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SECTION 03 01 30.71
CONCRETE REHABILITATION

PART 1
1.1

GENERAL
REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.
ASTM INTERNATIONAL (ASTM)
ASTM C881/C881M

1.2
1.2.1

(2010) Standard Specification for
Epoxy-Resin-Base Bonding Systems for
Concrete

DEFINITIONS
Epoxy Resin Binder

A two-component epoxy bonding system in low and medium viscosities used by
itself as a primer or for producing epoxy concrete or mortars when mixed
with aggregate.
1.2.2

Epoxy Concrete

A combination of epoxy resin binder and fine and coarse aggregate used in
the repair of spalling along joints or cracks, small surface spalls or
"popouts."
1.3

SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. The following shall be
submitted in accordance with Section 01333 CONSTRUCTION SUBMITTAL
REQUIREMENTS:
SD-07 Certificates
Epoxy resin binder
SD-08 Manufacturer's Instructions
Epoxy repair material
Submit for mixing and applying.
1.4

DELIVERY, STORAGE, AND HANDLING

Inspect materials delivered to site for damage, unload and store with a
minimum of handling. Deliver epoxy resin components and aggregate
materials in original sealed containers and store in dry covered areas at
temperatures below 90 degrees F. Remove from job site unused mixed
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materials which have reached end of working or pot life.
1.5

WEATHER LIMITATIONS

Halt work when weather conditions detrimentally affect the quality of
patching or bonding concrete. Apply epoxy resin materials only when the
contact surfaces are completely dry and if the atmospheric and surface
temperature ranges are suitable for the specified epoxy material. Follow
manufacturer's instructions for weather conditions and temperature ranges.
1.6

EQUIPMENT

Use a container recommended by the epoxy manufacturer as the mixing vessel.
Use a power drive (air or spark-proof) propeller type blade for mixing
except that hand mixing may be used for small batches. Use equipment
specified by epoxy manufacturer for field mixing of aggregates and epoxy
resin.
PART 2
2.1

PRODUCTS
MATERIALS

2.1.1

Epoxy

2.1.1.1

Epoxy Resin Binder for Concrete and Mortar

ASTM C881/C881M, Type III, Grade 2, Class B without mineral filler.
PART 3
3.1

EXECUTION
PREPARATION

3.1.1

Epoxy Concrete

3.1.1.1

Patch Areas

Remove loose concrete from the spalled areas indicated. Inspect the cavity
for remaining defective concrete by tapping with a hammer or steel rod and
listening for dull or hollow sounds. In areas where tapping does not
produce a solid tone, remove additional concrete until testing produces a
solid tone. Make the entire cavity at least one inch deep. Sawcut edges
of cavity to avoid feather edging. Prepare surface of cavity by
sandblasting, grinding, or water blasting. Remove dust, dirt, and loosely
bonded material resulting from cleaning. Ensure cavity surfaces are dry.
3.2

MIXING MATERIALS

Make batches small enough to ensure placement before binder sets.
materials in accordance with manufacturer's recommendations.
3.3
3.3.1

Mix

PLACEMENT
Epoxy Concrete

Prime dry cavity surfaces with epoxy resin using a stiff bristle brush.
Make coating approximately 20 mils thick. Place epoxy concrete while
primer is still tacky and in layers not exceeding one inch thick. Use
vibratory floats, plates, or hand tampers to consolidate the concrete.
Level each layer and screed the final surface to match the adjoining
SECTION 03 01 30.71
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surfaces. Remove excess epoxy concrete on adjacent surfaces before the
concrete hardens. Do not feather epoxy concrete out onto adjacent surfaces.
3.4

CURING

Cure epoxy materials in accordance with manufacturer's recommendations.
3.5
3.5.1

FIELD QUALITY CONTROL
Sampling

As soon as epoxy resin and aggregate materials are available for sampling,
obtain by random selection a sample of each batch. Clearly identify
samples by designated name, specification number, batch number, project
contract number, intended use and quantity involved.
3.5.2

Testing

At the discretion of the Contracting Officer, samples provided may be
tested by the Government for verification.
-- End of Section --
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SECTION 03 30 53
MISCELLANEOUS CAST-IN-PLACE CONCRETE

PART 1
1.1

GENERAL
SUMMARY

Perform all work in accordance with ACI MCP SET Parts 2 and 3.
1.2

REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.
AMERICAN CONCRETE INSTITUTE INTERNATIONAL (ACI)
ACI MCP SET

(2012) Manual of Concrete Practice

ASTM INTERNATIONAL (ASTM)
ASTM A185/A185M

(2007) Standard Specification for Steel
Welded Wire Reinforcement, Plain, for
Concrete

ASTM A615/A615M

(2009b) Standard Specification for
Deformed and Plain Carbon-Steel Bars for
Concrete Reinforcement

ASTM C150/C150M

(2011) Standard Specification for Portland
Cement

ASTM C171

(2007) Standard Specification for Sheet
Materials for Curing Concrete

ASTM C260/C260M

(2010a) Standard Specification for
Air-Entraining Admixtures for Concrete

ASTM C309

(2011) Standard Specification for Liquid
Membrane-Forming Compounds for Curing
Concrete

ASTM C33/C33M

(2011a) Standard Specification for
Concrete Aggregates

ASTM C494/C494M

(2011) Standard Specification for Chemical
Admixtures for Concrete

ASTM C685/C685M

(2011) Concrete Made by Volumetric
Batching and Continuous Mixing

ASTM C94/C94M

(2011b) Standard Specification for
Ready-Mixed Concrete
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U.S. ARMY CORPS OF ENGINEERS (USACE)
COE CRD-C 400

1.3

(1963) Requirements for Water for Use in
Mixing or Curing Concrete

SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for information only. When
used, a designation following the "G" designation identifies the office
that will review the submittal for the Government. Submit the following in
accordance with Section 01333 CONSTRUCTION SUBMITTAL REQUIREMENTS:
SD-02 Shop Drawings
Installation Drawings
SD-03 Product Data
Air-Entraining Admixture
Water-Reducing or Retarding Admixture
Curing Materials
Conveying and Placing Concrete
Forms
Accessories
Curing Compound
SD-06 Test Reports
Aggregates
SD-07 Certificates
Cementitious Materials
1.4

QUALITY ASSURANCE

Indicate specific locations of Concrete Placement Steel Reinforcement on
installation drawings and include, but not be limited to, square feet of
concrete placements, thicknesses and widths, plan dimensions, and
arrangement of cast-in-place concrete section.
PART 2
2.1

PRODUCTS
MATERIALS

Submit manufacturer's literature from suppliers which demonstrates
compliance with applicable specifications for the specified materials.
2.1.1

Cementitious Materials

Submit Manufacturer's certificates of compliance, accompanied by mill test
reports, attesting that the concrete materials meet the requirements of the
specifications in accordance with the Special Clause "CERTIFICATES OF
COMPLIANCE".
2.1.1.1

Portland Cement

ASTM C150/C150M, Type I, IA, II, IIA, III, IIIA or V.
SECTION 03 30 53
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Aggregates

Fine and coarse aggregates shall meet the quality and grading requirements
of ASTM C33/C33M Class Designations 4M or better. Submit certificates of
compliance and test reports for aggregates showing the material(s) meets
the quality and grading requirements of the specifications under which it
is furnished.
2.1.3

Admixtures

Admixtures to be used, when required or approved, shall comply with the
appropriate specification listed. Retest chemical admixtures that have
been in storage at the project site, for longer than 6 months or that have
been subjected to freezing, at the expense of the Contractor at the request
of the Contracting Officer and will be rejected if test results are not
satisfactory.
2.1.3.1

Air-Entraining Admixture

Provide air-entraining admixture that meets the requirements of
ASTM C260/C260M.
2.1.3.2

Water-Reducing or Retarding Admixture

Provide water-reducing or retarding admixture meeting the requirements of
ASTM C494/C494M, Type A, B, or D.
2.1.4

Water

Use fresh, clean, potable water for mixing and curing, free from injurious
amounts of oil, acid, salt, or alkali, except that unpotable water may be
used if it meets the requirements of COE CRD-C 400.
2.1.5

Reinforcing Steel

Provide reinforcing bars conforming to the requirements of ASTM A615/A615M,
Grade 60. Welded steel wire fabric shall conform to the requirements of
ASTM A185/A185M. Details of reinforcement not shown shall be in accordance
with ACI MCP SET Part 3, Chapters 7 and 12.
2.1.6

Curing Materials

Provide curing materials conforming to the following requirements.
2.1.6.1

Impervious Sheet Materials

Impervious sheet materials, ASTM C171, type optional, except polyethylene
film, if used, shall be white opaque.
2.1.6.2

Membrane-Forming Curing Compound

ASTM C309, Type 1-D or 2, Class A.
2.2
2.2.1

STEEL REINFORCEMENT
Deformed Steel Bars

Provide steel bars conforming to ASTM A615/A615M, Grade 60 ksi ACI MCP SET
SECTION 03 30 53
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Parts 2 and 3.
2.3

FORMS

Forms shall be of wood, steel, or other approved material and conform to
ACI MCP SET, Parts 2 and 3.
Provide form release conforming to ACI MCP SET, Part 4.
2.4

ACCESSORIES

2.4.1

Curing Compound

Provide curing compound conforming to ASTM C309.
PART 3
3.1

EXECUTION
PREPARATION

Prepare construction joints to expose coarse aggregate. The surface shall
be clean, damp, and free of laitance. Construct ramps and walkways, as
necessary, to allow safe and expeditious access for concrete and workmen.
Remove snow, ice, standing or flowing water, loose particles, debris, and
foreign matter. Earth foundations shall be satisfactorily compacted.
Ensure spare vibrators are available. The entire preparation shall be
accepted by the Government prior to placing.
3.1.1

Embedded Items

Secure reinforcement in place after joints, anchors, and other embedded
items have been positioned. Arrange internal ties so that when the forms
are removed the metal part of the tie is not less than 2 inches from
concrete surfaces permanently exposed to view or exposed to water on the
finished structures. Embedded items shall be free of oil and other foreign
matters such as loose coatings or rust, paint, and scale. The embedding of
wood in concrete is permitted only when specifically authorized or
directed. All equipment needed to place, consolidate, protect, and cure
the concrete shall be at the placement site and in good operating condition.
3.1.2

Formwork Installation

Forms shall be properly aligned, adequately supported, and mortar-tight.
Provide smooth form surfaces, free from irregularities, dents, sags, or
holes when used for permanently exposed faces. Chamfer all exposed joints
and edges , unless otherwise indicated.
3.1.3
3.1.3.1

Production of Concrete
Ready-Mixed Concrete

Provide ready-mixed concrete conforming to ASTM C94/C94M except as
otherwise specified.
3.1.3.2

Concrete Made by Volumetric Batching and Continuous Mixing

Concrete made by volumetric batching and continuous mixing shall conform to
ASTM C685/C685M.

SECTION 03 30 53
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CONVEYING AND PLACING CONCRETE

Concrete placement is not permitted when weather conditions prevent proper
placement and consolidation without approval. When concrete is mixed
and/or transported by a truck mixer, deliver the concrete to the site of
the work completing the discharge within 1-1/2 hours. Convey concrete from
the mixer to the forms as rapidly as practicable by methods which prevent
segregation or loss of ingredients. Concrete shall be in place and
consolidated within 15 minutes after discharge from the mixer. Deposit
concrete as close as possible to its final position in the forms and
regulate it so that it may be effectively consolidated in horizontal layers
18 inches or less in thickness with a minimum of lateral movement. Carry
on the placement at such a rate that the formation of cold joints will be
prevented. Submit Methods and equipment for transporting, handling,
depositing, and consolidating the concrete prior to the first concrete
placement. Perform conveying and placing concrete in conformance with the
following:
3.2.1

Consolidation

Consolidate each layer of concrete by rodding, spading, or internal
vibrating equipment. Systematically accomplish internal vibration by
inserting the vibrator through the fresh concrete in the layer below at a
uniform spacing over the entire area of placement. The distance between
insertions shall be approximately 1.5 times the radius of action of the
vibrator and overlay the adjacent, just-vibrated area by approximately 4
inches. Ensure that the vibrator penetrates rapidly to the bottom of the
layer and at least 6 inches into the layer below, if such a layer exists.
Hold vibrator stationary until the concrete is consolidated and then
withdraw it slowly at the rate of about 3 inches per second.
3.2.2

Cold-Weather Requirements

No concrete is to be mixed or placed when the ambient temperature is below
36 degrees F or if the ambient temperature is below 41 degrees F and
falling. Provide suitable covering and other means as approved for
maintaining the concrete at a temperature of at least 50 degrees F for not
less than 72 hours after placing and at a temperature above freezing for
the remainder of the curing period. Do not mix salt, chemicals, or other
foreign materials with the concrete to prevent freezing. Remove and
replace concrete damaged by freezing at the expense of the Contractor.
3.2.3

Hot-Weather Requirements

When the rate of evaporation of surface moisture, as determined by use of
Figure 1 of ACI MCP SET Part 2, is expected to exceed 0.2 psf per hour,
provisions for windbreaks, shading, fog spraying, or covering with a
light-colored material shall be made in advance of placement, and such
protective measures taken as quickly as finishing operations will allow.
3.3
3.3.1

FINISHING
Temperature Requirement

Do not finish or repair concrete when either the concrete or the ambient
temperature is below 50 degrees F.

SECTION 03 30 53
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Finishing Formed Surfaces

Remove all fins and loose materials , and surface defects including filling
of tie holes. Repair all honeycomb areas and other defects. Remove all
unsound concrete from areas to be repaired. Surface defects greater than
1/2 inch in diameter and holes left by removal of tie rods in all surfaces
not to receive additional concrete shall be reamed or chipped and filled
with dry-pack mortar. Brush-coat the prepared area with an approved epoxy
resin or latex bonding compound or with a neat cement grout after dampening
and filling with mortar or concrete. The cement used in mortar or concrete
for repairs to all surfaces permanently exposed to view shall be a blend of
portland cement and white cement so that the final color when cured is the
same as adjacent concrete.
3.3.3

Finishing Unformed Surfaces

Float finish all unformed surfaces, that are not to be covered by
additional concrete or backfill, to elevations shown, unless otherwise
specified. Surfaces to receive additional concrete or backfill shall be
brought to the elevations shown and left as a true and regular surface.
Slope exterior surfaces for drainage unless otherwise shown. Carefully
make joints with a jointing tool. Finish unformed surfaces to a tolerance
of 3/8 inch for a float finish as determined by a 10 foot straightedge
placed on surfaces shown on the drawings to be level or having a constant
slope. Do not perform finishing while there is excess moisture or bleeding
water on the surface. No water or cement is to be added to the surface
during finishing.
3.3.3.1

Float Finish

Provide float finished surfaces, screeded and darbied or bullfloated to
eliminate the ridges and to fill in the voids left by the screed. In
addition, the darby or bullfloat shall fill all surface voids and only
slightly embed the coarse aggregate below the surface of the fresh
concrete. When the water sheen disappears and the concrete supports a
person's weight without deep imprint, complete floating. Floating shall
embed large aggregates just beneath the surface, remove slight
imperfections, humps, and voids to produce a plane surface, compact the
concrete, and consolidate mortar at the surface.
3.4

CURING AND PROTECTION

Beginning immediately after placement, and continuing for at least 7 days,
cure and protect all concrete from premature drying, extremes in
temperature, rapid temperature change, freezing, mechanical damage, and
exposure to rain or flowing water. Provide all materials and equipment
needed for adequate curing and protection at the site of the placement
prior to the start of concrete placement. Accomplish moisture preservation
of moisture for concrete surfaces not in contact with forms by one of the
following methods:
a.

Continuous sprinkling or ponding.

b.

Application of absorptive mats or fabrics kept continuously wet.

c.

Application of sand kept continuously wet.

d.

Application of impervious sheet material conforming to ASTM C171.

SECTION 03 30 53
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e. Application of membrane-forming curing compound conforming to
ASTM C309, Type 1-D, on surfaces permanently exposed to view.
Accomplish Type 2 on other surfaces in accordance with manufacturer's
instructions.
Accomplish the preservation of moisture for concrete surfaces placed
against wooden forms by keeping the forms continuously wet for 7 days ,
except for concrete made with Type III cement, for 3 days. If forms are
removed prior to end of the required curing period, use other curing
methods for the balance of the curing period. Do not perform protection
removal if the temperature of the air in contact with the concrete may drop
more than 60 degrees F within a 24 hour period.
3.5

FORM WORK

Form work shall conform to ACI MCP SET Parts 2 through 5.
3.5.1

Preparation of Form Surfaces

Forms shall be true to line and grade, mortar-tight, and sufficiently rigid
to prevent objectionable deformation under load. Form surfaces for
permanently exposed faces shall be smooth, free from irregularities, dents,
sags, or holes. Chamfer exposed joints and exposed edges. Arrange
internal ties so that when the forms are removed, the form ties are not
less than 2 inches from concrete surfaces permanently exposed to view or
exposed to water on the finished structure.
3.5.2

Form Coating

Coat forms, for exposed surfaces, with a nonstaining form release coating
applied. Forms for unexposed surfaces may be wetted in lieu of coating
immediately before the placing of concrete, except that in freezing weather
form release coating shall be used.
3.5.3

Removal of Forms

Remove forms carefully to prevent damage to the concrete. Do not remove
forms before the expiration of the minimum time indicated below:
Arches, beams and deck-type slabs

144 hours

Columns and walls (lifts 15 feet and under)
Columns and walls (lifts over 15 feet)
3.6

24 hours
48 hours

STEEL REINFORCING

Reinforcement shall be free from loose, flaky rust and scale, and free from
oil, grease, or other coating which might destroy or reduce the
reinforcement's bond with the concrete.
3.6.1

Fabrication

Shop fabricate steel reinforcement in accordance with ACI MCP SET Parts 2
and 3. Shop details and bending shall be in accordance with ACI MCP SET
Parts 2 and 3.
3.6.2

Splicing

Perform splices in accordance with ACI MCP SET Parts 2 and 3.
SECTION 03 30 53
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Supports

Secure reinforcement in place by the use of metal or concrete supports,
spacers, or ties.
3.7

EMBEDDED ITEMS

Before placing concrete, take care to determine that all embedded items are
firmly and securely fastened in place. Provide embedded items free of oil
and other foreign matter, such as loose coatings of rust, paint and scale.
Embedding of wood in concrete is permitted only when specifically
authorized or directed.
-- End of Section --
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SECTION 26 00 00.00 20
BASIC ELECTRICAL MATERIALS AND METHODS

PART 1
1.1

GENERAL
REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to in the text by the
basic designation only.
ASTM INTERNATIONAL (ASTM)
ASTM D709

(2001; R 2007) Laminated Thermosetting
Materials

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
IEEE 100

(2000; Archived) The Authoritative
Dictionary of IEEE Standards Terms

IEEE C2

(2012) National Electrical Safety Code

IEEE C57.12.28

(2005; INT 3 2011) Standard for
Pad-Mounted Equipment - Enclosure Integrity

IEEE C57.12.29

(2005) Standard for Pad-Mounted Equipment
- Enclosure Integrity for Coastal
Environments

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)
NEMA 250

(2008) Enclosures for Electrical Equipment
(1000 Volts Maximum)
NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70
1.2

(2011) National Electrical Code

RELATED REQUIREMENTS

This section applies to all sections of Division 26 and 33, ELECTRICAL and
UTILITIES, of this project specification unless specified otherwise in the
individual sections. This section has been incorporated into, and thus,
does not apply to, and is not referenced in the following sections.
Section 33 71 02.00 20 UNDERGROUND ELECTRICAL DISTRIBUTION
1.3

DEFINITIONS

a.

Unless otherwise specified or indicated, electrical and electronics
terms used in these specifications, and on the drawings, shall be as
defined in IEEE 100.

b.

The technical sections referred to herein are those specification
sections that describe products, installation procedures, and equipment
SECTION 26 00 00.00 20
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operations and that refer to this section for detailed description of
submittal types.
c.

1.4

The technical paragraphs referred to herein are those paragraphs in
PART 2 - PRODUCTS and PART 3 - EXECUTION of the technical sections that
describe products, systems, installation procedures, equipment, and
test methods.
ELECTRICAL CHARACTERISTICS

Electrical characteristics for this project shall be 115 kV primary, three
phase, three wire, 60 Hz, and 4,160 volts secondary, three phase, four
wire.
Final connections to the power distribution system at the existing
substation shall be made by the Contractor as directed by the Contracting
Officer.
1.5

ADDITIONAL SUBMITTALS INFORMATION

Submittals required in other sections that refer to this section must
conform to the following additional requirements as applicable.
1.5.1

Shop Drawings (SD-02)

Include wiring diagrams and installation details of equipment indicating
proposed location, layout and arrangement, control panels, accessories,
piping, ductwork, and other items that must be shown to ensure a
coordinated installation. Wiring diagrams shall identify circuit terminals
and indicate the internal wiring for each item of equipment and the
interconnection between each item of equipment. Drawings shall indicate
adequate clearance for operation, maintenance, and replacement of operating
equipment devices.
1.5.2

Product Data (SD-03)

Submittal shall include performance and characteristic curves.
1.6
1.6.1

QUALITY ASSURANCE
Regulatory Requirements

In each of the publications referred to herein, consider the advisory
provisions to be mandatory, as though the word, "shall" had been
substituted for "should" wherever it appears. Interpret references in
these publications to the "authority having jurisdiction," or words of
similar meaning, to mean the Contracting Officer. Equipment, materials,
installation, and workmanship shall be in accordance with the mandatory and
advisory provisions of NFPA 70 unless more stringent requirements are
specified or indicated.
1.6.2

Standard Products

Provide materials and equipment that are products of manufacturers
regularly engaged in the production of such products which are of equal
material, design and workmanship. Products shall have been in satisfactory
commercial or industrial use for 2 years prior to bid opening. The 2-year
period shall include applications of equipment and materials under similar
circumstances and of similar size. The product shall have been on sale on
the commercial market through advertisements, manufacturers' catalogs, or
brochures during the 2-year period. Where two or more items of the same
SECTION 26 00 00.00 20
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class of equipment are required, these items shall be products of a single
manufacturer; however, the component parts of the item need not be the
products of the same manufacturer unless stated in the technical section.
1.6.2.1

Alternative Qualifications

Products having less than a 2-year field service record will be acceptable
if a certified record of satisfactory field operation for not less than
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is
furnished.
1.6.2.2

Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site
shall not be used, unless specified otherwise.
1.7

WARRANTY

The equipment items shall be supported by service organizations which are
reasonably convenient to the equipment installation in order to render
satisfactory service to the equipment on a regular and emergency basis
during the warranty period of the contract.
1.8

POSTED OPERATING INSTRUCTIONS

Provide for each system and principal item of equipment as specified in the
technical sections for use by operation and maintenance personnel. The
operating instructions shall include the following:
a.

Wiring diagrams, control diagrams, and control sequence for each
principal system and item of equipment.

b.

Start up, proper adjustment, operating, lubrication, and shutdown
procedures.

c.

Safety precautions.

d.

The procedure in the event of equipment failure.

e.

Other items of instruction as recommended by the manufacturer of each
system or item of equipment.

Print or engrave operating instructions and frame under glass or in
approved laminated plastic. Post instructions where directed. For
operating instructions exposed to the weather, provide weather-resistant
materials or weatherproof enclosures. Operating instructions shall not
fade when exposed to sunlight and shall be secured to prevent easy removal
or peeling.
1.9

MANUFACTURER'S NAMEPLATE

Each item of equipment shall have a nameplate bearing the manufacturer's
name, address, model number, and serial number securely affixed in a
conspicuous place; the nameplate of the distributing agent will not be
acceptable.
1.10

FIELD FABRICATED NAMEPLATES

ASTM D709.

Provide laminated plastic nameplates for each equipment
SECTION 26 00 00.00 20
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enclosure, relay, switch, and device; as specified in the technical
sections or as indicated on the drawings. Each nameplate inscription shall
identify the function and, when applicable, the position. Nameplates shall
be melamine plastic, 0.125 inch thick, white with black center core.
Surface shall be matte finish. Corners shall be square. Accurately align
lettering and engrave into the core. Minimum size of nameplates shall be
one by 2.5 inches. Lettering shall be a minimum of 0.25 inch high normal
block style.
1.11

WARNING SIGNS

Provide warning signs for the enclosures of electrical equipment including
substations, pad-mounted transformers, pad-mounted switches, generators,
and switchgear having a nominal rating exceeding 600 volts.
a.

When the enclosure integrity of such equipment is specified to be in
accordance with IEEE C57.12.28 or IEEE C57.12.29, such as for
pad-mounted transformers, provide self-adhesive warning signs on the
outside of the high voltage compartment door(s). Sign shall be a decal
and shall have nominal dimensions of 7 by 10 inches with the legend
"DANGER HIGH VOLTAGE" printed in two lines of nominal 2 inch high
letters. The word "DANGER" shall be in white letters on a red
background and the words "HIGH VOLTAGE" shall be in black letters on a
white background. Decal shall be Panduit No. PPSO710D72 or approved
equal.

b.

When such equipment is guarded by a fence, mount signs on the fence.
Provide metal signs having nominal dimensions of 14 by 10 inches with
the legend "DANGER HIGH VOLTAGE KEEP OUT" printed in three lines of
nominal 3 inch high white letters on a red and black field.

1.12

ELECTRICAL REQUIREMENTS

Electrical installations shall conform to IEEE C2, NFPA 70, and
requirements specified herein.
1.13

INSTRUCTION TO GOVERNMENT PERSONNEL

Where specified in the technical sections, furnish the services of
competent instructors to give full instruction to designated Government
personnel in the adjustment, operation, and maintenance of the specified
systems and equipment, including pertinent safety requirements as required.
Instructors shall be thoroughly familiar with all parts of the installation
and shall be trained in operating theory as well as practical operation and
maintenance work. Instruction shall be given during the first regular work
week after the equipment or system has been accepted and turned over to the
Government for regular operation. The number of man-days (8 hours per day)
of instruction furnished shall be as specified in the individual section.
When more than 4 man-days of instruction are specified, use approximately
half of the time for classroom instruction. Use other time for instruction
with equipment or system. When significant changes or modifications in the
equipment or system are made under the terms of the contract, provide
additional instructions to acquaint the operating personnel with the
changes or modifications.
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2.1

PRODUCTS
FACTORY APPLIED FINISH

Electrical equipment shall have factory-applied painting systems which
shall, as a minimum, meet the requirements of NEMA 250 corrosion-resistance
test and the additional requirements specified in the technical sections.
PART 3
3.1

EXECUTION
FIELD APPLIED PAINTING

Paint electrical equipment as required to match finish of adjacent surfaces
or to meet the indicated or specified safety criteria. Painting shall be
as specified in the section specifying the associated electrical equipment.
3.2

FIELD FABRICATED NAMEPLATE MOUNTING

Provide number, location, and letter designation of nameplates as
indicated. Fasten nameplates to the device with a minimum of two
sheet-metal screws or two rivets.
3.3

WARNING SIGN MOUNTING

Provide the number of signs required to be readable from each accessible
side, but space the signs a maximum of 30 feet apart.
-- End of Section --
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SECTION 26 18 23.00 40
SURGE ARRESTERS
PART 1
1.1

GENERAL
REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.
ASTM INTERNATIONAL (ASTM)
ASTM A123/A123M

(2009) Standard Specification for Zinc
(Hot-Dip Galvanized) Coatings on Iron and
Steel Products

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
IEEE C62.11

(2005; Amd 1 2008) Standard for
Metal-Oxide Surge Arresters for
Alternating Current Power Circuits (>1kV)

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)
NEMA LA 1

(2009) Standard for Surge Arresters

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)
NFPA 70
1.2

(2011) National Electrical Code

GENERAL REQUIREMENTS

Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS applies to
work specified in this section.
Submit Equipment and Performance Data for surge arresters including life,
test, system functional flows, safety features, and mechanical automated
details.
1.3

SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval. Submit the following in accordance with Section 01333
CONSTRUCTION SUBMITTAL REQUIREMENTS:
SD-02 Shop Drawings
Provide the following shop drawings according to requirements set
forth in this section:
Fabrication Drawings
Installation Drawings
SD-03 Product Data
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Submit Equipment and Performance Data for surge arresters in
accordance with paragraph entitled, "General Requirements," of
this section.
Submit Manufacturer's product data for the following items:
Surge Arresters
Mounting Brackets
SD-08 Manufacturer's Instructions
Installation Instructions
Surge Arresters
SD-10 Operation and Maintenance Data
O & M Manuals
Surge Arresters
PART 2
2.1

PRODUCTS
EQUIPMENT

Provide design, fabrication, testing, and performance of arresters that
complies with IEEE C62.11, NEMA LA 1.
Provide arresters that utilize metal oxide varistor and gapped arrester
technologies.
Provide station class high voltage surge arresters with the following
ratings:
1.

System Voltage:

115 kV nominal line-to-line, ungrounded.

2.

Duty Cycle Voltage:

3.

Maximum Continuous Operating Voltage (MCOV):

4.

Rated Discharge Energy:

5.

Fault Current Capability:

6.

System Frequency: 60 Hertz

7.

Lightning Impulse Classifying Current: 10kA

8.

High Current Withstand: 100kA

9.

Pressure Relief Rating: 65kA rms symmetrical

120 kV
98 kV

7.17 kJ/kV of MCOV
90,000 amperes rms symmetrical

Provide arresters that are contained within a porcelain housing. Provide
arrester that is designed to be non-fragmenting to provide extra safety to
personnel and equipment. For arresters utilizing a hanger frame type
mounting bracket, provide a frame that is non-corrosive track resistant
glass filled polyester or other suitable non-corrosive/non-conductive
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material providing high mechanical strength. Provide arrester mounting
hardware that is designed for installation in severe salt-spray atmosphere
and that is of a corrosion-resistant metal or zinc-coated in accordance
with ASTM A123/A123M.
2.2

FABRICATION DRAWINGS

Submit fabrication drawings in accordance with paragraph entitled,
"Equipment," of this section. Provide drawings that show assembly and
fabrication details performed in the factory.
2.3
2.3.1

SURGE ARRESTERS
O & M Manuals, Surge Arresters

Provide O & M Manuals for surge arresters specified within these plans and
specifications.
2.3.2

Station

Provide single-phase, single-pole, self-supporting type arresters for
pedestal mounting in a vertical position.
2.4

MOUNTING BRACKETS

Provide arresters that are equipped with suitable mounting brackets for the
applicable method of mounting.
PART 3
3.1

EXECUTION
INSTALLATION

Install and connect arresters in accordance with the manufacturer's
installation instructions.
Make ground connection to a driven ground rod, counterpoise, or station
grounding system and meet the intent of the National Electrical Code,
NFPA 70.
Connect surge arresters as close as practicable to the apparatus being
protected. When connecting arresters to overhead conductors, use a hot
line clamp. Provide a hot line clamp that is designed to be compatible to
the type of conductor material being used, i.e. aluminum or copper.
3.1.1

Installation Instructions, Surge Arresters

Submit Manufacturer's instructions for surge arresters including special
provisions required to install equipment components and system packages.
Provide special notices that detail impedances, hazards and safety
precautions.
3.1.2

Installation Drawings

Submit installation drawings in accordance with paragraph entitled,
"Installation," of this section.
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3.2
3.2.1

ARRESTERS
Station Type

Install station type arrestors on grounded structures suitable to
adequately support the weight of the arrestor.
-- End of Section --
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SECTION 32 31 13
CHAIN LINK FENCES AND GATES

PART 1
1.1

GENERAL
REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.
ASTM INTERNATIONAL (ASTM)
ASTM A116

(2011) Standard Specification for
Metallic-Coated, Steel Woven Wire Fence
Fabric

ASTM A153/A153M

(2009) Standard Specification for Zinc
Coating (Hot-Dip) on Iron and Steel
Hardware

ASTM A702

(1989; R 2006) Standard Specification for
Steel Fence Posts and Assemblies, Hot
Wrought

ASTM A780/A780M

(2009) Standard Practice for Repair of
Damaged and Uncoated Areas of Hot-Dip
Galvanized Coatings

ASTM A90/A90M

(2011) Standard Test Method for Weight Mass
of Coating on Iron and Steel Articles
with Zinc or Zinc-Alloy Coatings

ASTM C94/C94M

(2011b) Standard Specification for
Ready-Mixed Concrete

ASTM F 1043

(2011a) Strength and Protective Coatings
on Metal Industrial Chain-Link Fence
Framework

ASTM F 1083

(2010) Standard Specification for Pipe,
Steel, Hot-Dipped Zinc Coated (Galvanized)
Welded, for Fence Structures

ASTM F 567

(2011) Standard Practice for Installation
of Chain Link Fence

ASTM F 626

(2008) Standard Specification for Fence
Fittings

ASTM F 883

(2009) Padlocks

U.S. GENERAL SERVICES ADMINISTRATION (GSA)
FS RR-F-191/2

(Rev E) Fencing, Wire and Post, Metal
(Chain-Link Fence Gates)
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(Rev E; Am 1) Fencing, Wire and Post,
Metal (Chain-Link Fence Posts, Top Rails
and Braces)

SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval. Submit the following in accordance with Section 01333
CONSTRUCTION SUBMITTAL REQUIREMENTS:
SD-02 Shop Drawings
Fence Assembly
Location of Gate, Corner, End, and Pull Posts
Gate Assembly
Gate Hardware and Accessories
Erection/Installation Drawings
SD-03 Product Data
Fence Assembly
Gate Assembly
Gate Hardware and Accessories
Recycled Material Content
Zinc Coating
Concrete
Posts
Braces
Line Posts
Top Rail
Bottom Rail
Gate Posts
Padlocks
SD-07 Certificates
Certificates of Compliance
SD-08 Manufacturer's Instructions
Fence Assembly
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Gate Assembly
Hardware Assembly
Accessories
1.3

ASSEMBLY AND INSTALLATION INSTRUCTIONS

Submit manufacturer's erection/installation drawings and instructions that
detail proper assembly and materials in the design for fence, gate,
hardware and accessories.
Submit erection/installation drawings along with manufacturer's catalog
data for complete fence assembly, gate assembly, hardware assembly and
accessories.
1.4

DELIVERY, STORAGE, AND HANDLING

Deliver materials to site in an undamaged condition. Store materials off
the ground to provide protection against oxidation caused by ground contact.
1.5
1.5.1

QUALITY ASSURANCE
Required Report Data

Submit reports of listing of chain-link fencing and accessories regarding
weight in ounces for zinc coating.
1.5.2

Certificates of Compliance

Submit certificates of compliance in accordance with the applicable
reference standards and descriptions of this section for the following:
a.

Zinc coating

b.

Gate hardware and accessories

PART 2
2.1

PRODUCTS
GENERAL

Provide fencing materials conforming to the requirements of ASTM A116,
ASTM A702, ASTM F 626, and as specified.
Submit manufacturer's data indicating percentage of recycled material
content in protective fence materials, including chain link fence, fabric,
and gates to verify affirmative procurement compliance.
2.2

ZINC COATING

Provide hot-dip galvanized (after fabrication) ferrous-metal components and
accessories, except as otherwise specified.
Provide zinc coating of weight not less than 1.94 ounces per square foot,
as determined from the average result of two specimens, when tested in
accordance with ASTM A90/A90M.
Provide zinc coating conforming to the requirements of the following:
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a.

Pipe:

FS RR-F-191/3 Class 1 Grade A in accordance with ASTM F 1083 .

b.

Hardware and accessories:

c.

Surface:

d.

External: Type B-B surface zinc with organic coating, 0.97 ounce per
square foot minimum thickness of acrylated polymer.

e.

Internal:

ASTM A153/A153M, Table 1

ASTM F 1043

Surface zinc coating of 0.97 ounce per square foot minimum.

Provide galvanizing repair material that is cold-applied zinc-rich coating
conforming to ASTM A780/A780M.
2.3

POSTS TOP RAILS, BOTTOM RAILS AND BRACES

FS RR-F-191/3 line posts; Class 1, steel pipe, Grade A. End, corner, and
pull posts; Class 1, steel pipe, Grade A. Braces and rails; Class 1, steel
pipe, Grade A, in minimum sizes listed in FS RR-F-191/3 for each class and
grade
2.4

LINE POSTS

Minimum acceptable line posts are as follows:
Up to 6-feet high:
Grade A:
2.5

1.900 inch O.D. pipe weighing 2.72 pounds per linear foot.

END, CORNER, AND PULL POSTS

Provide minimally acceptable end, corner, and pull posts as follows:
Up to 6 feet high:
Grade A:
2.6

2.375 inch O.D. pipe weighing 3.65 pounds per linear foot.

TOP RAIL

Provide a minimum of 1.660 inches O.D. pipe rails. Provide expansion
couplings 6-inches long at each joint in top rails.
2.7

BOTTOM RAIL

Provide bottom rail conforming to minimum sizes specified in FS RR-F-191/3
for each class and grade unless members are to be oversized.
2.8

POST-BRACE ASSEMBLY

Provide bracing consisting of 1.660 inches O.D. pipe Grade A weighing 2.27
pounds per linear foot and 3/8 inch adjustable truss rods and turnbuckles.
2.9

POST TOPS

Provide tops that are steel, wrought iron, or malleable iron designed as a
weathertight closure cap. Provide one cap for each post, unless equal
protection is provided by a combination post-cap and barbed-wire supporting
arm. Provide caps with an opening to permit through passage of the top
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rail.
2.10

GATE POSTS

Provide a gate post for supporting each gate leaf as follows:
Up to 6-feet wide:
2.875 inch O.D. pipe Grade A weighing 5.79 pounds per linear foot.
2.11

GATES

FS RR-F-191/2; Type I, single swing. Shape and size of gate frame, as
indicated. Framing and bracing members, round of steel alloy. Steel
member finish, zinc-coated. Provide gate frames and braces of minimum
sizes listed in FS RR-F-191/3 for each Class and Grade, except that steel
pipe frames are a minimum of 1.90 inches o.d., 0.120 inches minimum wall
thickness and aluminum pipe frames and intermediate braces are 1.869 inches
o.d. minimum, 0.940 lb/ft of length. Gate fabric, is as specified for
fencing fabric. Coating for steel latches, stops, hinges, keepers, and
accessories, galvanized. Provide fork type gate latches.
Provide gate frame assembly that is welded or assembled with special
malleable or pressed-steel fittings and rivets to provide rigid
connections.
Attach hardware with rivets or by other means which provides
equal security against breakage or removal.
Provide diagonal cross-bracing, consisting of 3/8-inch diameter
adjustable-length truss rods on welded gate frames, where necessary to
obtain frame rigidity without sag or twist. Provide nonwelded gate frames
with diagonal bracing.
2.12

GATE HARDWARE AND ACCESSORIES

Provide gate hardware and accessories that conforms to ASTM A116, ASTM A702,
ASTM F 626, and be as specified:
Provide pressed steel hinges to suit gate size, non-lift-off type, offset
to permit 180-degree opening.
Provide latch that permits operation from either side of the gate, with
a padlock eye provided as an integral part of the latch.
Provide stops and holders of malleable iron for vehicular gates.
Provide stops that automatically engage the gate and hold it in the
open position until manually released.
2.13

MISCELLANEOUS HARDWARE

Provide miscellaneous hot-dip galvanized hardware as required.
2.14

CONCRETE

Provide concrete conforming to ASTM C94/C94M, and obtaining a minimum
28-day compressive strength of 3,000 psi.
2.15

GROUT

Provide grout of proportions one part portland cement to three parts clean,
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well-graded sand and a minimum amount of water to produce a workable mix.
2.16

PADLOCKS

Provide padlocks conforming to ASTM F 883, with chain.
PART 3

EXECUTION

Provide complete installation conforming to ASTM F 567.
3.1

GENERAL

Ensure final grading and established elevations are complete prior to
commencing fence installation.
3.2

EXCAVATION

Provide excavations for post footings which are in virgin or compacted
soil, of minimum sizes as indicated.
Space footings for line posts 10 feet on center maximum and at closer
intervals when indicated, with bottoms of the holes approximately 3-inches
below the bottoms of the posts. Set bottom of each post not less than
36-inches below finished grade when in firm, undisturbed soil. Set posts
deeper, as required, in soft and problem soils and for heavy, lateral loads.
Uniformly spread soil from excavations adjacent to the fence line or on
areas of Government property, as directed.
When solid rock is encountered near the surface, drill into the rock at
least 12 inches for line posts and at least 18 inches for end, pull,
corner, and gate posts. Drill holes at least 1 inch greater in diameter
than the largest dimension of the placed post.
If solid rock is below the soil overburden, drill to the full depth
required except that penetration into rock need not exceed the minimum
depths specified above.
3.3

SETTING POSTS

Remove loose and foreign materials from holes and the soil moistened prior
to placing concrete.
Provide tops of footings that are trowel finished and sloped or domed to
shed water away from posts. Set hold-open devices, sleeves, and other
accessories in concrete.
Keep exposed concrete moist for at least 7 calendar days after placement or
cured with a membrane curing material, as approved.
3.3.1

Earth and Bedrock

Provide concrete bases of dimensions indicated.
eliminate voids, and finish to a dome shape.
3.3.2

Compact concrete to

Bracing

Brace gate, corner, end, and pull posts to nearest post with a horizontal
brace used as a compression member, placed at least 12 inches below top of
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fence, and a diagonal tension rod.
3.4

CONCRETE STRENGTH

Provide concrete that has attained at least 75 percent of its minimum
28-day compressive strength, but in no case sooner than 7 calendar days
after placement, before rails, tension wire, or fabric are installed. Do
not stretch fabric and wires or hang gates until the concrete has attained
its full design strength.
Take samples and test concrete to determine strength as specified.
3.5

TOP RAILS

Provide top rails that run continuously through post caps or extension
arms, bending to radius for curved runs. Provide expansion couplings as
recommended by the fencing manufacturer.
3.6

BRACE ASSEMBLY

Provide bracing assemblies at end and gate posts and at both sides of
corner and pull posts, with the horizontal brace located at midheight of
the fabric.
Install brace assemblies so posts are plumb when the diagonal rod is under
proper tension.
Provide two complete brace assemblies at corner and pull posts where
required for stiffness and as indicated.
3.7

GATE INSTALLATION

Install gates plumb, level, and secure, with full opening without
interference. Install ground set items in concrete for anchorage as
recommended by the fence manufacturer. Adjust hardware for smooth
operation and lubricated where necessary.
3.8

TIE WIRES

Provide tie wires that are U-shaped to the pipe diameters to which
attached. Twist ends of tie wires not less than two full turns and bent so
as not to present a hazard.
3.9

FASTENERS

Install nuts for tension bands and hardware on the side of the fence
opposite the fabric side. Peen ends of bolts to prevent removal of nuts.
3.10

ZINC-COATING REPAIR

Clean and repair galvanized surfaces damaged by welding or abrasion, and
cut ends of fabric, or other cut sections with specified galvanizing repair
material applied in strict conformance with the manufacturer's printed
instructions.
3.11

TOLERANCES

Provide posts that are straight and plumb within a vertical tolerance of
1/4 inch after the fabric has been stretched. Provide fencing and gates
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that are true to line with no more than 1/2 inch deviation from the
established centerline between line posts. Repair defects as directed.
3.12
3.12.1

SITE PREPARATION
Clearing and Grading

Clear fence line of trees, brush, and other obstacles to install fencing.
Establish a graded, compacted fence line prior to fencing installation.
3.13

FENCE INSTALLATION

Install fence on prepared surfaces to line and grade indicated.
Install
fence in accordance with fence manufacturer's written installation
instructions except as modified herein.
3.13.1

Post Spacing

Provide line posts spaced equidistantly apart, not exceeding 10 feeton
center. Provide gate posts spaced as necessary for size of gate openings.
Do not exceed 500 feet on straight runs between braced posts. Provide
corner or pull posts, with bracing in both directions, for changes in
direction of 15 degrees or more, or for abrupt changes in grade. Provide
drawings showing location of gate, corner, end, and pull posts.
3.13.2

Top and Bottom Tension Wire

Install tension wires before installing chain-link fabric, and pull wires
taut. Place top and bottom tension wires within 8 inches of respective
fabric line.
3.14
3.14.1

ACCESSORIES INSTALLATION
Post Caps

Install post caps as recommended by the manufacturer.
3.14.2

Padlocks

Provide padlocks for gate openings and provide chains that are securely
attached to gate or gate posts. Provide padlocks keyed alike, and provide
two keys for each padlock.
3.15

GROUNDING

Ground fencing as indicated on drawings and specified.
Ground all fences crossed by overhead power lines in excess of 600 volts,
and all electrical equipment attached to the fence. Ground fences on each
side of all gates, at each corner, at the closest approach to each building
located within 50 feet of the fence, and where the fence alignment changes
more than 15 degrees. Grounding locations can not exceed 650 feet. Bond
each gate panel with a flexible bond strap to its gate post. Ground fences
crossed by power lines of 600 volts or more at or near the point of
crossing and at distances not exceeding 150 feet on each side of crossing.
Provide ground conductor consisting of No. 8 AWG solid copper wire.
Provide copper-clad steel rod grounding electrodes 3/4 inch by 10 foot
long. Drive electrodes into the earth so that the top of the electrode is
at least 6 inches below the grade. Where driving is impracticable, bury
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electrodes a minimum of 12 inches deep and radially from the fence, with
top of the electrode not less than 2 feet or more than 8 feet from the
fence. Clamp ground conductor to the fence and electrodes with bronze
grounding clamps to create electrical continuity between fence posts, fence
fabric, and ground rods. Total resistance of the fence to ground cannot
exceed 25 ohms
3.16

CLEANUP

Remove waste fencing materials and other debris from the work site.
-- End of Section --
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SECTION 33 71 02.00 20
UNDERGROUND ELECTRICAL DISTRIBUTION
PART 1
1.1

GENERAL
REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.
AMERICAN ASSOCIATION OF STATE HIGHWAY AND TRANSPORTATION OFFICIALS
(AASHTO)
AASHTO HB-17

(2002; Errata 2003; Errata 2005, 17th
Edition) Standard Specifications for
Highway Bridges

AASHTO M 198

(2010) Standard Specification for Joints
for Concrete Pipe, Manholes, and Precast
Box Sections Using Preformed Flexible
Joint Sealants

AMERICAN CONCRETE INSTITUTE INTERNATIONAL (ACI)
ACI 318M

(2011) Building Code Requirements for
Structural Concrete & Commentary

ACI SP-66

(2004) ACI Detailing Manual

ASSOCIATION OF EDISON ILLUMINATING COMPANIES (AEIC)
AEIC CS8

(2000) Extruded Dielectric Shielded Power
Cables Rated 5 Through 46 kV
ASTM INTERNATIONAL (ASTM)

ASTM B1

(2001; R 2007) Standard Specification for
Hard-Drawn Copper Wire

ASTM B3

(2001; R 2007) Standard Specification for
Soft or Annealed Copper Wire

ASTM B496

(2004e1; R 2010) Standard Specification
for Compact Round Concentric-Lay-Stranded
Copper Conductors

ASTM B8

(2011) Standard Specification for
Concentric-Lay-Stranded Copper Conductors,
Hard, Medium-Hard, or Soft

ASTM B800

(2005; R 2011) Standard Specification for
8000 Series Aluminum Alloy Wire for
Electrical Purposes-Annealed and
Intermediate Tempers

ASTM B801

(2007) Standard Specification for
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Concentric-Lay-Stranded Conductors of 8000
Series Aluminum Alloy for Subsequent
Covering or Insulation
ASTM C309

(2011) Standard Specification for Liquid
Membrane-Forming Compounds for Curing
Concrete

ASTM C478

(2009) Standard Specification for Precast
Reinforced Concrete Manhole Sections

ASTM C857

(2011) Standard Practice for Minimum
Structural Design Loading for Underground
Precast Concrete Utility Structures

ASTM F 512

(2006) Smooth-Wall Poly (Vinyl Chloride)
(PVC) Conduit and Fittings for Underground
Installation

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
IEEE 100

(2000; Archived) The Authoritative
Dictionary of IEEE Standards Terms

IEEE 400.2

(2004) Guide for Field Testing of Shielded
Power Cable Systems Using Very Low
Frequency (VLF)

IEEE 404

(2006) Standard for Extruded and Laminated
Dielectric Shielded Cable Joints Rated
2500 V to 500,000 V

IEEE 48

(2009) Standard for 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

IEEE 81

(1983) Guide for Measuring Earth
Resistivity, Ground Impedance, and Earth
Surface Potentials of a Ground System

IEEE C2

(2012) National Electrical Safety Code
INSULATED CABLE ENGINEERS ASSOCIATION (ICEA)

ICEA S-94-649

(2004) Standard for Concentric Neutral
Cables Rated 5 Through 46 KV

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)
NETA ATS

(2009) Standard for Acceptance Testing
Specifications for Electrical Power
Equipment and Systems
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

ANSI C119.1

(2011) Electric Connectors - Sealed
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Insulated Underground Connector Systems
Rated 600 Volts
ANSI/NEMA WC 71/ICEA S-96-659

(1999) Standard for Nonshielded Cables
Rated 2001-5000 Volts for use in the
Distribution of Electric Energy

NEMA TC 6 & 8

(2003) Standard for Polyvinyl Chloride
(PVC) Plastic Utilities Duct for
Underground Installations

NEMA TC 9

(2004) Standard for Fittings for Polyvinyl
Chloride (PVC) Plastic Utilities Duct for
Underground Installation

NEMA WC 70

(2009) Power Cable Rated 2000 V or Less
for the Distribution of Electrical
Energy--S95-658

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)
NFPA 70

(2011) National Electrical Code
TELECOMMUNICATIONS INDUSTRY ASSOCIATION (TIA)

TIA-758

(2004a) Customer-Owned Outside Plant
Telecommunications Infrastructure Standard
U.S. DEPARTMENT OF AGRICULTURE (USDA)

RUS Bull 1751F-644

(2002) Underground Plant Construction

UNDERWRITERS LABORATORIES (UL)
UL 44

(2010) Thermoset-Insulated Wires and Cables

UL 467

(2007) Grounding and Bonding Equipment

UL 486A-486B

(2003; Reprint Feb 2010) Wire Connectors

UL 510

(2005; Reprint Apr 2008) Polyvinyl
Chloride, Polyethylene and Rubber
Insulating Tape

UL 514B

(2004; Reprint Nov 2009) Conduit, Tubing
and Cable Fittings

UL 6

(2007; reprint Nov 2010) Electrical Rigid
Metal Conduit-Steel

UL 651

(2011) Standard for Schedule 40 and 80
Rigid PVC Conduit and Fittings

UL 854

(2004; Reprint Sep 2011) Standard for
Service-Entrance Cables

1.2

DEFINITIONS

a. Unless otherwise specified or indicated, electrical and electronics
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terms used in these specifications, and on the drawings, shall be as
defined in IEEE 100.
b.

In the text of this section, the words conduit and duct are used
interchangeably and have the same meaning.

c.

In the text of this section, "medium voltage cable splices," and
"medium voltage cable joints" are used interchangeably and have the
same meaning.

1.3

SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval. The following shall be submitted in accordance with Section 01333
CONSTRUCTION SUBMITTAL REQUIREMENTS:
SD-02 Shop Drawings
Precast underground structures
SD-03 Product Data
Medium voltage cable; G
Medium voltage cable joints; G
Medium voltage cable terminations; G
Precast concrete structures; G
Sealing Material
Pulling-In Irons
Manhole frames and covers
Cable supports (racks, arms and insulators)
SD-06 Test Reports
Arc-proofing test for cable fireproofing materials; G
Medium voltage cable qualification and production tests; G
Field Acceptance Checks and Tests; G
Arc-proofing test for cable fireproofing tape; G
SD-07 Certificates
Cable splicer/terminator
Cable Installer Qualifications
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QUALITY ASSURANCE
Precast Underground Structures

Submittal required for each type used. Provide calculations and drawings
for precast manholes and handholes bearing the seal of a registered
professional engineer including:
a.

Material description (i.e., f'c and Fy)

b.

Manufacturer's printed assembly and installation instructions

c.

Design calculations

d.

Reinforcing shop drawings in accordance with ACI SP-66

e.

Plans and elevations showing opening and pulling-in iron locations and
details

1.4.2

Certificate of Competency for Cable Splicer/Terminator

Certification of the qualification of the cable splicer/terminator shall be
submitted, for approval, 30 days before splices or terminations are to be
made in medium voltage (5 kV to 35 kV) cables. The certification shall
include the training, and experience of the individual on the specific type
and classification of cable to be provided under this contract. The
certification shall indicate that the individual has had three or more
years recent experience splicing and terminating medium voltage cables.
The certification shall also list a minimum of three splices/terminations
that have been in operation for more than one year. In addition, the
individual may be required to perform a dummy or practice
splice/termination in the presence of the Contracting Officer, before being
approved as a qualified cable splicer. If that additional requirement is
imposed, the Contractor shall provide short sections of the approved types
of cables along with the approved type of splice/termination kit, and
detailed manufacturer's instructions for the cable to be spliced. The
Contracting Officer reserves the right to require additional proof of
competency or to reject the individual and call for certification of an
alternate cable splicer.
1.4.3

Cable Installer Qualifications

Provide at least one onsite person in a supervisory position with a
documentable level of competency and experience to supervise all cable
pulling operations. Provide a resume showing the cable installers'
experience in the last three years, including a list of references complete
with points of contact, addresses and telephone numbers.
1.4.4

Regulatory Requirements

In each of the publications referred to herein, consider the advisory
provisions to be mandatory, as though the word, "shall" had been
substituted for "should" wherever it appears. Interpret references in
these publications to the "authority having jurisdiction," or words of
similar meaning, to mean the Contracting Officer. Equipment, materials,
installation, and workmanship shall be in accordance with the mandatory and
advisory provisions of NFPA 70 unless more stringent requirements are
specified or indicated.
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Standard Products

Provide materials and equipment that are products of manufacturers
regularly engaged in the production of such products which are of equal
material, design and workmanship. Products shall have been in satisfactory
commercial or industrial use for 2 years prior to bid opening. The 2-year
period shall include applications of equipment and materials under similar
circumstances and of similar size. The product shall have been on sale on
the commercial market through advertisements, manufacturers' catalogs, or
brochures during the 2-year period. Where two or more items of the same
class of equipment are required, these items shall be products of a single
manufacturer; however, the component parts of the item need not be the
products of the same manufacturer unless stated in this section.
1.4.5.1

Alternative Qualifications

Products having less than a 2-year field service record will be acceptable
if a certified record of satisfactory field operation for not less than
6000 hours, exclusive of the manufacturers' factory or laboratory tests, is
furnished.
1.4.5.2

Material and Equipment Manufacturing Date

Products manufactured more than 3 years prior to date of delivery to site
shall not be used, unless specified otherwise.
PART 2
2.1

PRODUCTS
CONDUIT, DUCTS, AND FITTINGS

2.1.1

Rigid Metal Conduit

UL 6.
2.1.2

Plastic Conduit for Direct Burial

UL 651,Schedule 40 or Schedule 80as indicated.
2.1.3

Plastic Duct for Concrete Encasement

NEMA TC 6 & 8 and ASTM F 512,
2.1.4

UL 651, EPC-40-PVC.

Conduit Sealing Compound

Compounds for sealing ducts and conduit shall have a putty-like consistency
workable with the hands at temperatures as low as 35 degrees F, shall
neither slump at a temperature of 300 degrees F, nor harden materially when
exposed to the air. Compounds shall adhere to clean surfaces of fiber or
plastic ducts; metallic conduits or conduit coatings; concrete, masonry, or
lead; any cable sheaths, jackets, covers, or insulation materials; and the
common metals. Compounds shall form a seal without dissolving, noticeably
changing characteristics, or removing any of the ingredients. Compounds
shall have no injurious effect upon the hands of workmen or upon
materials. Inflatable bladders may be used as an option.
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Fittings

2.1.5.1

Metal Fittings

UL 514B.
2.1.5.2

PVC Conduit Fittings

UL 514B, UL 651.
2.1.5.3

PVC Duct Fittings

NEMA TC 9.
2.2

LOW VOLTAGE INSULATED CONDUCTORS AND CABLES

Insulated conductors shall be rated 600 volts and conform to the
requirements of NFPA 70, including listing requirements, or in accordance
with NEMA WC 70. Wires and cables manufactured more than 12 months prior
to date of delivery to the site shall not be accepted. Service entrance
conductors shall conform to UL 854, type USE.
2.2.1

Conductor Types

Cable and duct sizes indicated are for copper conductors and THHN/THWN
unless otherwise noted. Conductors No. 10 AWG and smaller shall be solid
copper. Conductors No. 8 AWG and larger shall be stranded copper. All
conductors shall be copper.
2.2.2

Conductor Material

Unless specified or indicated otherwise or required by NFPA 70, wires in
conduit, other than service entrance, shall be 600-volt, Type XHHW
conforming to UL 44. Copper conductors shall be annealed copper complying
with ASTM B3 and ASTM B8. Aluminum conductors shall be Type AA-8000
aluminum conductors complying with ASTM B800 and ASTM B801, and shall be of
an aluminum alloy listed or labeled by UL as "component aluminum-wire stock
(conductor material). Type EC/1350 is not acceptable. Intermixing of
copper and aluminum conductors is not permitted.
2.2.3

In Duct

Cables shall be single-conductor cable.
2.2.4

Cable Marking

Insulated conductors shall have the date of manufacture and other
identification imprinted on the outer surface of each cable at regular
intervals throughout the cable length.
Each cable shall be identified by means of a fiber, laminated plastic, or
non-ferrous metal tags, or approved equal, in each manhole, handhole,
junction box, and each terminal. Each tag shall contain the following
information; cable type, conductor size, circuit number, circuit voltage,
cable destination and phase identification.
Conductors shall be color coded. Conductor identification shall be
provided within each enclosure where a tap, splice, or termination is
made. Conductor identification shall be by color-coded insulated
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conductors, plastic-coated self-sticking printed markers, colored nylon
cable ties and plates, heat shrink type sleeves,or colored electrical tape.
Control circuit terminations shall be properly identified. Color shall be
green for grounding conductors and white for neutrals; except where
neutrals of more than one system are installed in same raceway or box,
other neutrals shall be white with a different colored (not green) stripe
for each. Color of ungrounded conductors in different voltage systems
shall be as follows
a.

b.

c.
2.3

208/120 volt, three-phase
(1)

Phase A - black

(2)

Phase B - red

(3)

Phase C - blue

480/277 volt, three-phase
(1)

Phase A - brown

(2)

Phase B - orange

(3)

Phase C - yellow

120/240 volt, single phase:

Black and red

LOW VOLTAGE WIRE CONNECTORS AND TERMINALS

Shall provide a uniform compression over the entire conductor contact
surface. Use solderless terminal lugs on stranded conductors.
a.
2.4

For use with copper conductors:

UL 486A-486B.

LOW VOLTAGE SPLICES

Provide splices in conductors with a compression connector on the conductor
and by insulating and waterproofing using one of the following methods
which are suitable for continuous submersion in water and comply ANSI C119.1.
2.4.1

Heat Shrinkable Splice

Provide heat shrinkable splice insulation by means of a thermoplastic
adhesive sealant material which shall be applied in accordance with the
manufacturer's written instructions.
2.4.2

Cold Shrink Rubber Splice

Provide a cold-shrink rubber splice which consists of EPDM rubber tube
which has been factory stretched onto a spiraled core which is removed
during splice installation. The installation shall not require heat or
flame, or any additional materials such as covering or adhesive. It shall
be designed for use with inline compression type connectors, or indoor,
outdoor, direct-burial or submerged locations.
2.5

MEDIUM VOLTAGE CABLE

Cable (conductor) sizes are designated by American Wire Gauge (AWG) and
Thousand Circular Mils (Kcmil). Conductor and conduit sizes indicated are
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for copper conductors unless otherwise noted. Insulated conductors shall
have the date of manufacture and other identification imprinted on the
outer surface of each cable at regular intervals throughout cable length.
Wires and cables manufactured more than 12 months prior to date of delivery
to the site shall not be accepted. Provide single conductor type cables
unless otherwise indicated.
2.5.1

Cable Configuration

Provide concentric neutral underground distribution cable conforming to
ICEA S-94-649. Provide cables manufactured for use in duct applications.
Cable shall be rated 5 kV with 133 percent insulation level.
2.5.2

Conductor Material

Provide concentric-lay-stranded, Class B conductors. Provide soft drawn
copper cables complying with ASTM B3 and ASTM B8 for regular concentric and
compressed stranding or ASTM B496 for compact stranding.
2.5.3

Insulation

Provide ethylene-propylene-rubber (EPR) insulation conforming to the
requirements of ANSI/NEMA WC 71/ICEA S-96-659 and ICEA S-94-649.
2.5.4

Shielding

Cables rated for 2 kV and above shall have a semiconducting conductor
shield, a semiconducting insulation shield, and an overall copper tape
shield for each phase.
2.5.5

Neutrals

Concentric neutrals conductors shall be copper, having a combined ampacity
1/3 of the phase conductor ampacity rating.
2.5.6

Jackets

Cables shall be provided with a PVC jacket.
2.6

MEDIUM VOLTAGE CABLE TERMINATIONS

IEEE 48 Class 1; of the molded elastomer, prestretched elastomer, or
heat-shrinkable elastomer. Acceptable elastomers are track-resistant
silicone rubber or track-resistant ethylene propylene compounds, such as
ethylene propylene rubber or ethylene propylene diene monomer. Separable
insulated connectors may be used for apparatus terminations, when such
apparatus is provided with suitable bushings. Terminations, where required,
shall be provided with mounting brackets suitable for the intended
installation and with grounding provisions for the cable shielding,
metallic sheath, or armor. Terminations shall be provided in a kit,
including: skirts, stress control terminator, ground clamp, connectors,
lugs, and complete instructions for assembly and installation.
Terminations shall be the product of one manufacturer, suitable for the
type, diameter, insulation class and level, and materials of the cable
terminated. Do not use separate parts of copper or copper alloy in contact
with aluminum alloy parts in the construction or installation of the
terminator.
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Cold-Shrink Type

Terminator shall be a one-piece design, utilizing the manufacturer's latest
technology, where high-dielectric constant (capacitive) stress control is
integrated within a skirted insulator made of silicone rubber. Termination
shall not require heat or flame for installation. Termination kit shall
contain all necessary materials (except for the lugs). Termination shall
be designed for installation in low or highly contaminated indoor and
outdoor locations and shall resist ultraviolet rays and oxidative
decomposition.
2.6.2

Heat Shrinkable Type

Terminator shall consist of a uniform cross section heat shrinkable
polymeric construction stress relief tubing and environmentally sealed
outer covering that is nontracking, resists heavy atmospheric contaminants,
ultra violet rays and oxidative decomposition. Provide heat shrinkable
sheds or skirts of the same material. Termination shall be designed for
installation in low or highly contaminated indoor or outdoor locations.
2.7

MEDIUM VOLTAGE CABLE JOINTS

Provide joints (splices) in accordance with IEEE 404 suitable for the rated
voltage, insulation level, insulation type, and construction of the cable.
Joints shall be certified by the manufacturer for waterproof, submersible
applications. Upon request, supply manufacturer's design qualification
test report in accordance with IEEE 404. Connectors for joint shall be
tin-plated electrolytic copper, having ends tapered and having center stops
to equalize cable insertion.
2.7.1

Heat-Shrinkable Joint

Consists of a uniform cross-section heat-shrinkable polymeric construction
with a linear stress relief system, a high dielectric strength insulating
material, and an integrally bonded outer conductor layer for shielding.
Replace original cable jacket with a heavy-wall heat-shrinkable sleeve with
hot-melt adhesive coating.
2.7.2

Cold-Shrink Rubber-Type Joint

Joint shall be of a cold shrink design that does not require any heat
source for its installation. Splice insulation and jacket shall be of a
one-piece factory formed cold shrink sleeve made of black EPDM rubber.
Splice shall be packaged three splices per kit, including complete
installation instructions.
2.8
2.8.1

TAPE
Insulating Tape

UL 510, plastic insulating tape, capable of performing in a continuous
temperature environment of 80 degrees C.
2.8.2

Buried Warning and Identification Tape

Polyethylene plastic and metallic core or metallic-faced, acid- and
alkali-resistant, polyethylene plastic warning tape manufactured
specifically for warning and identification of buried utility lines.
Provide tape on rolls, 3 inch minimum width, color coded as specified below
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for the intended utility with warning and identification imprinted in bold
black letters continuously over the entire tape length.
Warning and
identification to read, "CAUTION, BURIED (intended service) LINE BELOW" or
similar wording. Color and printing shall be permanent, unaffected by
moisture or soil.</
>

Warning Tape Color Codes

2.8.3

Yellow:

Electric

Detectable Warning Tape for Non-Metallic Piping

Polyethylene plastic tape conforming to the width, color, and printing
requirements specified above. Minimum thickness of the tape shall be 0.004
inch. Tape shall have a minimum strength of 1500 psi lengthwise and 1250
psi crosswise. Tape shall be manufactured with integral wires, foil
backing, or other means of enabling detection by a metal detector when tape
is buried up to 3 feet deep. Encase metallic element of the tape in a
protective jacket or provide with other means of corrosion protection.
Detection wire shall be insulated single strand, solid copper with a
minimum of 12 AWG
2.8.4

Fireproofing Tape

Provide tape composed of a flexible conformable unsupported intumescent
elastomer. Tape shall be not less than .030 inch thick, noncorrosive to
cable sheath, self-extinguishing, noncombustible, and shall not deteriorate
when subjected to oil, water, gases, salt water, sewage, and fungus.
2.9

PULL ROPE

Shall be plastic or flat pull line (bull line) having a minimum tensile
strength of 200 pounds.
2.10
2.10.1

GROUNDING AND BONDING
Driven Ground Rods

Provide copper-clad steel ground rods conforming to UL 467 not less than
3/4 inch in diameter by 20 feet in length. Sectional type rods may be used
for rods 20 feet or longer.
2.10.2

Grounding Conductors

Stranded-bare copper conductors shall conform to ASTM B8, Class B,
soft-drawn unless otherwise indicated. Solid-bare copper conductors shall
conform to ASTM B1 for sizes No. 8 and smaller. Insulated conductors shall
be of the same material as phase conductors and green color-coded, except
that conductors shall be rated no more than 600 volts. Aluminum is not
acceptable.
2.11

CAST-IN-PLACE CONCRETE

Provide concrete in accordance with Section 03 30 53 MISCELLANEOUS
CAST-IN-PLACE CONCRETE. Provide concrete for encasement of underground
ducts with 3000 psi minimum 28-day compressive strength. Concrete
associated with electrical work for other than encasement of underground
ducts shall be 4000 psi minimum 28-day compressive strength unless
specified otherwise.
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UNDERGROUND STRUCTURES

Provide precast concrete underground structures or standard type
cast-in-place manhole types as indicated, conforming to ASTM C857 and
ASTM C478. Top, walls, and bottom shall consist of reinforced concrete.
Walls and bottom shall be of monolithic concrete construction. Locate duct
entrances and windows near the corners of structures to facilitate cable
racking. Covers shall fit the frames without undue play. Form steel and
iron to shape and size with sharp lines and angles. Castings shall be free
from warp and blow holes that may impair strength or appearance. Exposed
metal shall have a smooth finish and sharp lines and arises. Provide
necessary lugs, rabbets, and brackets. Set pulling-in irons and other
built-in items in place before depositing concrete. Install a pulling-in
iron in the wall opposite each duct line entrance. Cable racks, including
rack arms and insulators, shall be adequate to accommodate the cable.
2.12.1

Cast-In-Place Concrete Structures

Concrete shall conform to Section 03 30 53 MISCELLANEOUS CAST-IN-PLACE
CONCRETE.
2.12.2

Precast Concrete Structures, Risers and Tops

In lieu of cast-in-place, Contractors, at their option, may provide precast
concrete underground structures subject to the requirements specified
below. Precast units shall be the product of a manufacturer regularly
engaged in the manufacture of precast concrete products, including precast
manholes.
2.12.2.1

General

Precast concrete structures shall have the same accessories and facilities
as required for cast-in-place structures. Likewise, precast structures
shall have plan area and clear heights not less than those of cast-in-place
structures. Concrete materials and methods of construction shall be the
same as for cast-in-place concrete construction, as modified herein. Slope
in floor may be omitted provided precast sections are poured in reinforced
steel forms. Concrete for precast work shall have a 28-day compressive
strength of not less than 4000 psi. Structures may be precast to the
design and details indicated for cast-in-place construction, precast
monolithically and placed as a unit, or structures may be assembled
sections, designed and produced by the manufacturer in accordance with the
requirements specified. Structures shall be identified with the
manufacturer's name embedded in or otherwise permanently attached to an
interior wall face.
2.12.2.2

Design for Precast Structures

ACI 318M. In the absence of detailed on-site soil information, design for
the following soil parameters/site conditions:
a.

Angle of Internal Friction (phi) =

30 degrees

b.

Unit Weight of Soil (Dry) =
= 130 pcf

c.

Coefficient of Lateral Earth Pressure (Ka) = 0.33

d.

Ground Water Level =

110 pcf, (Saturated)

3 feet below ground elevation
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e.

Vertical design loads shall include full dead, superimposed dead, and
live loads including a 30 percent magnification factor for impact.
Live loads shall consider all types and magnitudes of vehicular
(automotive, industrial, or aircraft) traffic to be encountered. The
minimum design vertical load shall be for H20 highway loading per
AASHTO HB-17.

f.

Horizontal design loads shall include full geostatic and hydrostatic
pressures for the soil parameters, water table, and depth of
installation to be encountered. Also, horizontal loads imposed by
adjacent structure foundations, and horizontal load components of
vertical design loads, including impact, shall be considered, along
with a pulling-in iron design load of 6000 pounds.

g.

Each structural component shall be designed for the load combination
and positioning resulting in the maximum shear and moment for that
particular component.

h.

Design shall also consider the live loads induced in the handling,
installation, and backfilling of the manholes. Provide lifting devices
to ensure structural integrity during handling and installation.

2.12.2.3

Construction

Structure top, bottom, and wall shall be of a uniform thickness of not less
than 6 inches. Thin-walled knock-out panels for designed or future duct
bank entrances shall not be permitted. Quantity, size, and location of
duct bank entrance windows shall be as directed, and cast completely open
by the precaster. Size of windows shall exceed the nominal duct bank
envelope dimensions by at least 12 inches vertically and horizontally to
preclude in-field window modifications made necessary by duct bank
misalignment. However, the sides of precast windows shall be a minimum of
6 inches from the inside surface of adjacent walls, floors, or ceilings.
Form the perimeter of precast window openings to have a keyed or inward
flared surface to provide a positive interlock with the mating duct bank
envelope. Provide welded wire fabric reinforcing through window openings
for in-field cutting and flaring into duct bank envelopes. Provide
additional reinforcing steel comprised of at least two No. 4 bars around
window openings. Provide drain sumps a minimum of 12 inches in diameter and
4 inches deep for precast structures.
2.12.2.4

Joints

Provide tongue-and-groove joints on mating edges of precast components.
Shiplap joints are not allowed. Design joints to firmly interlock
adjoining components and to provide waterproof junctions and adequate shear
transfer. Seal joints watertight using preformed plastic strip conforming
to AASHTO M 198, Type B. Install sealing material in strict accordance
with the sealant manufacturer's printed instructions. Provide
waterproofing at conduit/duct entrances into structures, and where access
frame meets the top slab, provide continuous grout seal.
2.12.3

Manhole Frames and Covers

Provide hinged galvanized steel door covers, built to AASHTO H20 loading
standards for non-roadway applications. Doors shall be provided with
spring assist and open to 180 degrees. The words "ELECTRIC" or
"TELECOMMUNICATIONS" shall be located on the top face of power and
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telecommunications manhole covers, respectively.
2.13

CABLE SUPPORTS (RACKS, ARMS, AND INSULATORS)

The metal portion of racks and arms shall be zinc-coated after fabrication.
2.13.1

Cable Racks

The wall bracket shall be 4 inches by approximately 1-1/2 inch by 3/16 inch
channel steel, 48 inches long (minimum) in manholes. Slots for mounting
cable rack arms shall be spaced at 8 inch intervals.
2.13.2

Rack Arms

Cable rack arms shall be steel or malleable iron or glass reinforced nylon
and shall be of the removable type. Rack arm length shall be a minimum of
8 inches and a maximum of 12 inches.
2.13.3

Insulators

Insulators for metal rack arms shall be dry-process glazed porcelain.
Insulators are not required for nylon arms.
2.14

CABLE TAGS IN MANHOLES

Provide tags for each power cable located in manholes. The tags shall be
polyethylene. Do not provide handwritten letters. The first position on
the power cable tag shall denote the voltage. The second through sixth
positions on the tag shall identify the circuit. The next to last position
shall denote the phase of the circuit and shall include the Greek "phi"
symbol. The last position shall denote the cable size. As an example, a
tag could have the following designation: "11.5 NAS 1-8(Phase A)500,"
denoting that the tagged cable is on the 11.5kV system circuit number NAS
1-8, underground, Phase A, sized at 500 kcmil.
2.14.1

Polyethylene Cable Tags

Provide tags of polyethylene that have an average tensile strength of 3250
pounds per square inch; and that are 0.08 inch thick (minimum),
non-corrosive non-conductive; resistive to acids, alkalis, organic
solvents, and salt water; and distortion resistant to 170 degrees F.
Provide 0.05 inch (minimum) thick black polyethylene tag holder. Provide a
one-piece nylon, self-locking tie at each end of the cable tag. Ties shall
have a minimum loop tensile strength of 175 pounds. The cable tags shall
have black block letters, numbers, and symbols one inch high on a yellow
background. Letters, numbers, and symbols shall not fall off or change
positions regardless of the cable tags' orientation.
2.15
2.15.1

SOURCE QUALITY CONTROL
Arc-Proofing Test for Cable Fireproofing Tape

Manufacturer shall test one sample assembly consisting of a straight lead
tube 12 inches long with a 2 1/2 inch outside diameter, and a 1/8 inch
thick wall, and covered with one-half lap layer of arc and fireproofing
material per manufacturer's instructions. The arc and fireproofing tape
shall withstand extreme temperature of a high-current fault arc 13,000
degrees K for 70 cycles as determined by using an argon directed plasma jet
capable of constantly producing and maintaining an arc temperature of
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13,000 degrees K. Temperature (13,000 degrees K) of the ignited arc
between the cathode and anode shall be obtained from a dc power source of
305 (plus or minus 5) amperes and 20 (plus or minus 1) volts. The arc
shall be directed toward the sample assembly accurately positioned 5 (plus
or minus 1) millimeters downstream in the plasma from the anode orifice by
fixed flow rate of argon gas (0.18 g per second). Each sample assembly
shall be tested at three unrelated points. Start time for tests shall be
taken from recorded peak current when the specimen is exposed to the full
test temperature. Surface heat on the specimen prior to that time shall be
minimal. The end point is established when the plasma or conductive arc
penetrates the protective tape and strikes the lead tube. Submittals for
arc-proofing tape shall indicate that the test has been performed and
passed by the manufacturer.
2.15.2

Medium Voltage Cable Qualification and Production Tests

Results of AEIC CS8 qualification and production tests as applicable for
each type of medium voltage cable.
PART 3
3.1

EXECUTION
INSTALLATION

Install equipment and devices in accordance with the manufacturer's
published instructions and with the requirements and recommendations of
NFPA 70 and IEEE C2 as applicable. In addition to these requirements,
install telecommunications in accordance with TIA-758 and RUS Bull 1751F-644.
3.2

CABLE INSPECTION

Prior to installation, each cable reel shall be inspected for correct
storage positions, signs of physical damage, and broken end seals. If end
seal is broken, moisture shall be removed from cable prior to installation
in accordance with the cable manufacturer's recommendations.
3.3

UNDERGROUND STRUCTURE CONSTRUCTION

Provide standard type cast-in-place construction as specified herein and as
indicated, or precast construction as specified herein. Horizontal
concrete surfaces of floors shall have a smooth trowel finish. Cure
concrete by applying two coats of white pigmented membrane forming-curing
compound in strict accordance with the manufacturer's printed instructions,
except that precast concrete may be steam cured. Curing compound shall
conform to ASTM C309. Locate duct entrances and windows in the center of
end walls (shorter) and near the corners of sidewalls (longer) to
facilitate cable racking and splicing. Covers for underground structures
shall fit the frames without undue play. Steel and iron shall be formed to
shape and size with sharp lines and angles. Castings shall be free from
warp and blow holes that may impair strength or appearance. Exposed metal
shall have a smooth finish and sharp lines and arises. Provide necessary
lugs, rabbets, and brackets. Set pulling-in irons and other built-in items
in place before depositing concrete.
3.3.1

Cast-In-Place Concrete Structures

Construct walls on a footing of cast-in-place concrete except that precast
concrete base sections may be used for precast concrete manhole risers.
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Precast Concrete Construction

Set commercial precast structures on 6 inches of level, 90 percent
compacted granular fill, 3/4 inch to 1 inch size, extending 12 inches
beyond the structure on each side. Compact granular fill by a minimum of
four passes with a plate type vibrator. Installation shall additionally
conform to the manufacturer's instructions.
3.3.3

Pulling-In Irons

Provide steel bars bent as indicated, and cast in the walls and floors.
Alternatively, pipe sleeves may be precast into the walls and floors where
required to accept U-bolts or other types of pulling-in devices possessing
the strengths and clearances stated herein. The final installation of
pulling-in devices shall be made permanent. Cover and seal exterior
projections of thru-wall type pulling-in devices with an appropriate
protective coating. In the floor the irons shall be a minimum of 6 inches
from the edge of the sump, and in the walls the irons shall be located
within 6 inches of the projected center of the duct bank pattern or precast
window in the opposite wall. However, the pulling-in iron shall not be
located within 6 inches of an adjacent interior surface, or duct or precast
window located within the same wall as the iron. If a pulling-in iron
cannot be located directly opposite the corresponding duct bank or precast
window due to this clearance limitation, locate the iron directly above or
below the projected center of the duct bank pattern or precast window the
minimum distance required to preserve the 6 inch clearance previously
stated. In the case of directly opposing precast windows, pulling-in irons
consisting of a 3 foot length of No. 5 reinforcing bar, formed into a
hairpin, may be cast-in-place within the precast windows simultaneously
with the end of the corresponding duct bank envelope. Irons installed in
this manner shall be positioned directly in line with, or when not
possible, directly above or below the projected center of the duct bank
pattern entering the opposite wall, while maintaining a minimum clear
distance of 3 inches from any edge of the cast-in-place duct bank envelope
or any individual duct. Pulling-in irons shall have a clear projection
into the structure of approximately 4 inches and shall be designed to
withstand a minimum pulling-in load of 6000 pounds. Irons shall be
hot-dipped galvanized after fabrication.
3.3.4

Cable Racks, Arms and Insulators

Cable racks, arms and insulators shall be sufficient to accommodate the
cables. Racks in power manholes shall be spaced not more than 3 feet
apart, and each manhole wall shall be provided with a minimum of two
racks. Racks in signal manholes shall be spaced not more than 16 1/2 inches
apart with the end rack being no further than 12 inches from the adjacent
wall. Methods of anchoring cable racks shall be as follows:
a.

Provide a 5/8 inch diameter by 5 inch long anchor bolt with 3 inch foot
cast in structure wall with 2 inch protrusion of threaded portion of
bolt into structure. Provide 5/8 inch steel square head nut on each
anchor bolt. Coat threads of anchor bolts with suitable coating
immediately prior to installing nuts.

b.

Provide concrete channel insert with a minimum load rating of 800
pounds per foot. Insert channel shall be steel of the same length as
"vertical rack channel;" channel insert shall be cast flush in
structure wall. Provide 5/8 inch steel nuts in channel insert to
receive 5/8 inch diameter by 3 inch long steel, square head anchor
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bolts.
c.

3.3.5

Provide concrete "spot insert" at each anchor bolt location, cast flush
in structure wall. Each insert shall have minimum 800 pound load
rating. Provide 5/8 inch diameter by 3 inch long steel, square head
anchor bolt at each anchor point. Coat threads of anchor bolts with
suitable coating immediately prior to installing bolts.
Field Painting

Cast-iron frames and covers not buried in concrete or masonry shall be
cleaned of mortar, rust, grease, dirt and other deleterious materials, and
given a coat of bituminous paint.
3.4
3.4.1

UNDERGROUND CONDUIT AND DUCT SYSTEMS
Requirements

Depths to top of the conduit shall be in accordance with NFPA 70. Run
conduit in straight lines except where a change of direction is necessary.
Numbers and sizes of ducts shall be as indicated. Depending on the contour
of the finished grade, the high-point may be at a terminal, a manhole, a
handhole, or between manholes or handholes. Short-radius manufactured
90-degree duct bends may be used only for pole or equipment risers, unless
specifically indicated as acceptable. The minimum manufactured bend radius
shall be 18 inches for ducts of less than 3 inch diameter, and 36 inches
for ducts 3 inches or greater in diameter. Otherwise, long sweep bends
having a minimum radius of 25 feet shall be used for a change of direction
of more than 5 degrees, either horizontally or vertically. Both curved and
straight sections may be used to form long sweep bends, but the maximum
curve used shall be 30 degrees and manufactured bends shall be used. Ducts
shall be provided with end bells whenever duct lines terminate in
structures.
3.4.2

Treatment

Ducts shall be kept clean of concrete, dirt, or foreign substances during
construction. Field cuts requiring tapers shall be made with proper tools
and match factory tapers. A coupling recommended by the duct manufacturer
shall be used whenever an existing duct is connected to a duct of different
material or shape. Ducts shall be stored to avoid warping and
deterioration with ends sufficiently plugged to prevent entry of any water
or solid substances. Ducts shall be thoroughly cleaned before being laid.
Plastic ducts shall be stored on a flat surface and protected from the
direct rays of the sun.
3.4.3

Conduit Cleaning

As each conduit run is completed, for conduit sizes 3 inches and larger,
draw a flexible testing mandrel approximately 12 inches long with a
diameter less than the inside diameter of the conduit through the conduit.
After which, draw a stiff bristle brush through until conduit is clear of
particles of earth, sand and gravel; then immediately install conduit
plugs. For conduit sizes less than 3 inches, draw a stiff bristle brush
through until conduit is clear of particles of earth, sand and gravel; then
immediately install conduit plugs.
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Jacking and Drilling Under Roads and Structures

Conduits to be installed under existing paved areas which are not to be
disturbed, and under roads and railroad tracks, shall be zinc-coated, rigid
steel, jacked into place.Where ducts are jacked under existing pavement,
rigid steel conduit will be installed because of its strength. To protect
the corrosion-resistant conduit coating, predrilling or installing conduit
inside a larger iron pipe sleeve (jack-and-sleeve) is required. For
crossings of existing railroads and airfield pavements greater than 50 feet
in length, the predrilling method or the jack-and-sleeve method will be
used. Separators or spacing blocks shall be made of steel, concrete,
plastic, or a combination of these materials placed not farther apart than
4 feet on centers.
3.4.5

Multiple Conduits

Separate multiple conduits by a minimum distance of 2 1/2 inches, except
that light and power conduits shall be separated from control, signal, and
telephone conduits by a minimum distance of 12 inches. Stagger the joints
of the conduits by rows (horizontally) and layers (vertically) to
strengthen the conduit assembly. Provide plastic duct spacers that
interlock vertically and horizontally. Spacer assembly shall consist of
base spacers, intermediate spacers, ties, and locking device on top to
provide a completely enclosed and locked-in conduit assembly. Install
spacers per manufacturer's instructions, but provide a minimum of two
spacer assemblies per 10 feet of conduit assembly.
3.4.6

Conduit Plugs and Pull Rope

New conduit indicated as being unused or empty shall be provided with plugs
on each end. Plugs shall contain a weephole or screen to allow water
drainage. Provide a plastic pull rope having 3 feet of slack at each end
of unused or empty conduits.
3.4.7

Conduit and Duct Without Concrete Encasement

Provide not less than 3 inches clearance from the conduit to each side of
the trench. Grade bottom of trench smooth; where rock, soft spots, or
sharp-edged materials are encountered, excavate the bottom for an additional
3 inches, fill and tamp level with original bottom with sand or earth free
from particles, that would be retained on a 1/4 inch sieve. The first 6 inch
layer of backfill cover shall be sand compacted as previously specified.
The rest of the excavation shall be backfilled and compacted in 3 to 6 inch
layers. Provide buried utility lines with utility identification tape.
Bury tape 12 inches below finished grade; under pavements and slabs, bury
tape 6 inches below top of subgrade.
Bury detection wire directly above non-metallic piping at a distance not to
exceed 12 inches above the top of pipe. The wire shall extend continuously
and unbroken, from manhole to manhole. The ends of the wire shall
terminate inside the manholes at each end of the pipe, with a minimum of 3
feet of wire, coiled, remaining accessible in each manhole. The wire shall
remain insulated over its entire length.
The wire shall enter manholes
between the top of the corbel and the frame, and extend up through the
chimney seal between the frame and the chimney seal. For force mains, the
wire shall terminate in the valve pit at the pump station end of the pipe.
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Encasement Under Roads and Structures

Under roads, paved areas, and railroad tracks, install conduits in concrete
encasement of rectangular cross-section providing a minimum of 3 inch
concrete cover around ducts. Concrete encasement shall extend at least 5
feet beyond the edges of paved areas and roads, and 12 feet beyond the
rails on each side of railroad tracks.
3.4.8

Duct Encased in Concrete

Construct underground duct lines of individual conduits encased in
concrete. Do not mix different kinds of conduit in any one duct bank.
Concrete encasement surrounding the bank shall be rectangular in
cross-section and shall provide at least 3 inches of concrete cover for
ducts. Separate conduits by a minimum concrete thickness of 2 1/2 inches,
except separate light and power conduits from control, signal, and
telecommunications conduits by a minimum concrete thickness of 3 inches.
Before pouring concrete, anchor duct bank assemblies to prevent the
assemblies from floating during concrete pouring. Anchoring shall be done
by driving reinforcing rods adjacent to duct spacer assemblies and
attaching the rods to the spacer assembly. Provide buried utility lines
with utility identification tape. Bury tape 12 inches below finished
grade; under pavements and slabs, bury tape 6 inches below top of subgrade.
Bury detection wire directly above non-metallic piping at a distance not to
exceed 12 inches above the top of pipe. The wire shall extend continuously
and unbroken, from manhole to manhole. The ends of the wire shall
terminate inside the manholes at each end of the pipe, with a minimum of 3
feet of wire, coiled, remaining accessible in each manhole. The wire shall
remain insulated over its entire length. The wire shall enter manholes
between the top of the corbel and the frame, and extend up through the
chimney seal between the frame and the chimney seal. For force mains, the
wire shall terminate in the valve pit at the pump station end of the pipe.
3.4.8.1

Connections to Manholes

Duct bank envelopes connecting to underground structures shall be flared to
have enlarged cross-section at the manhole entrance to provide additional
shear strength. Dimensions of the flared cross-section shall be larger
than the corresponding manhole opening dimensions by no less than 12 inches
in each direction. Perimeter of the duct bank opening in the underground
structure shall be flared toward the inside or keyed to provide a positive
interlock between the duct bank and the wall of the structure. Use
vibrators when this portion of the encasement is poured to assure a seal
between the envelope and the wall of the structure.
3.4.8.2

Connections to Existing Underground Structures

For duct bank connections to existing structures, break the structure wall
out to the dimensions required and preserve steel in the structure wall.
Cut steel and extend into the duct bank envelope. Chip the perimeter
surface of the duct bank opening to form a key or flared surface, providing
a positive connection with the duct bank envelope.
3.4.8.3

Connections to Existing Concrete Pads

For duct bank connections to concrete pads, break an opening in the pad out
to the dimensions required and preserve steel in pad. Cut the steel and
extend into the duct bank envelope. Chip out the opening in the pad to
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form a key for the duct bank envelope.
3.4.8.4

Connections to Existing Ducts

Where connections to existing duct banks are indicated, excavate the banks
to the maximum depth necessary. Cut off the banks and remove loose
concrete from the conduits before new concrete-encased ducts are
installed. Provide a reinforced concrete collar, poured monolithically
with the new duct bank, to take the shear at the joint of the duct banks.
3.4.8.5

Partially Completed Duct Banks

During construction wherever a construction joint is necessary in a duct
bank, prevent debris such as mud, and, and dirt from entering ducts by
providing suitable conduit plugs. Fit concrete envelope of a partially
completed duct bank with reinforcing steel extending a minimum of 2 feet
back into the envelope and a minimum of 2 feet beyond the end of the
envelope. Provide one No. 4 bar in each corner, 3 inches from the edge of
the envelope. Secure corner bars with two No. 3 ties, spaced approximately
one footapart. Restrain reinforcing assembly from moving during concrete
pouring.
3.5

CABLE PULLING

Test existing duct lines with a mandrel and thoroughly swab out to remove
foreign material before pulling cables. Pull cables down grade with the
feed-in point at the manhole or buildings of the highest elevation. Use
flexible cable feeds to convey cables through manhole opening and into duct
runs. Do not exceed the specified cable bending radii when installing
cable under any conditions, including turnups into switches, transformers,
switchgear, switchboards, and other enclosures. Cable with tape shield
shall have a bending radius not less than 12 times the overall diameter of
the completed cable. If basket-grip type cable-pulling devices are used to
pull cable in place, cut off the section of cable under the grip before
splicing and terminating.
3.5.1

Cable Lubricants

Use lubricants that are specifically recommended by the cable manufacturer
for assisting in pulling jacketed cables.
3.6

CABLES IN UNDERGROUND STRUCTURES

Do not install cables utilizing the shortest path between penetrations, but
route along those walls providing the longest route and the maximum spare
cable lengths. Form cables to closely parallel walls, not to interfere with
duct entrances, and support on brackets and cable insulators. Support
cable splices in underground structures by racks on each side of the
splice. Locate splices to prevent cyclic bending in the spliced sheath.
Install cables at middle and bottom of cable racks, leaving top space open
for future cables, except as otherwise indicated for existing
installations. Provide one spare three-insulator rack arm for each cable
rack in each underground structure. Provide pull string in all spare
ducts, existing and new, that have been impacted by this project.
3.6.1

Cable Tag Installation

Install cable tags in each manhole as specified, including each splice.
Tag wire and cable provided by this contract. Install cable tags over the
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fireproofing, if any, and locate the tags so that they are clearly visible
without disturbing any cabling or wiring in the manholes.
3.7

CONDUCTORS INSTALLED IN PARALLEL

Conductors shall be grouped such that each conduit of a parallel run
contains 1 Phase A conductor, 1 Phase B conductor, 1 Phase C conductor, and
1 neutral conductor.
3.8

LOW VOLTAGE CABLE SPLICING AND TERMINATING

Make terminations and splices with materials and methods as indicated or
specified herein and as designated by the written instructions of the
manufacturer. Do not allow the cables to be moved until after the splicing
material has completely set. Make splices in underground distribution
systems only in accessible locations such as manholes,handholes, or
aboveground termination cabinets.
3.9

MEDIUM VOLTAGE CABLE TERMINATIONS

Make terminations in accordance with the written instruction of the
termination kit manufacturer.
3.10

MEDIUM VOLTAGE CABLE JOINTS

Provide power cable joints (splices) suitable for continuous immersion in
water. Make joints only in accessible locations in manholes or handholes
by using materials and methods in accordance with the written instructions
of the joint kit manufacturer.
3.10.1

Joints in Shielded Cables

Cover the joined area with metallic tape, or material like the original
cable shield and connect it to the cable shield on each side of the
splice. Provide a bare copper ground connection brought out in a
watertight manner and grounded to the manhole grounding loop as part of the
splice installation. Ground conductors, connections, and rods shall be as
specified elsewhere in this section. Wire shall be trained to the sides of
the enclosure to prevent interference with the working area.
3.11

CABLE END CAPS

Cable ends shall be sealed at all times with coated heat shrinkable end
caps. Cables ends shall be sealed when the cable is delivered to the job
site, while the cable is stored and during installation of the cable. The
caps shall remain in place until the cable is spliced or terminated.
Sealing compounds and tape are not acceptable substitutes for heat
shrinkable end caps. Cable which is not sealed in the specified manner at
all times will be rejected.
3.12

FIREPROOFING OF CABLES IN UNDERGROUND STRUCTURES

Fireproof (arc proof) wire and cables which will carry current at 2200
volts or more in underground structures.
3.12.1

Fireproofing Tape

Tightly wrap strips of fireproofing tape around each cable spirally in
half-lapped wrapping. Install tape in accordance with manufacturer's
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instructions.
3.12.2

Tape-Wrap

Tape-wrap metallic-sheathed or metallic armored cables without a
nonmetallic protective covering over the sheath or armor prior to
application of fireproofing. Wrap shall be in the form of two tightly
applied half-lapped layers of a pressure-sensitive 10 mil thick plastic
tape, and shall extend not less than one inch into the duct. Even out
irregularities of the cable, such as at splices, with insulation putty
before applying tape.
3.13

GROUNDING SYSTEMS

Provide grounding system as indicated, in accordance with NFPA 70 and
IEEE C2, and as specified herein.
Noncurrent-carrying metallic parts associated with electrical equipment
shall have a maximum resistance to solid earth ground not exceeding the
following values:

3.13.1

Pad-mounted transformers without
protective fences

5 ohms

Ground in manholes

5 ohms

Grounding other metal enclosures of
primary voltage electrical and
electrically-operated equipment

5 ohms

Grounding Electrodes

Provide cone pointed driven ground rods driven full depth plus 6 inches,
installed to provide an earth ground of the appropriate value for the
particular equipment being grounded.
If the specified ground resistance is not met, an additional ground rod
shall be provided in accordance with the requirements of NFPA 70 (placed
not less than 6 feet from the first rod). Should the resultant (combined)
resistance exceed the specified resistance, measured not less than 48 hours
after rainfall, the Contracting Officer shall be notified immediately.
3.13.2

Grounding Connections

Make grounding connections which are buried or otherwise normally
inaccessible, by exothermic weld or compression connector.
a.

Make exothermic welds strictly in accordance with the weld
manufacturer's written recommendations. Welds which are "puffed up" or
which show convex surfaces indicating improper cleaning are not
acceptable. Mechanical connectors are not required at exothermic welds.

b.

Make compression connections using a hydraulic compression tool to
provide the correct circumferential pressure. Tools and dies shall be
as recommended by the manufacturer. An embossing die code or other
standard method shall provide visible indication that a connector has
been adequately compressed on the ground wire.
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Grounding Conductors

Provide bare grounding conductors, except where installed in conduit with
associated phase conductors. Ground cable sheaths, cable shields, conduit,
and equipment with No. 6 AWG. Ground other noncurrent-carrying metal parts
and equipment frames of metal-enclosed equipment. Ground metallic frames
and covers of handholes and pull boxes with a braided, copper ground strap
with equivalent ampacity of No. 6 AWG. Provide direct connections to the
grounding conductor with 600 v insulated, full-size conductor for each
grounded neutral of each feeder circuit, which is spliced within the
manhole.
3.13.4

Ground Cable Crossing Expansion Joints

Protect ground cables crossing expansion joints or similar separations in
structures and pavements by use of approved devices or methods of
installation which provide the necessary slack in the cable across the
joint to permit movement. Use stranded or other approved flexible copper
cable across such separations.
3.13.5

Manhole Grounding

Loop a 4/0 AWG grounding conductor around the interior perimeter,
approximately 12 inches above finished floor. Secure the conductor to the
manhole walls at intervals not exceeding 36 inches. Connect the conductor
to the manhole grounding electrode with 4/0 AWG conductor. Connect all
incoming 4/0 grounding conductors to the ground loop adjacent to the point
of entry into the manhole. Bond the ground loop to all cable shields,
metal cable racks, and other metal equipment with a minimum 6 AWG conductor.
3.13.6

Fence Grounding

Fences shall be grounded with a ground rod at each fixed gate post and at
each corner post. Drive ground rods until the top is 12 inches below
grade. Attach a No. 4 AWG copper conductor, by exothermic weld to the
ground rods and extend underground to the immediate vicinity of fence
post. Lace the conductor vertically into 12 inches of fence mesh and
fasten by two approved bronze compression fittings, one to bond wire to
post and the other to bond wire to fence. Each gate section shall be
bonded to its gatepost by a 1/8 by one inch flexible braided copper strap
and ground post clamps. Clamps shall be of the anti-electrolysis type.
3.14

EXCAVATING, BACKFILLING, AND COMPACTING

Provide in accordance with NFPA 70.
3.14.1
3.14.1.1

Reconditioning of Surfaces
Unpaved Surfaces

Restore to their original elevation and condition unpaved surfaces
disturbed during installation of duct and removal of transformer and other
electrical equipment and associated pads.. Preserve topcourse gravel
material removed during excavation and reinstall after backfilling is
completed. Provide new topcourse gravel material as required, same type
and depth as existing.
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Paving Repairs

Where trenches, pits, or other excavations are made in existing roadways
and other areas of pavement where surface treatment of any kind exists,
restore such surface treatment or pavement the same thickness and in the
same kind as previously existed, except as otherwise specified, and to
match and tie into the adjacent and surrounding existing surfaces.
3.15

CAST-IN-PLACE CONCRETE

Provide concrete in accordance with Section 03 30 53 MISCELLANEOUS
CAST-IN-PLACE CONCRETE.
3.15.1

Concrete Slabs for Equipment

Unless otherwise indicated, the slab shall be at least 8 inches thick,
reinforced with a 6 by 6 - W2.9 by W2.9 mesh, placed uniformly 4 inches
from the top of the slab. Slab shall be placed on a 6 inch thick,
well-compacted gravel base. Top of concrete slab shall be approximately 4
inches above finished grade with gradual slope for drainage. Edges above
grade shall have 1/2 inch chamfer. Slab shall be of adequate size to
project at least 8 inches beyond the equipment.
Stub up conduits, with bushings, 2 inches into cable wells in the concrete
pad. Coordinate dimensions of cable wells with transformer cable training
areas.
3.16

FIELD QUALITY CONTROL

3.16.1

Performance of Field Acceptance Checks and Tests

Perform in accordance with the manufacturer's recommendations, and include
the following visual and mechanical inspections and electrical tests,
performed in accordance with NETA ATS.
3.16.1.1

Medium Voltage Cables

Perform tests after installation of cable, splices, and terminators and
before terminating to equipment or splicing to existing circuits.
a.

Visual and Mechanical Inspection
(1)

Inspect exposed cable sections for physical damage.

(2)

Verify that cable is supplied and connected in accordance with
contract plans and specifications.

(3)

Inspect for proper shield grounding, cable support, and cable
termination.

(4)

Verify that cable bends are not less than ICEA or manufacturer's
minimum allowable bending radius.

(5)

Inspect for proper fireproofing.

(6)

Visually inspect jacket and insulation condition.

(7)

Inspect for proper phase identification and arrangement.
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Electrical Tests
(1)

Perform a shield continuity test on each power cable by ohmmeter
method. Record ohmic value, resistance values in excess of 10
ohms per 1000 feet of cable must be investigated and justified.

(2) Perform acceptance test on new cables before the new cables are
connected to existing cables and placed into service, including
terminations and joints. Perform maintenance test on complete
cable system after the new cables are connected to existing cables
and placed into service, including existing cable, terminations,
and joints. Tests shall be very low frequency (VLF) alternating
voltage withstand tests in accordance with IEEE 400.2. VLF test
frequency shall be 0.05 Hz minimum for a duration of 60 minutes
using a sinusoidal waveform. Test voltages shall be as follows:
CABLE RATING AC TEST VOLTAGE for ACCEPTANCE TESTING
5 kV
10kV rms(peak)
8 kV
13kV rms(peak)
15 kV
20kV rms(peak)
25 kV
31kV rms(peak)
35 kV
44kV rms(peak)
CABLE RATING AC TEST VOLTAGE for MAINTENANCE TESTING
5 kV
7kV rms(peak)
8 kV
10kV rms(peak)
15 kV
16kV rms(peak)
25 kV
23kV rms(peak)
35 kV
33kV rms(peak)
3.16.1.2
a.

Grounding System

Visual and mechanical inspection
Inspect ground system for compliance with contract plans and
specifications

b.

Electrical tests
Perform ground-impedance measurements utilizing the fall-of-potential
method in accordance with IEEE 81. On systems consisting of
interconnected ground rods, perform tests after interconnections are
complete. On systems consisting of a single ground rod perform tests
before any wire is connected. Take measurements in normally dry
weather, not less than 48 hours after rainfall. Use a portable
megohmmeter tester in accordance with manufacturer's instructions to
test each ground or group of grounds. The instrument shall be equipped
with a meter reading directly in ohms or fractions thereof to indicate
the ground value of the ground rod or grounding systems under test.

3.16.2

Follow-Up Verification

Upon completion of acceptance checks and tests, the Contractor shall show
by demonstration in service that circuits and devices are in good operating
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condition and properly performing the intended function. As an exception
to requirements stated elsewhere in the contract, the Contracting Officer
shall be given 5 working days advance notice of the dates and times of
checking and testing.

-- End of Section --

SECTION 33 71 02.00 20

Page 26

Area 45 Substation Replacement and Switchyard Upgrades

WO# FJWYC

SECTION 33 73 00.00 40
STATION TRANSFORMERS
PART 1
1.1

GENERAL
REFERENCES

The publications listed below form a part of this specification to the
extent referenced. The publications are referred to within the text by the
basic designation only.
ASTM INTERNATIONAL (ASTM)
ASTM A167

(1999; R 2004) Standard Specification for
Stainless and Heat-Resisting
Chromium-Nickel Steel Plate, Sheet, and
Strip

ASTM A345

(2009) Standard Specification for
Flat-Rolled Electrical Steels for Magnetic
Applications

ASTM B48

(2000; R 2011) Standard Specification for
Soft Rectangular and Square Bare Copper
Wire for Electrical Conductors

ASTM D1298

(2005) Standard Test Method for Density,
Relative Density (Specific Gravity), or
API Gravity of Crude Petroleum and Liquid
Petroleum Products by Hydrometer Method

ASTM D1500

(2007) Standard Test Method for ASTM Color
of Petroleum Products (ASTM Color Scale)

ASTM D1524

(2010) Standard Test Method for Visual
Examination of Used Electrical Insulating
Oils of Petroleum Origin in the Field

ASTM D1533

(2000; R 2005) Standard Test Method for
Water in Insulating Liquids by Coulometric
Karl Fischer Titration

ASTM D1698

(2008) Standard Test Method for Sediments
and Soluble Sludge in Service-Aged
Insulating Oils

ASTM D3612

(2002; R 2009) Standard Test Method for
Analysis of Gases Dissolved in Electrical
Insulating Oil by Gas Chromatography

ASTM D4059

(2000; R 2005e1) Analysis of
Polychlorinated Biphenyls in Insulating
Liquids by Gas Chromatography

ASTM D5837

(2012) Standard Test Method for Furanic
Compounds in Electrical Insulating Liquids
by High-Performance Liquid Chromatography
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(HPLC)
ASTM D6871-03

(2003; R 2008) Standard Specification for
Natural (Vegetable Oil) Ester Fluids Used
in Electrical Apparatus

ASTM D877

(2002; R 2007) Standard Test Method for
Dielectric Breakdown Voltage of Insulating
Liquids Using Disk Electrodes

ASTM D92

(2005a; R 2010) Standard Test Method for
Flash and Fire Points by Cleveland Open
Cup Tester

ASTM D924

(2008) Standard Test Method for
Dissipation Factor (or Power Factor) and
Relative Permittivity (Dielectric
Constant) of Electrical Insulating Liquids

ASTM D97

(2011) Pour Point of Petroleum Products

ASTM D971

(2012) Standard Test Method for
Interfacial Tension of Oil Against Water
by the Ring Method

ASTM D974

(2011) Standard Test Method for Acid and
Base Number by Color-Indicator Titration

FM GLOBAL (FM)
FM APP GUIDE

(updated on-line) Approval Guide
http://www.approvalguide.com/

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)
IEEE 62

(1995; R 2005) Guide for Diagnostic Field
Testing of Electric Power Apparatus-Part
1: Oil Filled Power Transformers,
Regulators, and Reactors

IEEE C37.20.3

(2001; R 2006) Metal-Enclosed Interrupter
Switchgear

IEEE C57.12.00

(2010) Standard General Requirements for
Liquid-Immersed Distribution, Power, and
Regulating Transformers

IEEE C57.12.10

(2010) Standard for Transformers 230 kV
and Below 833/958 through 8333/10,417 kVA,
Single-Phase, and 750/862 through
60,000/80,000/ 100,000 kVA, Three-Phase
Without Load Tap Changing; and 3750/4687
through 60,000/80,000/100,000 kVA With
Load Tap Changing - Safety Requirements

IEEE C57.12.28

(2005; INT 3 2011) Standard for
Pad-Mounted Equipment - Enclosure Integrity

IEEE C57.12.80

(2010) Standard Terminology for Power and
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Distribution Transformers
IEEE C57.12.90

(2010) Standard Test Code for
Liquid-Immersed Distribution, Power, and
Regulating Transformers

IEEE C57.19.00

(2009; INT 1 2009; Errata 2010) Standard
General Requirements and Test Procedures
for Outdoor Power Apparatus Bushings

IEEE C57.98

(1993; R 1999) Guide for Transformer
Impulse Tests

IEEE C57.104

(1991) IEEE Guide for the Interpretation
of Gases Generated in Oil-Immersed
Transformers

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)
NEMA SG 2

(1993) Standard for High-Voltage Fuses

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)
NFPA 70

(2011) National Electrical Code
ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT (OECD)

OECD Test 203

(1992) Fish Acute Toxicity Test

U.S. ENVIRONMENTAL PROTECTION AGENCY (EPA)
EPA 712-C-98-075

(1996) Fate, Transport and Transformation
Test Guidelines - OPPTS 835.3100- "Aerobic
Aquatic Biodegradation"

EPA 821-R-02-012

(2002) Methods for Measuring the Acute
Toxicity of Effluents and Receiving Waters
to Freshwater and Marine Organisms

1.2

SUBMITTALS

Government approval is required for submittals with a "G" designation;
submittals not having a "G" designation are for Contractor Quality Control
approval. Submit the following in accordance with Section 01333
CONSTRUCTION SUBMITTAL REQUIREMENTS:
SD-01 Preconstruction Submittals
Fuses; G
SD-02 Shop Drawings
Submit Connection Diagrams in accordance with paragraph entitled,
"General Requirements," of this section.
Submit Fabrication Drawings in accordance with paragraph entitled,
"General Requirements," of this section.
Submit Installation Drawings for the secondary unit substation in
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accordance with the paragraph entitled, "Installation," of this
section.
SD-03 Product Data
Submit Equipment and Performance Data for the following items
including life, test, system functional flows, safety features,
and mechanical automated details.
Power Transformers; G
Transformer Tanks; G
Bushings; G
Enclosures; G
Coils
Automatic On-Load-Tap Changing Equipment; G
Accessories; G
Load Interrupter Switch; G
Submit Equipment Foundation Data for Power Transformers in
accordance with paragraph entitled, "General Requirements," of
this section.
Submit Manufacturer's Catalog Data in accordance with paragraph
entitled, "General Requirements," of this section.
SD-06 Test Reports
Submit Factory Test Reports for the following tests on power
transformers in accordance with IEEE C57.12.90 and IEEE C57.12.00,
Table 16.
High-Voltage Tests; G
Insulation-Resistance Test; G
Insulation Power Factor
Oil Power Factor
Impulse Tests
Impedance and Load Losses; G
Sound Tests
Bushing Tests; G
Short-Circuit Tests; G
SD-07 Certificates
Submittal of Certificates of Compliance; G of previous tests on
similar units (type-testing) under actual conditions for
temperature-rise tests, bushing tests, impulse tests, and
short-circuit tests in lieu of factory tests on actual units
furnished is acceptable upon approval.
SD-08 Manufacturer's Instructions; G
Submit Manufacturer's Instructions for the Power Transformers
including special provisions required to install equipment
components and system packages. Provide special notices that
detail impedances, hazards and safety precautions.
SD-09 Manufacturer's Field Reports
Submit Field Test Reports for the following tests on power
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transformers in accordance with the paragraph entitled, "Field
Testing" of this section.
Insulation Power Factor
Oil Power Factor
Oil Acidity Test
Water-in-oil (Karl Fischer) Tests
Dissolved Gas Analysis; G
Turns Ratio Tests
Insulation Resistance Tests; G
Load Interrupter Switch Production Tests; G
SD-10 Operation and Maintenance Data
Submit Operation and Maintenance Manuals for the following
equipment:
Power Transformers; G
Automatic On-Load-tap Changing Equipment; G
1.3

GENERAL REQUIREMENTS

Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS applies to
work specified in this section.
Submit Connection Diagrams for Power Transformers, Cores, Coils and
Automatic Load-Tap Changing Equipment. Provide Connection Diagrams that
indicate the relations and connections of the following items by showing
the general physical layout of all controls, the interconnection of one
system (or portion of system) with another, and internal tubing, wiring,
and other devices
Submit Fabrication Drawings for Power Transformers, Transformer Tanks,
Bushings, Enclosures, Cores, Coils, Automatic Load-Tap Changing Equipment
and Accessories. Provide Fabrication Drawings that consist of
manufacturers original fabrication and assembly details to be performed at
the factory for the Project.
Provide Power Transformers, Transformer Tanks, Bushings, Enclosures, Cores,
Coils, Automatic Load-Tap Changing Equipment and Accessories that meet or
exceed specified material and performance requirements and reference
standards.
Submit Manufacturer's Catalog Data for Power Transformers, Transformer
Tanks, Bushings, Enclosures, Cores, Coils, Automatic Load -Tap Changing
Equipment, Sheet Metal and Accessories.
Submittal of Certificates of Compliance of previous tests on similar units
under actual conditions for temperature rise, bushing tests, and
short-circuit tests in lieu of factory tests on actual units furnished is
acceptable upon approval.
Provide Equipment Foundation Data for power transformers that includes plan
dimensions of foundations and relative elevations, equipment weight and
operating loads, horizontal and vertical loads, horizontal and vertical
clearances for installation, and size and location of anchor bolts.
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FACTORY TESTING

Provide tests on transformers that include insulation-resistance tests of
the windings, turns ratio tests, polarity and phase rotation tests, no-load
loss at rated voltage, excitation current at rated voltage, impedance and
load losses at rated current, insulation power factor tests, impulse tests,
temperature rise test, short circuit test, oil power factor tests, oil
acidity tests, water-in-oil (Karl Fischer) tests, dissolved gas analysis,
sound tests, dielectric tests, and bushing tests. Conduct Factory Test
Reports in accordance with IEEE C57.12.90, IEEE 62, ASTM D3612, and
IEEE C57.12.00, Table 16. Maximum acceptable insulation power factor is 0.5
percent for mineral oil insulated automatic load tap changer. Maximum
acceptable insulation power factor is 0.2 for natural ester based fluid
insulated transformers..
Provide manufacturer certification that the insulating oil contains no
PCB's and affix a label to that effect on the transformer tank and on each
oil drum containing the insulating oil.
Ship no transformer to the site until all factory tests and their results
are approved by the Contracting Officer and the equipment is inspected and
approved by the Contracting Officer unless he has given the manufacturer a
written waiver.
After the transformer arrives on site the Government will perform an
insulation power factor test and take an oil sample for a dielectric test,
dissolved gas analysis, water-in-oil (Karl Fischer) test, oil acidity test,
and PCB content determination.
1.5

QUALIFICATIONS FOR MANUFACTURERS

Provide material and equipment under this specification that is the
standard catalog product of a manufacturer regularly engaged in the
manufacture of oil filled transformers and their component parts and
equipment. Provide equipment that is of the latest standard design for
outdoor service and has been in repetitive manufacture for at least 150
units.
PART 2
2.1

PRODUCTS
EQUIPMENT STANDARDS

Provide station power transformers with primary connections to overhead
high-voltage incoming lines and secondary connections to underground cables
that are two-winding, three-phase, 60-hertz (Hz), oil-immersed,
55/65-degree C rise, self-cooled, Class KNAN, outdoor type conforming to
IEEE C57.12.00 and IEEE C57.12.80.
2.2
2.2.1

EQUIPMENT REQUIREMENTS
Impedance

Provide percent impedance voltage at the self-cooled rating in accordance
with IEEE C57.12.10.
2.2.2

Short-Circuit Withstand

Provide transformers capable of withstanding, without injury, the
mechanical and thermal stresses caused by short circuits on the external
SECTION 33 73 00.00 40

Page 6

Area 45 Substation Replacement and Switchyard Upgrades

WO# FJWYC

terminals of the low-voltage windings in accordance with IEEE C57.12.00.
Transformers shall be capable of withstanding crowbar events, carrier
cutoff events, and direct current overload events.
2.2.3

Voltage Ratings

Provide primary voltage section that is rated for connection to 115,000
volt, three-phase, 60 Hz power distribution systems.
Provide secondary voltage section that is 4,160 volt, three-phase, 60-Hz,
for connection to solidly grounded power distribution systems.
2.2.4

Insulation Class

Insulate transformer primary windings for 115,000 volts for connection to
115,000 volt, three-phase, 60-Hz, power transmission systems.
2.2.5

Basic Impulse Insulation Levels

Provide basic impulse insulation (BIL) levels of the incoming and
transforming sections of the transformer in accordance with IEEE C57.12.00.
Insulation levels shall be 550 kV BIL for 115 kV windings, 95 kV BIL for
4.16 kV windings. Contractor shall confirm BIL levels are coordinated with
surge arresters provided. Refer to 26 18 23.00 40, Surge Arresters.
2.3

CONSTRUCTION

Provide transformers that include a core and coil assembly enclosed in a
sealed airtight and oiltight tank, with accessories and auxiliary equipment
as indicated and specified.
2.3.1

Tank

Provide transformer tank with walls, bottom, and cover fabricated from
hot-rolled steel plate with cooling tubes or radiators vertically mounted
to the side walls of the tank.
Provide transformer tank that is welded construction with rectangular base
designed for rolling in the direction of the centerline of the bushing
segments.
Provide tank that has a manhole in the cover. Provide circular manholes
that are not less than 15 inches in diameter. Provide quantity of manholes
required for access to internal components for inspection and adjustment.
Provide lifting, moving, and jacking facilities conforming to IEEE C57.12.10.
Provide transformer base that is designed to provide natural draft
ventilation under the transformer tank when the transformer is placed on a
flat concrete foundation. Undercoat the bottom of the transformer tank
with a heavy rubberized protective sealing material at least 1/32 inch
thick.
Provide a sealed-tank oil-preservation system that seals the interior of
the transformer from the atmosphere throughout temperatures ranging to 100
degrees C. Provide constant gas and oil volume with internal gas pressure
not exceeding 10 pounds per square inch, gage (psig) positive or 8-psig
negative. Make provision for the relief of excessive internal pressure in
the transformer tank, by the installation of a pressure relief valve.
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Provide a completely assembled transformer that is designed to withstand,
without permanent deformation, a pressure 25 percent greater than the
maximum operating pressure of the sealed-tank oil-preservation system.
Provide spare mounting gaskets for all bushings, terminal chambers, tap
changers, manholes, radiators, and the gasket between the relief cover and
flange on the pressure relief valve.
2.3.2

Bushings

Terminate primary windings of the transformer in cover-mounted high-voltage
bushings. Provide 100:5 ratio current transformers on the 115 kV
bushings. Terminate secondary windings of the transformer in sidewall
bushings enclosed with throats or flanges that are an integral part of the
transformer and terminal chambers for electrical connections to the
underground distribution system. Provide same insulation class of bushings
as the insulation class of the windings to which they are connected.
Provide electrical characteristics of transformer bushings in accordance
with IEEE C57.12.00. Provide dimensions of transformer bushings in
accordance with IEEE C57.19.00.
2.3.3

Cores

Provide cores that are built up with laminated, nonaging,
high-permeability, grain-oriented, cold-rolled, silicon sheet steel.
Provide laminations that are coated with an insulating film or finish to
minimize eddy-current losses. Provide sheet steel that conforms to
ASTM A345.
2.3.4

Coils

Provide high- and low-voltage coil sections that consist of insulated
copper conductors wound around the core. Provide coil sections that are
concentric to counteract forces incurred under short-circuit conditions and
provide with oil ducts to dissipate the heat generated in the windings.
Provide coil sections that are electrically connected together and to the
respective terminal bushings of the transformer. Provide copper conductors
in the high- and low-voltage coil sections that conform to ASTM B48, Type B
for applications involving edgewise bending.
Provide primary winding of the transformer that is equipped with four 2.5
percent full-capacity taps, two above and two below normal voltage, brought
out to an externally operated manual tap changer. Provide tap changer
handle that is capable of being padlocked in each tap position and is
operable when the transformer is deenergized.
2.3.5

Cooling Provisions

Provide radiators that are detachable all-welded hot-dipped galvanized steel
construction, with top and bottom connections to the transformer tank
wall. Provide tank wall top and bottom connections to radiators that are
equipped with valves that permit removal of radiator without draining oil
from the transformer tank.
2.3.6

Automatic On-Load-Tap Changing Equipment (OLTC)

Provide automatic on-load tap-changer suitable for operation on the 4.16
kV secondary winding. The automatic tap-changing equipment shall provide
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sixteen (16) 5/8-percent taps above rated voltage and sixteen (16)
5/8-percent taps below rated voltage in accordance with IEEE C57.12.10.
Accessories shall include draining valve, pressure relief device, oil level
indicator, vent for oil filling, provisions for temperature gauge, and
provisions for upper oil valve. Provide single-phase, 60 hz, 120 volt power
for the motor. Provide single-phase, 60 hz, 120 volt power for the heater.
Provide single-phase, 60 hz, 120 volt power provided for controls.
a.

Less-flammable synthetic or natural ester based transformer
liquids: NFPA 70 and FM approved for less-flammable liquids having
a fire point not less than 300 degrees C tested in accordance with
ASTM D92 and a dielectric strength not less than 33 kV tested in
accordance with ASTM D877. Do not provide askarel or insulating
liquids containing polychlorinated biphenyls (PCB's),
tetrachloroethylene (perchloroethylene), chlorine compounds, and
halogenated compounds.

b.

Tap-changer tank, flanges, lifting provisions, and hardware shall
be fabricated of ASTM A167 type 304, 304L or 316 stainless steel.
Paint coating system shall comply with IEEE C57.12.28.

c.

Provide motor-drive mechanism with hand wheel for manual
operation. Provide mechanically operated electric limit switches
to prevent overtravel beyond the maximum lower and raise positions.

d.

On-load changer protection: 1) Sudden pressure (breaker trip) per
the following: "Sudden pressure relay (device 63): Provide a fault
pressure relay sensitive to rate of rise of Load Tap Changer tank
pressure to detect internal faults. Pressure relay shall be wired
to a compatible auxiliary seal-in relay (Device 63SPX-2), which
shall trip the primary over-current protection device via the
transformer lockout relay and have separate alarm contacts for
communication to SCADA. Fault pressure relay shall be transformer
mounted and auxiliary seal-in relay shall be panel mounted.
Auxiliary seal-in relay shall have 48VDC operating coil and
trip-indicating targets. 2) Oil level (1st stage, alarm to SCADA;
2nd stage, breaker trip) per the following: Provide a transformer
insulating fluid Level relay (device 71Q-2) with associated
accessories. Equipment shall indicate the insulating fluid Level of
the transformer and shall have one single-pole, double-throw
contact for remote indication of low level for connection to
Supervisory Control and Data Acquisition (SCADA) System and one
single-pole, double throw contact to trip the transformer lockout
relay. Provide auxiliary trip indicating relay for remote
indication of over temperature trip for connection to SCADA.
Contractor shall provide all raceway and conductors necessary for
proper operations of the load tap changer and intended functions.
e.

Provide load-tap changing equipment that consists of an arcing tap
switch or tap selector and arcing switch, a motor-driving
mechanism, position indicator, and automatic control devices
contained in weatherproof enclosures mounted on the sidewalls of
the transformer tank.

f.

Locate arcing tap switch or tap selector and arcing switch in one
or more oil-immersed welded steel plate compartments with
removable, bolted, external access covers, drain and sampling
valve, filling plug, and magnetic liquid-level gage. Make
provision for the escape of gas generated by the arcing contacts.
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Isolate oil in the arcing switch compartment from the oil within
the transformer tank.
g.

Provide automatic control devices that are housed in a weatherproof
sheet metal cabinet with breather and hinged doors to provide
access to the control devices. Make provision for padlocks.

h.

Provide automatic control devices that include a voltage-regulating
relay, time delay, manual/automatic selector switch, line-drop
compensator, paralleling switch, current transformers, reactance
reversal control switch, operation counter, current and potential
test terminals, lampholder and switch, heater and switch,
convenience outlet, and protective devices in accordance with
IEEE C57.12.10. Automatic operation of tap changer shall be
suspended when the tie breaker at Substation 45 and the Main 1B circuit
breakers are in the closed position. Untilize the existing breaker
position indication contacts to determine position.
i.

2.4

Make provision for the accurate alignment, positioning, and locking
of arcing contacts in each tap position. When the load-tap
changing equipment is on a tap position at or above rated secondary
voltage, provide transformer that is capable of supplying its rated
kVA.

Load Interrupter Switch

IEEE C37.20.3, UL listed and labeled load interrupter switchgear. Provide
a three-pole, single-throw, deadfront, metal-enclosed, load interrupter
switch with manual stored energy operator on secondary side of transformer
after the on-load tap changer.
Switch shall be fused, with fuses mounted on a single frame and designed
for easy inspection and fuse replacement. The switch shall be operated by
a manually charged spring stored energy mechanism which shall
simultaneously disconnect or connect ungrounded conductors. The moveable
blade of the switch shall be deenergized when in the open position. 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. A ground bus shall extend the width
of the switch enclosure and shall be bolted directly thereto. Connect
frame of unit to ground bus. The door shall have an inspection window to
allow full view of the position of the three switch blades through the
closed door. Switch shall have provision for padlocking in the open and
closed positions. Switch/fuse integrated ratings shall be as follow:

Rated
Maximum
Voltage, kV

Rated
Withstand
Impulse
Voltage, kV BIL

Continuous
and Load
Interrupting
Current, A

Short-Circuit Short-Time /
Current kA
Fault-Close
rms Sym
Current kA

4.76

60

600

35

2.4.1

40

Load Interrupter Switch Production Tests

IEEE C37.20.3. Furnish reports of production tests performed on the actual
equipment for this project. Required tests shall be as follows:
Production Tests
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2.

Mechanical operation

4.

Electrical operation and control wiring
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INSULATING LIQUIDS

a.

Less-flammable transformer liquids: NFPA 70, FM APP GUIDE, and
ASTM D6871-03. Provide a nonpropagating high fire point
transformer insulating liquid having a fire point not less than 300
degrees C when tested per ASTM D92, and a dielectric strength not
less than 33 kilovolts when tested in accordance with ASTM D877.
Provide identification of transformer as "non-PCB" and
"manufacturer's name and type of fluid" on the nameplate.
The fluid shall be a biodegradable seed-oil based natural ester
fluid for cooling and insulating electrical apperatus. Fluid shall
be classified by UL and approved by FM as "less flammable fluids.
The fluid shall meet the following fluid properties:

2.6

1.

Pour point:

ASTM D97, less than -15 degrees C.

2.

Aquatic biodegradation:

3.

Trout toxicity: OECD Test 203, zero mortality of
EPA 821-R-02-012, pass.

EPA 712-C-98-075, 100 percent.

ACCESSORIES

Provide transformer accessories that include a liquid-level indicator,
liquid-temperature indicator, pressure/vacuum gage, drain and filter
valves, ground pads, and identification plate. Provide transformer
accessories and their locations that conform to IEEE C57.12.10.
Nitrogen fill valve to be located above the transformers liquid level.
2.6.1

External Voltage Source

Group together all externally powered wiring to the transformer as much as
possible and connect to a terminal block which is marked with a laminated
plastic nameplate having 3/16-inch high white letters on a red background
as follows:
DANGER - EXTERNAL VOLTAGE SOURCE
Provide externally powered wiring that includes 120-volt temperature alarm
devices, load tap changer controls , and instrumentation circuits.
2.6.2

Transformer Accessories and Features

The transformer shall have the following accessories and features:
a.

LV throat (5 kV): 5 kV Class power bushings suitable for
terminating four 15kV,, 0 750 kcmil, single conductors per phase.
The OLTC shall be on the secondary side of the transformer, ahead of
the LV throat.
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b.

Ground pads.

c.

Liquid-level indicator with contacts for low oil level alarm and
low-low level trip.

d.

Pressure-vacuum gage.

e.

Liquid temperature indicator with contacts for high temperature
alarm and high temperature trip.

f.

Drain and filter valves.

g.

Pressure relief device, top mounted, fabricated of stainless steel
components, designed for use in corrosive environments, with alarm
contacts and visual indicating flag.

h.

Sudden pressure relay (device 63): Provide a fault pressure relay
sensitive to rate of rise of transformer tank pressure to detect
internal faults in transformer windings. Fault pressure relay
shall be wired to a compatible auxiliary seal-in relay (Device
63SPX-1), which shall trip primary circuit breaker via the
transformer lockout relay and have separate alarm contacts for
communication to SCADA. Fault pressure relay shall be transformer
mounted and auxiliary seal-in relay shall be panel mounted.
Auxiliary seal-in relay shall have 48VDC operating coil and
trip-indicating targets.

i.

Inert-gas (nitrogen) pressure system with low cylinder pressure,
high and low tank pressure alarms.

j.

Winding temperature indicator with alarm and trip contacts.

k.

Diagrammatic stainless steel or laser-etched anodized aluminum
nameplate in accordance with IEEE C57.12.00 and as modified or
supplemented by this section.

m. Transformer protection: For liquid filled transformers 1000 kVA
and above, provide protection as follows: 1) Sudden pressure
(breaker trip). 2) Winding hotspot per the following: Provide a
winding thermal relay (device 49T), with associated accessories.
Equipment shall indicate the winding temperature of the
transformer and shall have one single-pole, double-throw contact
for remote indication of over temperature for connection to
Supervisory Control and Data Acquisition (SCADA) System and one
single-pole, double throw contact to trip the transformer lockout
relay. Provide auxiliary trip indicating relay for remote
indication of over temperature trip for connection to SCADA (1st
stage, alarm to SCADA; 2nd stage, breaker trip.) 3) Oil
temperature per the following: Provide a transformer insulating
fluid thermal relay (device 26Q), with associated accessories.
Equipment shall indicate the insulating fluid temperature of the
transformer and shall have one single-pole, double-throw contact
for remote indication of over temperature for connection to
Supervisory Control and Data Acquisition (SCADA) System and one
single-pole, double throw contact to trip the transformer lockout
relay. Provide auxiliary trip indicating relay for remote
indication of over temperature trip for connection to SCADA (1st
stage, alarm to SCADA; 2nd stage, breaker trip). 4) Oil level per
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the following: Provide a transformer insulating fluid Level relay
(device 71Q-1) with associated accessories. Equipment shall
indicate the insulating fluid Level of the transformer and shall
have one single-pole, double-throw contact for remote indication
of low level for connection to Supervisory Control and Data
Acquisition (SCADA) System and one single-pole, double throw
contact to trip the transformer lockout relay. Provide auxiliary
trip indicating relay for remote indication of over temperature
trip for connection to SCADA(1st stage, alarm to SCADA; 2nd stage,
breaker trip). Contractor shall provide all raceway and conductors
necessary for proper operations of the transformer and intended
functions.
n.

2.7

Provide tap changer installed on 115 kv winding, with external,
pad-lockable, manual type operating handle, for changing tap
setting when the transformer is de-energized. Tap shall be four
2.5 percent full capacity taps, two above and two below rated
primary voltage. The transformers shall have both a manual tap
changer and an automatic tap changer as indicated above.
FUSES

Provide a complete set of fuses for all switches. Provide fuses that have
a voltage rating of not less than the circuit voltage.
Make no change in continuous-current rating, interrupting rating, and
clearing or melting time of fuses unless written permission has first been
secured.
Provide power fuses on ac systems above 600 volts in accordance with
NEMA SG 2.
Label fuses showing UL class, interrupting rating, and time-delay
characteristics, when applicable. Additionally, clearly list fuse
information on equipment drawings.
2.8

PAINTING

After fabrication, clean and paint all exposed ferrous metal surfaces of
the transformer and component equipment. Provide the transformer with the
standard epoxy powder, electrostatically applied primer with polyurathane
exterior enamel finish by the manufacturer when used for outdoor
installations. Paint coating system shall comply with IEEE C57.12.28.
ANSI 61 gray color.
2.9
2.9.1

SOURCE QUALITY CONTROL
Equipment Test Schedule

The Government reserves the right to witness tests. Provide equipment test
schedules for tests to be performed at the manufacturer's test facility.
Submit required test schedule and location, and notify the Contracting
Officer 30 calendar days before scheduled test date. Notify Contracting
Officer 15 calendar days in advance of changes to scheduled date.
a.

Test Instrument Calibration
1.

The manufacturer shall have a calibration program which
assures that all applicable test instruments are maintained
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within rated accuracy.

2.9.2

2.

The accuracy shall be directly traceable to the National
Institute of Standards and Technology.

3.

Instrument calibration frequency schedule shall not exceed 12
months for both test floor instruments and leased specialty
equipment.

4.

Dated calibration labels shall be visible on all test
equipment.

5.

Calibrating standard shall be of higher accuracy than that of
the instrument tested.

6.

Keep up-to-date records that indicate dates and test results
of instruments calibrated or tested. For instruments
calibrated by the manufacturer on a routine basis, in lieu of
third party calibration, include the following:
(a)

Maintain up-to-date instrument calibration isntructions
and procedures for each test instrument.

(b)

Identify the third party/laboratory calibrated
instrument to verify that calibrating standard is met.

Transformer Design Tests

In accordance with IEEE C57.12.00 and IEEE C57.12.90. Additionally,
IEEE C57.12.80, section 5.1.2 states that "design tests are made only on
representative apparatus of basically the same design." Submit design test
reports (complete with test data, explanations, formulas, and results), in
the same submittal package as the catalog data and drawings for each of the
specified transformer(s). Design tests shall have been performed prior to
the award of this contract.
a.

Tests shall be certified and signed by a registered professional
engineer.

b.

Temperature rise: "Basically the same design" for the temperature
rise test means a unit-substation transformer with the same coil
construction (such as wire wound primary and sheet wound
secondary), the same kVA, the same cooling type (KNAN/KNAF), the
same temperature rise rating, and the same insulating liquid as
the transformer specified.

c.

Lightning impulse: "Basically the same design" for the lightning
impulse dielectric test means a unit-substation transformer with
the same BIL, the same coil construction (such as wire wound
primary and sheet wound secondary), and a tap changer (if
specified). Design lightning impulse tests shall include both the
primary and secondary windings of that transformer.
1.

IEEE C57.12.90 paragraph entitled "Lightning Impulse Test
Procedures" and IEEE C57.98.

2.

State test voltage levels.

3.

Provide photographs of oscilloscope display waveforms or
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plots of digitized waveforms with test report.

2.9.3

d.

Lifting and moving devices: "Basically the same design" for the
lifting and moving devices test means a transformer in the same
weight range as the transformer specified.

e.

Pressure: "Basically the same design" for the pressure test means
a unit-substation transformer with a tank volume within 30
percent of the tank volume of the transformer specified.

Transformer Acceptance Tests

In accordance with IEEE C57.12.00 and IEEE C57.12.90 and as specified
herein. Submit test reports, by serial number (complete with test data,
explanations, formulas, and results) showing the results of design tests
performed on one of the specified transformers.

2.9.4

a.

Tests shall be certified and signed by a registered professional
engineer.

b.

Temperature rise: If only one winding is used for the Temperature
Rise Test, the center winding (generally B Phase) shall be used.
The average temperature of a winding shall be determined by the
resistance method - no other method will be accepted.

c.

Lightning impulse: Design lightning impulse tests shall include
both the primary and secondary windings of that transformer.
Conduct 200 kV BIL impulse test with the primary windings
isolated from the high voltage bushings.
1.

IEEE C57.12.90 paragraph 10.3 entitled "Lightning Impulse
Test Procedures," and IEEE C57.98

2.

State test voltage levels.

3.

Provide photographs of oscilloscope display waveforms or
plots of digitized waveforms with test report.

Transformer Routine and Other Tests

In accordance with IEEE C57.12.00 and IEEE C57.12.90. Routine and other
tests shall be performed by the manufacturer on each of the actual
transformer(s) prepared for this project to ensure that the design
performance is maintained in production. Submit test reports, by serial
number and receive approval before delivery of equipment to the project
site. Required tests and testing sequence shall be as follows:
a.

Cold resistance measurements (provide reference temperature)

b.

Phase relation

c.

Ratio

d.

Insulation power-factor by manufacturer's recommended test
method.

e.

No-load losses (NLL) and excitation current
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f.

Load losses (LL) and impedance voltage

g.

Dielectric
1.

WO# FJWYC

Impulse: Per IEEE C57.12.90 paragraph 10.3 entitled
"Lightning Impulse Test Procedures," and IEEE C57.98. Test
the primary winding only.
(a) State test voltage levels
(b) Provide photographs of oscilloscope display waveforms
or plots of digitized waveforms with test reports.

h.
PART 3
3.1

2.

Applied voltage

3.

Induced voltage

Leak
EXECUTION

INSTALLATION

Install transformers as indicated and in accordance with the manufacturer's
recommendations. Provide connections from ground grid to transformer tanks.
Submit Installation Drawings for the transformer and load tap changer.
Provide drawings that include complete details of equipment layout and
design.
Clean all high voltage switches and fuse holders. Test all existing
switches with a micro-ohmmeter prior to installation of fuses.
3.2

FIELD TESTING

Follow all manufacturer's requirements
load tap changers. Disconnect primary
power supply, and ground the secondary
conducting insulation and high-voltage

for testing the transformers with
winding of the transformer from the
windings of the transformer, before
tests on primary windings.

Disconnect secondary winding of the transformer from the secondary feeder
cables, and disconnect the primary winding of the transformer from the
power supply and ground, before conducting insulation and high-voltage
tests on secondary windings.
Give windings of the transformer an insulation-resistance test with a
5,000-volt insulation-resistance test set.
Apply tests for not less than 5 minutes and until 3 equal consecutive
readings, 1 minute apart, are obtained. Record readings every 30 seconds
during the first 2 minutes and every minute thereafter. Minimum acceptable
resistance is 100 megohms.
Upon satisfactory completion of the insulation resistance tests, give the
transformer windings an insulation power factor test and an excitation
test. Maximum acceptable power factor is 0.5 percent. Excitation results
vary due to the amount of iron and copper in the windings and are used for
baselines only.
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Then give the transformer a turns ratio test. Provide readings within 1/2
percent of each other.
Upon satisfactory completion of the above electrical tests, give the
transformer the following oil tests: power factor, neutralization number,
Karl Fischer, and dielectric.
In addition, remove a sample of insulating
liquid and perform dissolved gas analysis (DGA) in accordance with
ASTM D3612 and IEEE C57.104. Provide results as follows:
Power Factor
Karl Fischer
Neutralization Number
Dielectric
Dissolved Gas Combustibles

less than .5 percent at 20 degrees C
less than 25 ppm at 20 degrees C
less than .03 gm KOH/ml
greater than 33kV
less than 1000 ppm total

In addition, the following inspections must be performed on the
transformers:
Visual and Mechanical Inspection
1.
2.
3.
4.
5.
6.

Compare equipment nameplate data with drawings and specifications.
Inspect physical and mechanical condition.
Verify removal of any shipping bracing after final placement.
Inspect impact recorder prior to unloading, if applicable.
Verify that alarm, control, and trip settings on temperature
indicators are as specified.
Verify that cooling fans and pumps operate correctly and that fan
and pump motors have correct overcurrent protection.
Verify operation of all alarm, control, and trip circuits from
temperature and level indicators, pressure relief device, and
fault pressure relay.
Verify tightness of accessible bolted electrical connections by
calibrated torque-wrench method in accordance with manufacturer's
published data.
Perform thermographic survey.
Verify correct liquid level in all tanks and bushings.
Verify that positive pressure is maintained on nitrogen-blanketed
transformers.
Perform specific inspections and mechanical tests as recommended
by manufacturer.
Verify correct equipment grounding.
Test load tap-changer in accordance with Section 3.12, if
applicable.

7.

8.

9.
10.
11.
12.
13.
14.

Electrical Tests
1.
2.

3.
4.
5.

Perform excitation-current tests in accordance with test equipment
manufacturer's instructions.
Measure resistance of each high-voltage winding in each no-load
tap-changer position. Measure resistance of each low-voltage
winding in each load tap-changer position, if applicable.
If core ground strap is accessible, measure core insulation
resistance at 500 volts DC
Measure the percentage of oxygen in the nitrogen gas blanket.
Remove a sample of insulating liquid in accordance with ASTM
D-923. Sample shall be tested for the following:
a. Dielectric Breakdown Voltage: ASTM D877
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b.
c.
d.
e.
f.
g.
h.
i.
j.
k.
l.
m.

WO# FJWYC

Measure Power-Factor in accordance with ASTM D924
Interfacial Tension: ASTM D971
Specific Gravity: ASTM D1298
Acid Neutralization Number: ASTM D974
Color: ASTM D1500
Visual Condition: ASTM D1524
Moisture Content: ASTM D1533
Sediment: ASTM D1698
Polychlorinated Biphenyl Content: ASTM D4059
Furanic Compounds: ASTM D5837
Inhibitor Content
Dissolved Metals Content

6.

Verify correct secondary voltage phase-to-phase and
phase-to-neutral after energizing and prior to loading.
7. Verify proper operation of automatic and manual fan controls and
associated alarm/trip functions, as applicable.
8. Verify proper operation of the nitrogen blanket system and
associated alarms, as applicable. If transformer is not equipped
with a nitrogen blanket system, insure that the nitrogen charge is
within manufacturer's pressure specifications.
9. Verify proper operation of pressure relief and sudden pressure
devices and associated alarm/trip functions, as applicable.
10. Verify proper operation of manual no-load and automatic load-tap
changers.
11. Verify proper operation of high temperature and oil level relays
and associated alarm/trip functions, as applicable.
12. Verify that all required circuits to local SCADA cabinet are
operating properly. All circuit wires shall be terminated on
installer provided terminal boards within the local SCADA cabinet
and shall be labeled at both ends of the wire. Each wire's label
shall identify each circuit's source device.
Test Values
1.

Bolt-torque levels shall be in accordance with Table 11 unless
otherwise specified by manufacturer
2. The polarization index shall be compared to manufacturer's factory
test results. If manufacturer's data is not available, acceptance
test results will serve as baseline data.
3. Turns-ratio test results shall not deviate more than one-half
percent from either the adjacent coils or the calculated ratio.
Maximum power factor of liquid-filled transformers corrected to 20°C
shall be in accordance with transformer manufacturer's published
data.
4. Investigate bushing power factors and capacitances that vary from
nameplate values by more than ten percent. Investigate any bushing
hot collar watts-loss results that exceed the test equipment
manufacturer's published data.
5. Typical excitation-current test data pattern for three-legged core
transformer is two similar current readings and one lower current
reading.
6. Consult manufacturer if winding-resistance measurements vary more
than one percent from adjacent windings.
7. Consult manufacturer if core insulation is less than one megohm at
500 volts DC.
8. There shall be no indication of oxygen present in gas blanket.
Evaluate results of dissolved-gas analysis in accordance with IEEE
Standard C57.104. Use results as baseline for future tests.
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The following inspections must be performed on the load tap changers:
Visual and Mechanical Inspection
1.
2.
3.
4.
5.

Compare equipment nameplate data with drawings and specifications.
Inspect physical and mechanical condition.
Inspect impact recorder, if applicable.
Verify removal of any shipping bracing and vent plugs.
Verify tightness of accessible bolted electrical connections by
calibrated torque-wrench method in accordance with manufacturer's
published data
6. Perform thermographic survey
7. Verify correct auxiliary device operation.
8. Verify motor and drive train for correct operation and automatic
motor cut-off at maximum lower and maximum raise.
9. Verify correct liquid level in all tanks.
10. Perform specific inspections and mechanical tests as recommended
by the manufacturer.
11. Verify correct equipment grounding.
Electrical Tests
1.
2.
3.
4.
5.
6.

Perform insulation-resistance tests
Perform insulation power-factor/dissipation-factor tests
Perform winding-resistance tests
Perform special tests and adjustments as recommended by the
manufacturer.
Perform turns-ratio test
Remove a sample of insulating liquid in accordance with ASTM
D-923. Sample shall be tested for the following:
a. Dielectric Breakdown Voltage: ASTM D877
b. Color: ASTM D1500
c. Visual Condition: ASTM D1524

7.

Perform vacuum bottle integrity test (over-potential), if
applicable, across each vacuum bottle with the contacts in the
open position in strict accordance with manufacturer's
instructions. Do not exceed maximum voltage stipulated for this
test.

Test Values
1.
2.

3.

4.

5.

Bolt-torque levels shall be in accordance that specified by
manufacturer.
The polarization index shall be compared to manufacturer's factory
test results. If manufacturer's data is not available, the
acceptance test results will serve as baseline data.
Turns ratio test results shall maintain a normal deviation between
each voltage step and shall not deviate more than one-half percent
from the calculated voltage ratio.
Maximum winding insulation power factor/dissipation factor of
liquid-filled transformers corrected to 20°C shall be in
accordance with manufacturer's specifications.
Consult manufacturer if winding-resistance test results vary more
than one percent from test results of adjacent windings.

Final acceptance depends upon the satisfactory performance of the equipment
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under test. Do not energize transformer until recorded test data has been
approved by the Contracting Officer. Provide final test reports to the
Contracting Officer. Provide reports that have a cover letter/sheet
clearly marked with the System name, Date, and the words "Final Test
Reports - Forward to the Systems Engineer/Condition Monitoring
Office/Predictive Testing Group for inclusion in the Maintenance Database."
-- End of Section --
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