight-run length
that exceeds 25 feet.

1. Install expansion-joint fittings for each of the following locations, and provide type and
quantity of fittings that accommodate temperature change listed for location:

a. Outdoor Locations Not Exposed to Direct Sunlight: 125 degF temperature
change.

b. Outdoor Locations Exposed to Direct Sunlight: 155 deg F temperature change.

c. Indoor Spaces: Connected with the Outdoors without Physical Separation: 125
deg F temperature change.

2. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot
of length of straight run per deg F of temperature change.

3. Install each expansion-joint fitting with position, mounting, and piston setting selected
according to manufacturer's written instructions for conditions at specific location at the
time of installation.

Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block,
and install box flush with surface of wall.

Set metal floor boxes level and flush with finished floor surface.

SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

Coordinate sleeve selection and application with selection and application of firestopping
specified in Division 07 Section "Penetration Firestopping.”

Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed
openings are used. Install sleeves during erection of slabs and walls.

Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.

Rectangular Sleeve Minimum Metal Thickness:

1. For sleeve cross-section rectangle perimeter less than 50 inches and no side greater than
16 inches, thickness shall be 0.052 inch.
2. For sleeve cross-section rectangle perimeter equal to, or greater than, 50 inches and 1 or

more sides equal to, or greater than, 16 inches, thickness shall be 0.138 inch.

Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies
unless openings compatible with firestop system used are fabricated during construction of floor
or wall.
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F. Cut sleeves to length for mounting flush with both surfaces of walls.
G. Extend sleeves installed in floors 6 inches above finished floor level unless noted otherwise.

H.  Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway unless
sleeve seal is to be installed.

L Seal space outside of sleeves with grout for penetrations of concrete and masonry.

J. Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve
and raceway, using joint sealant appropriate for size, depth, and location of joint. Refer to
Division 07 Section "Joint Sealants" for materials and installation.

K.  Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings,
and floors at raceway penetrations. Install sleeves and seal with firestop materials. Comply
with Division 07 Section "Penetration Firestopping."

L. Roof-Penetration Sleeves: Seal penetration of individual raceways with flexible, boot-type
flashing units applied in coordination with roofing work.

M. Aboveground, Exterior-Wall Penetrations: Seal penetrations using sleeves and mechanical
sleeve seals. Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve
for installing mechanical sleeve seals.

N.  Underground, Exterior-Wall Penetrations: Install cast-iron "wall pipes" for sleeves. Size
sleeves to allow for l-inch annular clear space between raceway and sleeve for installing
mechanical sleeve seals.

34 SLEEVE-SEAL INSTALLATION

A.  Install to seal underground, exterior wall penetrations.

B.  Use type and number of sealing elements recommended by manufacturer for raceway material
and size. Position raceway in center of sleeve. Assemble mechanical sleeve seals and install in
annular space between raceway and sleeve. Tighten bolts against pressure plates that cause
sealing elements to expand and make watertight seal.

3.5 FIRESTOPPING
A.  Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore

original fire-resistance rating of assembly. Firestopping materials and installation requirements
are specified in Division 07 Section "Penetration Firestopping."
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3.6 PROTECTION

A.  Provide final protection and maintain conditions that ensure coatings, finishes, and cabinets are
without damage or deterioration at time of Substantial Completion.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by
manufacturer.

2. Repair damage to PVC or paint finishes with matching touchup coating recommended by
manufacturer.

END OF SECTION 26 05 33
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SECTION 26 05 43 UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A. Section Includes:

Direct-buried conduit, ducts, and duct accessories.
Concrete-encased conduit, ducts, and duct accessories.
Handholes and boxes.

Manbholes.

el S

1.3 DEFINITIONS

A.  Trafficways: Locations where vehicular or pedestrian traffic is a normal course of events.

1.4 ACTION SUBMITTALS

A.  Product Data: For each type of product.

1. Include duct-bank materials, including separators and miscellaneous components.

2. Include ducts and conduits and their accessories, including elbows, end bells, bends,
fittings, and solvent cement.

3. Include accessories for manholes, handholes, boxes, and other utility structures.

4, Include warning tape.

B.  Shop Drawings:
1. Precast or Factory-Fabricated Underground Utility Structures:

Include plans, elevations, sections, details, attachments to other work, and
accessories.

Include duct entry provisions, including locations and duct sizes.

Include reinforcement details.

Include frame and cover design and manhole frame support rings.

Include grounding details.

°oao o
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f. Include dimensioned locations of cable rack inserts, pulling-in and lifting irons,
and sumps.
g. Include joint details.

2. Factory-Fabricated Handholes and Boxes Other Than Precast Concrete:

Include dimensioned plans, sections, and elevations, and fabrication and
installation details.

Include duct entry provisions, including locations and duct sizes.

Include cover design.

Include grounding details.

Include dimensioned locations of cable rack inserts, and pulling-in and lifting
irons.

°oao o

INFORMATIONAL SUBMITTALS

Product Certificates: For concrete and steel used in precast concrete manholes and handholes,
as required by ASTM C 858.

Qualification Data: For professional engineer and testing agency responsible for testing
nonconcrete handholes and boxes.

Source quality-control reports.

Field quality-control reports.

FIELD CONDITIONS

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 Owner no fewer than five days in advance of proposed interruption of electrical
service.

2. Do not proceed with interruption of electrical service without Owner's written
permission.

Ground Water: Assume ground-water level is 36 inches below ground surface unless a higher
water table is noted on Drawings.

PART 2 - PRODUCTS

2.1

A.

GENERAL REQUIREMENTS FOR DUCTS AND RACEWAYS

Comply with ANSI C2.
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CONDUIT
Rigid Steel Conduit: Galvanized. Comply with ANSI C80.1.
RNC: NEMA TC 2, Type EPC-40-PVC and Type EPC-80-PVC, UL 651, with matching
fittings, complying with NEMA TC 3 and UL 514B.
NONMETALLIC DUCTS AND DUCT ACCESSORIES

Underground Plastic Utilities Duct: NEMA TC 2, UL 651, ASTM F 512, Type EPC-80 and
Type EPC-40, with matching fittings complying with NEMA TC 3.

Duct Accessories:

1. Duct Separators: Factory-fabricated rigid PVC interlocking spacers, sized for type and
size of ducts with which used, and selected to provide minimum duct spacing indicated
while supporting ducts during concreting or backfilling.

2. Warning Tape:  Underground-line warning tape specified in Section 26 05 53
"Identification for Electrical Systems."

PRECAST CONCRETE HANDHOLES AND BOXES

Comply with ASTM C 858 for design and manufacturing processes.

Comply with utility company specifications for each service.

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.

2. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.

3. Cover Legend: Molded lettering, As indicated for each service.

4. Configuration: Units shall be designed for flush burial and have integral closed bottom

unless otherwise indicated.

5. 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.

6. Windows: Precast openings in walls, arranged to match dimensions and elevations of
approaching ducts and duct banks, plus an additional 12 inches vertically and
horizontally to accommodate alignment variations.

a. Windows shall be located no less than 6 inches from interior surfaces of walls,
floors, or frames and covers of handholes, but close enough to corners to facilitate
racking of cables on walls.
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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. 3 steel

reinforcing bars in concrete around each opening.

7. Handholes 12 inches wide by 24 inches long and larger shall have inserts for cable racks

and pulling-in irons installed before concrete is poured.

HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE

General Requirements for Handholes and Boxes: Comply with SCTE 77. Comply with tier

requirements in "Underground Enclosure Application" Article.

1. Color: Gray.

2. Configuration: Units shall be designed for flush burial and have open 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, As indicated for each service.

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. Manufacturers:  Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,

the following:

a. Armorcast Products Company.

b. Carson Industries LLC.

C. Quazite: Hubbell Power System, Inc.
PRECAST MANHOLES

Comply with ASTM C 858.
Comply with utility company specifications for each service.

Structural Design Loading:  Comply with requirements
Application" Article.

in "Underground Enclosure

Precast Manholes: One-piece units and units with interlocking mating sections, complete with

accessories, hardware, and features.
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Windows: Precast openings in walls, arranged to match dimensions and elevations of
approaching ducts and duct banks, plus an additional 12 inches vertically and horizontally to
accommodate alignment variations.

1. Windows shall be located no less than 6 inches from interior surfaces of walls, floors, or
roofs of manholes, but close enough to corners to facilitate racking of cables on walls.

2. 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.

3. Window openings shall be framed with at least two additional No. 3 steel reinforcing bars

in concrete around each opening.

Concrete Knockout Panels: 1-1/2 to 2 inches thick, for future conduit entrance and sleeve for
ground rod.

Ground Rod Sleeve: Provide a 3-inch PVC conduit sleeve in manhole floors 2 inches from the
wall adjacent to, but not underneath, the ducts routed from the facility.

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.

UTILITY STRUCTURE ACCESSORIES

Manhole Frames, Covers, and Chimney Components: Comply with structural design loading
specified for manhole.

1. Frame and Cover: Weatherproof, gray cast iron complying with ASTM A 48/A 48M,
Class 30B with milled cover-to-frame bearing surfaces; diameter, 29 inches.

a. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.
b. Special Covers: Recess in face of cover designed to accept finish material in
paved areas.

2. Cover Legend: Castin. Selected to suit system.

a. Legend: "ELECTRIC-LV" for duct systems with power wires and cables for
systems operating at 600 V and less.
b. Legend: "ELECTRIC-HV" for duct systems with medium-voltage cables.

3. Manhole Chimney Components: Precast concrete rings with dimensions matched to
those of roof opening.

a. Mortar for Chimney Ring and Frame and Cover Joints: Comply with
ASTM C 270, Type M, except for quantities less than 2.0 cu. ft. where packaged
mix complying with ASTM C 387, Type M, may be used.

Manhole Sump Frame and Grate: ASTM A 48/A 48M, Class 30B, gray cast iron.
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Pulling Eyes in Concrete Walls: Eyebolt with reinforcing-bar fastening insert, 2-inch-diameter
eye, and 1-by-4-inch bolt.

1. Working Load Embedded in 6-Inch, 4000-psi Concrete: 13,000-1bf minimum tension.

Pulling Eyes in Nonconcrete Walls: Eyebolt with reinforced fastening, 1-1/4-inch-diameter
eye, rated 2500-Ibf minimum tension.

Pulling-In and Lifting Irons in Concrete Floors: 7/8-inch-diameter, hot-dip galvanized, bent
steel rod; stress relieved after forming; and fastened to reinforcing rod. Exposed triangular
opening.

1. Ultimate Yield Strength: 40,000-1bf shear and 60,000-Ibf tension.

Bolting Inserts for Concrete Utility Structure Cable Racks and Other Attachments: Flared,
threaded inserts of noncorrosive, chemical-resistant, nonconductive thermoplastic material; 1/2-
inch ID by 2-3/4 inches deep, flared to 1-1/4 inches minimum at base.

1. Tested Ultimate Pullout Strength: 12,000 Ibf minimum.

Ground Rod Sleeve: 3-inch, PVC conduit sleeve in manhole floors 2 inches from the wall
adjacent to, but not underneath, the ducts routed from the facility.

Expansion Anchors for Installation after Concrete Is Cast: Zinc-plated, carbon-steel-wedge
type with stainless-steel expander clip with 1/2-inch bolt, 5300-1bf rated pullout strength, and
minimum 6800-1bf rated shear strength.

Duct-Sealing Compound: Nonhardening, safe for contact with human skin, not deleterious to
cable insulation, and workable at temperatures as low as 35 deg F. Capable of withstanding
temperature of 300 deg F without slump and adhering to clean surfaces of plastic ducts, metallic
conduits, conduit coatings, concrete, masonry, lead, cable sheaths, cable jackets, insulation
materials, and common metals.

SOURCE QUALITY CONTROL
Test and inspect precast concrete utility structures according to ASTM C 1037.

Nonconcrete Handhole and Pull-Box Prototype Test: Test prototypes of boxes for compliance
with SCTE 77. Strength tests shall be for specified tier ratings of products supplied.

L. Strength tests of complete boxes and covers shall be by either an independent testing
agency or manufacturer. A qualified registered professional engineer shall certify tests
by manufacturer.

2. Testing machine pressure gages shall have current calibration certification, complying
with ISO 9000 and ISO 10012, and traceable to NIST standards.
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3.1

A.
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3.3

PREPARATION

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.
Notify Architect if there is a conflict between areas of excavation and existing structures or
archaeological sites to remain.

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
as required to suit field conditions and to ensure that duct runs drain to manholes and handholes,
and as approved by Architect.

Clear and grub vegetation to be removed, and protect vegetation to remain according to
Division 31. Remove and stockpile topsoil for reapplication according to Division 31.

UNDERGROUND DUCT APPLICATION

Ducts for Electrical Cables More than 600 V: RNC, NEMA Type EPC-40-PVC, in concrete-
encased duct bank under paved areas and direct buried under non-paved areas unless otherwise
indicated.

Ducts for Electrical Feeders 600 V and Less: RNC, NEMA Type EPC-80 for emergency
systems and Type EPC-40-PVC, for non-emergency systems in direct-buried duct bank unless
otherwise indicated.

Ducts for Electrical Branch Circuits: RNC, NEMA Type EPC-40-PVC, in direct-buried duct
bank unless otherwise indicated.

Underground Ducts Crossing Paved Paths, Walks and Driveways: RNC, NEMA Type EPC-40-
PVC, encased in reinforced concrete.

UNDERGROUND ENCLOSURE APPLICATION
Handholes and Boxes for 600 V and Less:

1. Units in Roadways and Other Deliberate Traffic Paths: Precast concrete.
AASHTO HB 17, H-20 structural load rating.

2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional,
Nondeliberate Loading by Heavy Vehicles: Polymer concrete, SCTE 77, Tier 15
structural load rating.

3. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate
Loading by Vehicles: Polymer concrete units, SCTE 77, Tier 8 structural load rating.

4. Cover design load shall not exceed the design load of the handhole or box.
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Manbholes: Precast concrete.

1. Units Located in Roadways and Other Deliberate Traffic Paths by Heavy or Medium
Vehicles: H-20 structural load rating according to AASHTO HB 17.

2. Units Not Located in Deliberate Traffic Paths by Heavy or Medium Vehicles: H-10 load
rating according to AASHTO HB 17.

EARTHWORK

Excavation and Backfill: Comply with Division 31, but do not use heavy-duty, hydraulic-
operated, compaction equipment.

Restore surface features at areas disturbed by excavation, and re-establish original grades unless
otherwise indicated. Replace removed sod immediately after backfilling is completed.

Restore areas disturbed by trenching, storing of dirt, cable laying, and other work. Restore
vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and
mulching. Comply with Division 32.

Cut and patch existing pavement in the path of underground ducts and utility structures
according to Division 01.

DUCT INSTALLATION
Install ducts according to NEMA TCB 2.

Slope: Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away
from buildings and equipment. Slope ducts from a high point in runs between two manholes, to
drain in both directions.

Curves and Bends: Use 5-degree angle couplings for small changes in direction. Use
manufactured standard sweep bends both horizontally and vertically, at other locations unless
otherwise indicated.

Joints: Use solvent-cemented joints in ducts and fittings and make watertight according to
manufacturer's written instructions. Stagger couplings so those of adjacent ducts do not lie in
same plane.

Installation Adjacent to High-Temperature Steam Lines: Where duct banks are installed
parallel to underground steam lines, perform calculations showing the duct bank will not be
subject to environmental temperatures above 40 deg C. Where environmental temperatures are
calculated to rise above 40 deg C, and anywhere the duct bank crosses above an underground
steam line, install insulation blankets listed for direct burial to isolate the duct bank from the
steam line.
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F. Duct Entrances to Manholes and Concrete and Polymer Concrete Handholes: Use end bells,
spaced approximately 10 inches o.c. for 5-inch ducts, and vary proportionately for other duct
sizes.

1. Begin change from regular spacing to end-bell spacing 10 feet from the end bell without
reducing duct line slope and without forming a trap in the line.

2. Direct-Buried Duct Banks: Install an expansion and deflection fitting in each conduit in
the area of disturbed earth adjacent to manhole or handhole. Install an expansion fitting
near the center of all straight line direct-buried duct banks with calculated expansion of
more than 3/4 inch.

3. Grout end bells into structure walls from both sides to provide watertight entrances.

G.  Building Wall Penetrations: Make a transition from underground duct to rigid steel conduit at
least 10 feet outside the building wall, without reducing duct line slope away from the building,
and without forming a trap in the line. Use fittings manufactured for duct-to-conduit transition.
Install conduit penetrations of building walls as specified in Section 26 05 44 "Sleeves and
Sleeve Seals for Electrical Raceways and Cabling."

H.  Sealing: Provide temporary closure at terminations of ducts that have cables pulled. Seal spare
ducts at terminations. Use sealing compound and plugs to withstand at least 15-psig hydrostatic

pressure.

L Pulling Cord: Install 100-Ibf-test nylon cord in empty ducts.

J. Concrete-Encased Ducts: Support ducts on duct separators.

L. Excavate trench bottom to provide firm and uniform support for duct bank. Prepare
trench bottoms as specified in Division 31 for pipes less than 6 inches in nominal
diameter.

2. Width: Excavate trench 3 inches wider than duct bank on each side.

3. Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor
temperature.

4, Separator Installation: Space separators close enough to prevent sagging and deforming

of ducts, with not less than four spacers per 20 feet of duct. Secure separators to earth
and to ducts to prevent floating during concreting. Stagger separators approximately 6
inches between tiers. Tie entire assembly together using fabric straps; do not use tie
wires or reinforcing steel that may form conductive or magnetic loops around ducts or
duct groups.

5. Elbows: Use manufactured rigid steel conduit elbows for stub-ups at poles and
equipment, at building entrances through floor, and at changes of direction in duct run.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase
coupling with 3 inches of concrete.
b. Stub-Ups to Equipment: For fixtures and equipment mounted on outdoor concrete

bases, extend steel conduit horizontally a minimum of 60 inches from edge of
base. Install insulated grounding bushings on terminations at equipment.

UNDERGROUND DUCTS AND RACEWAYS FOR ELECTRICAL SYSTEMS 260543-9
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Reinforcement: Reinforce concrete-encased duct banks where they cross disturbed earth
and where indicated. Arrange reinforcing rods and ties without forming conductive or
magnetic loops around ducts or duct groups.

Forms: Use walls of trench to form side walls of duct bank where soil is self-supporting
and concrete envelope can be poured without soil inclusions; otherwise, use forms.
Concrete Cover: Install a minimum of 3 inches of concrete cover at top and bottom, and
a minimum of 2 inches on each side of duct bank.

Concreting Sequence: Pour each run of envelope between manholes or other
terminations in one continuous operation.

a. Start at one end and finish at the other, allowing for expansion and contraction of
ducts as their temperature changes during and after the pour. Use expansion
fittings installed according to manufacturer's written recommendations, or use
other specific measures to prevent expansion-contraction damage.

b. If more than one pour is necessary, terminate each pour in a vertical plane and
install 3/4-inch reinforcing-rod dowels extending a minimum of 18 inches into
concrete on both sides of joint near corners of envelope.

Pouring Concrete: Comply with requirements in Division 03. Place concrete carefully
during pours to prevent voids under and between conduits and at exterior surface of
envelope. Do not allow a heavy mass of concrete to fall directly onto ducts. Allow
concrete to flow to center of bank and rise up in middle, uniformly filling all open spaces.
Do not use power-driven agitating equipment unless specifically designed for duct-bank
application.

K. Direct-Buried Duct Banks:

L.

Excavate trench bottom to provide firm and uniform support for duct bank. Comply with
requirements in Division 31 for preparation of trench bottoms for pipes less than 6 inches
in nominal diameter.

Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor
temperature.

Space separators close enough to prevent sagging and deforming of ducts, with not less
than four spacers per 20 feet of duct. Secure separators to earth and to ducts to prevent
displacement during backfill and yet permit linear duct movement due to expansion and
contraction as temperature changes. Stagger spacers approximately 6 inches between
tiers.

Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment, at
building entrances through floor, and at changes of direction in duct run.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase
coupling with 3 inches of concrete.
b. For fixtures and equipment mounted on outdoor concrete bases, extend steel

conduit horizontally a minimum of 60 inches from edge of equipment pad or
foundation. Install insulated grounding bushings on terminations at equipment.

After installing first tier of ducts, backfill and compact. Start at tie-in point and work
toward end of duct run, leaving ducts at end of run free to move with expansion and
contraction as temperature changes during this process. Repeat procedure after placing
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each tier. After placing last tier, hand place backfill to 4 inches over ducts and hand
tamp. Firmly tamp backfill around ducts to provide maximum supporting strength. Use
hand tamper only. After placing controlled backfill over final tier, make final duct
connections at end of run and complete backfilling with normal compaction. Comply
with requirements in Division 31 for installation of backfill materials.

a. Place minimum 3 inches of sand as a bed for duct bank. Place sand to a minimum
of 6 inches above top level of duct bank.

L.  Warning Tape: Bury warning tape approximately 12 inches below grade above all concrete-
encased ducts and duct banks. Align tape parallel to and within 3 inches of centerline of duct
bank. Provide an additional warning tape for each 12-inch increment of duct-bank width over a
nominal 18 inches. Space additional tapes 12 inches apart, horizontally.
3.6 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES

A. Precast Concrete Handhole and Manhole Installation:

L. Comply with ASTM C 891 unless otherwise indicated.

2. Install units level and plumb and with orientation and depth coordinated with connecting
ducts, to minimize bends and deflections required for proper entrances.

3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel,
graded from 1-inch sieve to No. 4 sieve and compacted to same density as adjacent
undisturbed earth.

B.  Elevations:

L. Manhole Roof: Install with rooftop at least 15 inches below finished grade.

2. Manhole Frame: In paved areas and trafficways, set frames flush with finished grade.
Set other manhole frames 1 inch above finished grade.

3. Install handholes with bottom below frost line.

4. Handhole Covers: In paved areas and trafficways, set surface flush with finished grade.
Set covers of other handholes 1 inch above finished grade.

5. Where indicated, cast handhole cover frame integrally with handhole structure.

C.  Drainage: Install drains in bottom of manholes where indicated. Coordinate with drainage
provisions indicated.

D.  Manhole Access: Circular opening in manhole roof; sized to match cover size.

1. Install chimney, constructed of precast concrete collars and rings, to support cast-iron
frame to connect cover with manhole roof opening. Provide moisture-tight masonry
joints and waterproof grouting for frame to chimney.

E. Waterproofing: Apply waterproofing to exterior surfaces of manholes and handholes after

concrete has cured at least three days. Waterproofing materials and installation are specified in
Division 07. After ducts have been connected and grouted, and before backfilling, waterproof
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joints and connections, and touch up abrasions and scars. Waterproof exterior of manhole
chimneys after mortar has cured at least three days.

F. Dampproofing: Apply dampproofing to exterior surfaces of manholes and handholes after
concrete has cured at least three days. Dampproofing materials and installation are specified in
Division 07. After ducts are connected and grouted, and before backfilling, dampproof joints
and connections, and touch up abrasions and scars. Dampproof exterior of manhole chimneys
after mortar has cured at least three days.

G. Hardware: Install removable hardware, including pulling eyes and cable stanchions as required
for installation and support of cables and conductors and as indicated.

H.  Field-Installed Bolting Anchors in Manholes and Concrete Handholes: Do not drill deeper than
3-7/8 inches for manholes and 2 inches for handholes, for anchor bolts installed in the field.
Use a minimum of two anchors for each cable stanchion.

3.7 INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE

A.  Install handholes and boxes level and plumb and with orientation and depth coordinated with
connecting ducts, to minimize bends and deflections required for proper entrances. Use box
extension if required to match depths of ducts, and seal joint between box and extension as
recommended by manufacturer.

B.  Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from
1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.

C.  Elevation: In paved areas and trafficways, set cover flush with finished grade. Set covers of
other handholes 1 inch above finished grade.

D. Install handholes and boxes with bottom below frost line.

E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators,
as required for installation and support of cables and conductors and as indicated. Select arm
lengths to be long enough to provide spare space for future cables, but short enough to preserve
adequate working clearances in enclosure.

F. Field cut openings for ducts and conduits according to enclosure manufacturer's written
instructions. Cut wall of enclosure with a tool designed for material to be cut. Size holes for
terminating fittings to be used, and seal around penetrations after fittings are installed.

G. For enclosures installed in asphalt paving and subject to occasional, nondeliberate, heavy-

vehicle loading, provide structural protection as recommended by handhole or box
manufacturer.
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3.8 GROUNDING

A.  Ground underground ducts and utility structures according to Section 26 05 26 "Grounding and
Bonding for Electrical Systems."

3.9 FIELD QUALITY CONTROL

A.  Perform the following tests and inspections and prepare test reports:

1. Demonstrate capability and compliance with requirements on completion of installation
of underground ducts and utility structures.
2. Pull solid aluminum or wood test mandrel through duct to prove joint integrity and

adequate bend radii, and test for out-of-round duct. Provide a minimum 6-inch-long
mandrel equal to 80 percent fill of duct. If obstructions are indicated, remove
obstructions and retest.

3. Test manhole and handhole grounding to ensure electrical continuity of grounding and
bonding connections.  Measure and report ground resistance as specified in
Section 26 05 26 "Grounding and Bonding for Electrical Systems."

B.  Correct deficiencies and retest as specified above to demonstrate compliance.

3.10 CLEANING
A.  Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of ducts.
Follow with rubber duct swab for final cleaning and to assist in spreading lubricant throughout

ducts.

B.  Clean internal surfaces of manholes, including sump. Remove foreign material.

END OF SECTION 26 05 43
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SECTION 26 0544 - SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND
CABLING

PART 1 - GENERAL

1.1

1.2

1.3

A.

A.

A.

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

1. Sleeves for cable penetration of non-fire-rated construction walls and floors.
2. Sleeve-seal systems.

3. Sleeve-seal fittings.

4. Grout.

5. Silicone sealants.

ACTION SUBMITTALS

Product Data: For each type of product.

PART 2 - PRODUCTS

2.1

A.

B.

SLEEVES

Wall Sleeves:

1. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated,
plain ends.

2. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe," equivalent to ductile-iron pressure
pipe, with plain ends and integral waterstop unless otherwise indicated.

Sleeves for Rectangular Openings:

1. Material: Galvanized sheet steel.
2. Minimum Metal Thickness:

a. For sleeve cross-section rectangle perimeter less than 50 inches and with no side
larger than 16 inches, thickness shall be 0.052 inch.
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b. For sleeve cross-section rectangle perimeter 50 inches or more and one or more
sides larger than 16 inches, thickness shall be 0.138 inch.

SLEEVE-SEAL SYSTEMS

Description: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and raceway or cable.

I. Manufacturers:  Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

Advance Products & Systems, Inc.
CALPICO, Inc.

Metraflex Company (The).
Pipeline Seal and Insulator, Inc.
Proco Products, Inc.

opoos

2. Sealing Elements: EPDM rubber interlocking links shaped to fit surface of pipe. Include

type and number required for pipe material and size of pipe.

Pressure Plates: Carbon steel.

4. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating or Stainless
steel of length required to secure pressure plates to sealing elements.

W

SLEEVE-SEAL FITTINGS

Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in
concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to
match piping OD.

I. Manufacturers:  Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,

the following:

a. Presealed Systems.

GROUT

Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-
rated walls or floors.

Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout.

Design Mix: 5000-psi, 28-day compressive strength.
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Packaging: Premixed and factory packaged.

SILICONE SEALANTS

Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of
grade indicated below.

1. Grade: Pourable (self-leveling) formulation for openings in floors and other horizontal
surfaces that are not fire rated.

Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, expand
and cure in place to produce a flexible, nonshrinking foam.

PART 3 - EXECUTION

3.1

A.

B.

C.

D.

SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
Comply with NECA 1.
Comply with NEMA VE 2 for cable tray and cable penetrations.

Sleeves for Cables Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit
Floors and Walls:

1. Interior Penetrations of Non-Fire-Rated Walls and Floors:
a. Seal annular space between sleeve and cable, using joint sealant appropriate for
size, depth, and location of joint. Comply with requirements in Division 07.
b. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly

between sleeve and wall so no voids remain. Tool exposed surfaces smooth;
protect material while curing.

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.

3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and cable unless
sleeve seal is to be installed or unless seismic criteria require different clearance.

4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are

used. Install sleeves during erection of walls. Cut sleeves to length for mounting flush
with both surfaces of walls. Deburr after cutting.

5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2 inches above
finished floor level. Install sleeves during erection of floors.

Sleeves for Cables Penetrating Non-Fire-Rated Gypsum Board Assemblies:

L. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved
opening.
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2. Seal space outside of sleeves with approved joint compound for gypsum board
assemblies.
E. Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel or cast-iron pipe

sleeves and mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space
between pipe and sleeve for installing mechanical sleeve seals.

F. Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves
to allow for l-inch annular clear space between raceway or cable and sleeve for installing
sleeve-seal system.

3.2 SLEEVE-SEAL-SYSTEM INSTALLATION

A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway
entries into building.

B. Install type and number of sealing elements recommended by manufacturer for raceway or
cable material and size. Position raceway or cable in center of sleeve. Assemble mechanical
sleeve seals and install in annular space between raceway or cable and sleeve. Tighten bolts
against pressure plates that cause sealing elements to expand and make watertight seal.

3.3 SLEEVE-SEAL-FITTING INSTALLATION

A.  Install sleeve-seal fittings in new walls and slabs as they are constructed.

B.  Assemble fitting components of length to be flush with both surfaces of concrete slabs and
walls. Position waterstop flange to be centered in concrete slab or wall.

C.  Secure nailing flanges to concrete forms.

D.  Using grout, seal the space around outside of sleeve-seal fittings.

END OF SECTION 26 05 44

SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND CABLING 260544 -4



SERVICE TRANSFORMER REPLACMENT
EDMUNDS CENTER

NORTHERN MAINE COMMUNITY COLLEGE
ISSUED FOR BID — OCTOBER 3, 2023

SECTION 26 05 48 SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A. Section Includes:

Restraint channel bracings.
Restraint cables.
Seismic-restraint accessories.
Mechanical anchor bolts.
Adhesive anchor bolts.

M

B.  Related Requirements:
1. Section 26 05 29 "Hangers and Supports for Electrical Systems" for commonly used
electrical supports and installation requirements.
1.3 ACTION SUBMITTALS
A.  Product Data: For each type of product.

1. [lustrate and indicate style, material, strength, fastening provision, and finish for each
type and size of seismic-restraint component used.

a. Tabulate types and sizes of seismic restraints, complete with report numbers and
rated strength in tension and shear as evaluated by an agency acceptable to
authorities having jurisdiction.

b. Annotate to indicate application of each product submitted and compliance with
requirements.
B.  Delegated-Design Submittal: For each seismic-restraint device.
1. Include design calculations and details for selecting seismic restraints complying with

performance requirements, design criteria, and analysis data signed and sealed by the
qualified professional engineer responsible for their preparation.

2. Design Calculations: Calculate static and dynamic loading caused by equipment weight,
operation, and seismic forces required to select seismic restraints and for designing
vibration isolation bases.
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a. Coordinate design calculations with wind load calculations required for equipment
mounted outdoors. Comply with requirements in other Sections for equipment
mounted outdoors.

3. Seismic-Restraint Details:
a. Design Analysis: To support selection and arrangement of seismic restraints.
Include calculations of combined tensile and shear loads.
b. Details: Indicate fabrication and arrangement. Detail attachments of restraints to

the restrained items and to the structure. Show attachment locations, methods, and
spacings. Identify components, list their strengths, and indicate directions and
values of forces transmitted to the structure during seismic events. Indicate
association with vibration isolation devices.

c. Coordinate seismic-restraint and vibration isolation details with wind-restraint
details required for equipment mounted outdoors. Comply with requirements in
other Sections for equipment mounted outdoors.

d. Preapproval and Evaluation Documentation: By an agency acceptable to
authorities having jurisdiction, showing maximum ratings of restraint items and the
basis for approval (tests or calculations).

1.4 INFORMATIONAL SUBMITTALS

A.  Coordination Drawings: Show coordination of seismic bracing for electrical components with
other systems and equipment in the vicinity, including other supports and seismic restraints.

B. Qualification Data: For professional engineer.
C.  Welding certificates.

D.  Field quality-control reports.

1.5 QUALITY ASSURANCE

A.  Comply with seismic-restraint requirements in the IBC unless requirements in this Section are
more stringent.

B.  Welding Qualifications: Qualify procedures and personnel according to AWS D1.1/D1.1M,
"Structural Welding Code - Steel."

C.  Secismic-restraint devices shall have horizontal and vertical load testing and analysis. They shall
bear anchorage preapproval from OSHPD in addition to preapproval, showing maximum
seismic-restraint ratings, by ICC-ES or another agency acceptable to authorities having
jurisdiction.  Ratings based on independent testing are preferred to ratings based on
calculations. If preapproved ratings are not available, submittals based on independent testing
are preferred. Calculations (including combining shear and tensile loads) that support seismic-
restraint designs must be signed and sealed by a qualified professional engineer.
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Comply with NFPA 70.

PART 2 - PRODUCTS

2.1

2.2

23

24

A.

PERFORMANCE REQUIREMENTS

See Structural Design.

The following components are Ip=1.5:

1. Fire alarm system

2. Generator and emergency power distribution system.
RESTRAINT CHANNEL BRACINGS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

Cooper B-Line, Inc.; a Division of Cooper Industries.
Hilti, Inc.

Mason Industries, Inc.

Unistrut; Atkore International.

el

Description: MFMA-4, shop- or field-fabricated bracing assembly made of slotted steel
channels with accessories for attachment to braced component at one end and to building
structure at the other end, with other matching components, and with corrosion-resistant
coating; rated in tension, compression, and torsion forces.

RESTRAINT CABLES

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

1. Kinetics Noise Control, Inc.
2. Loos & Co., Inc.
3. Vibration Mountings & Controls, Inc.

Restraint Cables: ASTM A 603 galvanized-steel cables. End connections made of steel
assemblies with thimbles, brackets, swivel, and bolts designed for restraining cable service;
with a minimum of two clamping bolts for cable engagement.

SEISMIC-RESTRAINT ACCESSORIES

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:
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1. Cooper B-Line, Inc.; a Division of Cooper Industries.

2. Kinetics Noise Control, Inc.

3. Mason Industries, Inc.

4, TOLCO: a brand of NIBCO INC.

Hanger-Rod Stiffener:

1. Steel tube or steel slotted-support-system sleeve with internally bolted connections.
2. Reinforcing steel angle clamped to hanger rod.

Hinged and Swivel Brace Attachments: Multifunctional steel connectors for attaching hangers
to rigid channel bracings and restraint cables.

Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed for rigid
equipment mountings and matched to type and size of anchor bolts and studs.

Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene
elements and steel sleeves designed for rigid equipment mountings and matched to type and size
of attachment devices used.

Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant
neoprene, with a flat washer face.

MECHANICAL ANCHOR BOLTS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

Cooper B-Line, Inc.; a Division of Cooper Industries.
Hilti, Inc.

Kinetics Noise Control, Inc.

Mason Industries, Inc.

b

Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in zinc-coated steel
for interior applications and stainless steel for exterior applications. Select anchor bolts with
strength required for anchor and as tested according to ASTM E 488.

ADHESIVE ANCHOR BOLTS

Manufacturers: Subject to compliance with requirements, provide products by the following:

1. Hilti, Inc.
2. Kinetics Noise Control, Inc.
3. Mason Industries, Inc.

Adhesive Anchor Bolts: Drilled-in and capsule anchor system containing PVC or urethane
methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive.

SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS 260548 -4



SERVICE TRANSFORMER REPLACMENT
EDMUNDS CENTER

NORTHERN MAINE COMMUNITY COLLEGE
ISSUED FOR BID — OCTOBER 3, 2023

Provide anchor bolts and hardware with zinc-coated steel for interior applications and stainless
steel for exterior applications. Select anchor bolts with strength required for anchor and as
tested according to ASTM E 488.

PART 3 - EXECUTION

3.1

32

3.3

A.

B.

C.

A.

B.

A.

EXAMINATION
Examine areas and equipment to receive vibration isolation and seismic-control devices for
compliance with requirements for installation tolerances and other conditions affecting

performance of the Work.

Examine roughing-in for reinforcement and cast-in-place anchors to verify actual locations
before installation.

Proceed with installation only after unsatisfactory conditions have been corrected.

APPLICATIONS

Multiple Raceways or Cables: Secure raceways and cables to trapeze member with clamps
approved for application by an agency acceptable to authorities having jurisdiction.

Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select sizes of
components so strength will be adequate to carry present and future static and seismic loads
within specified loading limits.

SEISMIC-RESTRAINT DEVICE INSTALLATION

Coordinate the location of embedded connection hardware with supported equipment
attachment and mounting points and with requirements for concrete reinforcement and

formwork specified in Division 03.

Equipment and Hanger Restraints:

1. Install resilient, bolt-isolation washers on equipment anchor bolts where clearance
between anchor and adjacent surface exceeds 0.125 inch.
2. Install seismic-restraint devices using methods approved by an agency acceptable to

authorities having jurisdiction providing required submittals for component.
Install cables so they do not bend across edges of adjacent equipment or building structure.

Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide
resilient media where equipment or equipment-mounting channels are attached to wall.

Attachment to Structure: If specific attachment is not indicated, anchor bracing to structure at
flanges of beams, at upper truss chords of bar joists, or at concrete members.
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F. Drilled-in Anchors:

1.

b

Identify position of reinforcing steel and other embedded items prior to drilling holes for
anchors. Do not damage existing reinforcing or embedded items during coring or
drilling. Notify the structural engineer if reinforcing steel or other embedded items are
encountered during drilling. Locate and avoid prestressed tendons, electrical and
telecommunications conduit, and gas lines.

Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved
full design strength.

Wedge Anchors: Protect threads from damage during anchor installation. Heavy-duty
sleeve anchors shall be installed with sleeve fully engaged in the structural element to
which anchor is to be fastened.

Adhesive Anchors: Clean holes to remove loose material and drilling dust prior to
installation of adhesive. Place adhesive in holes proceeding from the bottom of the hole
and progressing toward the surface in such a manner as to avoid introduction of air
pockets in the adhesive.

Set anchors to manufacturer's recommended torque using a torque wrench.

Install zinc-coated steel anchors for interior and stainless-steel anchors for exterior
applications.

34 ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION

A. Install flexible connections in runs of raceways, cables, wireways, cable trays, and busways
where they cross seismic joints, where adjacent sections or branches are supported by different
structural elements, and where connection is terminated to equipment that is anchored to a
different structural element from the one supporting them as they approach equipment.

3.5 FIELD QUALITY CONTROL

A.  Perform the following tests and inspections:

1. Provide evidence of recent calibration of test equipment by a testing agency acceptable to
authorities having jurisdiction.

2. Schedule test with Owner, through Architect, before connecting anchorage device to
restrained component (unless postconnection testing has been approved), and with at least
seven days' advance notice.

3. Obtain Architect's approval before transmitting test loads to structure. Provide temporary
load-spreading members.

4, Test at least four of each type and size of installed anchors and fasteners selected by
Architect.

5. Test to 90 percent of rated proof load of device.

B.  Seismic controls will be considered defective if they do not pass tests and inspections.

C.  Prepare test and inspection reports.
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3.6 ADJUSTING

A.  Adjust restraints to permit free movement of equipment within normal mode of operation.

END OF SECTION 26 05 48
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SECTION 26 05 53 IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A. Section Includes:

Identification for conductors.
Underground-line warning tape.
Warning labels and signs.

Equipment identification labels.
Miscellaneous identification products.

M

1.3 ACTION SUBMITTALS

A.  Product Data: For each electrical identification product indicated.

1.4 QUALITY ASSURANCE
Comply with ANSI A13.1 and IEEE C2.
Comply with NFPA 70.

Comply with 29 CFR 1910.144 and 29 CFR 1910.145.

oS 0w »

Comply with ANSI Z535.4 for safety signs and labels.

=

Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks
used by label printers, shall comply with UL 969.

1.5 COORDINATION

A. Coordinate identification names, abbreviations, colors, and other features with requirements in
other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's
wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes,
standards, and 29 CFR 1910.145. Use consistent designations throughout Project.

IDENTIFICATION FOR ELECTRICAL SYSTEMS 260553 -1
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Coordinate installation of identifying devices with completion of covering and painting of
surfaces where devices are to be applied.

Coordinate installation of identifying devices with location of access panels and doors.

Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

2.1

A.

D.

2.2

A.

CONDUCTOR IDENTIFICATION MATERIALS

Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils thick by 1
to 2 inches wide.

Self-Adhesive, Self-Laminating Polyester Labels: Preprinted, 3-mil-thick flexible label with
acrylic pressure-sensitive adhesive that provides a clear, weather- and chemical-resistant, self-
laminating, protective shield over the legend. Labels sized to fit the conductor diameter such
that the clear shield overlaps the entire printed legend.

Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with
diameter sized to suit diameter of conductor it identifies and to stay in place by gripping action.

Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve
with diameter sized to suit diameter of conductor it identifies and to stay in place by gripping

action.

Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification
legend machine printed by thermal transfer or equivalent process.

Write-On Tags: Polyester tag, 0.015 inch thick, with corrosion-resistant grommet and cable tie
for attachment to conductor or cable.

1. Labels for Tags: Self-adhesive label, machine-printed with permanent, waterproof, black
ink recommended by printer manufacturer, sized for attachment to tag.

UNDERGROUND-LINE WARNING TAPE

Tape:

1. Recommended by manufacturer for the method of installation and suitable to identify and
locate underground electrical and communications utility lines.

2. Printing on tape shall be permanent and shall not be damaged by burial operations.

3. Tape material and ink shall be chemically inert, and not subject to degrading when
exposed to acids, alkalis, and other destructive substances commonly found in soils.

4. Pigmented polyolefin, bright-colored, continuous-printed on one side with the inscription

of the utility, compounded for direct-burial service.
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5. Thickness: 4 mils.
6. Weight: 18.5 Ib/1000 sq. ft..
7. 3-Inch Tensile According to ASTM D 882: 30 Ibf, and 2500 psi.

Color and Printing:

1. Comply with ANSI Z535.1 through ANSI Z535.5.

2. Inscriptions for Red-Colored Tapes: ELECTRIC LINE, HIGH VOLTAGE,.

3. Inscriptions for Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE,
COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.,.

WARNING LABELS AND SIGNS

Comply with NFPA 70 and 29 CFR 1910.145.

Self-Adhesive Warning Labels: Factory-printed, multicolor, pressure-sensitive adhesive labels,

configured for display on front cover, door, or other access to equipment unless otherwise

indicated.

Baked-Enamel Warning Signs:

L. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size
required for application.
2. 1/4-inch grommets in corners for mounting.

3. Nominal size, 7 by 10 inches.

Metal-Backed, Butyrate Warning Signs:

1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-
inch galvanized-steel backing; and with colors, legend, and size required for application.
2. 1/4-inch grommets in corners for mounting.

3. Nominal size, 10 by 14 inches.
Warning label and sign shall include, but are not limited to, the following legends:

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD."

INSTRUCTION SIGNS

Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20
sq. inches and 1/8 inch thick for larger sizes.

1. Engraved legend with black letters on white face.

2. Punched or drilled for mechanical fasteners.

3. Framed with mitered acrylic molding and arranged for attachment at applicable
equipment.
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B.  Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process.
Minimum letter height shall be 3/8 inch.

C.  Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal

transfer or equivalent process. Minimum letter height shall be 3/8 inch. Overlay shall provide a
weatherproof and UV-resistant seal for label.

2.5 EQUIPMENT IDENTIFICATION LABELS

A.  Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label: Adhesive backed, with white
letters on a dark-gray background. Minimum letter height shall be 3/8 inch.

B.  Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting.
White letters on a dark-gray background. Minimum letter height shall be 3/8 inch.

2.6 CABLE TIES

A.  General-Purpose Cable Ties: Fungus inert, self extinguishing, one piece, self locking, Type 6/6

nylon.

1. Minimum Width: 3/16 inch.

2. Tensile Strength at 73 deg F, According to ASTM D 638: 12,000 psi.
3. Temperature Range: Minus 40 to plus 185 deg F.

4, Color: Black except where used for color-coding.

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS

A.  Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine
screws with nuts and flat and lock washers.

B.  Medium Voltage cable tags and cable vault duct bank window departure tags:
I. Plastic, flame retardant, halogen free, slots for securing by ty-wrap or screw
2. For MV cable tags - Identify circuit number, phase, source ID, load ID, cable voltage
rating, system voltage rating
3. For window departure tags — identify source or load the duct bank is headed to and the
circuit number of each feeder in the duct bank at each respective conduit departure.

4, For single text line cable tag utilize black sleeves (field customizable) for holding slide in
yellow letter/number tiles/plates (black text with yellow background).
5. For multi-line cable tag utilize custom engraved cable label plates/tags made off site and

installed in field. Secure to Medium voltage cables with tie wraps and secure to interior
cable vault walls with concrete screws.
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PART 3 - EXECUTION

3.1

32

A.

INSTALLATION
Verify identity of each item before installing identification products.

Location: Install identification materials and devices at locations for most convenient viewing
without interference with operation and maintenance of equipment.

Apply identification devices to surfaces that require finish after completing finish work.

Self-Adhesive Identification Products: Clean surfaces before application, using materials and
methods recommended by manufacturer of identification device.

Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners
appropriate to the location and substrate.

Cable Ties: For attaching tags. Use general-purpose type, except as listed below:

L. Outdoors: UV-stabilized nylon.
2. In Spaces Handling Environmental Air: Plenum rated.

Underground-Line Warning Tape:  During backfilling of trenches install continuous
underground-line warning tape directly above line at 6 to 8 inches below finished grade. Use
multiple tapes where width of multiple lines installed in a common trench or concrete
envelope exceeds 16 inches overall.

IDENTIFICATION SCHEDULE

Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and
junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase.

L. Color-Coding for Phase and Voltage Level Identification, 600 V or Less: Use colors
listed below for ungrounded service, feeder, and branch-circuit conductors.

a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG, if
authorities having jurisdiction permit.
b. Colors for 208/120-V Circuits:

1) Phase A: Black.
2) Phase B: Red.
3)  Phase C: Blue.
c. Colors for 480/277-V Circuits:

1) Phase A: Brown.
2) Phase B: Orange.
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3)  Phase C: Yellow.

d. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a
minimum distance of 6 inches from terminal points and in boxes where splices or
taps are made. Apply last two turns of tape with no tension to prevent possible
unwinding. Locate bands to avoid obscuring factory cable markings.

B. Power-Circuit Conductor Identification, More than 600 V: For conductors in vaults, pull and
junction boxes, manholes, and handholes, use nonmetallic plastic tag holder with adhesive-
backed phase tags, and a separate tag/label with the circuit designation and other related
information described in part two above.

C. Install instructional sign including the color-code for grounded and ungrounded conductors
using adhesive-film-type labels.

D.  Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes,
manbholes, and handholes, self-adhesive, self-laminating polyester labels with the conductor or
cable designation, origin, and destination.

E. Control-Circuit Conductor Termination Identification: For identification at terminations
provide self-adhesive, self-laminating polyester labels with the conductor designation.

F. Conductors to Be Extended in the Future: Attach marker tape to conductors and list source.

G. Locations of Underground Lines: Identify with underground-line warning tape for power,
lighting, communication, and control wiring and optical fiber cable.

1. Install underground-line warning tape for both direct-buried cables and cables in
raceway.

H.  Operating Instruction Signs: Install instruction signs to facilitate proper operation and
maintenance of electrical systems and items to which they connect. Install instruction signs
with approved legend where instructions are needed for system or equipment operation.

L. Equipment Identification Labels: On each unit of equipment, install unique designation label
that is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual.
Apply labels to disconnect switches and protection equipment, central or master units, control
panels, control stations, terminal cabinets, and racks of each system. Systems include power,
lighting, control, communication, signal, monitoring, and alarm systems unless equipment is
provided with its own identification.

L. Labeling Instructions:

a. Indoor Equipment: Self-adhesive, engraved, laminated acrylic or melamine label.
Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters
on 1-1/2-inch-high label; where two lines of text are required, use labels 2 inches
high.

b. Outdoor Equipment: Engraved, laminated acrylic or melamine label.
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c. Unless provided with self-adhesive means of attachment, fasten labels with
appropriate mechanical fasteners that do not change the NEMA or NRTL rating of
the enclosure.

2. Equipment to Be Labeled:

a. Panelboards:  Typewritten directory of circuits in the location provided by
panelboard manufacturer.  Panclboard identification shall be self-adhesive,
engraved, laminated acrylic or melamine label.

b. Enclosures and electrical cabinets.

Access doors and panels for concealed electrical items.

Transformers: Label that includes tag designation shown on Drawings for the

transformer, feeder, and panelboards or equipment supplied by the secondary.

Enclosed switches.

Enclosed circuit breakers.

Enclosed controllers.

Medium voltage cables (each conductor)

Duct bank departures from cable vaults (on interior wall above respective conduit

window)

/e

FEge o

END OF SECTION 26 05 53
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SECTION 26 05 74 OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

RELATED DOCUMENTS

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

SUMMARY

Section includes a computer-based, arc-flash study to determine the arc-flash hazard distance
and the incident energy to which personnel could be exposed during work on or near electrical
equipment.

DEFINITIONS

Existing to Remain: Existing items of construction that are not to be removed and that are not
otherwise indicated to be removed, removed and salvaged, or removed and reinstalled.

One-Line Diagram: A diagram which shows, by means of single lines and graphic symbols, the
course of an electric circuit or system of circuits and the component devices or parts used

therein.

Protective Device: A device that senses when an abnormal current flow exists and then
removes the affected portion from the system.

SCCR: Short-circuit current rating.

Service: The conductors and equipment for delivering electric energy from the serving utility to
the wiring system of the premises served.

ACTION SUBMITTALS

Product Data: For computer software program to be used for studies.

Other Action Submittals: Submit the following submittals after the approval of system
protective devices submittals. Submittals shall be in digital form.

1. Arc-flash study input data, including completed computer program input data sheets.
2. Arc-flash study report; signed, dated, and sealed by a qualified professional engineer.

a. Submit study report for action prior to receiving final approval of the distribution
equipment submittals. If formal completion of studies will cause delay in
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equipment manufacturing, obtain approval from Architect for preliminary
submittal of sufficient study data to ensure that the selection of devices and
associated characteristics is satisfactory.

INFORMATIONAL SUBMITTALS
Qualification Data: For Arc-Flash Study Specialist.

Product Certificates: For arc-flash hazard analysis software, certifying compliance with
IEEE 1584 and NFPA 70E.

CLOSEOUT SUBMITTALS

Maintenance procedures according to requirements in NFPA 70E shall be provided in the
equipment manuals.

Operation and Maintenance Procedures: In addition to items specified in Section 01 78 23
"Operation and Maintenance Data," provide maintenance procedures for use by Owner's
personnel that comply with requirements in NFPA 70E.

QUALITY ASSURANCE

Studies shall use computer programs that are distributed nationally and are in wide use.
Software algorithms shall comply with requirements of standards and guides specified in this
Section. Manual calculations are unacceptable.

Arc-Flash Study Software Developer Qualifications: An entity that owns and markets computer
software used for studies, having performed successful studies of similar magnitude on
electrical distribution systems using similar devices.

1. The computer program shall be developed under the charge of a licensed professional
engineer who holds IEEE Computer Society's Certified Software Development
Professional certification.

Arc-Flash Study Specialist Qualifications: Professional engineer in charge of performing the
study, analyzing the arc flash, and documenting recommendations, licensed in the state where
Project is located. All elements of the study shall be performed under the direct supervision and
control of this professional engineer.

PART 2 - PRODUCTS

2.1

A.

COMPUTER SOFTWARE DEVELOPERS

Software Developers: Subject to compliance with requirements, available software developers
offering software that may be used for the Work include, but are not limited to, the following:

OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY 260574 -2
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ESA Inc.

Operation Technology, Inc.
Power Analytics, Corporation.
SKM Systems Analysis, Inc.

el S

B.  Comply with IEEE 1584 and NFPA 70E.

22 SHORT-CIRCUIT STUDY REPORT CONTENT
A.  Executive summary.

B.  Study descriptions, purpose, basis and scope.

C.  One-line diagram, showing the following:
1. Protective device designations and ampere ratings.
2. Cable size and lengths.
3. Transformer kilovolt ampere (kVA) and voltage ratings.
4, Motor and generator designations and kV A ratings.
5. Switchgear, switchboard, motor-control center and panelboard designations.

D.  Study Input Data: As described in "Power System Data" Article.
E. Short-Circuit Study Output:

1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing the
following for each overcurrent device location:

a. Voltage.

b. Calculated symmetrical fault-current magnitude and angle.

c. Fault-point X/R ratio.

d. No AC Decrement (NACD) ratio.

e. Equivalent impedance.

f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a
symmetrical basis.

g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a total basis.

F. Incident Energy and Flash Protection Boundary Calculations:

Arcing fault magnitude.

Protective device clearing time.

Duration of arc.

Arc-flash boundary.

Working distance.

Incident energy.

Hazard risk category.

Recommendations for arc-flash energy reduction.

NN R WD =
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Fault study input data, case descriptions, and fault-current calculations including a definition of
terms and guide for interpretation of the computer printout.

ARC-FLASH WARNING LABELS

Comply with requirements in Section 26 05 53 "Identification for Electrical Systems." Produce
a 3.5-by-5-inch thermal transfer label of high-adhesion polyester for each work location
included in the analysis.

The label shall have an orange header with the wording, "WARNING, ARC-FLASH
HAZARD," and shall include the following information taken directly from the arc-flash hazard
analysis:

1. Location designation.

2. Nominal voltage.

3. Flash protection boundary.
4. Hazard risk category.

5. Incident energy.

6. Working distance.

7.

Engineering report number, revision number, and issue date.

Labels shall be machine printed, with no field-applied markings.

PART 3 - EXECUTION

3.1

A.

3.2
A.
B.
C
D

E.

EXAMINATION
Examine Project overcurrent protective device submittals. Proceed with arc-flash study only

after relevant equipment submittals have been assembled. Overcurrent protective devices that
have not been submitted and approved prior to arc-flash study may not be used in study.

SHORT-CIRCUIT STUDY

Perform study following the general study procedures contained in IEEE 399.
Calculate short-circuit currents according to IEEE 551.

Base study on the device characteristics supplied by device manufacturer.

The extent of the electrical power system to be studied is indicated on Drawings.

Begin analysis at the service, extending down to the system overcurrent protective devices as
follows:

OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY 260574 -4
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L. To normal system low-voltage load buses where fault current is 10 kA or less.
2. Exclude equipment rated 240-V ac or less when supplied by a single transformer rated
less than 125 kVA.

Study electrical distribution system from normal and alternate power sources throughout
electrical distribution system for Project. Include studies of system-switching configurations
and alternate operations that could result in maximum fault conditions.

The calculations shall include the ac fault-current decay from induction motors, synchronous
motors, and asynchronous generators and shall apply to low- and medium-voltage, three-phase
ac systems.

Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and
single line-to-ground fault at each of the following:

Electric utility's supply termination point.
Switchgear.

Low-voltage switchgear.

Motor-control centers.

Standby generators and automatic transfer switches.
Branch circuit panelboards.

AN ol ol e

ARC-FLASH HAZARD ANALYSIS
Comply with NFPA 70E and its Annex D for hazard analysis study.
Use the short-circuit study output and the field-verified settings of the overcurrent devices.

Calculate maximum and minimum contributions of fault-current size.

1. The minimum calculation shall assume that the utility contribution is at a minimum and
shall assume no motor load.
2. The maximum calculation shall assume a maximum contribution from the utility and

shall assume motors to be operating under full-load conditions.

Calculate the arc-flash protection boundary and incident energy at locations in the electrical
distribution system where personnel could perform work on energized parts.

Include medium- and low-voltage equipment locations, except 240-V ac and 208-V ac systems
fed from transformers less than 125 kVA.

Safe working distances shall be specified for calculated fault locations based on the calculated
arc-flash boundary, considering incident energy of 1.2 cal/sq.cm.

Incident energy calculations shall consider the accumulation of energy over time when
performing arc-flash calculations on buses with multiple sources. Iterative calculations shall
take into account the changing current contributions, as the sources are interrupted or
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decremented with time. Fault contribution from motors and generators shall be decremented as
follows:

1. Fault contribution from induction motors should not be considered beyond three to five
cycles.
2. Fault contribution from synchronous motors and generators should be decayed to match

the actual decrement of each as closely as possible (e.g., contributions from permanent
magnet generators will typically decay from 10 per unit to three per unit after 10 cycles).

Arc-flash computation shall include both line and load side of a circuit breaker as follows:

1. When the circuit breaker is in a separate enclosure.
2. When the line terminals of the circuit breaker are separate from the work location.

Base arc-flash calculations on actual overcurrent protective device clearing time. Cap
maximum clearing time at two seconds based on IEEE 1584, Section B.1.2.

POWER SYSTEM DATA

Obtain all data necessary for the conduct of the arc-flash hazard analysis.

1. Verify completeness of data supplied on the one-line diagram on Drawings. Call
discrepancies to the attention of Architect.
2. Use characteristics submitted under the provisions of action submittals and information

submittals for this Project.

Gather and tabulate the following input data to support coordination study. Comply with
recommendations in IEEE 1584 and NFPA 70E as to the amount of detail that is required to be
acquired in the field. Field data gathering shall be under the direct supervision and control of
the engineer in charge of performing the study, and shall be by the engineer or its representative
who holds NETA ETT Level Il certification or NICET Electrical Power Testing Level III
certification.

L. Product Data for overcurrent protective devices specified in other Sections and involved
in overcurrent protective device coordination studies. Use equipment designation tags
that are consistent with electrical distribution system diagrams, overcurrent protective
device submittals, input and output data, and recommended device settings.

2. Obtain electrical power utility impedance at the service.
3. Power sources and ties.
4. For transformers, include kVA, primary and secondary voltages, connection type,

impedance, X/R ratio, taps measured in per cent, and phase shift.

5. For reactors, provide manufacturer and model designation, voltage rating and impedance.

6. For circuit breakers and fuses, provide manufacturer and model designation. List type of
breaker, type of trip and available range of settings, SCCR, current rating, and breaker
settings.

7. Generator short-circuit current contribution data, including short-circuit reactance, rated

kVA, rated voltage, and X/R ratio.
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For relays, provide manufacturer and model designation, current transformer ratios,
potential transformer ratios, and relay settings.

Busway manufacturer and model designation, current rating, impedance, lengths, and
conductor material.

Motor horsepower and NEMA MG 1 code letter designation.

Low-voltage cable sizes, lengths, number, conductor material and conduit material
(magnetic or nonmagnetic).

Medium-voltage cable sizes, lengths, conductor material, and cable construction and
metallic shield performance parameters.

3.5 LABELING

A.  Apply one arc-flash label for 600-V ac, 480-V ac, and applicable 208-V ac panelboards and
disconnects and for each of the following locations:

1.
2.
3.

Low-voltage switchboard.
Switchgear.
Control panel.

3.6 APPLICATION OF WARNING LABELS

A. Install the arc-fault warning labels under the direct supervision and control of the Arc-Flash
Study Specialist.

3.7 DEMONSTRATION

A.  Engage the Arc-Flash Study Specialist to train Owner's maintenance personnel in the potential
arc-flash hazards associated with working on energized equipment and the significance of the
arc-flash warning labels.

END OF SECTION 26 05 74
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SECTION 260800 - COMMISSIONING OF ELECTRICAL SYSTEM

PART 1 - GENERAL

1.1

1.2

1.3

A.

c o = »

=2

M

TQ

!—1

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary
Conditions and other Division 01 Specification Sections, apply to this Section.

SUMMARY

Section includes Cx process requirements for the following electrical components, systems,
assemblies, and equipment:

1. Electrical equipment connected to Normal power systems, including the following:
a. Transformers.
b Primary and secondary service electrical systems.
c. Lightning protection systems.
d Grounding systems.
DEFINITIONS
BoD: Basis-of-Design Document
Cx: Commissioning
CxA: Commissioning Authority
Essential Power Systems: A power system that a facility transitions to in the absence of Normal
power. This power includes all systems classified as "standby" or "emergency," including
"legally required."
Low Voltage: 600 V and below.
Medium Voltage: 601 V and above.
Normal Power Systems: A power system that provides primary power to a facility.
OPR: Owner's Project Requirements
"Systems," "Assemblies," "Subsystems," "Equipment,” and "Components": Where these terms

are used together or separately, they shall mean "as-built" systems, assemblies, subsystems,
equipment, and components.
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1.4 INFORMATIONAL SUBMITTALS
A.  Qualification Data: For electrical testing technician.

B.  Construction Checklists: Draft construction checklists will be created by CxA for Contractor
review.

C.  Construction Checklists: Include the following as it directly relates to the replacement of the
existing pad mounted transformer.

Low-voltage power cables (existing re-terminated secondary feed to building).
Liquid-filled transformers.

Switchgear and switchboard serving affected building.

Medium-voltage power cables.

Medium-voltage air switches/cut-outs. (existing re-terminated pole top equipment)
Medium-voltage surge protective devices.

Protective relays. (where existing)

Metering devices. (where existing)

Molded-case circuit breakers. (existing main device in affect switchboard)
Grounding systems.

Ground-fault protection systems.

el e A O S e

— O

1.5 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For electrical systems and components to include in operation
and maintenance manuals.

1.6 QUALITY ASSURANCE

A.  Electrical Testing Technician Qualifications: Technicians to perform electrical Construction
Checklist verification tests, Construction Checklist verification test demonstrations, Cx tests,
and Cx test demonstrations shall have the following minimum qualifications:

1. Journey level or equivalent skill level. Vocational school four-year-program graduate or
an Associate's degree in electrical systems, or similar field. Degree may be offset by three
years' experience as an apprentice or a journey-level electrician. Generally, required
knowledge includes electrical and HVAC&R concepts, building operations, and
application and use of tools and instrumentation to measure performance of electrical
equipment, assemblies, and systems.

2. Minimum three years' experience installing, servicing, and operating systems
manufactured by approved manufacturer.

B.  Testing Equipment and Instrumentation Quality and Calibration: For test equipment and
instrumentation required to perform electrical Cx work, perform the following:
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1. Submit test equipment and instrumentation list. For each equipment or instrument,
identify the following:
a. Equipment/instrument identification number.
b. Planned Cx application or use.
c. Manufacturer, make, model, and serial number.
d. Calibration history, including certificates from agencies that calibrate the
equipment and instrumentation.
2. Test equipment and instrumentation shall meet the following criteria:
a. Capable of testing and measuring performance within the specified acceptance
criteria.
b. Be calibrated at manufacturer's recommended intervals with current calibration
tags permanently affixed to the instrument being used.
c. Be maintained in good repair and operating condition throughout duration of use
on Project.
d. Be recalibrated/repaired if dropped or damaged in any way since last calibrated.

C.  Proprietary Test Instrumentation and Tools:

1. Equipment Manufacturer's Proprietary Instrumentation and Tools: For installed
equipment included in the Cx process, test instrumentation and tools manufactured or
prescribed by equipment manufacturer to service, calibrate, adjust, repair, or otherwise
work on its equipment or required as a condition of equipment warranty, perform the

following:
a. Submit proprietary instrumentation and tools list. For each instrument or tool,
identify the following:

1) Instrument or tool identification number.

2) Equipment schedule designation of equipment for which the instrument or
tool is required.

3) Manufacturer, make, model, and serial number.

4) Calibration history, including certificates from agencies that calibrate the
instrument or tool, where appropriate.

b. Include a separate list of proprietary test instrumentation and tools in operation and
maintenance manuals.
c. Electrical proprietary test instrumentation and tools become property of Owner at

the time of Substantial Completion.
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PART 2 - PRODUCTS (Not Used)

PART 3 - EXECUTION

3.1

3.2

33

A.

CONSTRUCTION CHECKLISTS

Prepare detailed construction checklists for electrical systems, subsystems, equipment, and
components. Complete and submit construction checklists.

CONSTRUCTION CHECKLIST REVIEW

Review and provide written comments on draft construction checklists. CxA will create
required draft construction checklists and provide them to Contractor.

Return draft Construction Checklist review comments within 10 days of receipt.

When review comments have been resolved, CxA will provide final construction checklists,
marked "Approved for Use, (date)."

Use only construction checklists, marked "Approved for Use, (date)."

GENERAL TESTING REQUIREMENTS

Certify that electrical systems, subsystems, and equipment have been installed, calibrated, and
started and that they are operating according to the Contract Documents and approved Shop
Drawings and submittals.

Certify that electrical instrumentation and control systems have been completed and calibrated,
that they are operating according to the Contract Documents and approved Shop Drawings and
submittals, and that pretest set points have been recorded.

Set systems, subsystems, and equipment into operating mode to be tested according to approved
test procedures (for example, normal shutdown, normal auto position, normal manual position,
unoccupied cycle, emergency power, and alarm conditions).

Measure capacities and effectiveness of systems, assemblies, subsystems, equipment, and
components, including operational and control functions to verify compliance with acceptance
criteria.

Test systems, assemblies, subsystems, equipment, and components operating modes, interlocks,
control responses, and responses to abnormal or emergency conditions, and response according
to acceptance criteria.

Construction Checklists: Prepare and submit detailed construction checklists for electrical
systems, subsystems, equipment, and components.
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1. Contributors to development of construction checklists shall include, but are not limited
to, the following:

a. Electrical systems and equipment installers.
b. Electrical instrumentation and controls installers.

Perform tests using design conditions, whenever possible.

1. Simulated conditions may, with approval of Architect, be imposed using an artificial load
when it is impractical to test under design conditions. Before simulating conditions,
calibrate testing instruments. Provide equipment to simulate loads. Set simulated
conditions as directed by CxA, and document simulated conditions and methods of
simulation. After tests, return configurations and settings to normal operating conditions.

2. Cx test procedures may direct that set points be altered when simulating conditions is
impractical.
3. Cx test procedures may direct that sensor values be altered with a signal generator when

design or simulating conditions and altering set points are impractical.

If tests cannot be completed because of a deficiency outside the scope of the electrical system,
document the deficiency and report it to Owner. After deficiencies are resolved, reschedule
tests.

If seasonal testing is specified, complete appropriate initial performance tests and
documentation and schedule seasonal tests.

Coordinate schedule with, and perform Cx activities at the direction of the CxA.

Comply with Construction Checklist requirements, including material verification, installation
checks, startup, and performance tests requirements specified in Sections specifying electrical
systems and equipment.

Provide technicians, instrumentation, tools, and equipment to complete and document the
following:

Performance tests.

Demonstration of a sample of performance tests.
Cx tests.

Cx test demonstrations.

el S

Cx TESTS FOR ELECTRICAL SYSTEMS

Verification of Normal Power System Operation:

1. Prerequisites: Acceptance of results for construction checklists for Division 26 electrical
components associated with Normal power system.

2. Equipment and Systems to Be Tested: Division 26 electrical equipment.

3. Test Purpose: Verify operation of Normal power system.

4. Test Conditions: Energize components of Normal power system, one at a time.
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5. Acceptance Criteria: Proper operation of Normal power system over a 24-hour period.

END OF SECTION 260800
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SECTION 261219 - PAD-MOUNTED, LIQUID-FILLED, MEDIUM-VOLTAGE TRANSFORMERS

PART 1 - GENERAL

1.1

A.

1.2

1.3

1.4

RELATED DOCUMENTS

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

SUMMARY

Section includes pad-mounted, liquid-filled, medium-voltage distribution transformers, with
primary and secondary bushings within or without air-terminal enclosures.

DEFINITIONS

BIL: Basic Impulse Insulation Level.

Bushing: An insulating structure including a central conductor, or providing a central passage
for a conductor, with provision for mounting on a barrier, conducting or otherwise, for the
purpose of insulating the conductor from the barrier and conducting current from one side of the
barrier to the other.

Bushing Elbow: An insulated device used to connect insulated conductors to separable insulated
connectors on dead-front, pad-mounted transformers and to provide a fully insulated
connection. This is also called an "elbow connector."

Bushing Insert: That component of a separable insulated connector that is inserted into a
bushing well to complete a dead-front, load break or nonload break, separable insulated
connector (bushing).

Bushing Well: A component of a separable insulated connector, either permanently welded or
clamped to an enclosure wall or barrier, having a cavity that receives a replaceable component

(bushing insert) to complete the separable insulated connector (bushing).

Elbow Connector: See "bushing elbow" above.

ACTION SUBMITTALS
Product Data: For each type of product.

1. Include rated capacities, operating characteristics, and furnished specialties and
accessories.
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B. Shop Drawings: For pad-mounted, liquid-filled, medium-voltage transformers.

1.

A

Include plans and elevations showing major components and features.

a. Include a plan view and cross section of equipment base, showing clearances,
required workspace, and locations of penetrations for grounding and conduits.

Include details of equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

Include single-line diagram.

Include list of materials.

Include nameplate data.

Manufacturer's published time-current curves of the transformer high-voltage fuses, with
transformer damage curve, inrush curve, and thru fault current indicated.

1.5 INFORMATIONAL SUBMITTALS

A.  Coordination Drawings:

L.

Utilities site plan, drawn to scale, showing heavy equipment or truck access paths for
maintenance and replacement.

B. Qualification Data: For testing agency.

C.  Seismic Qualification Certificates: For transformer assembly, accessories, and components,
from manufacturer.

1.

2.

3.

Basis for Certification: Indicate whether withstand certification is based on actual test of
assembled components or on calculation.

Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity, and locate
and describe mounting and anchorage provisions.

Detailed description of equipment anchorage devices on which the certification is based
and their installation requirements.

D.  Product Certificates: For transformers, signed by product manufacturer.

E. Source quality-control reports.

F. Field quality-control reports.

1.6 CLOSEOUT SUBMITTALS

A.  Operation and Maintenance Data: For transformer and accessories to include in emergency,
operation, and maintenance manuals.
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QUALITY ASSURANCE
Testing Agency Qualifications: Member company of NETA or an NRTL.

1. Testing Agency's Field Supervisor: Certified by NETA to supervise on-site testing.

PART 2 - PRODUCTS

2.1

A.

B.

C.

2.2

A.

D.

G.

SYSTEM DESCRIPTION

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.

Comply with IEEE C2.

Comply with IEEE C57.12.00.

PERFORMANCE REQUIREMENTS

Seismic Performance: The transformers shall withstand the effects of earthquake motions
determined according to ASCE/SEI 7.

1. The term "withstand" means "the transformer will remain in place without separation of
any parts when subjected to the seismic forces specified and the transformer will be fully
operational after the seismic event."

2. Component Importance Factor: 1.5.
3. Component Amplification Factor: 2.5.
4. Component Response Modification Factor: 6.0.

Windings Material: Copper.

Surge Arresters: Comply with IEEE C62.11, Distribution Class; metal-oxide-varistor type, fully
shielded, separable-elbow type, suitable for plugging into the inserts provided in the high-
voltage section of the transformer. Connected in each phase of incoming circuit and ahead of
any disconnecting device.

Winding Connections: The connection of windings and terminal markings shall comply with
IEEE C57.12.70.

Efficiency: Comply with 10 CFR 431, Subpart K.

Insulation: Transformer kVA rating shall be as follows: The average winding temperature rise
above a 30 deg C ambient temperature shall not exceed 65 deg C and 80 deg C hottest-spot
temperature rise at rated kVA when tested according to IEEE C57.12.90, using combination of

connections and taps that give the highest average winding temperature rise.

Tap Changer: External handle, for de-energized operation.
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Tank: Sealed, with welded-on cover. Designed to withstand internal pressure of not less than 7
psi (50 kPa) without permanent distortion and 15 psig (104 kPa) without rupture. Comply with
IEEE C57.12.36.

Enclosure Integrity: Comply with IEEE C57.12.28 for pad-mounted enclosures that contain
energized electrical equipment in excess of 600 V that may be exposed to the public.

Mounting: An integral skid mounting frame, suitable to allow skidding or rolling of transformer
in any direction, and with provision for anchoring frame to pad.

Insulating Liquids:
1. Less-Flammable Liquids:

a. Edible-Seed-Oil-Based Dielectric: Listed and labeled by an NRTL as complying
with NFPA 70 requirements for fire point of not less than 300 deg C when tested
according to ASTM D92. Liquid shall be biodegradable and nontoxic, having
passed the Organization for Economic Co-operation and Development G.L.203
with zero mortality, and shall be certified by the U.S. Environmental Protection
Agency as biodegradable, meeting Environmental Technology Verification
requirements.

Sound level shall comply with NEMA TR 1 requirements.
Corrosion Protection:

1. Transformer coating system shall be factory applied, complying with requirements of
IEEE C57.12.28, in manufacturer's standard color green.

THREE-PHASE TRANSFORMERS

Provide one the follow manufacturers or follow the substitution process to seek approval for a
manufacturer not listed below:

L. ABB

Cooper Power

Maddox

Schneider Electric (Square D)

Sun Belt

nbkwn

Description:

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

2. Comply with IEEE C57.12.26.
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C. Compartment Construction:

1.

2.

Single-Compartment Construction: Clamshell style, with provision for padlocking,
hinged cover, and single-point latching.

Double-Compartment Construction: Individual compartments for high- and low-voltage
sections, formed by steel isolating barriers that extend full height and depth of
compartments, with hinged, lift-off doors and three-point latching, with a stop in the open
position and provision for padlocking.

D.  Primary Fusing: Designed and rated to provide thermal protection of transformer by sensing
overcurrent and high liquid temperature.

1.
2.
3.

150-kV BIL current-limiting fuses, conforming to requirements of IEEE C37.47.
Interrupting Rating: 50,000 rms A symmetrical at system voltage.

Fuse Assembly: Bayonet-type, liquid-immersed, expulsion fuses in series with liquid-
immersed, partial-range, current-limiting fuses. Bayonet fuse shall sense both high
currents and high oil temperature to provide thermal protection to the transformer.
Provide bayonet fuse assembly with an oil retention valve and an external drip shield
inside the housing to eliminate or minimize oil spills. Valve shall close when fuse holder
is removed and an external drip shield is installed.

Provide a conspicuously displayed warning adjacent to bayonet fuse(s), cautioning
against removing or inserting fuses unless transformer has been de-energized and tank
pressure has been released.

E.  High-Voltage Section: Dead-front design.

L.

Nk w

To connect primary cable, use separable insulated connectors; coordinated with and
complying with requirements of Section 260513 "Medium-Voltage Cables." Bushings
shall be one-piece units, with ampere and BIL ratings the same as connectors.

Bushing inserts and feed-through inserts:

a. Conform to the requirements of IEEE 386.

b. Rated at 200 A, with voltage class matching connectors. Provide a parking stand
near each bushing well. Parking stands shall be equipped with insulated standoff
bushings for parking of energized load-break elbow connectors on parking stands.

c. Provide insulated protective caps for insulating and sealing out moisture from
unused bushing inserts and insulated standoff bushings.

Bushing wells configured for loop-feed application.

Access to liquid-immersed fuses.

Dead-front surge (lightning) arresters.

Primary voltage operator (dual wound primary unit); 2 positions, 4.16 kV and 12.47 kV

Tap-changer operator; 5 positions (2 above, normal, 2 below). Provided for both primary

voltage selections.

Load-Break Switch:

a. Loop-feed sectionalizing switches, using three two-position, liquid-immersed-type
switches for closed transition loop-feed and sectionalizing operation. Voltage class
and BIL shall match that of separable connectors, with a continuous current rating
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and load-break rating of 200 amperes, and a make-and-latch rating of 12 kA rms
symmetrical. Switch operation shall be as follows:

1) Position I: Line A connected to line B and both lines connected to the
transformer.

2) Position II: Transformer connected to line A only.

3) Position III: Transformer connected to line B only.

4)  Position IV: Transformer disconnected and line A not connected to line B.

5) Position V: Transformer disconnected and line A connected to line B.

Ground pad.

F. Low-Voltage Section:

L.

Bushings with spade terminals drilled for terminating the number of conductors indicated
on the Drawings, and the lugs that comply with requirements of Section 260519 "Low-
Voltage Electrical Power Conductors and Cables."

Metering: Coordinated with and complying with requirements of Section 262713
"Electricity Metering." Make provision for the installation by providing mounting space,
brackets, and cable and conduit routing as well as the following:

Sensors.

BAS interface.
Kilowatt-hour meter.
Kilowatt-hour demand meter.

fo o

G.  Capacities and Characteristics:

L.

nhkwbh

—

Power Rating (kVA): 300 kVA BASE cost. Provide ADD Alternate cost for increasing to
a 500 kVA unit.

Voltage Ratings: Dual wound primary; 12,470 V and 4160 V. Secondary - 480Y/277 V.
Taps: Comply with IEEE C57.12.26 requirements.

Transformer BIL (kV): Comply with IEEE C57.12.26 requirements.

Minimum Tested Impedance (Percent at 85 deg C): 2.87 (BASE 300 kVA) and 4.03
ADD ALT 500 kVA).

K-factor: K1, complying with UL 1562.

Comply with FM Global Class No. 3990.

Comply with UL listing requirements for combination classification and listing for
transformer and less-flammable insulating liquid.

H. Transformer Accessories:

AN S e

Drain and filter connection.

Filling and top filter press connections.

Pressure-vacuum gauge.

Dial-type analog thermometer with alarm contacts.

Magnetic liquid level indicator with high and low alarm contacts.

Automatically resetting pressure-relief device. Device flow shall be as recommended by
manufacturer. With alarm contacts and a manual bleeder.
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7. Stainless-steel ground connection pads.

8. Machine-engraved nameplate, made of anodized aluminum or stainless steel.

9. Sudden pressure relay for remote alarm or trip when internal transformer pressure rises at
field-set rate. Provide with seal-in delay.

SERVICE CONDITIONS

Transformers shall be suitable for operation under service conditions specified as usual service
conditions in IEEE C57.12.00, except for the following:

1. Altitudes above 3300 feet.

2. Cooling air temperature exceeds limits.

3. Excessive load current harmonic factor.

4. Operation above rated voltage or below rated frequency.

5. Exposure to explosive environments.

6. Exposure to fumes, vapors, or dust.

7. Exposure to hot and humid climate or to excessive moisture, including steam, salt spray,
and dripping water.

8. Exposure to seismic shock or to abnormal vibration, shock, or tilting.

9. Exposure to excessively high or low temperatures.

10.  Unusual transportation or storage conditions.

11.  Unusual grounding resistance conditions.

CONTROL NETWORK

Controllers: Support serial MS/TP and Ethernet [P communications, and able to communicate
directly via RS-485 serial networks and Ethernet 10Base-T networks as a native device.

WARNING LABELS AND SIGNS

Comply with requirements for labels and signs specified in Section 260553 "Identification for
Electrical Systems."

1.

High-Voltage Warning Label: Provide self-adhesive warning signs on outside of high-
voltage compartment door(s). Sign legend shall be "DANGER HIGH VOLTAGE"
printed in two lines of nominal 2-inch-high letters. The word "DANGER" shall be in
white letters on a red background and the words "HIGH VOLTAGE" shall be in black
letters on a white background.

Arc Flash Warning Label: Provide self-adhesive warning signs on outside of high-voltage
compartment door(s), warning of potential electrical arc flash hazards and appropriate
personal protective equipment required.
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2.7 SOURCE QUALITY CONTROL

A. Provide manufacturer's certificate that the transformer design tests comply with
IEEE C57.12.90.

L.

Perform the following factory-certified routine tests on each transformer for this Project:

Resistance.

Turns ratio, polarity, and phase relation.

Transformer no-load losses and excitation current at 100 percent of ratings.
Transformer impedance voltage and load loss.

Operation of all devices.

Lightning impulse.

Low frequency.

Leak.

Transformer no-load losses and excitation current at 110 percent of ratings.
Insulation power factor.

Applied potential, except that this test is not required for single-phase transformers
or for three-phase Y-Y-connected transformers.

Induced potential.

Resistance measurements of all windings on rated voltage connection and at tap
extreme connections.

Ratios on rated voltage connection and at tap extreme connections.

Polarity and phase relation on rated voltage connection.

No-load loss at rated voltage on rated voltage connection.

Exciting current at rated voltage on rated voltage connection.

Impedance.

FTS PR Mo a0 o
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PART 3 - EXECUTION

3.1 EXAMINATION

A.  Examine pad-mounted, liquid-filled, medium-voltage transformers upon delivery.

L.

2.

Upon delivery of transformers and prior to unloading, inspect equipment for any damage
that may have occurred during shipment or storage.

Verify that tie rods and chains are undamaged and tight, and that all blocking and bracing
is tight. Verify that there is no evidence of load shifting in transit, and that readings from
transportation shock recorders, if equipped, are within manufacturer's recommendations.
Verify that there is no indication of external damage and no dents or scratches in doors
and sill, tank walls, radiators and fins, or termination provisions.

Verify that there is no evidence of insulating-liquid leakage on transformer surfaces, at
weld seams, on high- or low-voltage bushing parts, and at transformer base.

Verify that there is positive pressure or vacuum on tank. Check pressure gauge; it is
required to read other than zero.

Compare transformers and accessories received with bill of materials to verify that
shipment is complete. Verify that transformers and accessories conform with
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manufacturer's quotation and shop drawings. If shipment is incomplete or does not
comply with Project requirements, notify manufacturer in writing immediately.

7. Verify presence of polychlorinated biphenyl content labeling.

8. Unload transformers carefully, observing all packing label warnings and handling
instructions.

9. Open termination compartment doors and inspect components for damage or displaced
parts, loose or broken connections, cracked or chipped insulators, bent mounting flanges,
dirt or foreign material, and water or moisture.

B.  Handling:

1. Handle transformers carefully, in accordance with manufacturer recommendations, to
avoid damage to enclosure, termination compartments, base, frame, tank, and internal
components. Do not subject transformers to impact, jolting, jarring, or rough handling.

2. Protect transformer termination compartments against entrance of dust, rain, and snow.

3. Transport transformers upright, to avoid internal stresses on core and coil mounting
assembly and to prevent trapping air in windings. Do not tilt or tip transformers.

4, Verify that transformer weights are within rated capacity of handling equipment.

5. Use only manufacturer-recommended points for lifting, jacking, and pulling. Use all
lifting lugs when lifting transformers.

6. Use jacks only at corners of tank base plate.

7. Use nylon straps of same length to balance and distribute weight when handling
transformers with a crane.

8. Use spreaders or a lifting beam to obtain a vertical lift and to protect transformer from
straps bearing against enclosure. Lifting cable pull angles may not be greater than 15
degrees from vertical.

9. Exercise care not to damage tank base structure when handling transformer using skids or
rollers. Use skids to distribute stresses over tank base when using rollers under large
transformers.

C. Storage:

1. Store transformers in accordance with manufacturer's recommendations.

2. Transformers may be stored outdoors. If possible, store transformers at final installation
locations on concrete pads. If dry concrete surfaces are unavailable, use pallets of
adequate strength to protect transformers from direct contact with ground. Ensure
transformer is level.

3. Ensure that transformer storage location is clean and protected from severe conditions.
Protect transformers from dirt, water, contamination, and physical damage. Do not store
transformers in presence of corrosive or explosive gases. Protect transformers from
weather when stored for more than three months.

4. Store transformers with compartment doors closed.

5. Regularly inspect transformers while in storage and maintain documentation of storage

conditions, noting any discrepancies or adverse conditions. Verify that an effective
pressure seal is maintained using pressure gauges. Visually check for insulating-liquid
leaks and rust spots.

D.  Examine areas and space conditions for compliance with requirements for pad-mounted, liquid-
filled, medium-voltage transformers and other conditions affecting performance of the Work.
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Examine roughing-in of conduits and grounding systems to verify the following:

1. Wiring entries comply with layout requirements.
2. Entries are within conduit-entry tolerances specified by manufacturer, and no feeders will
cross section barriers to reach load or line lugs.

Examine concrete bases for suitable conditions for transformer installation.
Pre-Installation Checks:

1. Verify removal of any shipping bracing after placement.
2. Remove a sample of insulating liquid according to ASTM D923. Insulating-liquid values
shall comply with NETA ATS, Table 100.4. Sample shall be tested for the following:

Dielectric Breakdown Voltage: ASTM D877 or ASTM D1816.
Acid Neutralization Number: ASTM D974.

Interfacial Tension: ASTM D971.

Color: ASTM D1500.

Visual Condition: ASTM D1524.

opoos

Verify that ground connections are in place and that requirements in Section 260526
"Grounding and Bonding for Electrical Systems" have been met. Maximum ground resistance
shall be 5 ohms at transformer location.

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Transformer shall be installed level and plumb and shall tilt less than 1.5 degrees while
energized.

Comply with requirements for vibration isolation and seismic control devices specified in
Section 260529 "Hangers and Supports for Electrical Systems" and Section 260548.16 "Seismic
Controls for Electrical Systems."

Maintain minimum clearances and workspace at equipment according to manufacturer's written
instructions and IEEE C2.
CONNECTIONS

Ground equipment according to Section 260526 "Grounding and Bonding for Electrical
Systems."

1. For counterpoise, use tinned bare copper cable not smaller than No. 4/0 AWG, buried not
less than 30 inches below grade interconnecting the grounding electrodes. Bond surge
arrester and neutrals directly to transformer enclosure and then to grounding electrode
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system with bare copper conductors, sized as shown. Keep lead lengths as short as
practicable, with no kinks or sharp bends.

Fence and equipment connections shall not be smaller than No. 4 AWG. Ground fence at
each gate post and corner post and at intervals not exceeding 10 feet. Bond each gate
section to fence post using 1/8 by 1 inch tinned flexible braided copper strap and clamps.
Make joints in grounding conductors and loops by exothermic weld or compression
connector.

Terminate all grounding and bonding conductors on a common equipment grounding
terminal on transformer enclosure.

Complete transformer tank grounding and lightning arrester connections prior to making
any other electrical connections.

Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and
Cables."

L.

2.

Maintain air clearances between energized live parts and between live parts and ground
for exposed connections in accordance with manufacturer recommendations.

Bundle associated phase, neutral, and equipment grounding conductors together within
transformer enclosure. Arrange conductors such that there is not excessive strain that
could cause loose connections. Allow adequate slack for expansion and contraction of
conductors.

Terminate medium-voltage cables in incoming section of transformers according to
Section 260513 "Medium-Voltage Cables."

SIGNS AND LABELS

Comply with installation requirements for labels and signs specified in Section 260553
"Identification for Electrical Systems."

Install warning signs as required to comply with 29 CFR 1910.269.

FIELD QUALITY CONTROL

Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.

L.

General Field-Testing Requirements:

a. Comply with provisions of NFPA 70B Ch. "Testing and Test Methods."

b. Perform each visual and mechanical inspection and electrical test. Certify
compliance with test parameters.

c. After installing transformer but before primary is energized, verify that grounding
system at the transformer is tested at specified value or less.

d. After installing transformer and after electrical circuitry has been energized, test
for compliance with requirements.

e. Visual and Mechanical Inspection:
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1) Verify equipment nameplate data complies with Contract Documents.
2) Inspect bolted electrical connections for high resistance using one of the
following two methods:

a) Use a low-resistance ohmmeter to compare bolted connection
resistance values to values of similar connections. Investigate values
that deviate from those of similar bolted connections by more than 50
percent of the lowest value.

b)  Verify tightness of accessible bolted electrical connections by
calibrated torque-wrench method according to manufacturer's
published data or NETA ATS, Table 100.12. Bolt-torque levels shall
be according to manufacturer's published data. In absence of
manufacturer's published data, use NETA ATS, Table 100.12.

f. Remove and replace malfunctioning units and retest.
g. Prepare test and inspection reports. Record as-left set points of all adjustable
devices.

2. Medium-Voltage Surge Arrester Field Tests:

a. Visual and Mechanical Inspection:
1) Inspect physical and mechanical condition.
2) Verify arresters are clean.
3)  Verify that ground lead on each device is individually attached to a ground

bus or ground electrode.

b. Electrical Test:

1)

2)

Perform an insulation-resistance test on each arrester, phase terminal-to-
ground. Apply voltage according to manufacturer's published data. In the
absence of manufacturer's published data, comply with NETA ATS,
Table 100.1. Replace units that fail to comply with recommended minimum
insulation resistance listed in that table.

Perform a watts-loss test. Evaluate watts-loss values by comparison with
similar units and test equipment manufacturer's published data.

3. Liquid-Filled Transformer Field Tests:

a. Visual and Mechanical Inspection:
1) Test dew point of tank gases if applicable.
2) Inspect anchorage, alignment, and grounding.
3) Verify bushings are clean.
4)  Verify that alarm, control, and trip settings on temperature and level
indicators are set and operate within manufacturer's recommended settings.
5)  Verify that liquid level in tanks is within manufacturer's published

tolerances.
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6)  Perform specific inspections and mechanical tests recommended by
manufacturer.

7) Verify presence of transformer surge arresters and that their ratings are as
specified.

8)  Verify that as-left tap connections are as specified.

b. Electrical Tests:

1) Perform insulation-resistance tests winding-to-winding and each winding-
to-ground. Apply voltage according to manufacturer's published data. In the
absence of manufacturer's published data, comply with NETA ATS,
Table 100.5. Calculate polarization index; the value of the index shall not be
less than 1.0.

2) Perform power-factor or dissipation-factor tests on all windings according to
test equipment manufacturer's published data. Maximum winding insulation
power-factor/dissipation-factor values shall be according to manufacturer's
published data. In the absence of manufacturer's published data, comply
with NETA ATS, Table 100.3.

3) Measure core insulation resistance at 500-V dc if the core is insulated and
the core ground strap is removable. Core insulation-resistance values shall
not be less than 1 megohm at 500-V dc.

4)  Verify correct secondary voltage, phase-to-phase and phase-to-neutral, after
energization and prior to loading.

5) Remove a sample of insulating liquid according to ASTM D923, and
perform  dissolved-gas analysis according to IEEE C57.104 or
ASTM D3612.

FOLLOW-UP SERVICE

Voltage Monitoring and Adjusting: After Substantial Completion, if requested by Owner, but
not more than six months after Final Acceptance, perform the following voltage monitoring:

L.

During a period of normal load cycles as evaluated by Owner, perform seven days of
three-phase voltage recording at the outgoing section of each transformer. Use voltmeters
with calibration traceable to the National Institute of Science and Technology standards
and with a chart speed of not less than 1 inch per hour. Voltage unbalance greater than
1 percent between phases, or deviation of any phase voltage from the nominal value by
more than plus or minus 5 percent during test period, is unacceptable.

Corrective Action: If test results are unacceptable, perform the following corrective
action, as appropriate:

a. Adjust transformer taps.
b. Prepare written request for voltage adjustment by electric utility.

Retests: Repeat monitoring, after corrective action is performed, until satisfactory results
are obtained.
Report:

PAD-MOUNTED, LIQUID-FILLED, MEDIUM-VOLTAGE TRANSFORMERS 261219 -13



SERVICE TRANSFORMER REPLACMENT
EDMUNDS CENTER

NORTHERN MAINE COMMUNITY COLLEGE
ISSUED FOR BID — OCTOBER 3, 2023

a. Prepare a written report covering monitoring performed and corrective action
taken.
B.  Infrared Inspection: Perform survey during periods of maximum possible loading. Remove all

necessary covers prior to inspection.

1. After Substantial Completion, but not more than 60 days after Final Acceptance, perform
infrared inspection of transformer's electrical power connections.

2. Instrument: Inspect distribution systems with imaging equipment capable of detecting a
minimum temperature difference of 1 deg C at 30 deg C.

3. Record of Infrared Inspection: Prepare a certified report that identifies testing technician

and equipment used, and lists results as follows:

a. Description of equipment to be tested.

b. Discrepancies.

c. Temperature difference between area of concern and reference area.

d. Probable cause of temperature difference.

e. Areas inspected. Identify inaccessible and unobservable areas and equipment.
f. Identify load conditions at time of inspection.

g. Provide photographs and thermograms of deficient area.

4. Act on inspection results according to recommendations of NETA ATS, Table 100.18.
Correct possible and probable deficiencies as soon as Owner's operations permit. Retest
until deficiencies are corrected.

3.7 DEMONSTRATION

A.  Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain systems.

END OF SECTION 261219
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