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door swings, controls penetrations, electrical disconnect, lights,
duplex receptacles, switches, wiring, utility connection points,
unit support system, vibration isolators, drain pan, pressure drops
through each component (filter, coil etc).

2. Submittal drawings of section or component only will not be
acceptable. Contractor shall also submit performance data including
performance test results, charts, curves or certified computer
selection data; data sheets; fabrication and insulation details. If
the unit cannot be shipped in one piece, the contractor shall
indicate the number of pieces that each unit will have to be broken
into to meet shipping and job site rigging requirements. This data
shall be submitted in hard copies and in electronic version
compatible to AutoCAD version used by the VA at the time of
submission.

3. Submit sound power levels in each octave band for the inlet and
discharge of the fan and at entrance and discharge of AHUs at
scheduled conditions. 1In absence of sound power ratings refer to
Section 23 05 41, NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND
EQUIPMENT.

4. Provide fan curves showing Liters/Second (cubic feet per minute),
static pressure, efficiency, and horsepower for design point of
operation and at maximum design Liters/Second (cubic feet per
minute) .

5. Submit total fan static pressure, external static pressure, for AHU
including total, inlet and discharge pressures, and itemized
specified internal losses and unspecified internal losses. Refer to
air handling unit schedule on drawings.

C. Maintenance and operating manuals in accordance with Section 01 00 00,
GENERAL REQUIREMENTS. Include instructions for lubrication, filter
replacement, motor and drive replacement, spare part lists, and wiring
diagrams.

D. Submit written test procedures two weeks prior to factory testing.
Submit written results of factory tests for approval prior to shipping.

E. Submit shipping information that clearly indicates how the units will
be shipped in compliance with the descriptions below.

1. Units shall be shipped in one (1) piece where possible and in shrink

wrapping to protect the unit from dirt, moisture and/or road salt.
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2. If not shipped in one (1) piece, provide manufacturer approved
shipping splits where required for installation or to meet shipping
and/or job site rigging requirements in modular sections. Indicate
clearly that the shipping splits shown in the submittals have been
verified to accommodate the construction constraints for rigging as
required to complete installation and removal of any section for
replacement through available access without adversely affecting
other sections.

3. If shipping splits are provided, each component shall be
individually shrink wrapped to protect the unit and all necessary
hardware (e.g. bolts, gaskets etc.) will be included to assemble
unit on site (see section 2.1.A4).

4., Lifting lugs will be provided to facilitate rigging on shipping
splits and joining of segments. If the unit cannot be shipped in
one piece, the contractor shall indicate the number of pieces that
each unit will have to be broken into to meet shipping and job site

rigging requirements.

1.5 APPLICABLE PUBLICATIONS

A.

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.

Air-Conditioning, Heating, and Refrigeration Institute (AHRI)/ (ARI):

410-01. ..., Standard for Forced-Circulation Air-Heating and
Air-Cooling Coils

430-09. ... it Central Station Air Handling Units

Air Movement and Control Association International, Inc. (AMCA):

210=07 e i i i i ii it Laboratory Methods of Testing Fans for Rating

American Society of Heating, Refrigerating and Air-conditioning

Engineers, Inc. (ASHRAE):

170-2008. .. iiiienn... Ventilation of Health Care Facilities

American Society for Testing and Materials (ASTM) :

ASTM Bl1l7-07a@...ceeeunn. Standard Practice for Operating Salt Spray
(Fog) Apparatus

ASTM D1654-08........... Standard Test Method for Evaluation of Painted
or Coated Specimens Subjected to Corrosive
Environments

ASTM D1735-08........... Standard Practice for Testing Water Resistance

of Coatings Using Water Fog Apparatus

23 73 00 - 4



Substation Upgrade Building 2 VA Project # 642-22-104

VA-Medical Center, Philadelphia, PA Bid Documents
ASTM D3359-08........... Standard Test Methods for Measuring Adhesion by
Tape Test

F. Military Specifications (Mil. Spec.):
MIL-P-21035B-2003....... Paint, High Zinc Dust Content, Galvanizing
Repair (Metric)
G. National Fire Protection Association (NFPA):
NFPA O90A. ... .t enn. Standard for Installation of Air Conditioning
and Ventilating Systems, 2009
H. Energy Policy Act of 2005 (P.L.109-58)
PART 2 - PRODUCTS
2.1 AIR HANDLING UNITS
A. General:

1. AHUs shall be fabricated from insulated, solid double-wall
galvanized steel without any perforations in draw-through
configuration. Casing shall be fabricated as specified in section
2.1.C.2. Galvanizing shall be hot dipped conforming to ASTM A525 and
shall provide a minimum of 0.275 kg of zinc per square meter (0.90
oz. of zinc per square foot) (G90). Aluminum constructed units,
subject to VA approval, may be used in place of galvanized steel.
The unit manufacturer shall provide published documentation
confirming that the structural rigidity of aluminum air-handling
units is equal or greater than the specified galvanized steel.

2. The contractor and the AHU manufacturer shall be responsible for
ensuring that the unit will not exceed the allocated space shown on
the drawings, including required clearances for service and future
overhaul or removal of unit components. All structural, piping,
wiring, and ductwork alterations of units, which are dimensionally
different than those specified, shall be the responsibility of the
contractor at no additional cost to the government.

3. AHUs shall be fully assembled by the manufacturer in the factory in
accordance with the arrangement shown on the drawings. The unit
shall be assembled into the largest sections possible subject to
shipping and rigging restrictions. The correct fit of all components
and casing sections shall be verified in the factory for all units
prior to shipment. All units shall be fully assembled, tested, and
then split to accommodate shipment and job site rigging. On units
not shipped fully assembled, the manufacturer shall tag each section

and include air flow direction to facilitate assembly at the job
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site. Lifting lugs or shipping skids shall be provided for each
section to allow for field rigging and final placement of unit.

The AHU manufacturer shall provide the necessary gasketing,
caulking, and all screws, nuts, and bolts required for assembly. The
manufacturer shall provide a factory-trained and qualified local
representative at the job site to supervise the assembly and to
assure that the units are assembled to meet manufacturer's
recommendations and requirements noted on the drawings. Provide
documentation to the COR that the local representative has provided
services of similar magnitude and complexity on jobs of comparable
size. If a local representative cannot be provided, the
manufacturer shall provide a factory representative.

Gaskets: All door and casing and panel gaskets and gaskets between
air handling unit components, if joined in the field, shall be high
quality which seal air tight and retain their structural integrity
and sealing capability after repeated assembly and disassembly of
bolted panels and opening and closing of hinged components. Bolted
sections may use a more permanent gasketing method provided they are
not disassembled.

Structural Rigidity: Provide structural reinforcement when required
by span or loading so that the deflection of the assembled structure
shall not exceed 1/200 of the span based on a differential static
pressure of 1991 PA (8 inch WG) or higher.

B. Casing:

1.

General: AHU casing shall be constructed as solid double wall,
galvanized steel insulated panels without any perforations, integral
of or attached to a structural frame. The thickness of insulation,
mode of application and thermal breaks shall be such that there is
no visible condensation on the exterior panels of the AHU located in

the non-conditioned spaces.

Casing Construction:

Table 2.1.C.2

Outer Panel 0.8 mm (22 Gage) Minimum
Inner Panel 0.8 mm (22 Gage) Minimum
Insulation Foam

Thickness 50 mm (2 inch) Minimum
Density
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48 kg/m3 (3.0 1lb/ft3) Minimum

Total R Value | 2.3 m2.K/W (13.0 ft2.9F.hr/Btu)

Minimum

3. Blank-0Off: Provide blank-offs as required to prevent air bypass
between the AHU sections, around coils, and filters.

4. Casing panels shall be secured to the support structure with
stainless steel or zinc-chromate plated screws and gaskets installed
around the panel perimeter. Panels shall be completely removable to
allow removal of fan, coils, and other internal components for
future maintenance, repair, or modifications. Welded exterior panels
are not acceptable.

5. Access Doors: Provide in each access section and where shown on
drawings. Show single-sided and double-sided access doors with door
swings on the floor plans. Doors shall be a minimum of 50 mm (2
inch) thick with same double wall construction as the unit casing.
Doors shall be a minimum of 600 mm (24 inches) wide, unless shown of
different size on drawings, and shall be the full casing height up
to a maximum of 1850 mm (6 feet). Doors shall be gasketed, hinged,
and latched to provide an airtight seal. The access doors for fan
section, mixing box, coil section shall include a minimum 150 mm x
150 mm (6 inch x 6 inch) double thickness, with air space between
the glass panes tightly sealed, reinforced glass or Plexiglas window
in a gasketed frame.

a. Hinges: Manufacturers standard, designed for door size, weight
and pressure classifications. Hinges shall hold door completely
rigid with minimum 45 kg (100 1lb) weight hung on latch side of
door.

b. Latches: Non-corrosive alloy construction, with operating levers
for positive cam action, operable from either inside or outside.
Doors that do not open against unit operating pressure shall
allow the door to ajar and then require approximately 0.785
radian (45 degrees) further movement of the handle for complete
opening. Latch shall be capable of restraining explosive opening
of door with a force not less than 1991 Pa (8 inch WG).

c. Gaskets: Neoprene, continuous around door, positioned for direct

compression with no sliding action between the door and gasket.
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Secure with high quality mastic to eliminate possibility of
gasket slipping or coming loose.

6. Provide sealed sleeves, metal or plastic escutcheons or grommets for
penetrations through casing for power and temperature control wiring
and pneumatic tubing. Coordinate with electrical and temperature
control subcontractors for number and location of penetrations.
Coordinate lights, switches, and duplex receptacles and disconnect
switch location and mounting. All penetrations and equipment
mounting may be provided in the factory or in the field. All field
penetrations shall be performed neatly by drilling or saw cutting.
No cutting by torches will be allowed. Neatly seal all openings
airtight.

C. Condensate Drain Pan: Drain pan shall be designed to extend entire
length of cooling coils including headers and return bends. Depth of
drain pan shall be at least 43 mm (1.7 inches) and shall handle all
condensate without overflowing. Drain pan shall be double-wall, double
sloping type, and fabricated from stainless (304) with at least 50 mm
(2 inch) thick insulation sandwiched between the inner and outer
surfaces. Drain pan shall be continuous metal or welded watertight. No
mastic sealing of joints exposed to water will be permitted. Drain pan
shall be placed on top of casing floor or integrated into casing floor
assembly. Drain pan shall be pitched in all directions to drain line.
1. An intermediate, stainless-steel (304) condensate drip pan with

copper downspouts shall be provided on stacked cooling coils. Use of
intermediate condensate drain channel on upper casing of lower coil
is permissible provided it is readily cleanable. Design of
intermediate condensate drain shall prevent upper coil condensate
from flowing across face of lower coil.

2. Drain pan shall be piped to the exterior of the unit. Drain pan
shall be readily cleanable.

3. Installation, including frame, shall be designed and sealed to
prevent blow-by.

D. Housed Centrifugal Fan Sections:

1. Fans shall be minimum Class II construction, double width, double
inlet centrifugal, air foil or backward inclined or forward curved
type as indicated on drawings, factory balanced and rated in
accordance with AMCA 210 or ASHRAE 51. Provide self-aligning, pillow

block, regreasable ball-type bearings selected for a B (10) life of
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not less than 50,000 hours and an L (50) average fatigue life of
200,000 hours per AFBMA Standard 9. Extend bearing grease lines to
motor and drive side of fan section. Fan shall be located in
alirstream to assure proper air flow.

Provide internally vibration isolated fan, motor and drive, mounted
on a common integral bolted or welded structural steel base with
adjustable motor slide rail with locking device. Provide vibration
isolators and flexible duct connections at fan discharge to
completely isolate fan assembly. Refer to Section 23 05 41, NOISE
AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT, for additional
requirements.

Allowable vibration tolerances for fan shall not exceed a self-
excited vibration maximum velocity of 0.005 m/s (0.20 inch per
second) RMS, filter in, when measured with a vibration meter on
bearing caps of machine in vertical, horizontal and axial directions
or measured at equipment mounting feet if bearings are concealed.
After field installation, compliance to this requirement shall be
demonstrated with field test in accordance with Section 23 05 41,
NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND EQUIPMENT and
Section 23 05 93, TESTING, ADJUSTING, AND BALANCING FOR HVAC.
Following fan assembly, the complete fan assembly balance shall be
tested using an electronic balance analyzer with a tunable filter
and stroboscope. Vibration measurements shall be taken on each
motor bearing housing in the vertical, horizontal, and axial planes

(5 total measurements, 2 each motor bearing and 1 axial).

E. Fan Motor, Drive, and Mounting Assembly (Housed Centrifugal Fans):

1.

Fan Motor and Drive: Motors shall be premium energy efficient type,
as mandated by the Energy Policy Act of 2005, with efficiencies as
shown in the Specifications Section 23 05 12 (General Motor
Requirements For HVAC and Steam Equipment), on drawings and suitable
for use in variable frequency drive applications on AHUs where this
type of drive is indicated. Refer to Section 23 05 11, COMMON WORK
RESULTS FOR HVAC AND STEAM GENERATION, for additional motor and
drive specifications. Refer to Specification Section 26 29 11, MOTOR
CONTROLLERS.

Fan drive and belts shall be factory mounted with final alignment
and belt adjustment to be made by the Contractor after installation.

Drive and belts shall be as specified in Section 23 05 11, COMMON
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WORK RESULTS FOR HVAC AND STEAM GENERATION. Provide additional
drive(s) 1f required during balancing, to achieve desired airflow.

F. Filter Section: Refer to Section 23 40 00, HVAC AIR CLEANING DEVICES,
for filter requirements.

1. Filters including one complete set for temporary use at site shall
be provided independent of the AHU. The AHU manufacturer shall
install filter housings and racks in filter section compatible with
filters furnished. The AHU manufacturer shall be responsible for
furnishing temporary filters (filters, as shown on drawings)
required for AHU testing.

2. Factory-fabricated filter section shall be of the same construction
and finish as the AHU casing including filter racks and hinged
double wall access doors. Filter housings shall be constructed in
accordance with side service or holding frame housing requirements
in Section 23 40 00, HVAC AIR CLEANING DEVICES.

G. Coils: Coils shall be mounted on hot dipped galvanized steel supports
to assure proper anchoring of coil and future maintenance. Coils shall
be face or side removable for future replacement thru the access doors
or removable panels. Each coil shall be removable without disturbing
adjacent coil. Cooling coils shall be designed and installed to insure
no condensate carry over. Provide factory installed extended supply,
return, drain, and vent piping connections. Coils installed in the air
handling units serving surgical suites shall be equipped with copper
fins. Refer to Drawings and Section 23 82 16, AIR COILS for additional
coil requirements.

H. Discharge Section:

Provide aerodynamically designed framed discharge openings or spun

bellmouth fittings to minimize pressure loss.

I. Electrical and Lighting: Wiring and equipment specifications shall
conform to Division 26, ELECTRICAL.

1. Vapor-proof lights using cast aluminum base style with glass globe
and cast aluminum guard shall be installed in access sections for
fan, and any section over 300 mm (12 inch) wide. A switch shall
control the lights in each compartment with pilot light mounted
outside the respective compartment access door. Wiring between
switches and lights shall be factory installed. All wiring shall run

in neatly installed electrical conduits and terminate in a junction
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box for field connection to the building system. Provide single
point 115 volt - one phase connection at junction box.
2. Install compatible 100 watt bulb in each light fixture.
3. Provide a convenience duplex receptacle next to the light switch.
4. Disconnect switch and power wiring: Provide factory or field mounted
disconnect switch. Coordinate with Division 26, ELECTRICAL.
PART 3 - EXECUTION
3.1 INSTALLATION

A. Install air handling unit in conformance with ARI 435.

Assemble air handling unit components following manufacturer's instruc-
tions for handling, testing and operation. Repair damaged galvanized
areas with paint in accordance with Military Spec. DOD-P-21035. Repair
painted units by touch up of all scratches with finish paint material.
Vacuum the interior of air handling units clean prior to operation.

C. Leakage and test requirements for air handling units shall be the same
as specified for ductwork in Specification Section 23 31 00, HVAC DUCTS
AND CASINGS except leakage shall not exceed Leakage Class (Cp) 12 listed
in SMACNA HVAC Air Duct Leakage Test Manual when tested at 1.5 times
the design static pressure. Repair casing air leaks that can be heard
or felt during normal operation and to meet test requirements.

D. Perform field mechanical (vibration) balancing in accordance with
Section 23 05 41, NOISE AND VIBRATION CONTROL FOR HVAC PIPING AND
EQUIPMENT.

E. Seal and/or fill all openings between the casing and AHU components and
utility connections to prevent air leakage or bypass.

3.2 STARTUP SERVICES

A. The air handling unit shall not be operated for any purpose, temporary
or permanent, until ductwork is clean, filters are in place, bearings
are lubricated and fan has been test run under observation.

B. After the air handling unit is installed and tested, provide startup
and operating instructions to VA personnel.

C. An authorized factory representative should start up, test and certify
the final installation and application specific calibration of control
components. Items to be verified include fan performance over entire
operating range, noise and vibration testing, verification of proper
alignment, overall inspection of the installation, Owner/Operator

training, etc.
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3.3 COMMISSIONING

A.

Provide commissioning documentation in accordance with the requirements
of Section 23 08 00 - COMMISSIONING OF HVAC SYSTEMS for all inspection,
start up, and contractor testing required above and required by the
System Readiness Checklist provided by the Commissioning Agent.
Components provided under this section of the specification will be
tested as part of a larger system. Refer to Section 23 08 00 -
COMMISSIONING OF HVAC SYSTEMS and related sections for contractor
responsibilities for system commissioning.

---END- - -
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SECTION 23 82 16
AIR COILS

PART 1 - GENERAL
1.1 DESCRIPTION
Heating and cooling coils for air handling unit and duct applications
1.2 RELATED WORK
Section 23 05 11, COMMON WORK RESULTS FOR HVAC.
Section 23 31 00, HVAC DUCTS AND CASINGS
Section 23 73 00, INDOOR CENTRAL-STATION AIR-HANDLING UNITS.

o Q w >

Section 23 08 00, COMMISSIONING OF HVAC SYSTEMS: Requirements for
commissioning, systems readiness checklists, and training.

E. Section 01 91 00, GENERAL COMMISSIONING REQUIREMENTS

1.3 QUALITY ASSURANCE

A. Refer to paragraph, QUALITY ASSURANCE, Section 23 05 11, COMMON WORK
RESULTS FOR HVAC,

B. Unless specifically exempted by these specifications, heating and
cooling coils shall be tested, rated, and certified in accordance with
AHRI Standard 410 and shall bear the AHRI certification label.

1.4 SUBMITTALS

A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT
DATA, and SAMPLES.

B. Manufacturer's Literature and Data for Heating and Cooling Coils:
Submit type, size, arrangements and performance details. Present
application ratings in the form of tables, charts or curves.

C. Provide installation, operating and maintenance instructions.

D. Certification Compliance: Evidence of listing in current ARI Directory
of Certified Applied Air Conditioning Products.

E. Coils may be submitted with Section 23 73 00, INDOOR CENTRAL-STATION
ATR-HANDLING UNITS

F. Completed System Readiness Checklists provided by the Commissioning
Agent and completed by the contractor, signed by a qualified technician
and dated on the date of completion, in accordance with the
requirements of Section 23 08 00 COMMISSIONING OF HVAC SYSTEMS.

1.5 APPLICABLE PUBLICATIONS

A. 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.

23 82 16 - 1



Substation Upgrade Building 2 VA Project # 642-22-104
VA-Medical Center, Philadelphia, PA Bid Documents

B.

PART 2

Air Conditioning and Refrigeration Institute (AHRI):

Directory of Certified Applied Air Conditioning Products

AHRTI 410-01............. Forced-Circulation Air-Cooling and Air-Heating
Coils

American Society for Testing and Materials (ASTM):

B75/75M-02.. ... Standard Specifications for Seamless Copper
Tube

National Fire Protection Association (NFPA):

O National Electric Code

National Electric Manufacturers Association (NEMA) :

250-11 ..ttt Enclosures for Electrical Equipment (1,000
Volts Maximum)

Underwriters Laboratories, Inc. (UL):

1996-09. ... i, Electric Duct Heaters

- PRODUCTS

2.1 COOLING COILS

A.
1.

Conform to ASTM B75 and AHRI 410.
The coating process shall such that uniform coating thickness is
maintained at the fin edges. The quality control shall be maintained
by ensuring compliance to the applicable ASTM Standards for the
following:

Salt Spray Resistance (Minimum 6,000 Hours)

a
b. Humidity Resistance (Minimum 1,000 Hours)

Q

Water Immersion (Minimum 260 Hours)

d. Cross-Hatch Adhesion (Minimum 4B-5B Rating)

e. Impact Resistance (Up to 160 Inch/Pound)
Tubes: Minimum 16 mm (0.625 inch) tube diameter; Seamless copper
tubing.
Fins: 0.1397 mm (0.0055 inch) aluminum or 0.1143 mm (0.0045 inch)
copper mechanically bonded or soldered or helically wound around
tubing.
Headers: Copper, welded steel or cast iron. Provide seamless copper
tubing or resistance welded steel tube for volatile refrigerant coils.
"U" Bends, Where Used: Machine die-formed, silver brazed to tube ends.
Coil Casing: 1.6 mm (16 gage) galvanized steel with tube supports at
1200 mm (48 inch) maximum spacing. Construct casing to eliminate air
bypass and moisture carry-over. Provide duct connection flanges.

Pressures kPa (PSIG):
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Pressure Water Coil
Test 2070 (300)

Working 1380 (200)

Protection: Unless protected by the coil casing, provide cardboard,
plywood, or plastic material at the factory to protect tube and finned
surfaces during shipping and construction activities.

Vents and Drain: Coils that are not vented or drainable by the piping
system shall have capped vent/drain connections extended through coil
casing.

Cooling Coil Condensate Drain Pan: Section 23 73 00, INDOOR CENTRAL-
STATION ATIR-HANDLING UNITS

Dampers: Interlocking opposed blades to completely isolate coil from
air flow when unit is in bypass position; 1.6 mm (16 gage) steel,
coated with factory applied corrosion resistant baked enamel finish.
Provide damper linkage and electric operators. Damper operators shall
be of same manufacturer as controls furnished under Section 23 09 23,

DIRECT-DIGITAL CONTROL SYSTEM FOR HVAC.

2.2 WATER COILS,

A.

Use the same coil material as listed in Paragraphs 2.1.

Drainable Type (Self Draining, Self Venting); Manufacturer standard:
1. Cooling, all types.

Cleanable Tube Type; manufacturer standard:

1. Well water applications.

2. Waste water applications.

PART 3 - EXECUTION

3.1 INSTALLATION

A.

Follow coil manufacturer's instructions for handling, cleaning,
installation and piping connections.
Comb fins, if damaged. Eliminate air bypass or leakage at coil

sections.

3.2 STARTUP AND TESTING

A.

The Commissioning Agent will observe startup and contractor testing of
selected equipment. Coordinate the startup and contractor testing
schedules with the COR and Commissioning Agent. Provide a minimum of 7

days prior notice.
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3.3 COMMISSIONING

A.

Provide commissioning documentation in accordance with the requirements
of Section 23 08 00 - COMMISSIONING OF HVAC SYSTEMS for all inspection,
start up, and contractor testing required above and required by the
System Readiness Checklist provided by the Commissioning Agent.
Components provided under this section of the specification will be
tested as part of a larger system. Refer to Section 23 08 00 -
COMMISSIONING OF HVAC SYSTEMS and related sections for contractor

responsibilities for system commissioning.

3.4 DEMONSTRATION AND TRAINING

A.

Provide services of manufacturer’s technical representative for four
hours to instruct VA personnel in operation and maintenance of units.
Submit training plans and instructor qualifications in accordance with

the requirements of Section 23 08 00 - COMMISSIONING OF HVAC SYSTEMS.

23 82 16 - 4



Substation Upgrade Building 2 VA Project # 642-22-104
VA-Medical Center, Philadelphia, PA Bid Documents

SECTION 26 05 11
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS

PART 1 - GENERAL
1.1 DESCRIPTION

A. This section applies to all sections of Division 26.

Furnish and install electrical systems, materials, equipment, and
accessories in accordance with the specifications and drawings.
Capacities and ratings of motors, conductors and cable, panelboards,
and other items and arrangements for the specified items are shown on
the drawings.

C. Conductor ampacities specified or shown on the drawings are based on
copper conductors, with the conduit and raceways sized per NEC.
Aluminum conductors are prohibited.

1.2 MINIMUM REQUIREMENTS

A. The latest International Building Code (IBC), Underwriters
Laboratories, Inc. (UL), Institute of Electrical and Electronics
Engineers (IEEE), and National Fire Protection Association (NFPA) codes
and standards are the minimum requirements for materials and
installation.

B. The drawings and specifications shall govern in those instances where
requirements are greater than those stated in the above codes and
standards.

1.3 TEST STANDARDS

A. All materials and equipment shall be listed, labeled, or certified by a
Nationally Recognized Testing Laboratory (NRTL) to meet Underwriters
Laboratories, Inc. (UL), standards where test standards have been
established. Materials and equipment which are not covered by UL
standards will be accepted, providing that materials and equipment are
listed, labeled, certified or otherwise determined to meet the safety
requirements of a NRTL. Materials and equipment which no NRTL accepts,
certifies, lists, labels, or determines to be safe, will be considered
if inspected or tested in accordance with national industrial
standards, such as ANSI, NEMA, and NETA. Evidence of compliance shall
include certified test reports and definitive shop drawings.

B. Definitions:

1. Listed: Materials and equipment included in a list published by an

organization that is acceptable to the Authority Having Jurisdiction
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and concerned with evaluation of products or services, that
maintains periodic inspection of production or listed materials and
equipment or periodic evaluation of services, and whose listing
states that the materials and equipment either meets appropriate
designated standards or has been tested and found suitable for a
specified purpose.

2. Labeled: Materials and equipment to which has been attached a label,
symbol, or other identifying mark of an organization that is
acceptable to the Authority Having Jurisdiction and concerned with
product evaluation, that maintains periodic inspection of production
of labeled materials and equipment, and by whose labeling the
manufacturer indicates compliance with appropriate standards or
performance in a specified manner.

3. Certified: Materials and equipment which:

a. Have been tested and found by a NRTL to meet nationally
recognized standards or to be safe for use in a specified manner.

b. Are periodically inspected by a NRTL.

c. Bear a label, tag, or other record of certification.

4. Nationally Recognized Testing Laboratory: Testing laboratory which
is recognized and approved by the Secretary of Labor in accordance

with OSHA regulations.

1.4 QUALIFICATIONS (PRODUCTS AND SERVICES)

A.

Manufacturer’s Qualifications: The manufacturer shall regularly and
currently produce, as one of the manufacturer's principal products, the
materials and equipment specified for this project, and shall have
manufactured the materials and equipment for at least three years.
Product Qualification:

1. Manufacturer's materials and equipment shall have been in
satisfactory operation, on three installations of similar size and
type as this project, for at least three years.

2. The Government reserves the right to require the Contractor to
submit a list of installations where the materials and equipment
have been in operation before approval.

Service Qualifications: There shall be a permanent service organization

maintained or trained by the manufacturer which will render

satisfactory service to this installation within four hours of receipt
of notification that service is needed. Submit name and address of

service organizations.
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1.5 APPLICABLE PUBLICATIONS

A.

Applicable publications listed in all Sections of Division 26 shall be
the latest issue, unless otherwise noted.
Products specified in all sections of Division 26 shall comply with the

applicable publications listed in each section.

1.6 MANUFACTURED PRODUCTS

A.

Materials and equipment furnished shall be of current production by
manufacturers regularly engaged in the manufacture of such items, and
for which replacement parts shall be available. Materials and
equipment furnished shall be new, and shall have superior quality and
freshness.

When more than one unit of the same class or type of materials and

equipment is required, such units shall be the product of a single

manufacturer.

Equipment Assemblies and Components:

1. Components of an assembled unit need not be products of the same
manufacturer.

2. Manufacturers of equipment assemblies, which include components made
by others, shall assume complete responsibility for the final
assembled unit.

3. Components shall be compatible with each other and with the total
assembly for the intended service.

4. Constituent parts which are similar shall be the product of a single
manufacturer.

Factory wiring and terminals shall be identified on the equipment being

furnished and on all wiring diagrams.

When Factory Tests are specified, Factory Tests shall be performed in

the factory by the equipment manufacturer, and witnessed by the

contractor. In addition, the following requirements shall be complied
with:

1. The Government shall have the option of witnessing factory tests.
The Contractor shall notify the Government through the COR a minimum
of thirty (30) days prior to the manufacturer’s performing of the
factory tests.

2. When factory tests are successful, contractor shall furnish four (4)
copies of the equipment manufacturer’s certified test reports to the
COR fourteen (14) days prior to shipment of the equipment, and not

more than ninety (90) days after completion of the factory tests.
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3. When factory tests are not successful, factory tests shall be
repeated in the factory by the equipment manufacturer, and witnessed
by the Contractor. The Contractor shall be liable for all
additional expenses for the Government to witness factory re-

testing.

1.7 VARIATIONS FROM CONTRACT REQUIREMENTS

A.

Where the Government or the Contractor requests variations from the
contract requirements, the connecting work and related components shall
include, but not be limited to additions or changes to branch circuits,
circuit protective devices, conduits, wire, feeders, controls, panels

and installation methods.

1.8 MATERIALS AND EQUIPMENT PROTECTION

A.

Materials and equipment shall be protected during shipment and storage
against physical damage, vermin, dirt, corrosive substances, fumes,
moisture, cold and rain.

1. Store materials and equipment indoors in clean dry space with
uniform temperature to prevent condensation.

2. During installation, equipment shall be protected against entry of
foreign matter, and be vacuum-cleaned both inside and outside before
testing and operating. Compressed air shall not be used to clean
equipment. Remove loose packing and flammable materials from inside
equipment.

3. Damaged equipment shall be repaired or replaced, as determined by
the COR.

4. Painted surfaces shall be protected with factory installed removable
heavy kraft paper, sheet vinyl or equal.

5. Damaged paint on equipment shall be refinished with the same quality
of paint and workmanship as used by the manufacturer so repaired

areas are not obvious.

1.9 WORK PERFORMANCE

A.

All electrical work shall comply with requirements of the latest NFPA
70 (NEC), NFPA 70B, NFPA 70E, NFPA 99, NFPA 110, OSHA Part 1910 subpart
J - General Environmental Controls, OSHA Part 1910 subpart K - Medical
and First Aid, and OSHA Part 1910 subpart S - Electrical, in addition
to other references required by contract.

Job site safety and worker safety is the responsibility of the

Contractor.

26 05 11 - 4



Substation Upgrade Building 2 VA Project # 642-22-104
VA-Medical Center, Philadelphia, PA Bid Documents

C.

Electrical work shall be accomplished with all affected circuits or
equipment de-energized. However, energized electrical work may be
performed only for the non-destructive and non-invasive diagnostic
testing(s), or when scheduled outage poses an imminent hazard to
patient care, safety, or physical security. In such case, all aspects
of energized electrical work, such as the availability of
appropriate/correct personal protective equipment (PPE) and the use of
PPE, shall comply with the latest NFPA 70E, as well as the following
requirements:

1. Only Qualified Person(s) shall perform energized electrical work.
Supervisor of Qualified Person(s) shall witness the work of its
entirety to ensure compliance with safety requirements and approved
work plan.

2. At least two weeks before initiating any energized electrical
work, the Contractor shall develop and submit a job specific work
plan, and energized electrical work request to the COR, and Medical
Center’s Chief Engineer or his/her designee. At the minimum, the
work plan must include relevant information such as proposed work
schedule, area of work, description of work, name(s) of Supervisor
and Qualified Person(s) performing the work, equipment to be used,
procedures to be used on and near the live electrical equipment,
barriers to be installed, safety equipment to be used, and exit
pathways.

3. Energized electrical work shall begin only after the Contractor has
obtained written approval of the work plan, and the energized
electrical work request from the COR, and Medical Center’s Chief
Engineer or his/her designee. The Contractor shall make these
approved documents present and available at the time and place of
energized electrical work.

For work that affects existing electrical systems, arrange, phase and

perform work to assure minimal interference with normal functioning of

the facility. Refer to Article OPERATIONS AND STORAGE AREAS under

Section 01 00 00, GENERAL REQUIREMENTS.

New work shall be installed and connected to existing work neatly,

safely and professionally. Disturbed or damaged work shall be replaced

or repaired to its prior conditions, as required by Section 01 00 00,

GENERAL REQUIREMENTS.
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F.

Coordinate location of equipment and conduit with other trades to

minimize interference.

1.10 EQUIPMENT INSTALLATION AND REQUIREMENTS

A,

Equipment location shall be as close as practical to locations shown on

the drawings.

Working clearances shall not be less than specified in the NEC.

Inaccessible Equipment:

1. Where the Government determines that the Contractor has installed
equipment not readily accessible for operation and maintenance, the
equipment shall be removed and reinstalled as directed at no
additional cost to the Government.

2. "Readily accessible” is defined as being capable of being reached
quickly for operation, maintenance, or inspections without the use
of ladders, or without climbing or crawling under or over obstacles
such as, but not limited to, motors, pumps, belt guards,

transformers, piping, ductwork, conduit and raceways.

1.11 EQUIPMENT IDENTIFICATION

A.

In addition to the requirements of the NEC, install an identification
sign which clearly indicates information required for use and
maintenance of items such as switchboards and switchgear, panelboards,
cabinets, motor controllers, fused and non-fused safety switches,
generators, automatic transfer switches, separately enclosed circuit
breakers, individual breakers and controllers in switchboards,
switchgear and motor control assemblies, control devices and other
significant equipment.

Identification signs for Normal Power System equipment shall be
laminated black phenolic resin with a white Te with engraved lettering.
Identification signs for Essential Electrical System (EES) equipment,
as defined in the NEC, shall be laminated red phenolic resin with a
white core with engraved lettering. Lettering shall be a minimum of 12
mm (1/2 inch) high. Identification signs shall indicate equipment
designation, rated bus amperage, voltage, number of phases, number of
wires, and type of EES power branch as applicable. Secure nameplates
with screws.

Install adhesive arc flash warning labels on all equipment as required
by the latest NFPA 70E. Label shall show specific and correct
information for specific equipment based on its arc flash calculations.

Label shall show the followings:
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1. Nominal system voltage.

2. Equipment/bus name, date prepared, and manufacturer name and
address.

3. Arc flash boundary.

4. Available arc flash incident energy and the corresponding working
distance.

5. Minimum arc rating of clothing.

6. Site-specific level of PPE.

1.12 SUBMITTALS

A.

Submit to the COR in accordance with Section 01 33 23, SHOP DRAWINGS,

PRODUCT DATA, AND SAMPLES.

The Government's approval shall be obtained for all materials and

equipment before delivery to the job site. Delivery, storage or

installation of materials and equipment which has not had prior
approval will not be permitted.

All submittals shall include six copies of adequate descriptive

literature, catalog cuts, shop drawings, test reports, certifications,

samples, and other data necessary for the Government to ascertain that
the proposed materials and equipment comply with drawing and
specification requirements. Catalog cuts submitted for approval shall
be legible and clearly identify specific materials and equipment being
submitted.

The submittals shall include the following:

1. Information that confirms compliance with contract requirements.
Include the manufacturer's name, model or catalog numbers, catalog
information, technical data sheets, shop drawings, manuals,
pictures, nameplate data, and test reports as required.

2. Elementary and interconnection wiring diagrams for communication and
signal systems, control systems, and equipment assemblies. All
terminal points and wiring shall be identified on wiring diagrams.

3. Parts list which shall include information for replacement parts and
ordering instructions, as recommended by the equipment manufacturer.

Maintenance and Operation Manuals:

1. Submit as required for systems and equipment specified in the
technical sections. Furnish in hardcover binders or an approved
equivalent.

2. Inscribe the following identification on the cover: the words

"MAINTENANCE AND OPERATION MANUAL," the name and location of the
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system, material, equipment, building, name of Contractor, and
contract name and number. Include in the manual the names,
addresses, and telephone numbers of each subcontractor installing
the system or equipment and the local representatives for the
material or equipment.

Provide a table of contents and assemble the manual to conform to
the table of contents, with tab sheets placed before instructions
covering the subject. The instructions shall be legible and easily
read, with large sheets of drawings folded in.

The manuals shall include:

a. Internal and interconnecting wiring and control diagrams with

data to explain detailed operation and control of the equipment.

b. A control sequence describing start-up, operation, and shutdown.
c. Description of the function of each principal item of equipment.
d. Installation instructions.

e. Safety precautions for operation and maintenance.

f. Diagrams and illustrations.

g. Periodic maintenance and testing procedures and frequencies,
including replacement parts numbers.

h. Performance data.

i. Pictorial "exploded" parts list with part numbers. Emphasis shall
be placed on the use of special tools and instruments. The list
shall indicate sources of supply, recommended spare and
replacement parts, and name of servicing organization.

j. List of factory approved or qualified permanent servicing
organizations for equipment repair and periodic testing and
maintenance, including addresses and factory certification

qualifications.

F. Approvals will be based on complete submission of shop drawings,

manuals, test reports, certifications, and samples as applicable.

G. After approval and prior to installation, furnish the COR with one

sample of each of the following:

1.

A minimum 300 mm (12 inches) length of each type and size of wire
and cable along with the tag from the coils or reels from which the
sample was taken. The length of the sample shall be sufficient to
show all markings provided by the manufacturer.

Each type of conduit coupling, bushing, and termination fitting.

Conduit hangers, clamps, and supports.
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4. Duct sealing compound.

5. Each type of receptacle, toggle switch, lighting control sensor,
outlet box, manual motor starter, device wall plate, engraved
nameplate, wire and cable splicing and terminating material, and

branch circuit single pole molded case circuit breaker.

1.13 SINGULAR NUMBER

A.

Where any device or part of equipment is referred to in these
specifications in the singular number (e.g., "the switch"), this
reference shall be deemed to apply to as many such devices as are

required to complete the installation as shown on the drawings.

1.14 ACCEPTANCE CHECKS AND TESTS

A.

The Contractor shall furnish the instruments, materials, and labor for
tests.

Where systems are comprised of components specified in more than one
section of Division 26, the Contractor shall coordinate the
installation, testing, and adjustment of all components between various
manufacturer’s representatives and technicians so that a complete,
functional, and operational system is delivered to the Government.

When test results indicate any defects, the Contractor shall repair or
replace the defective materials or equipment, and repeat the tests for
the equipment. Repair, replacement, and re-testing shall be

accomplished at no additional cost to the Government.

1.15 WARRANTY

A.

All work performed and all equipment and material furnished under this
Division shall be free from defects and shall remain so for a period of
one year from the date of acceptance of the entire installation by the

Contracting Officer for the Government.

1.16 INSTRUCTION

A.

Instruction to designated Government personnel shall be provided for
the particular equipment or system as required in each associated
technical specification section.

Furnish the services of competent and factory-trained instructors to
give full instruction in the adjustment, operation, and maintenance of
the specified equipment and system, including pertinent safety
requirements. Instructors shall be thoroughly familiar with all
aspects of the installation, and shall be factory-trained in operating

theory as well as practical operation and maintenance procedures.
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C. A training schedule shall be developed and submitted by the Contractor
and approved by the COR at least 30 days prior to the planned training.

--—-END---
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SECTION 26 05 13
MEDIUM-VOLTAGE CABLES

PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the furnishing, installation, and connection of
medium-voltage cables, indicated as cable or cables in this section,
and medium-voltage cable splices and terminations.

1.2 RELATED WORK

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS:
Requirements that apply to all sections of Division 26.

B. Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Requirements for personnel safety and to provide a low impedance path
for possible ground fault currents.

C. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits
for medium-voltage cables.

1.3 QUALITY ASSURANCE

A. Quality Assurance shall be in accordance with Paragraph, QUALIFICATIONS
(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIREMENTS FOR
ELECTRICAL INSTALLATIONS.

1.4 FACTORY TESTS

A. Factory Tests shall be required.

Factory Tests shall be in accordance with Paragraph, MANUFACTURED

PRODUCTS in Section 26 05 11, REQUIREMENTS FOR ELECTRICAL

INSTALLATIONS, and the following requirement:

1. A representative sample of Medium-voltage cables from each lot shall
be factory tested per NEMA WC 74 to ensure that there are no
electrical defects in that specific lot of cable.

1.5 SUBMITTALS

A. Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11,
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following
requirements:

1. Shop Drawings:

a. Submit sufficient information to demonstrate compliance with
drawings and specifications.

b. Submit the following data for approval:
1) Complete electrical ratings.

2) Installation instructions.
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2. Samples:

a.

After approval of submittal and prior to installation, Contractor
shall furnish sample in accordance with Section 26 05 11,

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS.

3. Certifications:

a.

Factory Test Reports: Submit certified factory production test

reports for approval.

Field Test Reports: Submit field test reports for approval.

Compatibility: Submit a certificate from the cable manufacturer

that the splices and terminations are approved for use with the

cable.

Two weeks prior to final inspection, submit the following.

1) Certification by the manufacturer that the cables, splices,
and terminations conform to the requirements of the drawings
and specifications.

2) Certification by the Contractor that the cables, splices, and
terminations have been properly installed and tested.

3) Certification by the Contractor that each splice and each
termination were completely installed in a single continuous
work period by a single qualified worker without any overnight

interruption.

4. Qualified Worker Approval:

a.

Qualified workers who install cables, splices, and terminations
shall have a minimum of five years of experience splicing and
terminating cables, including experience with the materials in
the approved splices and terminations. Qualified workers who
perform cable testing shall have a minimum of five year of
experience performing electrical testing of medium-voltage
cables, including the ability to understand, interpret test
results and develop test report.

Furnish satisfactory proof of such experience for each qualified

worker who splices or terminates the cables.

5. Electric Utility Company Approval:

a.

Prior to construction, obtain written approval from the electric
utility company for the following items:

1) Service entrance cables, splices, and terminations.
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2) A list of qualified workers who will install, splice, and

terminate the service entrance cables.

1.6 APPLICABLE PUBLICATIONS

A.

Publications listed below (including amendments, addenda, revisions,

supplements, and errata) form a part of this specification to the

extent referenced. Publications are referenced in the text by

designation only.

American Society for Testing and Materials (ASTM) :

B3-13. . ittt Standard Specification for Soft or Annealed
Copper Wire

Institute of Electrical and Electronics Engineers, Inc. (IEEE):

48-090. ..ttt e Test Procedures and Requirements for
Alternating-Current Cable Terminations Used on
Shielded Cables Having Laminated Insulation
Rated 2.5 kV through 765 kV or Extruded
Insulation Rated 2.5 kV through 500 kV

386-06. ... Separable Insulated Connector Systems for Power
Distribution Systems above 600 V

400-12. .. i iiii i Guide for Field Testing and Evaluation of the
Insulation of Shielded Power Cable Systems

400.2-13. .. it Guide for Field Testing of Shielded Power Cable
Systems Using Very Low Frequency (VLF)

404-12. .. ittt Extruded and Laminated Dielectric Shielded
Cable Joints Rated 2500 V to 500,000 Vv

National Electrical Manufacturers Association (NEMA) :

WC 71-14.....0iiiinnn Non-Shielded Cables Rated 2001-5000 Volts for
Use in the Distribution of Electric Energy

WC 74=-12.....00inn 5-46 KV Shielded Power Cable for Use in the
Transmission and Distribution of Electric
Energy

National Fire Protection Association (NFPA):

L National Electrical Code (NEC)

Underwriters Laboratories (UL):

1072-06 wiiiiiiienennnn. Medium-Voltage Power Cables

1.7 SHIPMENT AND STORAGE

A.

Cable shall be shipped on reels such that it is protected against

physical, mechanical and environmental damage. Each end of each length
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of cable shall be hermetically sealed with manufacturer’s end caps and

securely attached to the reel.

B. Cable stored and/or cut on site shall have the ends turned down, and

sealed with cable manufacturer’s standard cable end seals, or field-

installed heat-shrink cable end seals.

PART 2 - PRODUCTS
2.1 CABLE

A. Cable shall be in accordance with ASTM, IEEE, NEC, NEMA and UL, and as

shown on the drawings.
B. Single conductor stranded copper conforming to ASTM B3.
C. Voltage Rating:
1. 15,000 V cable shall be used on all distribution systems with
voltages ranging from 5,000 V to 15,000 V.
D. Insulation:
1. Insulation level shall be 133%.
2. Types of insulation:
a. Cable type abbreviation, EPR: Ethylene propylene rubber
insulation shall be thermosetting, light and heat stabilized.
b. Cable type abbreviation, XLP, XLPE, or TR-XLPE: cross-linked

polyethylene insulation shall be thermosetting, light and heat

stabilized, and chemically cross-linked.

E. Insulation shield shall be semi-conducting. Conductor shield shall be

semi-conducting.
F. Insulation shall be wrapped with copper shielding tape, helically-

applied over semi-conducting insulation shield.

G. Heavy duty, overall protective polyvinyl chloride jacket shall enclose

every cable. The manufacturer's name, cable type and size, and other

pertinent information shall be marked or molded clearly on the overall

protective jacket.

H. Cable temperature ratings for continuous operation, emergency overload

operation, and short circuit operation shall be not less than the NEC,

NEMA WC 71, or NEMA WC 74 standard for the respective cable.

2.2 SPLICES AND TERMINATIONS
A. Materials shall be compatible with the cables being spliced and
terminated, and shall be suitable for the prevailing environmental

conditions.
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B. In locations where moisture might be present, the splices shall be

watertight. In manholes and pullboxes, the splices shall be
submersible.

Splices:

1. Shall comply with IEEE 404.

Terminations:

1. Shall comply with IEEE 48. Include shield ground strap for shielded

cable terminations.

2. Class 3 terminations for outdoor use: Kit with stress cone and

compression-type connector.

3. Load-break terminations for indoor and outdoor use: 200 A loadbreak

PART 3
3.1 GE
A.

premolded rubber elbow connectors with bushing inserts, suitable for
submersible applications. Separable connectors shall comply with the
requirements of IEEE 386, and shall be interchangeable between
suppliers. Allow sufficient slack in medium-voltage cable, ground,
and drain wires to permit elbow connectors to be moved to their
respective parking stands.
- EXECUTION

NERAL

Installation shall be in accordance with the NEC, as shown on the

drawings, and manufacturer’s instructions.

Cable shall be installed in conduit above grade and duct bank below

grade.

All cables of a feeder shall be pulled simultaneously.

Conductors of different systems (e.g., 5kV and 15kV) shall not be

installed in the same raceway.

Splice the cables only in manholes and pullboxes.

Ground shields in accordance with Section 26 05 26, GROUNDING AND

BONDING FOR ELECTRICAL SYSTEMS.

Cable maximum pull length, maximum pulling tension, and minimum bend

radius shall conform with the recommendations of the manufacturer.

Use suitable lubricating compounds on the cables to prevent pulling

damage. Provide compounds that are not injurious to the cable jacket

and do not harden or become adhesive.

Seal the cable ends prior to pulling, to prevent the entry of moisture

or lubricant.
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3.2 PROTECTION DURING SPLICING OPERATIONS

A. Blowers shall be provided to force fresh air into manholes where free
movement or circulation of air is obstructed. Waterproof protective
coverings shall be available on the work site to provide protection
against moisture while a splice is being made. Pumps shall be used to
keep manholes dry during splicing operations. Under no conditions shall
a splice or termination be made that exposes the interior of a cable to
moisture. A manhole ring at least 150 mm (6 inches) above ground shall
be used around the manhole entrance to keep surface water from entering
the manhole. Unused ducts shall be plugged and water seepage through
ducts in use shall be stopped before splicing.

3.3 PULLING CABLES IN DUCTS AND MANHOLES

A. Cables shall be pulled into ducts with equipment designed for this
purpose, including power-driven winches, cable-feeding flexible tube
guides, cable grips, pulling eyes, and lubricants. A sufficient number
of qualified workers and equipment shall be employed to ensure the
careful and proper installation of the cable.

B. Cable reels shall be set up at the side of the manhole opening and
above the duct or hatch level, allowing cables to enter through the
opening without reverse bending. Flexible tube guides shall be
installed through the opening in a manner that will prevent cables from
rubbing on the edges of any structural member.

C. Cable shall be unreeled from the top of the reel. Pay-out shall be
carefully controlled. Cables to be pulled shall be attached through a
swivel to the main pulling wire by means of a suitable cable grip and
pulling eye.

D. Woven-wire cable grips shall be used to grip the cable end when pulling
small cables and short straight lengths of heavier cables.

E. Pulling eyes shall be attached to the cable conductors to prevent
damage to the cable structure.

F. Cables shall be liberally coated with a suitable lubricant as they
enter the tube guide or duct. Rollers, sheaves, or tube guides around
which the cable is pulled shall conform to the minimum bending radius
of the cable.

G. Cables shall be pulled into ducts at a reasonable speed. Cable pulling
using a vehicle shall not be permitted. Pulling operations shall be
stopped immediately at any indication of binding or obstruction, and

shall not be resumed until the potential for damage to the cable is
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corrected. Sufficient slack shall be provided for free movement of
cable due to expansion or contraction.

Splices in manholes shall be firmly supported on cable racks. Cable
ends shall overlap at the ends of a section to provide sufficient
undamaged cable for splicing.

Cables cut in the field shall have the cut ends immediately sealed to

prevent entrance of moisture.

3.4 SPLICES AND TERMINATIONS

A.

Install the materials as recommended by the manufacturer, including
precautions pertaining to air temperature and humidity during
installation.

Installation shall be executed by qualified person trained to perform
medium-voltage equipment installations. Tools shall be as recommended
or provided by the manufacturer. 1Installation shall comply with
manufacturer’s instructions.

Splices in manholes shall be located midway between cable racks on
walls of manholes, and supported with cable arms at approximately the
same elevation as the enclosing duct.

Where the Government determines that unsatisfactory splices and
terminations have been installed, the Contractor shall replace the
unsatisfactory splices and terminations with approved material at no

additional cost to the Government.

3.5 FIREPROOFING

A.

Cover all cable segments exposed in manholes and pullboxes with
fireproofing tape.

Apply the tape in a single layer, wrapped in a half-lap manner, or as
recommended by the manufacturer. Extend the tape not less than 25 mm (1
inch) into each duct.

At each end of a taped cable section, secure the fireproof tape in

place with glass cloth tape.

3.6 CIRCUIT IDENTIFICATION OF FEEDERS

A.

In each manhole and pullbox, install permanent identification tags on
each circuit's cables to clearly designate the circuit identification
and voltage. The tags shall be the embossed brass type, 40 mm (1.5

inches) in diameter and 40 mils thick. Attach tags with plastic ties.
Position the tags so they will be easy to read after the fireproofing

tape is installed.
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3.7 ACCEPTANCE CHECKS AND TESTS
A. General:

1. Perform tests in accordance with the latest IEEE 400 and 400.2,
manufacturer's recommendations, and as specified in this
specification.

2. Contractor shall make arrangements to have tests witnessed by the
COR. Contractor shall proceed with tests only after obtaining
approval from the COR.

B. Visual Inspection: Perform visual inspection prior to electrical
tests.

1. Inspect exposed sections of cables for physical damage.

2. Inspect shield grounding, cable supports, splices, and terminations.

3. Verify that visible cable bends meet manufacturer’s minimum bending
radius requirement.

4. Verify installation of fireproofing tape and identification tags.

5. At the time of final acceptance, Contractor shall provide the COR
visual field inspection notes, findings, and photographs detailing
accessible inspection locations.

C. Electrical Tests - New Cables: Perform preparation and tests in order

shown below:

1.

Preparation Prior to Testing: Splices and terminations applied to

new cables shall be completed prior to testing. For renovation

installation, ends of new cables intended to be spliced to existing

service-aged cables shall be prepared (cut back) to allow testing

without flashover or tracking. Cables shall not be connected to

other equipment while under test.

Perform Insulation-Resistance Test. Test all cables with respect to

ground and adjacent cables. All adjacent cables shall be grounded

during testing.

a. Apply test voltage for a period sufficient to stabilize output
voltage and insulation resistance measurement.

b. Test data shall include megohm, applied test voltage, and leakage
current readings.

c. Further testing shall not continue unless the insulation
resistance test results meet or exceed the values listed below.
Test voltages and minimum acceptable resistance values shall be:

Voltage Class Test Voltage Min. Insulation Resistance
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5kv 2,500 vDC 1,000 megohms
15kVv 2,500 vDC 5,000 megohms
25kv 5,000 VvDC 20,000 megohms
35kv 15,000 VvDC 100,000 megohms
3. Perform Tan Delta test. Review test readings with the COR prior to

proceeding with the Very Low Frequency (VLF) Withstand test
Perform Very Low Frequency (VLF) Withstand test. Utilize test

voltages in accordance with IEEE 400.2.

D. Electrical Tests - Service-Aged Cables: Tests shall be performed for

serviced-age cables before inter-connecting to new cables. Perform

tests in order shown below:

1.

Preparation Prior to Testing: Splices and terminations applied to

cables shall be completed prior to testing. Ends of cables intended

to be spliced to existing service-aged cables shall be prepared (cut

back) to allow testing without flashover or tracking. Cables shall

not be connected to other equipment while under test.

Perform Insulation-Resistance Test. Test all cables with respect to

ground and adjacent cables. All adjacent cables shall be grounded

during testing.

a. Apply test voltage for a period sufficient to stabilize output
voltage and insulation resistance measurement.

b. Test data shall include megohm, applied test voltage, and leakage
current readings.

c. Further testing shall not continue unless the insulation
resistance test results meet or exceed the values listed below.
Test voltages and minimum acceptable resistance values shall be:

Voltage Class Test Voltage Min. Insulation Resistance

5kv 2,500 vDC 1,000 megohms

15kv 2,500 vDC 5,000 megohms

25kvV 5,000 VvDC 20,000 megohms

35kV 15,000 VvDC 100,000 megohms
Perform Tan Delta test. Review test readings with the COR prior to
proceeding with the VLF Withstand test.
Perform VLF Withstand test. Utilize test voltages in accordance

with IEEE 400.2.

E. Electrical Tests - Inter-connected New Cables and Service-Aged Cables:

After successful Tan Delta and VLF Withstand testing of new cables and

26 05 13 - 9



Substation Upgrade Building 2 VA Project # 642-22-104
VA-Medical Center, Philadelphia, PA Bid Documents
01-01-17

service-aged cables, perform final splicing inter-connecting between

new and service-aged cables. Once new and service-aged cables are

completely inter-connected, conduct Tan Delta and VLF Withstand tests

for the entire inter-connected cable. Utilize maintenance test voltage
for VLF Withstand testing.

F. Field Test Report: Submit a field test report to the COR that includes
the following information:

1. Project Name, Location, Test Date.

2. Name of Technician and Company performing the test.

3. Ambient temperature and humidity at time of test.

4. Name, Model Number and Description of Test Equipment used.

5. Circuit identification, cable length, cable type and size,
insulation type, cable manufacturer, service age (if any), voltage
rating, description of splices or terminations.

6. Visual field inspection notes, findings, and photographs.

7. Insulation Resistance Test results:

a. Test voltage.
b. Measurement in Megohms.
c. Leakage current.
8. Tan Delta results:
a. Test voltage.
b. Waveform (sinusoidal or cosine-rectangular).
c. Mean Tan Delta at Vy.
d. Stability measured by Standard Deviation at Vy.
e. Differential Tan Delta.
f. IEEE Condition Assessment Rating.
9. VLF Withstand results:
1) Test voltage.
2) Waveform (sinusoidal or cosine-rectangular).
3) Pass/Fail Rating.

10. Conclusions. 1If any deficiency is discovered based on test
results, provide recommendations for corrective action.

G. Final Acceptance: Final acceptance shall depend upon the satisfactory
performance of the cables under test. No cable shall be put into
service until all tests are successfully passed, and field test reports
have been approved by the COR.

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

PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the furnishing, installation, connection, and
testing of the electrical conductors and cables for use in electrical
systems rated 600 V and below, indicated as cable(s), conductor(s),
wire, or wiring in this section.

1.2 RELATED WORK

A. Section 07 84 00, FIRESTOPPING: Sealing around penetrations to maintain
the integrity of fire-resistant rated construction.

B. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS:
Requirements that apply to all sections of Division 26.

C. Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Requirements for personnel safety and to provide a low impedance path
for possible ground fault currents.

D. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits
for conductors and cables.

1.3 QUALITY ASSURANCE

A. Quality Assurance shall be in accordance with Paragraph, QUALIFICATIONS
(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIREMENTS FOR
ELECTRICAL INSTALLATIONS.

1.4 SUBMITTALS

A. Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11,
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following
requirements:

1. Shop Drawings:
a. Submit sufficient information to demonstrate compliance with
drawings and specifications.
b. Submit the following data for approval:
1) Electrical ratings and insulation type for each conductor and
cable.
2) Splicing materials and pulling lubricant.
2. Certifications: Two weeks prior to final inspection, submit the
following.
a. Certification by the manufacturer that the conductors and cables

conform to the requirements of the drawings and specifications.
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b. Certification by the Contractor that the conductors and cables

have been properly installed, adjusted, and tested.

1.5 APPLICABLE PUBLICATIONS

A.

PART 2

Publications listed below (including amendments, addenda, revisions,

supplements and errata) form a part of this specification to the extent

referenced. Publications are reference in the text by designation only.

American Society of Testing Material (ASTM):

D2301-10. ..t ieiienennnns Standard Specification for Vinyl Chloride
Plastic Pressure-Sensitive Electrical
Insulating Tape

D2304-10. ..t ueeeennnn Test Method for Thermal Endurance of Rigid
Electrical Insulating Materials

D3005-10. .. i nnn Low-Temperature Resistant Vinyl Chloride
Plastic Pressure-Sensitive Electrical
Insulating Tape

National Electrical Manufacturers Association (NEMA) :

WC 70-09......0000n Power Cables Rated 2000 Volts or Less for the
Distribution of Electrical Energy

National Fire Protection Association (NFPA):

O R National Electrical Code (NEC)

Underwriters Laboratories, Inc. (UL):

e Thermoset-Insulated Wires and Cables
83-14. ... it i Thermoplastic-Insulated Wires and Cables
467-13. . i e Grounding and Bonding Equipment
486A-486B-13. ... Wire Connectors

486C-13. ..t Splicing Wire Connectors

486D-15. ...t Sealed Wire Connector Systems

486E-15.. ... .. Equipment Wiring Terminals for Use with

Aluminum and/or Copper Conductors

493-07 . it Thermoplastic-Insulated Underground Feeder and
Branch Circuit Cables

514B-12. ..t iiiiennnn. Conduit, Tubing, and Cable Fittings

- PRODUCTS

2.1 CONDUCTORS AND CABLES

A.

Conductors and cables shall be in accordance with ASTM, NEMA, NFPA, UL,
as specified herein, and as shown on the drawings.

All conductors shall be copper.

Single Conductor and Cable:
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No. 12 AWG: Minimum size, except where smaller sizes are specified
herein or shown on the drawings.

No. 8 AWG and larger: Stranded.

No. 10 AWG and smaller: Solid; except shall be stranded for final
connection to motors, transformers, and vibrating equipment.
Insulation: THHN-THWN and XHHW-2. XHHW-2 shall be used for isolated

power systems.

D. Color Code:

1.

6.

No. 10 AWG and smaller: Solid color insulation or solid color
coating.

No. 8 AWG and larger: Color-coded using one of the following
methods:

a. Solid color insulation or solid color coating.

b. Stripes, bands, or hash marks of color specified.

c. Color using 19 mm (0.75 inches) wide tape.

For modifications and additions to existing wiring systems, color
coding shall conform to the existing wiring system.

Conductors shall be color-coded as follows:

208/120 v Phase 480/277 V
Black A Brown
Red B Orange
Blue C Yellow
White Neutral Gray *
* or white with colored (other than green) tracer.

Color code for isolated power system wiring shall be in accordance

with the NEC.

2.2 SPLICES

A. Splices shall be in accordance with NEC and UL.

B. Above Ground Splices for No. 10 AWG and Smaller:

1.

Solderless, screw-on, reusable pressure cable type, with integral
insulation, approved for copper.

The integral insulator shall have a skirt to completely cover the
stripped conductors.

The number, size, and combination of conductors used with the
connector, as listed on the manufacturer's packaging, shall be

strictly followed.

C. Above Ground Splices for No. 8 AWG to No. 4/0 AWG:
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1. Compression, hex screw, or bolt clamp-type of high conductivity and
corrosion-resistant material, listed for use with copper and
aluminum conductors.

2. Insulate with materials approved for the particular use, location,
voltage, and temperature. Insulation level shall be not less than
the insulation level of the conductors being joined.

3. Splice and insulation shall be product of the same manufacturer.

4. All bolts, nuts, and washers used with splices shall be zinc-plated
steel.

2.3 CONNECTORS AND TERMINATIONS

A. Mechanical type of high conductivity and corrosion-resistant material,
listed for use with copper.

B. Long barrel compression type of high conductivity and
corrosion-resistant material, with minimum of two compression indents
per wire, listed for use with copper.

C. All bolts, nuts, and washers used to connect connections and
terminations to bus bars or other termination points shall be zinc-
plated steel.

2.4 CONTROL WIRING

A. Unless otherwise specified elsewhere in these specifications, control
wiring shall be as specified herein, except that the minimum size shall
be not less than No. 14 AWG.

B. Control wiring shall be sized such that the voltage drop under in-rush
conditions does not adversely affect operation of the controls.

2.5 WIRE LUBRICATING COMPOUND

A. Lubricating compound shall be suitable for the wire insulation and

conduit, and shall not harden or become adhesive.
PART 3 - EXECUTION
3.1 GENERAL

A. Installation shall be in accordance with the NEC, as shown on the
drawings, and manufacturer’s instructions.

B. Install all conductors in raceway systems.

C. Splice conductors only in outlet boxes, junction boxes, pull boxes,
manholes, or handholes.

D. Conductors of different systems (e.g., 120 V and 277 V) shall not be

installed in the same raceway.
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E.

Install cable supports for all vertical feeders in accordance with the
NEC. Provide split wedge type which firmly clamps each individual cable
and tightens due to cable weight.

In panelboards, cabinets, wireways, switches, enclosures, and equipment

assemblies, neatly form, train, and tie the conductors with non-

metallic ties.

For connections to motors, transformers, and vibrating equipment,

stranded conductors shall be used only from the last fixed point of

connection to the motors, transformers, or vibrating equipment.

Use expanding foam or non-hardening duct-seal to seal conduits entering

a building, after installation of conductors.

Conductor and Cable Pulling:

1. Provide installation equipment that will prevent the cutting or
abrasion of insulation during pulling. Use lubricants approved for
the cable.

2. Use nonmetallic pull ropes.

3. Attach pull ropes by means of either woven basket grips or pulling
eyes attached directly to the conductors.

4. All conductors in a single conduit shall be pulled simultaneously.

5. Do not exceed manufacturer’s recommended maximum pulling tensions
and sidewall pressure values.

No more than three branch circuits shall be installed in any one

conduit.

When stripping stranded conductors, use a tool that does not damage the

conductor or remove conductor strands.

3.2 SPLICE AND TERMINATION INSTALLATION

A.

Splices and terminations shall be mechanically and electrically secure,
and tightened to manufacturer’s published torque values using a torque
screwdriver or wrench.

Where the Government determines that unsatisfactory splices or
terminations have been installed, replace the splices or terminations

at no additional cost to the Government.

3.3 CONDUCTOR IDENTIFICATION

A.

When using colored tape to identify phase, neutral, and ground
conductors larger than No. 8 AWG, apply tape in half-overlapping turns
for a minimum of 75 mm (3 inches) from terminal points, and in junction

boxes, pullboxes, and manholes. Apply the last two laps of tape with no
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tension to prevent possible unwinding. Where cable markings are covered

by tape, apply tags to cable, stating size and insulation type.

3.4 FEEDER CONDUCTOR IDENTIFICATION

A.

In each interior pullbox and each underground manhole and handhole,
install brass tags on all feeder conductors to clearly designate their
circuit identification and voltage. The tags shall be the embossed
type, 40 mm (1-1/2 inches) in diameter and 40 mils thick. Attach tags

with plastic ties.

3.5 EXISTING CONDUCTORS

A.

Unless specifically indicated on the plans, existing conductors shall

not be reused.

3.6 CONTROL WIRING INSTALLATION

A.

Unless otherwise specified in other sections, install control wiring
and connect to equipment to perform the required functions as specified
or as shown on the drawings.

Install a separate power supply circuit for each system, except where

otherwise shown on the drawings.

3.7 CONTROL WIRING IDENTIFICATION

A.

Install a permanent wire marker on each wire at each termination.
Identifying numbers and letters on the wire markers shall correspond to
those on the wiring diagrams used for installing the systems.

Wire markers shall retain their markings after cleaning.

3.8 ACCEPTANCE CHECKS AND TESTS

A.

Perform in accordance with the manufacturer's recommendations. In
addition, include the following:

1. Visual Inspection and Tests: Inspect physical condition.

2. Electrical tests:

a. After installation but before connection to utilization devices,
such as fixtures, motors, or appliances, test conductors phase-
to-phase and phase-to-ground resistance with an insulation
resistance tester. Existing conductors to be reused shall also
be tested.

b. Applied voltage shall be 500 V DC for 300 V rated cable, and 1000
V DC for 600 V rated cable. Apply test for one minute or until
reading is constant for 15 seconds, whichever is longer. Minimum
insulation resistance values shall not be less than 25 megohms

for 300 V rated cable and 100 megohms for 600 V rated cable.
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c. Perform phase rotation test on all three-phase circuits.

--—END---
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SECTION 26 05 26
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the furnishing, installation, connection, and
testing of grounding and bonding equipment, indicated as grounding
equipment in this section.

B. “Grounding electrode system” refers to grounding electrode conductors
and all electrodes required or allowed by NEC, as well as made,
supplementary, and lightning protection system grounding electrodes.

C. The terms “connect” and “bond” are used interchangeably in this section
and have the same meaning.

1.2 RELATED WORK

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS:
Requirements that apply to all sections of Division 26.

B. Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES:
Low-voltage conductors.

C. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduit and
boxes.

D. Section 26 22 00, LOW-VOLTAGE TRANSFORMERS: Low-voltage transformers.

E. Section 26 24 16, PANELBOARDS: Low-voltage panelboards.

F. Section 26 36 23, AUTOMATIC TRANSFER SWITCHES: Automatic transfer
switches.

1.3 QUALITY ASSURANCE

A. Quality Assurance shall be in accordance with Paragraph, QUALIFICATIONS
(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIREMENTS FOR
ELECTRICAL INSTALLATIONS.

1.4 SUBMITTALS

A. Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11,
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following
requirements:

1. Shop Drawings:
a. Submit sufficient information to demonstrate compliance with
drawings and specifications.
2. Test Reports:
a. Two weeks prior to the final inspection, submit ground resistance

field test reports to the COTR.
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3. Certifications:
a. Certification by the Contractor that the grounding equipment has

been properly installed and tested.

1.5 APPLICABLE PUBLICATIONS

A.

PART 2

Publications listed below (including amendments, addenda, revisions,
supplements, and errata) form a part of this specification to the
extent referenced. Publications are referenced in the text by
designation only.

American Society for Testing and Materials (ASTM):

Bl-13. . .ttt i Standard Specification for Hard-Drawn Copper
Wire
B3-13. . it iiii it Standard Specification for Soft or Annealed

Copper Wire
2 Standard Specification for Concentric-Lay-

Stranded Copper Conductors, Hard, Medium-Hard,

or Soft
Institute of Electrical and Electronics Engineers, Inc. (IEEE):
Bl-12. . ittt IEEE Guide for Measuring Earth Resistivity,

Ground Impedance, and Earth Surface Potentials
of a Ground System Part 1: Normal Measurements

National Fire Protection Association (NFPA):

L National Electrical Code (NEC)
TOE-15.. ... 0., National Electrical Safety Code
99-15. .. it i e Health Care Facilities

Underwriters Laboratories, Inc. (UL):

44-14 ... . i Thermoset-Insulated Wires and Cables
83-14 . ... e Thermoplastic-Insulated Wires and Cables
467-13 .. i Grounding and Bonding Equipment

- PRODUCTS

2.1 GROUNDING AND BONDING CONDUCTORS

A.

Equipment grounding conductors shall be insulated stranded copper,
except that sizes No. 10 AWG and smaller shall be solid copper.
Insulation color shall be continuous green for all equipment grounding
conductors, except that wire sizes No. 4 AWG and larger shall be
identified per NEC.

Bonding conductors shall be bare stranded copper, except that sizes No.

10 AWG and smaller shall be bare solid copper. Bonding conductors
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shall be stranded for final connection to motors, transformers, and

vibrating equipment.

Conductor sizes shall not be less than shown on the drawings, or not
less than required by the NEC, whichever is greater.

Insulation: THHN-THWN and XHHW-2. XHHW-2 shall be used for isolated

power systems.

2.2 GROUND CONNECTIONS

A.

Below Grade and Inaccessible Locations: Exothermic-welded type
connectors.

Above Grade:

1. Bonding Jumpers: Listed for use with aluminum and copper conductors.

For wire sizes No. 8 AWG and larger, use compression-type

connectors. For wire sizes smaller than No. 8 AWG, use mechanical
type lugs. Connectors or lugs shall use zinc-plated steel bolts,
nuts, and washers. Bolts shall be torqued to the values recommended

by the manufacturer.

2. Connection to Building Steel: Exothermic-welded type connectors.

3. Connection to Grounding Bus Bars: Listed for use with aluminum and
copper conductors. Use mechanical type lugs, with zinc-plated steel
bolts, nuts, and washers. Bolts shall be torqued to the values
recommended by the manufacturer.

4. Connection to Egquipment Rack and Cabinet Ground Bars: Listed for use
with aluminum and copper conductors. Use mechanical type lugs, with
zinc-plated steel bolts, nuts, and washers. Bolts shall be torqued

to the values recommended by the manufacturer.

2.3 EQUIPMENT RACK AND CABINET GROUND BARS

A.

Provide solid copper ground bars designed for mounting on the framework
of open or cabinet-enclosed equipment racks. Ground bars shall have
minimum dimensions of 6.3 mm (0.25 inch) thick x 19 mm (0.75 inch)
wide, with length as required or as shown on the drawings. Provide

insulators and mounting brackets.

2.4 GROUNDING BUS BAR

A.

Pre-drilled rectangular copper bar with stand-off insulators, minimum
6.3 mm (0.25 inch) thick x 100 mm (4 inches) high in cross-section,
length as shown on the drawings, with hole size, quantity, and spacing
per detail shown on the drawings. Provide insulators and mounting

brackets.
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PART 3 - EXECUTION

3.1 GENERAL

A.

Installation shall be in accordance with the NEC, as shown on the

drawings, and manufacturer’s instructions.

System Grounding:

1. Secondary service neutrals: Ground at the supply side of the
secondary disconnecting means and at the related transformer.

Equipment Grounding: Metallic piping, building structural steel,

electrical enclosures, raceways, Jjunction boxes, outlet boxes,

cabinets, machine frames, and other conductive items in close proximity

with electrical circuits, shall be bonded and grounded.

For patient care area electrical power system grounding, conform to the

latest NFPA 70 and 99.

3.2 SECONDARY VOLTAGE EQUIPMENT AND CIRCUITS

A.

Main Bonding Jumper: Bond the secondary service neutral to the ground

bus in the service equipment.

Metallic Piping, Building Structural Steel, and Supplemental

Electrode (s):

1. Provide a grounding electrode conductor sized per NEC between the
service equipment ground bus and all metallic water pipe systems,
building structural steel, and supplemental or made electrodes.
Provide jumpers across insulating joints in the metallic piping.

2. Provide a supplemental ground electrode as shown on the drawings and
bond to the grounding electrode system.

Panelboards, Motor Control Centers, Automatic Transfer Switches, and

other electrical equipment:

1. Connect the equipment grounding conductors to the ground bus.

2. Connect metallic conduits by grounding bushings and equipment

grounding conductor to the equipment ground bus.

3.3 RACEWAY

A.

Conduit Systems:

1. Ground all metallic conduit systems. All metallic conduit systems
shall contain an equipment grounding conductor.

2. Non-metallic conduit systems, except non-metallic feeder conduits
that carry a grounded conductor from exterior transformers to
interior or building-mounted service entrance equipment, shall

contain an equipment grounding conductor.
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3. Metallic conduit that only contains a grounding conductor, and is
provided for its mechanical protection, shall be bonded to that
conductor at the entrance and exit from the conduit.

4. Metallic conduits which terminate without mechanical connection to
an electrical equipment housing by means of locknut and bushings or
adapters, shall be provided with grounding bushings. Connect
bushings with a equipment grounding conductor to the equipment
ground bus.

B. Feeders and Branch Circuits: Install equipment grounding conductors
with all feeders, and power and lighting branch circuits.

C. Boxes, Cabinets, Enclosures, and Panelboards:

1. Bond the equipment grounding conductor to each pull box, junction
box, outlet box, device box, cabinets, and other enclosures through
which the conductor passes (except for special grounding systems for
intensive care units and other critical units shown).

2. Provide lugs in each box and enclosure for equipment grounding
conductor termination.

D. Wireway Systems:

1. Bond the metallic structures of wireway to provide electrical
continuity throughout the wireway system, by connecting a No. 6 AWG
bonding jumper at all intermediate metallic enclosures and across
all section junctions.

2. Install insulated No. 6 AWG bonding jumpers between the wireway
system, bonded as required above, and the closest building ground at
each end and approximately every 16 M (50 feet).

3. Use insulated No. 6 AWG bonding jumpers to ground or bond metallic
wireway at each end for all intermediate metallic enclosures and
across all section junctions.

4. Use insulated No. 6 AWG bonding jumpers to ground cable tray to
column-mounted building ground plates (pads) at each end and
approximately every 15 M (49 feet).

E. Receptacles shall not be grounded through their mounting screws. Ground
receptacles with a jumper from the receptacle green ground terminal to
the device box ground screw and a jumper to the branch circuit
equipment grounding conductor.

F. Ground lighting fixtures to the equipment grounding conductor of the

wiring system. Fixtures connected with flexible conduit shall have a
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green ground wire included with the power wires from the fixture
through the flexible conduit to the first outlet box.

Fixed electrical appliances and equipment shall be provided with a
ground lug for termination of the equipment grounding conductor.
Panelboard Bonding in Patient Care Areas: The equipment grounding
terminal buses of the normal and essential branch circuit panel boards
serving the same individual patient vicinity shall be bonded together
with an insulated continuous copper conductor not less than No. 10 AWG,

installed in rigid metal conduit.

3.4 CORROSION INHIBITORS

A.

When making grounding and bonding connections, apply a corrosion
inhibitor to all contact surfaces. Use corrosion inhibitor appropriate

for protecting a connection between the metals used.

3.5 CONDUCTIVE PIPING

A.

Bond all conductive piping systems, interior and exterior, to the
grounding electrode system. Bonding connections shall be made as close
as practical to the equipment ground bus.

In operating rooms and at intensive care and coronary care type beds,
bond the medical gas piping and medical vacuum piping at the outlets

directly to the patient ground bus.

3.6 GROUND RESISTANCE

A.

Grounding system resistance to ground shall not exceed 5 ohms. Make any
modifications or additions to the grounding electrode system necessary
for compliance without additional cost to the Government. Final tests

shall ensure that this requirement is met.

3.7 ACCEPTANCE CHECKS AND TESTS

A.

Resistance of the grounding electrode system shall be measured using a
four-terminal fall-of-potential method as defined in IEEE 81. Ground
resistance measurements shall be made before the electrical
distribution system is energized or connected to the electric utility
company ground system, and shall be made in normally dry conditions not

fewer than 48 hours after the last rainfall.

-—-END---
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SECTION 26 05 33
RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the furnishing, installation, and connection of
conduit, fittings, and boxes, to form complete, coordinated, grounded
raceway systems. Raceways are required for all wiring unless shown or
specified otherwise.

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

1.2 RELATED WORK

A. Section 07 84 00, FIRESTOPPING: Sealing around penetrations to maintain
the integrity of fire rated construction.

B. Section 07 92 00, JOINT SEALANTS: Sealing around conduit penetrations
through the building envelope to prevent moisture migration into the
building.

C. Section 09 91 00, PAINTING: Identification and painting of conduit and
other devices.

D. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General
electrical requirements and items that are common to more than one
section of Division 26.

E. Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Requirements for personnel safety and to provide a low impedance path
for possible ground fault currents.

1.3 QUALITY ASSURANCE
Refer to Paragraph, QUALIFICATIONS, in Section 26 05 11, REQUIREMENTS
FOR ELECTRICAL INSTALLATIONS.

1.4 SUBMITTALS

A. Submit six copies of the following in accordance with Section 26 05 11,

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS.
1. Shop Drawings:
Size and location of main feeders.
Size and location of panels and pull-boxes.
c. Layout of required conduit penetrations through structural
elements.
d. Submit the following data for approval:

1) Raceway types and sizes.
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2) Conduit bodies, connectors and fittings.
3) Junction and pull boxes, types and sizes.
2. Certifications: Two weeks prior to final inspection, submit the
following:

a. Certification by the manufacturer that raceways, conduits,
conduit bodies, connectors, fittings, junction and pull boxes,
and all related equipment conform to the requirements of the
drawings and specifications.

b. Certification by the Contractor that raceways, conduits, conduit
bodies, connectors, fittings, junction and pull boxes, and all

related equipment have been properly installed.

1.5 APPLICABLE PUBLICATIONS

A.

Publications listed below (including amendments, addenda, revisions,
supplements, and errata) form a part of this specification to the
extent referenced. Publications are referenced in the text by
designation only.

American National Standards Institute (ANSI):

C80.1-05....cviiin.. Electrical Rigid Steel Conduit
C80.3-05. ... Steel Electrical Metal Tubing
C80.6-05. ... .. Electrical Intermediate Metal Conduit

National Fire Protection Association (NFPA):
O Pt National Electrical Code (NEC)

Underwriters Laboratories, Inc. (UL):

e 0 Flexible Metal Conduit

T Surface Metal Raceway and Fittings

6=07 ¢ i it e Electrical Rigid Metal Conduit - Steel

50-95. .. i Enclosures for Electrical Equipment

360-13. ... iiiiiiee Liquid-Tight Flexible Steel Conduit

467-13. .. it i Grounding and Bonding Equipment

S514RA-13 ... ittt Metallic Outlet Boxes

514B-12. ... it Conduit, Tubing, and Cable Fittings

514C-07 e it it i et ieenn Nonmetallic Outlet Boxes, Flush-Device Boxes

and Covers

651-11. ..ttt Schedule 40 and 80 Rigid PVC Conduit and
Fittings

651A-11 .. i Type EB and A Rigid PVC Conduit and HDPE
Conduit

TOT=07. v iiiiiiiiii. Electrical Metallic Tubing
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1242-006. e e et i i eeeenennn Electrical Intermediate Metal Conduit - Steel

E. National Electrical Manufacturers Association (NEMA) :

TC—2-13 . it i et e eeenn Electrical Polyvinyl Chloride (PVC) Tubing and
Conduit

TC-3-13 .. ittt PVC Fittings for Use with Rigid PVC Conduit and
Tubing

o B e Fittings, Cast Metal Boxes and Conduit Bodies

for Conduit, Electrical Metallic Tubing and
Cable
FB2.10-13.....iv Selection and Installation Guidelines for
Fittings for use with Non-Flexible Conduit or
Tubing (Rigid Metal Conduit, Intermediate
Metallic Conduit, and Electrical Metallic
Tubing)
FB2.20-12. ... Selection and Installation Guidelines for
Fittings for use with Flexible Electrical
Conduit and Cable
F. American Iron and Steel Institute (AISI):
S100-2007. ... North American Specification for the Design of
Cold-Formed Steel Structural Members
PART 2 - PRODUCTS
2.1 MATERIAL
A. Conduit Size: In accordance with the NEC, but not less than 13 mm
(0.5-inch) unless otherwise shown. Where permitted by the NEC, 13 mm
(0.5-inch) flexible conduit may be used for tap connections to recessed
lighting fixtures.
B. Conduit:
1. Size: 1In accordance with the NEC, but not less than 13 mm (0.5-

inch) .
2. Rigid Steel Conduit (RMC): Shall conform to UL 6 and ANSI C80.1.
3. Rigid Intermediate Steel Conduit (IMC): Shall conform to UL 1242

and ANSI C80.6.

4. Electrical Metallic Tubing (EMT): Shall conform to UL 797 and ANSI
C80.3. Maximum size not to exceed 105 mm (4 inches) and shall be
permitted only with cable rated 600 V or less.

5. Flexible Metal Conduit: Shall conform to UL 1.

6. Liguid-tight Flexible Metal Conduit: Shall conform to UL 360.

7. Surface Metal Raceway: Shall conform to UL 5.
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C. Conduit Fittings:

1. Rigid Steel and Intermediate Metallic Conduit Fittings:

Fittings shall meet the requirements of UL 514B and NEMA FB1.

Standard threaded couplings, locknuts, bushings, conduit bodies,

and elbows: Only steel or malleable iron materials are

acceptable. Integral retractable type IMC couplings are also
acceptable.
Locknuts: Bonding type with sharp edges for digging into the

metal wall of an enclosure.

Bushings: Metallic insulating type, consisting of an insulating

insert, molded or locked into the metallic body of the fitting.
Bushings made entirely of metal or nonmetallic material are not
permitted.

Erickson (Union-Type) and Set Screw Type Couplings: Approved for
use 1in concrete are permitted for use to complete a conduit run
where conduit is installed in concrete. Use set screws of case-
hardened steel with hex head and cup point to firmly seat in
conduit wall for positive ground. Tightening of set screws with
pliers is prohibited.

Sealing Fittings: Threaded cast iron type. Use continuous
drain-type sealing fittings to prevent passage of water vapor.
In concealed work, install fittings in flush steel boxes with
blank cover plates having the same finishes as that of other

electrical plates in the room.

2. Electrical Metallic Tubing Fittings:

a.

3. Flexible Metal

a.

b.

Fittings and conduit bodies shall meet the requirements of UL
514B, ANSI C80.3, and NEMA FBI1.

Only steel or malleable iron materials are acceptable.

Compression Couplings and Connectors: Concrete-tight and rain-

tight, with connectors having insulated throats.

Indent-type connectors or couplings are prohibited.
Die-cast or pressure-cast zinc-alloy fittings or fittings made of
"pot metal" are prohibited.
Conduit Fittings:
Conform to UL 514B. Only steel or malleable iron materials are
acceptable.

Clamp-type, with insulated throat.
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4.

Liguid-tight Flexible Metal Conduit Fittings:

Fittings shall meet the requirements of UL 514B and NEMA FB1.

b. Only steel or malleable iron materials are acceptable.

c. Fittings must incorporate a threaded grounding cone, a steel or
plastic compression ring, and a gland for tightening. Connectors
shall have insulated throats.

Surface Metal Raceway Fittings: As recommended by the raceway

manufacturer. Include couplings, offsets, elbows, expansion joints,

adapters, hold-down straps, end caps, conduit entry fittings,
accessories, and other fittings as required for complete system.

Expansion and Deflection Couplings:

Conform to UL 467 and UL 514B.

Accommodate a 19 mm (0.75-inch) deflection, expansion, or
contraction in any direction, and allow 30 degree angular
deflections.

c. Include internal flexible metal braid, sized to guarantee conduit
ground continuity and a low-impedance path for fault currents, in
accordance with UL 467 and the NEC tables for equipment grounding
conductors.

d. Jacket: Flexible, corrosion-resistant, watertight, moisture and
heat-resistant molded rubber material with stainless steel jacket

clamps.

D. Conduit Supports:

1.

Parts and Hardware: Zinc-coat or provide equivalent corrosion
protection.
Individual Conduit Hangers: Designed for the purpose, having a

pre-assembled closure bolt and nut, and provisions for receiving a
hanger rod.

Multiple Conduit (Trapeze) Hangers: Not less than 38 mm x 38 mm
(1.5 x 1.5 inches), 12-gauge steel, cold-formed, lipped channels;
with not less than 9 mm (0.375-inch) diameter steel hanger rods.
Solid Masonry and Concrete Anchors: Self-drilling expansion

shields, or machine bolt expansion.

E. Outlet, Junction, and Pull Boxes:

1.
2.

UL-50 and UL-514A.

Rustproof cast metal where required by the NEC or shown on drawings.
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3. Sheet Metal Boxes: Galvanized steel, except where shown on
drawings.
F. Metal Wireways: Equip with hinged covers, except as shown on drawings.

PART

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

3 - EXECUTION

3.1 PENETRATIONS

A.

Cutting or Holes:

1. Cut holes in advance where they should be placed in the structural
elements, such as ribs or beams. Obtain the approval of the
Resident Engineer prior to drilling through structural elements.

2. Cut holes through concrete and masonry in new and existing
structures with a diamond core drill or concrete saw. Pneumatic
hammers, impact electric, hand, or manual hammer-type drills are not
allowed, except when permitted by the Resident Engineer where
working space is limited.

Firestop: Where conduits, wireways, and other electrical raceways pass

through fire partitions, fire walls, smoke partitions, or floors,

install a fire stop that provides an effective barrier against the

spread of fire, smoke and gases as specified in Section 07 84 00,

FIRESTOPPING.

Waterproofing: At floor, exterior wall, and roof conduit penetrations,

completely seal the gap around conduit to render it watertight, as

specified in Section 07 92 00, JOINT SEALANTS.

3.2 INSTALLATION, GENERAL

A.

In accordance with UL, NEC, NEMA, as shown on drawings, and as

specified herein.

Raceway systems used for Essential Electrical Systems (EES) shall be

entirely independent of other raceway systems.

Install conduit as follows:

1. In complete mechanically and electrically continuous runs before
pulling in cables or wires.

2. Unless otherwise indicated on the drawings or specified herein,
installation of all conduits shall be concealed within finished
walls, floors, and ceilings.

3. Flattened, dented, or deformed conduit is not permitted. Remove and

replace the damaged conduits with new conduits.
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4. Assure conduit installation does not encroach into the ceiling
height head room, walkways, or doorways.

5. Cut conduits square, ream, remove burrs, and draw up tight.

6. Independently support conduit at 2.4 M (8 feet) on centers with
specified materials and as shown on drawings.

7. Do not use suspended ceilings, suspended ceiling supporting members,
lighting fixtures, other conduits, cable tray, boxes, piping, or
ducts to support conduits and conduit runs.

8. Support within 300 mm (12 inches) of changes of direction, and
within 300 mm (12 inches) of each enclosure to which connected.

9. Close ends of empty conduits with plugs or caps at the rough-in
stage until wires are pulled in, to prevent entry of debris.

10. Conduit installations under fume and vent hoods are prohibited.

11. Secure conduits to cabinets, junction boxes, pull-boxes, and outlet
boxes with bonding type locknuts. For rigid steel and IMC conduit
installations, provide a locknut on the inside of the enclosure,
made up wrench tight. Do not make conduit connections to junction
box covers.

12. Conduit bodies shall only be used for changes in direction, and
shall not contain splices.
D. Conduit Bends:

1. Make bends with standard conduit bending machines.

2. Conduit hickey may be used for slight offsets and for straightening
stubbed out conduits.

3. Bending of conduits with a pipe tee or vise is prohibited.

E. Layout and Homeruns:

1. Install conduit with wiring, including homeruns, as shown on
drawings.

2. Deviations: Make only where necessary to avoid interferences and
only after drawings showing the proposed deviations have been
submitted and approved by the Resident Engineer.

3.3 CONCEALED WORK INSTALLATION
A. In Concrete:
1. Align and run conduit in direct lines.
2. Install conduit through concrete beams only:

a. Where shown on the structural drawings.
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B.

b. As approved by the Resident Engineer prior to construction, and
after submittal of drawing showing location, size, and position
of each penetration.

3. Make couplings and connections watertight. Use thread compounds
that are UL approved conductive type to ensure low resistance ground
continuity through the conduits. Tightening setscrews with pliers
is prohibited.

Above Furred or Suspended Ceilings and in Walls:

1. Conduit for Conductors 600 V and Below: Rigid steel, IMC, or EMT.
Mixing different types of conduits in the same system is prohibited.

3. Align and run conduit parallel or perpendicular to the building
lines.

4. Tightening set screws with pliers is prohibited.

5. For conduits running through metal studs, limit field cut holes to
no more than 70% of web depth. Spacing between holes shall be at
least 457 mm (18 inches). Cuts or notches in flanges or return lips

shall not be permitted.

3.4 EXPOSED WORK INSTALLATION

A.

Unless otherwise indicated on drawings, exposed conduit is only

permitted in mechanical and electrical rooms.

Conduit for Conductors 600 V and Below: Rigid steel, IMC, or EMT.

Mixing different types of conduits in the system is prohibited.

Align and run conduit parallel or perpendicular to the building lines.

Install horizontal runs close to the ceiling or beams and secure with

conduit straps.

Support horizontal or vertical runs at not over 2.4 M (8 feet)

intervals.

Surface Metal Raceways: Use only where shown on drawings.

Painting:

1. Paint exposed conduit as specified in Section 09 91 00, PAINTING.

2. Paint all conduits containing cables rated over 600 V safety orange.
Refer to Section 09 91 00, PAINTING for preparation, paint type, and
exact color. 1In addition, paint legends, using 50 mm (2 inch) high
black numerals and letters, showing the cable voltage rating.
Provide legends where conduits pass through walls and floors and at

maximum 6 M (20 feet) intervals in between.
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3.5 HAZARDOUS LOCATIONS

A.

Use rigid steel conduit only.
Install UL approved sealing fittings that prevent passage of explosive
vapors in hazardous areas equipped with explosion-proof lighting

fixtures, switches, and receptacles, as required by the NEC.

3.6 WET OR DAMP LOCATIONS

A.

Use rigid steel or IMC conduits unless as shown on drawings.

Provide sealing fittings to prevent passage of water vapor where
conduits pass from warm to cold locations, i.e., refrigerated spaces,
constant-temperature rooms, air-conditioned spaces, building exterior
walls, roofs, or similar spaces.

Use rigid steel or IMC conduit within 1.5 M (5 feet) of the exterior
and below concrete building slabs in contact with soil, gravel, or
vapor barriers, unless as shown on drawings. Conduit shall be half-
lapped with 10 mil PVC tape before installation. After installation,

completely recoat or retape any damaged areas of coating.

3.7 MOTORS AND VIBRATING EQUIPMENT

A.

Use flexible metal conduit for connections to motors and other
electrical equipment subject to movement, vibration, misalignment,
cramped quarters, or noise transmission.

Use liquid-tight flexible metal conduit for installation in exterior
locations, moisture or humidity laden atmosphere, corrosive atmosphere,
water or spray wash-down operations, inside airstream of HVAC units,
and locations subject to seepage or dripping of o0il, grease, or water.
Provide a green equipment grounding conductor with flexible and liquid-

tight flexible metal conduit.

3.8 EXPANSION JOINTS

A.

Conduits 75 mm (3 inch) and larger that are secured to the building
structure on opposite sides of a building expansion joint require
expansion and deflection couplings. Install the couplings in
accordance with the manufacturer's recommendations.

Provide conduits smaller than 75 mm (3 inch) with junction boxes on
both sides of the expansion joint. Connect flexible metal conduits to
junction boxes with sufficient slack to produce a 125 mm (5 inch)
vertical drop midway between the ends of the flexible metal conduit.

Flexible metal conduit shall have a green insulated copper bonding
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C.

Jjumper installed. In lieu of this flexible metal conduit, expansion and
deflection couplings as specified above are acceptable.

Install expansion and deflection couplings where shown.

3.9 CONDUIT SUPPORTS

A.

Safe working load shall not exceed one-quarter of proof test load of
fastening devices.
Use pipe straps or individual conduit hangers for supporting individual
conduits.
Support multiple conduit runs with trapeze hangers. Use trapeze
hangers that are designed to support a load equal to or greater than
the sum of the weights of the conduits, wires, hanger itself, and an
additional 90 kg (200 lbs). Attach each conduit with U-bolts or other
approved fasteners.
Support conduit independently of junction boxes, pull-boxes, fixtures,
suspended ceiling T-bars, angle supports, and similar items.
Fasteners and Supports in Solid Masonry and Concrete:
1. New Construction: Use steel or malleable iron concrete inserts set
in place prior to placing the concrete.
2. Existing Construction:
a. Steel expansion anchors not less than 6 mm (0.25-inch) bolt size
and not less than 28 mm (1.125 inch) in embedment.
b. Power set fasteners not less than 6 mm (0.25-inch) diameter with
depth of penetration not less than 75 mm (3 inch).
c. Use vibration and shock-resistant anchors and fasteners for
attaching to concrete ceilings.
Hollow Masonry: Toggle bolts.
Bolts supported only by plaster or gypsum wallboard are not acceptable.
Metal Structures: Use machine screw fasteners or other devices
specifically designed and approved for the application.
Attachment by wood plugs, rawl plug, plastic, lead or soft metal
anchors, or wood blocking and bolts supported only by plaster is
prohibited.
Chain, wire, or perforated strap shall not be used to support or fasten
conduit.
Spring steel type supports or fasteners are prohibited for all uses

except horizontal and vertical supports/fasteners within walls.
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L.

3.10

Vertical Supports: Vertical conduit runs shall have riser clamps and
supports in accordance with the NEC and as shown. Provide supports for
cable and wire with fittings that include internal wedges and retaining

collars.

BOX INSTALLATION

Boxes for Concealed Conduits:

1. Flush-mounted.

2. Provide raised covers for boxes to suit the wall or ceiling,
construction, and finish.

In addition to boxes shown, install additional boxes where needed to

prevent damage to cables and wires during pulling-in operations or

where more than the equivalent of 4-90 degree bends are necessary.

Locate pullboxes so that covers are accessible and easily removed.

Coordinate locations with piping and ductwork where installed above

ceilings.

Remove only knockouts as required. Plug unused openings. Use threaded

plugs for cast metal boxes and snap-in metal covers for sheet metal

boxes.

Outlet boxes mounted back-to-back in the same wall are prohibited. A

minimum 600 mm (24 inch) center-to-center lateral spacing shall be

maintained between boxes.

Flush-mounted wall or ceiling boxes shall be installed with raised

covers so that the front face of raised cover is flush with the wall.

Surface-mounted wall or ceiling boxes shall be installed with surface-

style flat or raised covers.

Minimum size of outlet boxes for ground fault circuit interrupter

(GFCI) receptacles is 100 mm (4 inches) square x 55 mm (2.125 inches)

deep, with device covers for the wall material and thickness involved.

Stencil or install phenolic nameplates on covers of the boxes

identified on riser diagrams; for example "SIG-FA JB No. 1."

On all branch circuit junction box covers, identify the circuits with

black marker.
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SECTION 26 05 73
OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY

PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the overcurrent protective device coordination
study, related calculations and analysis, indicated as the study in
this section.

B. A short-circuit and selective coordination study, and arc flash
calculations and analysis shall be prepared for the electrical
overcurrent devices to be installed under this project.

C. The study shall present a well-coordinated time-current analysis of
each overcurrent protective device from the individual device up to the
utility source and the on-site generator sources.

1.2 RELATED WORK

A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General
electrical requirements that are common to more than one section of
Division 26.

B. Section 26 13 16, MEDIUM-VOLTAGE FUSIBLE INTERRUPTER SWITCHES: Medium-
voltage fusible interrupter switches.

C. Section 26 24 13, DISTRIBUTION SWITCHBOARDS: Low-voltage distribution
switchboards.

D. Section 26 24 16, PANELBOARDS: Low-voltage panelboards.

1.3 QUALITY ASSURANCE

A. Quality Assurance shall be in accordance with Paragraph, QUALIFICATIONS
(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIREMENTS FOR
ELECTRICAL INSTALLATIONS.

B. The study shall be prepared by the equipment manufacturer, and
performed by the equipment manufacturer’s licensed electrical engineer.

1.4 SUBMITTALS

A. Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11,
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following
requirements:

1. Product data on the software program to be used for the study.
Software shall be in mainstream use in the industry, shall provide
device settings and ratings, and shall show selective coordination

by time-current drawings.
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2. Complete study as described in paragraph 1.6. Submittal of the study
shall be well-coordinated with submittals of the shop drawings for
equipment in related specification sections.

3. Certifications: Two weeks prior to final inspection, submit the
following.

a. Certification by the Contractor that the overcurrent protective

devices have been set in accordance with the approved study.

1.5 APPLICABLE PUBLICATIONS

A.

Publications listed below (including amendments, addenda, revisions,

supplements, and errata) form a part of this specification to the

extent referenced. Publications are referenced in the text by

designation only.

Institute of Electrical and Electronics Engineers (IEEE):

241-90. .0ttt Recommended Practice Electrical Systems in
Commercial Buildings

242-03 . .00ttt Recommended Practice for Protection and
Coordination of Industrial and Commercial Power
Systems

399-97 ... i it Recommended Practice for Industrial and
Commercial Power Systems Analysis

1584-02. ... ... Performing Arc-Flash Hazards Calculations

1584A-04. ... i iiiiienn. Performing Arc-Flash Hazards Calculations -
Amendment 1

1584B-11. ...t iiinennnn. Performing Arc-Flash Hazards Calculations -
Amendment 2

National Fire Protection Association (NFPA):

L National Electrical Code (NEC)
TO0E-18. ..t iiiiinen. Standard for Electrical Safety in the Workplace
99-18. . ittt e e Health Care Facilities Code

1.6 STUDY REQUIREMENTS

A.

The study shall be in accordance with IEEE and NFPA standards.

The study shall include one line diagram, short-circuit and ground

fault analysis, protective coordination plots for all overcurrent

protective devices, and arc flash calculations and analysis.

One Line Diagram:

1. Show all electrical equipment and wiring to be protected by the
overcurrent devices.

2. Show the following specific information:
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a. Calculated fault impedance, X/R ratios, and short-circuit values
at each feeder and branch circuit bus.

b. Relay, circuit breaker, and fuse ratings.

c. Generator kW/kVA and transformer kVA and voltage ratings, percent
impedance, X/R ratios, and wiring connections.

d. Voltage at each bus.

e. Identification of each bus, matching the identification on the
drawings.

f. Conduit, conductor, and busway material, size, length, and X/R

ratios.

D. Short-Circuit Study:

1.

The study shall be performed using computer software designed for
this purpose. Pertinent data and the rationale employed in
developing the calculations shall be described in the introductory
remarks of the study.

Calculate the fault impedance to determine the available short-
circuit and ground fault currents at each bus. Incorporate
applicable motor and/or generator contribution in determining the
momentary and interrupting ratings of the overcurrent protective
devices.

Present the results of the short-circuit study in a table. Include
the following:

a. Device identification.

b. Operating voltage.

c. Overcurrent protective device type and rating.

d. Calculated short-circuit current.

E. Coordination Study:

1.

Prepare the coordination curves to determine the required settings
of overcurrent protective devices to demonstrate selective
coordination. Graphically illustrate on log-log paper that adequate
time separation exists between devices, including the utility
company upstream device if applicable. Plot the specific
time-current characteristics of each overcurrent protective device
in such a manner that all devices are clearly depicted.

The following specific information shall also be shown on the
coordination curves:

a. Device identification.

b. Potential transformer and current transformer ratios.
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c. Three-phase and single-phase ANSI damage points or curves for
each cable, transformer, or generator.

d. Applicable circuit breaker or protective relay characteristic
curves.

e. No-damage, melting, and clearing curves for fuses.

f. Transformer in-rush points.

Develop a table to summarize the settings selected for the

overcurrent protective devices. Include the following in the table:
Device identification.

b. Protective relay or circuit breaker potential and current
transformer ratios, sensor rating, and available and suggested
pickup and delay settings for each available trip characteristic.

c. Fuse rating and type.

F. Arc Flash Calculations and Analysis:

1.

Arc flash warning labels shall comply with Section 26 05 11,
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS.

Arc flash calculations shall be based on actual over-current
protective device clearing time. Maximum clearing time shall be in
accordance with IEEE 1584.

Arc flash analysis shall be based on the lowest clearing time
setting of the over-current protective device to minimize the
incident energy level without compromising selective coordination.
Arc flash boundary and available arc flash incident energy at the
corresponding working distance shall be calculated for all
electrical power distribution equipment specified in the project,
and as shown on the drawings.

Required arc-rated clothing and other PPE shall be selected and

specified in accordance with NFPA 70E.

1.7 ANALYSIS

A. Analyze the short-circuit calculations, and highlight any equipment

determined to be underrated as specified. Propose solutions to

effectively protect the underrated egquipment.

1.8 ADJUSTMENTS, SETTINGS, AND MODIFICATIONS

A. Final field settings and minor modifications of the overcurrent

protective devices shall be made to conform with the study, without

additional cost to the Government.
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PART 2 - PRODUCTS (NOT USED)
PART 3 - EXECUTION (NOT USED)
--—-END---
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SECTION 26 08 00

COMMISSIONING OF ELECTRICAL SYSTEMS

PART 1 - GENERAL
1.1 DESCRIPTION

A. The requirements of this Section apply to all sections of Division 26.

B. This project will have selected building systems commissioned. The
complete list of equipment and systems to be commissioned is specified
in Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS. The
commissioning process, which the Contractor is responsible to execute,
is defined in Section 01 91 00 GENERAL COMMISSIONING REQUIRMENTS. A
Commissioning Agent (CxA) appointed by the VA will manage the
commissioning process.

1.2 RELATED WORK

A. Section 01 00 00 GENERAL REQUIREMENTS.

B. Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS.

C. Section 01 33 23 SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES.

1.3 SUMMARY

A. This Section includes requirements for commissioning the Facility
electrical systems, related subsystems and related equipment. This
Section supplements the general requirements specified in Section 01 91
00 General Commissioning Requirements.

B. Refer to Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS for more
details regarding processes and procedures as well as roles and
responsibilities for all Commissioning Team members.

1.4 DEFINITIONS

A. Refer to Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS for
definitions.

1.5 COMMISSIONED SYSTEMS

A. Commissioning of a system or systems specified in Division 26 is part
of the construction process. Documentation and testing of these
systems, as well as training of the VA’s Operation and Maintenance
personnel in accordance with the requirements of Section 01 91 00 and
of Division 26, is required in cooperation with the VA and the
Commissioning Agent.

B. The Facility electrical systems commissioning will include the systems

listed in Section 01 91 00 General Commissioning Requirements:
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1.6 SUBMITTALS

A.

The commissioning process requires review of selected Submittals that
pertain to the systems to be commissioned. The Commissioning Agent
will provide a list of submittals that will be reviewed by the
Commissioning Agent. This list will be reviewed and approved by the VA
prior to forwarding to the Contractor. Refer to Section 01 33 23 SHOP
DRAWINGS, PRODUCT DATA, and SAMPLES for further details.

The commissioning process requires Submittal review simultaneously with
engineering review. Specific submittal requirements related to the
commissioning process are specified in Section 01 91 00 GENERAL

COMMISSIONING REQUIREMENTS.

PART 2 - PRODUCTS (NOT USED)

PART 3 - EXECUTION

3.1 CONSTRUCTION INSPECTIONS

A.

Commissioning of Electrical systems will require inspection of
individual elements of the electrical systems construction throughout
the construction period. The Contractor shall coordinate with the
Commissioning Agent in accordance with Section 01 91 00 and the
Commissioning plan to schedule electrical systems inspections as

required to support the Commissioning Process.

3.2 PRE-FUNCTIONAL CHECKLISTS

A.

The Contractor shall complete Pre-Functional Checklists to verify
systems, subsystems, and equipment installation is complete and systems
are ready for Systems Functional Performance Testing. The
Commissioning Agent will prepare Pre-Functional Checklists to be used
to document equipment installation. The Contractor shall complete the
checklists. Completed checklists shall be submitted to the VA and to
the Commissioning Agent for review. The Commissioning Agent may spot
check a sample of completed checklists. If the Commissioning Agent
determines that the information provided on the checklist is not
accurate, the Commissioning Agent will return the marked-up checklist
to the Contractor for correction and resubmission. If the
Commissioning Agent determines that a significant number of completed
checklists for similar equipment are not accurate, the Commissioning
Agent will select a broader sample of checklists for review. If the
Commissioning Agent determines that a significant number of the broader
sample of checklists is also inaccurate, all the checklists for the

type of equipment will be returned to the Contractor for correction and
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resubmission. Refer to SECTION 01 91 00 GENERAL COMMISSIONING
REQUIREMENTS for submittal requirements for Pre-Functional Checklists,

Equipment Startup Reports, and other commissioning documents.

3.3 CONTRACTORS TESTS

A.

Contractor tests as required by other sections of Division 26 shall be
scheduled and documented in accordance with Section 01 00 00 GENERAL
REQUIREMENTS. All testing shall be incorporated into the project
schedule. Contractor shall provide no less than 7 calendar days’
notice of testing. The Commissioning Agent will witness selected
Contractor tests at the sole discretion of the Commissioning Agent.
Contractor tests shall be completed prior to scheduling Systems

Functional Performance Testing.

3.4 SYSTEMS FUNCTIONAL PERFORMANCE TESTING

A.

The Commissioning Process includes Systems Functional Performance
Testing that is intended to test systems functional performance under
steady state conditions, to test system reaction to changes in
operating conditions, and system performance under emergency
conditions. The Commissioning Agent will prepare detailed Systems
Functional Performance Test procedures for review and approval by the
COR. The Contractor shall review and comment on the tests prior to
approval. The Contractor shall provide the required labor, materials,
and test equipment identified in the test procedure to perform the
tests. The Commissioning Agent will witness and document the testing.
The Contractor shall sign the test reports to verify tests were
performed. See Section 01 91 00 GENERAL COMMISSIONING REQUIREMENTS,

for additional details.

3.5 TRAINING OF VA PERSONNEL

A.

Training of the VA operation and maintenance personnel is required in
cooperation with the COR and Commissioning Agent. Provide competent,
factory authorized personnel to provide instruction to operation and
maintenance personnel concerning the location, operation, and
troubleshooting of the installed systems. Contractor shall submit
training agendas and trainer resumes in accordance with the
requirements of Section 01 91 00. The instruction shall be scheduled
in coordination with the VA COR after submission and approval of formal
training plans. Refer to Section 01 91 00 GENERAL COMMISSIONING
REQUIREMENTS and Division 26 Sections for additional Contractor

training requirements.
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SECTION 26 11 16
SECONDARY UNIT SUBSTATIONS
PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the furnishing, installation, connection, and
testing of the secondary unit substations, referred to as substation (s)
in this section.

1.2 RELATED WORK

A. Section 03 30 00, CAST-IN-PLACE CONCRETE: Requirements for concrete
equipment pads.

B. Section 13 05 41, SEISMIC RESTRAINT REQUIREMENTS FOR NON-STRUCTURAL
COMPONENTS: Requirement for seismic restraint for nonstructural
components.

C. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS:
Requirements that apply to all sections of Division 26.

D. Section 26 05 13, MEDIUM-VOLTAGE CABLES: Medium-voltage cables.

E. Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES:
Low-voltage conductors.

F. Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Requirements for personnel safety and to provide a low impedance path
for possible ground fault currents.

G. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits.
Section 26 05 73, OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY:
Short circuit, coordination and arc-flash study, and requirements for a
coordinated electrical system.

I. Section 26 13 16, MEDIUM-VOLTAGE FUSIBLE INTERRUPTER SWITCHES: Medium-
voltage fusible interrupter switches for use in secondary unit
substations.

J. Section 26 24 13, DISTRIBUTION SWITCHBOARDS: Distribution switchboards
for use in secondary unit substations.

K. Section 26 25 11, BUSWAYS: Busways and fittings.

1.3 QUALITY ASSURANCE

A. Quality Assurance shall be in accordance with Paragraph, QUALIFICATIONS
(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIREMENTS FOR
ELECTRICAL INSTALLATIONS.

1.4 FACTORY TESTS

A. Factory Tests shall be required.
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B. Factory Tests shall be in accordance with Paragraph, MANUFACTURED

PRODUCTS in Section 26 05 11, REQUIREMENTS FOR ELECTRICAL

INSTALLATIONS, and the following requirement:

1. Substations shall be thoroughly tested at the factory to assure that
there are no electrical or mechanical defects. Tests shall be
conducted per UL and ANSI Standards. Factory tests shall be
certified. The following tests shall be performed:

a. Medium-Voltage Section: Refer to Section 26 13 16, MEDIUM-VOLTAGE

FUSIBLE INTERRUPTER SWITCHES

b. Transformer Section:

1) Perform insulation-resistance tests winding-to-winding and
each winding-to-ground.

2) Perform turns-ratio tests at all tap positions.

c. Low-Voltage Section: Refer to Section 26 24 13, DISTRIBUTION

SWITCHBOARDS.

1.5 SUBMITTALS
A. Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11,

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following

requirements:

1. Shop Drawings:

a. Submit sufficient information to demonstrate compliance with
drawings and specifications.

b. Prior to fabrication of substations, submit the following data
for approval:

1) Complete electrical ratings, including primary and secondary
voltage, decibel rating, temperature rise, nominal impedance,
voltage regulation, and no load and full load losses.

2) Nameplate data.

3) Elementary and interconnection wiring diagrams.

4) Technical data for each component.

5) Dimensioned exterior views of the substations.

6) Dimensioned section views of the substations.

7) Floor plan of the substations.

8) Foundation plan for the substations.

9) Provisions and required locations for external conduit and
wiring entrances.

10) Approximate design weights.
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c. Certification from the manufacturer that the substations have

been seismically tested to International Building Code
requirements. Certification shall be based upon simulated
seismic forces on a shake table or by analytical methods, but not
by experience data or other methods.

2. Manuals:

a. Submit, simultaneously with the shop drawings, complete
maintenance and operating manuals, including technical data
sheets, wiring diagrams, and information for ordering replacement
parts.

1) Include three-line diagrams showing device terminal numbers.

2) Include schematic signal and control diagrams, with all
terminals identified, matching terminal identification in the
substation.

3) Include information for testing, repair, troubleshooting,
assembly, and disassembly.

b. If changes have been made to the maintenance and operating
manuals originally submitted, submit updated maintenance and
operating manuals two weeks prior to the final inspection.

3. Test Reports:

a. Submit certified factory design and production test reports for
approval.

b. Two weeks prior to the final inspection, submit certified field
test reports.

4. Certifications: Two weeks prior to final inspection, submit the
following:

a. Certification by the manufacturer that substations conform to the
requirements of the drawings and specifications.

b. Certification by the Contractor that substations have been

properly installed, adjusted, and tested.

1.6 APPLICABLE PUBLICATIONS

A.

Publications listed below (including amendments, addenda, revisions,
supplements, and errata), form a part of this specification to the
extent referenced. Publications are referenced in the text by basic
designation only.

American Concrete Institute (ACI):

ACI 318-14.... .00 Building Code Requirements for Structural

Concrete.
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American Society for Testing and Materials (ASTM):

D 117-10...ciiieenennnns Standard Guide for Sampling, Test Methods, and
Specifications for Electrical Insulating Oils
of Petroleum Origin

D 3487-16...ccieenn Standard Specification for Mineral Insulating
0il Used in Electrical Apparatus.

International Code Council (ICC):

IBC-15. .. ... International Building Code

Institute of Electrical and Electronic Engineers (IEEE):

C37.121-12 ... .. Guide for Switchgear - Unit Substations —
Requirements
C57.12.00-15............ General Requirements for Liquid-Immersed

Distribution, Power, and Regulating
Transformers

C57.12.01-15. ... General Requirements for Dry-Type Distribution
and Power Transformers

Ce2.11-12.. ... Metal Oxide Surge Arresters for AC Power
Circuits (> 1kV)

C62.41-91 ... ... Recommended Practice on Surge Voltage in Low
Voltage AC Power Circuits

National Electrical Manufacturers Association (NEMA) :

TR 1-13. .. iiiiiiennnn. Transformers, Step Voltage Regulators and
Reactors

National Fire Protection Association (NFPA):

L National Electrical Code (NEC)

United States Department of Energy

10 CFR Part 431......... Energy Efficiency Program for Certain

Commercial and Industrial Equipment

- PRODUCTS

2.1 GENERAL REQUIREMENTS

A.

Unless otherwise specified, substations shall be in accordance with
ANSI, ASTM, IEEE, NFPA, UL, 10 CFR Part 431, and as shown on the
drawings.

Substations shall be as shown on the drawings and specified herein,
complete, grounded, continuous-duty, metal-clad, dead-front, with dry-

type transformer.
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C. Substations shall be designed, manufactured, and rated for indoor

installation and service, with ventilation openings, doors shall have
provisions for padlocking.

Substation ratings shall be not less than required by the NEC, and not
less than shown on the drawings. Short circuit current ratings shall
be not less than the available maximum short circuit currents as shown
on the drawings.

Substations shall conform to the arrangements and details shown on the
drawings, and to the space designated for installation.

Incorporate key-type mechanical interlock systems as required in
Section 26 13 13, MEDIUM-VOLTAGE CIRCUIT BREAKER SWITCHGEAR, Section 26
13 16, MEDIUM-VOLTAGE FUSIBLE INTERRUPTER SWITCHES, Section 26 24 13
DISTRIBUTION SWITCHBOARDS, as shown on the drawings.

Substations shall be assembled and prewired by the manufacturer at the
factory. Substations shall be sub-assembled and shipped in complete
sections ready for connection at the site. Where practical, a
substation shall be shipped as one unit.

Substations shall be thoroughly cleaned, phosphate treated, and painted

at the factory with light gray rust-inhibiting paint or baked enamel.

2.2 MEDIUM-VOLTAGE SECTION

A.

Medium-Voltage Fused Switch(es): Refer to Section 26 13 16, MEDIUM
VOLTAGE FUSIBLE INTERRUPTER SWITCHES.
Interrupting ratings shall be not less than the maximum short circuit

current available, as shown on the drawings.

2.4 DRY-TYPE TRANSFORMERS

A.

Shall comply with IEEE C57.12.01, and IEEE C57.12.50 for dry-type
transformers rated up to 500 kVA, and IEEE C57.12.51 for dry-type
transformers rated 501 kVA and larger.

Provide a cast coil type transformer with primary and secondary
windings individually cast in epoxy. Transformer shall have an
insulation system rated 185 degrees C, with an 80 degree C average
winding temperature rise above a 40 degrees C maximum ambient.
Provide a vacuum pressure impregnated (VPI) type transformer with an
insulation system rated 220 degrees C, and with an 80 degree C average
winding temperature rise above a 40 degrees C maximum ambient.
Transformer shall be kVA rating as shown on the drawings, 95kV BIL

primary and 10 kV BIL secondary.
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Primary and secondary windings:

1. Windings shall be copper.
2. Primary windings shall be delta-connected.

3. Secondary windings shall be wye-connected except where otherwise

shown on the drawings.

4. Secondary windings shall have neutral bushings for transformers with

wye—-connected secondary windings.

5. Terminals shall be the most suitable clamp or blade type as required

for the circuit connections.
Provide four 2-1/2 percent full capacity taps, two above and two below
rated primary voltage. Locate tap adjustments on the face of the
medium voltage coil. Adjustments shall be accessible by removing the
front panel and shall be made when the transformer is de-energized.
Features and accessories shall include the following:
1. Winding temperature indicator.
2. Auxiliary cooling equipment and controls.

a. Transformer shall be forced-air-cooled. Forced-air-cooling fans
shall have automatic temperature control relay and winding
temperature indicator with sequence contacts.

Transformer energy efficiency shall comply with the United States

Department of Energy’s 10 CFR Part 431.

2.5 LOW VOLTAGE SECTION

B.

Refer to Section 26 24 13, DISTRIBUTION SWITCHBOARDS.

2.6 AUXILIARIES

A.

Install additional components as shown on the drawings or otherwise
required for the substations.

Provide 120-volt heaters in incoming section, dry-type transformer
section, and outgoing section. Heaters shall be of sufficient capacity
to control moisture condensation in the compartments, shall be 250
watts minimum, and shall be controlled by a thermostat and humidistat
located in each section. Thermostat shall be industrial type, high
limit, to maintain compartments within the range of 15.5 to 32.2
degrees C (60 to 90 degrees F). Humidistat shall have a range of 30 to
60 percent relative humidity. If heater voltage is different than
substation secondary voltage, provide transformer rated to carry 125
percent of heater full load rating. Transformer shall have 220 degrees
C insulation system with a temperature rise not exceeding 115 degrees C

and shall conform to NEMA ST 20. Energize electric heaters while the
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substation is in storage or in place prior to being placed in service.

Provide method for easy connection of heater to external power source.
PART 3 - EXECUTION
3.1 INSTALLATION

A. Install substations in accordance with the NEC, as shown on the
drawings, and as recommended by the manufacturer.

B. Coordinate the components of the substations and their arrangements
electrically and mechanically. Coordinate all circuit entrances into
the substations, including methods of entrance and connections.

C. Anchor substations with rustproof bolts, nuts, and washers not less
than 13 mm (1/2 inch) diameter, in accordance with manufacturer’s
instructions, and as shown on the drawings.

D. In seismic areas, substations shall be adequately anchored and braced
per details on structural contract drawings to withstand the seismic
forces at the location where installed.

E. Interior Location. Mount substations on concrete slab. Unless
otherwise indicated, the slab shall be at least 100 mm (4 inches)
thick. The top of the concrete slab shall be approximately 100 mm (4
inches) above finished floor. Edges above floor shall have 15 mm (1/2
inch) chamfer. The slab shall be of adequate size to project at least
100 mm (8 inches) beyond the equipment. Provide conduit turnups and
cable entrance space required by the equipment to be mounted. Seal
voids around conduit openings in slab with water- and oil-resistant
caulking or sealant. Cut off and bush conduits 75 mm (3 inches) above
slab surface. Concrete work shall be as specified in Section 03 30 00,
CAST-IN-PLACE CONCRETE.

F. Substation Grounding:

1. Provide bare copper cable not smaller than No. 4/0 AWG, and not less
than 610 mm (24 inches) below grade, interconnecting with the ground
rods.

2. Surge arresters (if applicable) and neutral shall be bonded directly
to the transformer enclosure, and then to the grounding electrode
system with bare copper conductors, sized as shown on the drawings.
Lead lengths shall be kept as short as practical with no kinks or
sharp bends.

3.2 ACCEPTANCE CHECKS AND TESTS
A. Perform tests in accordance with the manufacturer's recommendations.

In addition, include the following:
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1. Medium-Voltage Section Tests:

a. Refer to Section 26 13 16, MEDIUM-VOLTAGE FUSIBLE INTERRUPTER
SWITCHES.

2. Transformer Inspection and Tests:

a. Compare equipment nameplate data with specifications and approved
shop drawings.

b. Inspect physical and mechanical condition. Check for damaged or
cracked insulators.

c. Verify that cooling fans operate correctly and that fan motors
have correct overcurrent protection.

d. Inspect all field-installed bolted electrical connections,
verifying tightness of accessible bolted electrical connections
by calibrated torque-wrench method, or performing thermographic
survey after energization under load.

e. Perform specific inspections and mechanical tests as recommended
by manufacturer.

f. Verify correct equipment grounding.

g. Verify that the tap-changer is set at specified ratio.

h. Verify proper secondary voltage phase-to-phase and phase-to-
neutral after energization and prior to loading.

3. Low-Voltage Section Tests:
a. Refer to Section 26 24 13, DISTRIBUTION SWITCHBOARDS
3.3 FOLLOW-UP VERIFICATION
A. Upon completion of acceptance checks, settings, and tests, the
Contractor shall demonstrate that the substations are in good operating
condition and properly performing the intended function.
3.4 TEMPORARY HEATING
A. Apply temporary heat to substations, according to manufacturer's
written instructions, throughout periods when the environment is not
controlled for temperature and humidity within manufacturer's
stipulated service conditions.
3.5 ONE LINE DIAGRAM AND SEQUENCE OF OPERATION
A. At final inspection, an as-built one line diagram shall be laminated or
mounted under acrylic glass, and installed in a frame mounted in the
substation room or in the outdoor substation enclosure.
B. Furnish a written sequence of operation for the substation and
connected line side/load side electrical distribution equipment. The

sequence of operation shall be laminated or mounted under acrylic
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glass, and installed in a frame mounted in the substation room or in

the outdoor substation enclosure.

C. Deliver an additional four copies of the as-built one line diagram and
sequence of operation to the COR.

3.6 INSTRUCTION

A. Furnish the services of a factory-trained technician for one 4-hour
training period for instructing personnel in the maintenance and
operation of the substations, on the dates requested by the COR.

—-——END---
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SECTION 26 13 16
MEDIUM-VOLTAGE FUSIBLE INTERRUPTER SWITCHES
PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the furnishing, installation, connection, and
testing of medium-voltage fusible interrupter switches, indicated as
switches in this section.

1.2 RELATED WORK

A.Section 03 30 00, CAST-IN-PLACE CONCRETE: Requirements for concrete
equipment pads.

B. Section 09 06 00, SCHEDULE FOR FINISHES: Finishes for outdoor switches.
Section 13 05 41, SEISMIC RESTRAINT REQUIREMENTS FOR NON-STRUCTURAL
COMPONENTS: Requirement for seismic restraint for nonstructural
components.

D. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS:
Requirements that apply to all sections of Division 26.

E. Section 26 05 13, MEDIUM-VOLTAGE CABLES: Medium-voltage cables and
terminations.

F. Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Requirements for personnel safety and to provide a low impedance path
to ground for possible ground fault currents.

G. Section 26 05 73, OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY:
Short circuit and coordination study, and requirements for a
coordinated electrical system.

1.3 QUALITY ASSURANCE

A. Quality Assurance shall be in accordance with Paragraph, QUALIFICATIONS
(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIREMENTS FOR
ELECTRICAL INSTALLATIONS.

1.4 FACTORY TESTS

A. Factory Tests shall be required.

Factory Tests shall be in accordance with Paragraph, MANUFACTURED

PRODUCTS in Section 26 05 11, REQUIREMENTS FOR ELECTRICAL

INSTALLATIONS, and the following requirements:

1. Switches shall be tested to assure that there are no electrical or
mechanical defects. Tests shall be conducted as per UL and ANSI
Standards. Factory tests shall be certified. The following tests
shall be performed:
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a. Verify that fuse sizes and types are in accordance with drawings

and

Overcurrent Protective Device Coordination Study.

b.

Verify tightness of bolted electrical connections by calibrated
torque-wrench method in accordance with manufacturer’s published
data.

Verify operation of mechanical interlocks.

Confirm correct operation and sequencing of key-type mechanical
interlock systems for multiple switches by attempting closure on
locked-open devices, and attempting to open locked-closed
devices, and making key exchange with devices operated in off-
normal positions.

Verify correct phase barrier installation.

Verify correct operation of all indicating and control devices.
Verify appropriate lubrication on moving current-carrying parts
and on moving and sliding surfaces.

Exercise all active components.

Perform an insulation-resistance test, phase to ground, on each
bus section, with phases not under test grounded, in accordance

with manufacturer’s published data.

1.5 SUBMITTALS

A.

Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11,

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following

requirements:

1. Shop Drawings:

a.

Shop drawings shall be submitted simultaneously with or after the
Overcurrent Protective Device Coordination Study.

Submit sufficient information to demonstrate compliance with
drawings and specifications.

Provide information such as complete electrical ratings,
dimensions and approximate design weights, enclosure types,
mounting details, materials, required clearances, cable
terminations, fuse sizes and class, interrupting ratings, wiring
diagrams, front, side and rear elevations, sectional views,

safety features, accessories, and nameplate data.

Certification from the manufacturer that representative switches

have been seismically tested to International Building Code
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requirements. Certification shall be based upon simulated

seismic forces on a shake table or by analytical methods, but not

by experience data or other methods.
2. Manuals:

a. Submit, simultaneously with the shop drawings, companion copies

of complete maintenance and operating manuals including technical

data sheets, wiring diagrams, and information for ordering
replacement parts.

b. If changes have been made to the maintenance and operating
manuals originally submitted, submit updated maintenance and
operating manuals to the COR two weeks prior to the final
inspection.

3. Certification: Two weeks prior to the final inspection, submit the
following.

a. Certification by the manufacturer that switches conform to the

requirements of the drawings and specifications.

b. Certification by the Contractor that switches have been properly

installed, adjusted, and tested.

1.6 APPLICABLE PUBLICATIONS

A.

Publications listed below (including amendments, addenda, revisions,
supplements, and errata) form a part of this specification to the
extent referenced. Publications are referenced in the text by
designation only.

American National Standards Institute (ANSI):

C37.57-10. ... Metal-Enclosed Interrupter Switchgear
Assemblies - Conformance Testing
C37.58-10....00iiin.. Indoor AC Medium-Voltage Switches for Use in

Metal-Enclosed Switchgear - Conformance Test
Procedures

International Code Council (ICC):

IBC-15. .. i iiiiiiiien.. International Building Code

Institute of Electrical and Electronics Engineers (IEEE):

C37.20.3-13. ..., Metal-Enclosed Interrupter Switchgear (1kV -
38kV)
C37.22-97 ... Preferred Ratings and Related Required

Capabilities for Indoor AC Medium Voltage

Switches Used in Metal-Enclosed Switchgear
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C37.47-11... ... High Voltage (>1000V) Current-Limiting Type

Distribution Class Fuses and Fuse Disconnecting

Switches

C37.48-10. ... Guide for Application, Operation and

Maintenance of High Voltage Fuses, Distribution
Enclosed Single Pole Air Switches, Fuse

Disconnecting Switches, and Accessories

E. National Fire Protection Association (NFPA):

O National Electrical Code (NEC)

PART 2

- PRODUCTS

2.1 MEDIUM-VOLTAGE FUSIBLE INTERRUPTER SWITCHES

A.

Shall be in accordance with ANSI, IEEE, NFPA, as shown on the drawings,

and have the following features:

1.
2.
3.

Dead-front air break, three-pole gang-operated, interrupter type.
Copper blades.

Key-type mechanical interlocks for multiple switches shall be
provided as shown on the drawings.

Interphase barriers for the full length of each pole.

Protective shield to cover the cable connections on the line
terminals.

Quick-make, quick-break, manual stored-energy type operation
mechanism. The mechanism shall enable the switch to close against a
fault equal to the momentary rating of the switch without affecting
its continuous current carrying or load interrupting ability.
External manual operating handle with lock-open padlocking
provisions.

When the switches are open, the fuses shall be de-energized.

Expulsion fuses.

. Enclosures:

a. NEMA type shown on the drawings. Where the types of switch
enclosures are not shown, they shall be the NEMA types which are
most suitable for the environmental conditions where the switches
are being installed.

b. Doors:

1) Concealed or semi-concealed hinges shall be used to attach

doors. Weld hinges to the enclosure and door.

26 13 16 - 4



Substation Upgrade Building 2 VA Project # 642-22-104
VA-Medical Center, Philadelphia, PA Bid Documents
01-01-17

2) A separate door for the fuse section. A mechanical interlock

shall prevent opening the door unless the switch blades are
open, and prevent closing the switch if the door is open.

3) Three point door locking mechanism with suitable handles and
padlocking provisions.

4) Safety-glass window for viewing the switch blades.

5) Door stops for the open position.

c. Finish:

1) All metal surfaces shall be thoroughly cleaned, phosphatized,
primed and painted at the factory.

2) Final finish shall be enamel, lacquer or powder coating.
Enamel and powder coatings shall be oven baked. Color shall be
light gray.

B. The minimum momentary current rating shall be 61 kA.

C. The minimum short-time 2-second current rating shall be 48 KkA.

D. Provide full length ground bar.

2.2 METERING
A. Refer to Section 25 10 10, ADVANCED UTILITY METERING.
2.3 NAMEPLATES AND MIMIC BUS

A. Nameplates: For Normal Power system, provide laminated black phenolic
resin with white core with 12 mm (1/2 inch) engraved lettered
nameplates next to each switch. For Essential Electrical System,
provide laminated red phenolic resin with white core with 12 mm (1/2
inch) engraved lettered nameplates next to each switch. Nameplates
shall indicate equipment served, spaces, or spares in accordance with
one line diagram shown on drawings. Nameplates shall be mounted with
plated screws on front of switches.

B. Mimic Bus: Provide an approved mimic bus on front of each switch
assembly. Color shall be black for the Normal Power system and red for
the Essential Electrical System, either factory-painted plastic or
metal strips. Plastic tape shall not be used. Use symbols similar to
one line diagram shown on drawings. Plastic or metal strips shall be
mounted with plated screws.

PART 3 - EXECUTION
3.1 INSTALLATION
A. Installation shall be in accordance with the NEC, as shown on the

drawings, and manufacturer’s instructions.
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B. Interior Location: Mount switches on concrete slab. Unless otherwise

indicated, the slab shall be at least 100 mm (4 inches) thick. The top
of the concrete slab shall be approximately 100 mm (4 inches) above
finished floor. Edges above floor shall have 15 mm (1/2 inch) chamfer.
The slab shall be of adequate size to project at least 100 mm (8
inches) beyond the equipment. Provide conduit turnups and cable
entrance space required by the equipment to be mounted. Seal voids
around conduit openings in slab with water- and oil-resistant caulking
or sealant. Cut off and bush conduits 75 mm (3 inches) above slab
surface. Concrete work shall be as specified in Section 03 30 00, CAST-

IN-PLACE CONCRETE.

3.2 ACCEPTANCE CHECKS AND TESTS

A.

Perform in accordance with the manufacturer's recommendations. 1In
addition, include the following:
1. Visual Inspection and Tests:

a. Compare switches nameplate data with specifications and approved
shop drawings.

b. Inspect physical and mechanical condition.

c. Confirm correct application of manufacturer's recommended
lubricants.

d. Vacuum-clean switch enclosure interior. Clean switch enclosure
exterior.

e. Verify appropriate anchorage and required area clearances.

f. Verify appropriate equipment grounding.

g. Verify correct blade alignment, blade penetration, travel stops,
and mechanical operation.

h. Verify that fuse sizes and types correspond to approved shop
drawings.

i. Inspect all field-installed bolted electrical connections,
verifying tightness of accessible bolted electrical connections
by calibrated torque-wrench method, or performing thermographic
survey after energization under load.

j. Exercise all active components.

k. Confirm correct operation of mechanical interlocks.

1. Confirm correct operation and sequencing of key-type mechanical
interlocks for multiple switches.

m. Inspect all indicating devices for correct operation.
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3.3 FOLLOW-UP VERIFICATION

A. Upon completion of acceptance checks, settings, and tests, the
Contractor shall show by demonstration in service that switches are in
good operating condition, and properly performing the intended
function.

3.4 WARNING SIGN

A. Mount on each entrance door of the switchboard room, approximately 1500
mm (5 feet) above grade or floor, a clearly lettered warning sign for
warning personnel. The sign shall be attached with rustproof metal
SCrews.

3.5 SPARE PARTS

A. Two weeks prior to the final inspection, provide one (1) set of spare

fuses for each switch installed on this project.
3.6 ONE LINE DIAGRAM AND SEQUENCE OF OPERATION

A. At final inspection, an as-built one line diagram shall be laminated or
mounted under acrylic glass, and installed in a frame mounted in the
switchgear room or in the outdoor switchgear enclosure.

B. Furnish a written sequence of operation for the switchgear and
connected line side/load side electrical distribution equipment. The
sequence of operation shall be laminated or mounted under acrylic
glass, and installed in a frame mounted in the switchgear room or in
the outdoor switchgear enclosure.

C. Deliver an additional four copies of the as-built one line diagram and
sequence of operation to the COR.

3.7 INSTRUCTION

A. Furnish the services of a factory-trained technician for one 4hour
period for instructing personnel in the operation and maintenance of
the switches and related equipment on the date requested by the COR.

-—-—-END---
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SECTION 26 22 00
LOW-VOLTAGE TRANSFORMERS

PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the furnishing, installation, connection, and
testing of low-voltage dry-type general-purpose transformers, indicated
as transformers in this section.

1.2 RELATED WORK

A. Section 03 30 00, CAST-IN-PLACE CONCRETE: Requirements for concrete
equipment pads.

B. Section 13 05 41, SEISMIC RESTRAINT REQUIREMENTS FOR NON-STRUCTURAL
COMPONENTS: Requirements for seismic restraint of nonstructural
components.

C. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS:
Requirements that apply to all sections of Division 26.

D. Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES:
Low-voltage conductors.

E. Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Requirements for personnel safety and to provide a low impedance path
for possible ground fault currents.

F. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduit.

1.3 QUALITY ASSURANCE

A. Quality Assurance shall be in accordance with Paragraph, QUALIFICATIONS
(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIREMENTS FOR
ELECTRICAL INSTALLATIONS.

1.4 SUBMITTALS

A. Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11,
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following
requirements:

1. Shop Drawings:
a. Submit sufficient information to demonstrate compliance with
drawings and specifications.
b. Include electrical ratings, dimensions, mounting details,
materials, required clearances, terminations, weight, temperature
rise, wiring and connection diagrams, plan, front, side, and rear

elevations, accessories, and device nameplate data.
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c. Certification from the manufacturer that representative
transformers have been seismically tested to International
Building Code requirements. Certification shall be based upon
simulated seismic forces on a shake table or by analytical
methods, but not by experience data or other methods.

2. Manuals:

a. Submit, simultaneously with the shop drawings, companion copies
of complete maintenance and operating manuals including technical
data sheets and wiring diagrams.

1) Schematic signal and control diagrams, with all terminals
identified, matching terminal identification in the
transformers.

2) Include information for testing, repair, troubleshooting,
assembly, disassembly, and factory recommended/required
periodic maintenance procedures and frequency.

b. If changes have been made to the maintenance and operating
manuals originally submitted, submit updated maintenance and
operating manuals two weeks prior to the final inspection.

3. Certifications: Two weeks prior to final inspection, submit the
following.

a. Certification by the manufacturer that the transformers conform
to the requirements of the drawings and specifications.

b. Certification by the Contractor that the transformers have been

properly installed, adjusted, and tested.

1.5 APPLICABLE PUBLICATIONS

A.

Publications listed below (including amendments, addenda, revisions,
supplements, and errata) form a part of this specification to the
extent referenced. Publications are referenced in the text by
designation only.

International Code Council (ICC):

IBC-15. ..t International Building Code

National Fire Protection Association (NFPA):

JO=17 e e e e e e e e National Electrical Code (NEC)

National Electrical Manufacturers Association (NEMA) :

TR 1-13. .. nnnnn. Transformers, Step Voltage Regulators and
Reactors
ST 20-14. ... Dry Type Transformers for General Applications
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E. Underwriters Laboratories, Inc. (UL):
UL 506-17...ciieiennan.. Standard for Specialty Transformers
UL 1561-11.......0000c... Dry-Type General Purpose and Power Transformers
F. United States Department of Energy:
10 CFR Part 431......... Energy Efficiency Program for Certain
Commercial and Industrial Equipment
PART 2 - PRODUCTS

2.1 TRANSFORMERS

A.

Unless otherwise specified, transformers shall be in accordance with

NEMA, NFPA, UL and as shown on the drawings.

Transformers shall have the following features:

1. Self-cooled by natural convection, isolating windings, indoor dry-
type. Autotransformers will not be accepted, except as specifically
allowed for buck-boost applications.

2. Rating and winding connections shall be as shown on the drawings.

3. Copper windings (aluminum not accept).

5. Insulation systems:

a. Transformers 30 kVA and larger: UL rated 220 °C (428 °F) system
with an average maximum rise by resistance of 150 °C (302 °F) in
a maximum ambient of 40 °C (104 °F).

b. Transformers below 30 kVA: Same as for 30 kVA and larger or UL
rated 185 °C (365 °F) system with an average maximum rise by
resistance of 115 °C (239 °F) in a maximum ambient of 40 °C (104
°F) .

6. Core and coil assemblies:

a. Rigidly braced to withstand the stresses caused by short-circuit
currents and rough handling during shipment.

b. Cores shall be grain-oriented, non-aging, and silicon steel.

c. Coils shall be continuous windings without splices except for
taps.

d. Coil loss and core loss shall be minimized for efficient
operation.

e. Primary and secondary tap connections shall be brazed or pressure
type.

f. Coil windings shall have end filters or tie-downs for maximum
strength.

7. Average audible sound levels shall comply with NEMA.
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8. Nominal impedance shall be as permitted by NEMA.

9. Core assemblies shall be grounded to their enclosures with adequate
flexible ground straps.

10. Enclosures:

a. Comprised of not less than code gauge steel.

c. Temperature rise at hottest spot shall conform to NEMA Standards,
and shall not bake and peel off the enclosure paint after the
transformer has been placed in service.

d. Ventilation openings shall prevent accidental access to live
components.

e. The enclosure at the factory shall be thoroughly cleaned and
painted with manufacturer's prime coat and standard finish.

11. Standard NEMA features and accessories, including ground pad,
lifting provisions, and nameplate with the wiring diagram and sound
level indicated.

12. Dimensions and configurations shall conform to the spaces designated
for their installations.

13. Transformers shall meet the energy conservation standards for
transformers per the United States Department of Energy’s 10 CFR
Part 431.

2.2 NONLINEAR TRANSFORMERS

A.

Nonlinear transformers shall be as specified in Paragraph 2.1, with
additional features as specified below.

Transformers shall be designed to withstand the overheating effects
caused by harmonics resulting from non-linear (non-sinusoidal) loads.
Neutral rating shall be 200% of rated secondary phase current.
Transformers with K factor of 13 shall be provided, if K factor is not

shown on contract drawings.

2.3 ENERGY SAVING HARMONIC CANCELLATION TRANSFORMERS

A.

Shall be as specified in Paragraph 2.1, with additional features as
specified below.

Zero sequence currents shall be treated via flux cancellation in the
secondary windings.

Each winding shall be independently single-shielded with a full-width
copper electrostatic shield.

Neutral rating shall be 200% of rated secondary phase current.
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PART 3 - EXECUTION

3.1 INSTALLATION

A.

Installation of transformers shall be in accordance with the NEC, as
recommended by the equipment manufacturer and as shown on the drawings.
Anchor transformers with rustproof bolts, nuts, and washers, in
accordance with manufacturer’s instructions, and as shown on drawings.
In seismic areas, transformers shall be adequately anchored and braced
per details on structural contract drawings to withstand the seismic
forces at the location where installed.

Exterior Location: Mount transformers on concrete slab. Unless
otherwise indicated, the slab shall be at least 200 mm (8 inches)
thick, reinforced with a 150 by 150 mm (6 by 6 inches) No. 6 mesh
placed uniformly 100 mm (4 inches) from the top of the slab. Slab shall
be placed on a 150 mm (6 inches) thick, well-compacted gravel base.

The top of the concrete slab shall be approximately 100 mm (4 inches)
above the finished grade. Edges above grade shall have 15 mm (1/2 inch)
chamfer. The slab shall be of adequate size to project at least 200 mm
(8 inches) beyond the equipment. Provide conduit turn-ups and cable
entrance space required by the equipment to be mounted. Seal voids
around conduit openings in slab with water- and oil-resistant caulking
or sealant. Cut off and bush conduits 75 mm (3 inches) above slab
surface. Concrete work shall be as specified in Section 03 30 00,
CAST-IN-PLACE CONCRETE.

Install transformers with manufacturer's recommended clearance from
wall and adjacent equipment for air circulation. Minimum clearance
shall be 150 mm (6 inches).

Install transformers on vibration pads designed to suppress transformer

noise and vibrations.

3.2 ACCEPTANCE CHECKS AND TESTS

A.

Perform tests in accordance with the manufacturer's recommendations.
In addition, include the following:
1. Visual Inspection and Tests:
a. Compare equipment nameplate data with specifications and approved
shop drawings.

b. Inspect physical and mechanical condition.
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c. Inspect all field-installed bolted electrical connections, using
the calibrated torque-wrench method to verify tightness of
accessible bolted electrical connections.
d. Perform specific inspections and mechanical tests as recommended
by manufacturer.
e. Verify correct equipment grounding.
Verify proper secondary phase-to-phase and phase-to-neutral
voltage after energization and prior to connection to loads.
3.3 FOLLOW-UP VERIFICATION
A. Upon completion of acceptance checks, settings, and tests, the
contractor shall demonstrate that the transformers are in good

operating condition, and properly performing the intended function.

--—-END---

26 22 00 - 6



Substation Upgrade Building 2 VA Project # 642-22-104
VA-Medical Center, Philadelphia, PA Bid Documents
01-01-18
SECTION 26 24 13
DISTRIBUTION SWITCHBOARDS
PART 1 - GENERAL
1.1 DESCRIPTION

A. This section specifies the furnishing, installation, connection, and
testing of the low-voltage circuit-breaker distribution switchboards,
indicated as switchboard(s) in this section.

1.2 RELATED WORK

A. Section 03 30 00, CAST-IN-PLACE CONCRETE: Requirements for concrete
equipment pads.

B. Section 13 05 41, SEISMIC RESTRAINT REQUIREMENTS FOR NON-STRUCTURAL
COMPONENTS: Requirements for seismic restraint for nonstructural
components.

C. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS:
Requirements that apply to all sections of Division 26.

D. Section 26 05 19, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES:
Low-voltage conductors.

E. Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Requirements for personnel safety and to provide a low impedance path
for possible fault currents.

Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduit.

G. Section 26 05 73, OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY:
Short circuit and coordination study, and requirements for a
coordinated electrical system.

H. Section 26 11 16, SECONDARY UNIT SUBSTATIONS: Switchboards as part of
secondary unit substations.

I. Section 26 25 11, BUSWAYS: Feeder busway and fittings.

J. Section 26 43 13, SURGE PROTECTIVE DEVICES: Surge protective devices
for switchboards.

1.3 QUALITY ASSURANCE

A. Quality Assurance shall be in accordance with Paragraph, QUALIFICATIONS
(PRODUCTS AND SERVICES) in Section 26 05 11, REQUIREMENTS FOR
ELECTRICAL INSTALLATIONS.

1.4 FACTORY TESTS

A. Factory Tests shall be required.

Factory Tests shall be in accordance with Paragraph, MANUFACTURED
PRODUCTS in Section 26 05 11, REQUIREMENTS FOR ELECTRICAL
INSTALLATIONS, and the following requirement:

26 24 13 - 1



Substation Upgrade Building 2

VA Project # 642-22-104

VA-Medical Center, Philadelphia, PA Bid Documents

01-01-18

1. Tests shall be conducted per NEMA PB 2.

2. Verify that circuit breaker sizes and types correspond to drawings,
and the Overcurrent Protective Device Coordination Study.

3. Verify tightness of bolted electrical connections by calibrated
torque-wrench method in accordance with manufacturer’s published
data.

4. Confirm correct operation and sequencing of key-type mechanical
interlock systems for multiple circuit breakers by attempting
closure on locked-open devices, and attempting to open locked-closed
devices, and making key exchange with devices operated in off-normal
positions.

5. Exercise all active components.

6. Perform an insulation-resistance test, phase to ground, on each bus
section, with phases not under test grounded, in accordance with
manufacturer’s published data.

7. Perform insulation-resistance tests on control wiring with respect
to ground. Applied potential shall be 500 V DC for 300-volt rated
cable and 1000 V DC for 600-volt rated cable, or as required if
solid-state components or control devices cannot tolerate the
applied voltage.

8. If applicable, verify correct function of control transfer relays
located in the switchboard with multiple control power sources.

9. Perform phasing checks on double-ended or dual-source switchboards

to insure correct bus phasing from each source.

1.5 SUBMITTALS

A.

Submit in accordance with Paragraph, SUBMITTALS in Section 26 05 11,
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS, and the following
requirements:
1. Shop Drawings:
a. Switchboard shop drawings shall be submitted simultaneously with
or after the Overcurrent Protective Device Coordination Study.
b. Submit sufficient information to demonstrate compliance with
drawings and specifications.
c. Prior to fabrication of switchboards, submit the following data
for approval:
1) Complete electrical ratings.
2) Circuit breaker sizes.

3) Interrupting ratings.
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4) Safety features.

5) Accessories and nameplate data.

6) Switchboard one line diagram, showing ampere rating, number of
bars per phase and neutral in each bus run (horizontal and
vertical), bus spacing, equipment ground bus, and bus
material.

7) Elementary and interconnection wiring diagrams.

8) Technical data for each component.

9) Dimensioned exterior views of the switchboard.

10) Dimensioned section views of the switchboard.

11) Floor plan of the switchboard.

12) Foundation plan for the switchboard.

13) Provisions and required locations for external conduit and
wiring entrances.

14) Approximate design weights.

Certification from the manufacturer that representative

switchboards have been seismically tested to International

Building Code requirements. Certification shall be based upon

simulated seismic forces on a shake table or by analytical

methods, but not by experience data or other methods.

2. Manuals:

a.

Submit, simultaneously with the shop drawings, companion copies
of complete maintenance and operating manuals, including
technical data sheets, wiring diagrams, and information for
ordering replacement parts.

1) Schematic signal and control diagrams, with all terminals
identified, matching terminal identification in the
switchboard.

2) Include information for testing, repair, trouble shooting,
assembly, disassembly, and factory recommended/required
periodic maintenance procedures and frequency.

3) Provide a replacement and spare parts list. Include a list of
tools and instruments for testing and maintenance purposes.

If changes have been made to the maintenance and operating

manuals originally submitted, submit updated maintenance and

operating manuals two weeks prior to the final inspection.

3. Certifications: Two weeks prior to final inspection, submit the

following.
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a. Certification by the manufacturer that the switchboards conform

to the requirements of the drawings and specifications.
b. Certification by the Contractor that the switchboards have been

properly installed, adjusted, and tested.

1.6 APPLICABLE PUBLICATIONS

A.

PART 2

Publications listed below (including amendments, addenda, revisions,
supplements and errata) form a part of this specification to the extent
referenced. Publications are referenced in the text by basic
designation only.

Institute of Engineering and Electronic Engineers (IEEE):

C37.13-15. . ... Low Voltage AC Power Circuit Breakers Used in
Enclosures

C57.13-16. ... Instrument Transformers

C62.41.1-02.....0cvvun.. Surge Environment in Low-voltage (1000V and

less) AC Power Circuits

C62.45-02. ... Surge Testing for Equipment connected to Low-
Voltage AC Power Circuits

International Code Council (ICC):

IBC-15. ..., International Building Code

National Electrical Manufacturer's Association (NEMA) :

PB 2-11. .. iiinnnnnnn Deadfront Distribution Switchboards

PB 2.1-13. .. iiieiennn. Proper Handling, Installation, Operation, and
Maintenance of Deadfront Distribution
Switchboards Rated 600 Volts or Less

National Fire Protection Association (NFPA):

O National Electrical Code (NEC)

Underwriters Laboratories, Inc. (UL):

67-09. .. Panelboards

489=10. ittt Molded-Case Circuit Breakers, Molded-Case
Switches, and Circuit-Breaker Enclosures

891-05. ...t Switchboards

- PRODUCTS

2.1 GENERAL

A.

Shall be in accordance with IEEE, NEMA, NFPA, UL, as shown on the
drawings, and have the following features:
1. Switchboard shall be a complete, grounded, continuous-duty, integral

assembly, dead-front, self-supporting, indoor type switchboard
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assembly. Incorporate devices shown on the drawings and all related

components required to fulfill operational and functional
requirements.

2. Ratings shall not be less than shown on the drawings. Short circuit
ratings shall not be less than the available fault current shown in
the Overcurrent Protective Device Coordination Study.

3. Switchboard shall conform to the arrangements and details shown on
the drawings.

4. Coordinate all requirements with the electric utility company
supplying electrical service to the switchboard. The incoming
electric utility feeder and revenue metering installation shall
conform to the requirements of the electric utility company.

5. Key-type mechanical interlocks for multiple circuit breakers shall
be provided as shown on the drawings.

6. Switchboards shall be assembled, connected, and wired at the factory
so that only external circuit connections are required at the
construction site. Split the structure only as required for shipping
and installation. Packaging shall provide adequate protection
against rough handling during shipment.

7. All non-current-carrying parts shall be grounded per Section 26 05
26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS for additional
requirements.

8. Series rated switchboards are not allowed.

2.2 BASIC ARRANGEMENT

A.

Type 1: Switchboard shall be front accessible with the following
features:
1. Device mounting:
a. Main breaker: Individually mounted and compartmented or group
mounted with feeder breakers.
b. Feeder breakers: Group mounted.
2. Section alignment: As shown on the drawings.
3. Accessibility:
a. Main section line and load terminals: Front and side.
b. Distribution section line and load terminals: Front.
c. Through bus connections: Front and end.
4. Bolted line and load connections.

5. Full height wiring gutter covers for access to wiring terminals.
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2.3 HOUSING

A. Shall have the following features:

1. Frames and enclosures:

a. The assembly shall be braced with reinforcing gussets using jig
welds to assure rectangular rigidity.

b. The enclosure shall be steel, leveled, and not less than the
gauge required by applicable publications.

c. Die-pierce the holes for connecting adjacent structures to insure
proper alignment, and to allow for future additions.

d. All bolts, nuts, and washers shall be steel.

B. Finish:

1. All metal surfaces shall be thoroughly cleaned, phosphatized and
factory primed prior to applying baked enamel or lacquer finish.

2. Provide a light gray finish for indoor switchboard.

a. The underside of the switchboard shall be treated with corrosion
resistant compounds, epoxy resin or rubberized sealing compound.
2.4 BUSES
A. Bus Bars and Interconnections:

1. Provide copper phase and neutral buses, fully rated for the amperage
as shown on the drawings for the entire length of the switchboard.
Bus laminations shall have a minimum of 6 mm (1/4 inch) spacing.

2. Mount the buses on appropriately spaced insulators and brace to
withstand the available short circuit currents.

3. The bus and bus compartment shall be designed so that the acceptable
NEMA standard temperature rises are not exceeded.

4. Install a copper ground bus the full length of the switchboard
assembly.

5. Main Bonding Jumper: An un-insulated copper bus, size as shown on
drawings, shall interconnect the neutral and ground buses, when the
switchboard is used to establish the system common ground point.

6. All bolts, nuts, and washers shall be steel. Bolts shall be torqued
to the values recommended by the manufacturer.

7. Make provisions for future bus extensions by means of bolt holes or
other approved method.

2.5 MAIN CIRCUIT BREAKERS
A. Type I or Type II Switchboards: Provide molded case main circuit
breakers as shown on the drawings. Circuit breakers shall be the solid

state adjustable trip type.
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1. Trip units shall have field adjustable tripping characteristics as
follows:
a. Long time pickup.
b. Long time delay.

Short time pickup.

Q QO

Short time delay.

e. Instantaneous.

f. Ground fault pickup.
g. Ground fault delay.

2. Breakers with same frame size shall be interchangeable with each
other.
3. Breakers shall be fully rated.
B. Type II Switchboards: Provide main power circuit breakers as shown on

the drawings. Circuit breakers shall be the solid state adjustable trip

type.

1.

General: Circuit breakers shall be dead front, drawout, stored
energy type with solid state trip devices. Arcing contacts shall be
renewable.

Rating: Circuit breakers shall be 3 pole, 600 V AC and below, 60
cycle with frame size, trip rating and functions, and system voltage
as shown on drawings. Breakers shall have 30 cycle short time
current ratings.

Drawout Mounting: Provide a racking mechanism to position and hold
the breaker in the connected, test, or disconnected position.
Provide an interlock to prevent movement of the breaker into or out
of the connected position unless the breaker is tripped open.

Trip Devices: Breakers shall be electrically and mechanically trip
free and shall have trip devices in each pole. Unless otherwise
indicated on drawings, each breaker shall have overcurrent and
short-circuit , and integral ground fault trip devices. Trip devices
shall be of the solid state type with adjustable pick-up settings,
with both long time and short time elements, and integral trip unit
testing provisions. Devices shall have time-delay band adjustment.
Long-time delay element shall have inverse time characteristics.
Main circuit breakers shall not have instantaneous trip function.
Position Indicator: Provide a mechanical indicator visible from the

front of the unit to indicate whether the breaker is open or closed.
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6. Trip Button: Equip each breaker with a mechanical trip button

accessible from the front of the door.

Padlocking: Provisions shall be included for padlocking the breaker
in the open position.

Operation: Unless otherwise indicated herein or on the drawings,
breakers shall be manually operated. Breakers larger than 1600

ampere frame size shall be electrically operated.

2.6 FEEDER CIRCUIT BREAKERS

A.

Adjustable Trip Molded Case Circuit Breakers:

1.

Provide molded case, solid state adjustable trip type circuit
breakers.

Trip units shall have field adjustable tripping characteristics as

follows:
a. Long time pickup.
b. Long time delay.

Short time pickup.

Q. Q

Short time delay.

e. Instantaneous.

f. Ground fault pickup.

g. Ground fault delay.

Breakers with same frame size shall be interchangeable with each

other.

2.7 SURGE PROTECTIVE DEVICES

A. Refer to Section 26 43 13, SURGE PROTECTIVE DEVICES.

2.8 METERING

B.

Provide current transformers for each meter. Current transformers shall

be wired to shorting-type terminal blocks.

Provide voltage transformers including primary fuses and secondary

protective devices for metering as shown on the drawings.

2.9 OTHER EQUIPMENT

A.

Furnish tools and accessories required for circuit breaker and

switchboard test, inspection, maintenance, and proper operation.

Panelboards: Requirements for panelboards shown to be installed in the

switchboard shall be as shown on the drawings and in Section 26 24 16,

PANELBOARDS.
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2.10 CONTROL WIRING

A.

Switchboard control wires shall not be less than No. 14 AWG copper 600
volt rated. Install wiring complete at the factory, adequately bundled
and protected. Provide separate control circuit fuses in each breaker

compartment and locate for ease of access and maintenance.

2.11 NAMEPLATES AND MIMIC BUS

A.

PART

3.1

A.

Nameplates: For Normal Power system, provide laminated black phenolic
resin with white core with 12 mm (1/2 inch) engraved lettered
nameplates next to each circuit breaker. For Essential Electrical
System, provide laminated red phenolic resin with white core with 12 mm
(1/2 inch) engraved lettered nameplates next to each circuit breaker.
Nameplates shall indicate equipment served, spaces, or spares in
accordance with one line diagram shown on drawings. Nameplates shall be
mounted with plated screws on front of breakers or on egquipment
enclosure next to breakers. Mounting nameplates only with adhesive is
not acceptable.

Mimic Bus: Provide an approved mimic bus on front of each switchboard
assembly. Color shall be black for the Normal Power system and red for
the Essential Electrical System, either factory-painted plastic or
metal strips. Plastic tape shall not be used. Use symbols similar to
one line diagram shown on drawings. Plastic or metal strips shall be

mounted with plated screws.

3 - EXECUTION

INSTALLATION

Install switchboards in accordance with the NEC, as shown on the
drawings, and as recommended by the manufacturer.

Anchor switchboards with rustproof bolts, nuts, and washers not less
than 13 mm (1/2 inch) diameter, in accordance with manufacturer’s
instructions, and as shown on drawings.

In seismic areas, switchboards shall be adequately anchored and braced
per details on structural contract drawings to withstand the seismic
forces at the location where installed.

Interior Location. Mount switchboard on concrete slab. Unless
otherwise indicated, the slab shall be at least 100 mm (4 inches)
thick. The top of the concrete slab shall be approximately 100 mm (4
inches) above finished floor. Edges above floor shall have 12.5 mm (1/2

inch) chamfer. The slab shall be of adequate size to project at least
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200 mm (8 inches) beyond the equipment. Provide conduit turnups and
cable entrance space required by the equipment to be mounted. Seal
voids around conduit openings in slab with water- and oil-resistant
caulking or sealant. Cut off and bush conduits 75 mm (3 inches) above
slab surface. Concrete work shall be as specified in Section 03 30 00,
CAST-IN-PLACE CONCRETE.
3.2 ACCEPTANCE CHECKS AND TESTS
A. Perform in accordance with the manufacturer's recommendations. 1In
addition, include the following:
1. Visual Inspection and Tests:

a. Compare equipment nameplate data with specifications and approved
shop drawings.

b. Inspect physical, electrical, and mechanical condition.

c. Verify appropriate anchorage, required area clearances, and
correct alignment.

d. Verify that circuit breaker sizes and types correspond to
approved shop drawings.

e. Verifying tightness of accessible bolted electrical connections
by calibrated torque-wrench method, or performing thermographic
survey after energization.

f. Confirm correct operation and sequencing of key-type mechanical
interlock systems.

g. Vacuum-clean switchboard enclosure interior. Clean switchboard
enclosure exterior.

h. Inspect insulators for evidence of physical damage or
contaminated surfaces.

i. Verify correct shutter installation and operation.

j. Exercise all active components.

k. Verify the correct operation of all sensing devices, alarms, and
indicating devices.

1. Verify that vents are clear.

2. Electrical tests:
Perform insulation-resistance tests on each bus section.

b. Perform insulation-resistance test on control wiring; do not
perform this test on wiring connected to solid-state components.

c. Perform phasing check on double-ended switchboards to ensure

correct bus phasing from each source.
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Prior to the final inspection for acceptance, a technical

representative from the electric utility company shall witness the
testing of the equipment to assure the proper operation of the
individual components, and to confirm proper operation/coordination

with electric utility company’s equipment.

3.3 FOLLOW-UP VERIFICATION

A.

Upon completion of acceptance checks, settings, and tests, the
Contractor shall show by demonstration in service that the switchboard

is in good operating condition and properly performing the intended

function.

3.4 WARNING SIGN

A.

Mount on each entrance door of the switchboard room, approximately 1500
mm (5 feet) above grade or floor, a clearly lettered warning sign for
warning personnel. The sign shall be attached with rustproof metal

SCrews.

3.5 ONE LINE DIAGRAM AND SEQUENCE OF OPERATION

A.

At final inspection, an as-built one line diagram shall be laminated or
mounted under acrylic glass, and installed in a frame mounted in the
switchboard room or in the outdoor switchboard enclosure.

Deliver an additional four copies of the as-built one line diagram and

sequence of operation to the COTR.

3.6 AS-LEFT TRIP UNIT SETTINGS

A.

The trip unit settings shall be set in the field by an authorized
representative of the switchboard manufacturer per the approved
Electrical System Protective Device Study in accordance with Section 26

05 73, OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY.

3.7 INSTRUCTION

A.

Furnish the services of a factory-trained technician for one, 4-hour

training period for instructing personnel in the maintenance and

operation of the switchboards, on the dates requested by the COTR.
-—-END---
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