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SECTION 26 00 00.00 20

BASIC ELECTRICAL MATERIALS AND METHODS
07/06

PART 1   GENERAL

1.1   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 D 709 (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 (2007; Errata 06-1; TIA 07-1; TIA 07-2; 
TIA 07-3; Errata 07-2; TIA 08-4; TIA 08-5; 
TIA 08-6; TIA 08-7; TIA 08-8; TIA 08-9; 
TIA 08-10; TIA 08-11; TIA 09-12; TIA 
09-13; TIA 09-14; Errata 09-3; TIA 09-15; 
TIA 09-16; TIA 10-17) National Electrical 
Safety Code

IEEE C57.12.28 (2005) 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 (2011; TIA 11-1; Errata 2011) National 
Electrical Code

1.2   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 26 12 19.10 THREE-PHASE PAD MOUNTED TRANSFORMERS
Section 33 71 02.00 20 UNDERGROUND ELECTRICAL DISTRIBUTION
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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 
operations and that refer to this section for detailed description of 
submittal types.

c.  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.

1.4   ELECTRICAL CHARACTERISTICS

Electrical characteristics for this project shall be 13.8 kV primary, three 
phase, three wire, 60 Hz, and 480-277 volts secondary, three phase, three 
wire.   Final connections to the power distribution system at the existing 
switch station 56 shall be made by the Contractor as directed by the 
Contracting Officer and with the approval of the NAVFAC Washington 
Utilities Engineering Branch.

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   QUALITY ASSURANCE

1.6.1   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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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 
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.
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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 D 709.  Provide laminated plastic nameplates for each equipment 
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 and vertical air insulated switches, 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 
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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.

PART 2   PRODUCTS

2.1   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   EXECUTION

3.1   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 05 13.00 40

MEDIUM-VOLTAGE CABLES
08/10

PART 1   GENERAL

1.1   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.

ASSOCIATION OF EDISON ILLUMINATING COMPANIES (AEIC)

AEIC C8 (2000) Extruded Dielectric Shielded Power 
Cables Rated 5 Through 46 kV

ASTM INTERNATIONAL (ASTM)

ASTM B 3 (2001; R 2007) Standard Specification for 
Soft or Annealed Copper Wire

ASTM D 746 (2007) Standard Test Method for 
Brittleness Temperature of Plastics and 
Elastomers by Impact

NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

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 WC 70 (2009) Power Cable Rated 2000 V or Less 
for the Distribution of Electrical 
Energy--S95-658

NEMA WC 74/ICEA S-93-639 (2006) 5-46 kV Shielded Power Cable for 
Use in the Transmission and Distribution 
of Electric Energy

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; TIA 11-1; Errata 2011) National 
Electrical Code

U.S. GENERAL SERVICES ADMINISTRATION (GSA)

FED-STD-228 (2000) Cable and Wire, Insulated; Methods 
of Testing

1.2   DEFINITIONS

Medium voltage power cables includes all cables rated above 600 to 35,000 
volts.
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1.3   GENERAL REQUIREMENTS

Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS applies to 
work specified in this section.

Provide Certificates for the following showing that the cable manufacturer 
has made factory-conducted tests on each shipping length of cable.  Provide 
certified copies of test data that shows conformance with the referenced 
standards and is approved prior to delivery of cable.

1.4   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 01 33 10.05 20 
DESIGN SUBMITTAL PROCEDURES and Section 01 33 00.05 20 CONSTRUCTION 
SUBMITTAL PROCEDURES.

SD-03 Product Data

Provide equipment and performance data and manufacturer's catalog 
data for the following items:

Single-Conductor Shielded Cables

SD-06 Test Reports

Provide test reports for the following in accordance with the 
paragraph entitled, "Field Testing," of this section.

High-Voltage Tests

SD-07 Certificates

Provide listing of products installed showing qualifications of 
Cable Splicers to the Contracting Officer prior to specified work.

Provide Certificates for the following:

Flammability

Minimum Bending Radius

High-Voltage Tests

Cable Splicers

SD-08 Manufacturer's Instructions

Provide manufacturer's instructions showing the recommended 
sequence and method of installation for the following:

Medium-Voltage Power Cables

1.5   QUALIFICATIONS

Cable splicers performing splicing are required to have 5 years experience 
in cable splicing and terminations.  Once a termination or splice has been 
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started by a worker, the same person completes that particular splice.  
Start and complete each termination and splice in one continuous work 
period.

1.6   CABLE VOLTAGE RATINGS

Provide Medium-voltage power cables including multiple- and 
single-conductor cables rated as follows, phase-to-phase, for grounded and 
ungrounded neutral systems:

Use cables rated 15,000 volts, ungrounded neutral, on 13,200/13,800 -volt, 
three-phase, 60-hertz distribution systems.

1.7   SHIPMENT

Ship cables on reels such that the cable is protected from mechanical 
injury.  Hermetically seal and securely attach each end of each length of 
cable to the reel.

Make minimum reel drum diameter 14 times the overall diameter of the 
cable.  Provide a pulling eye that is installed by the manufacturer for 
each length of cable supplied for installation in ducts, manholes, and 
utility tunnels.

PART 2   PRODUCTS

2.1   CONDUCTORS

Provide conductors that are solid copper conforming to ASTM B 3.

2.2   CABLE IDENTIFICATION

Provide cables that have a tape placed immediately under the outer jacket 
showing the name of the manufacturer, the year in which the cable was 
manufactured, and a unique number for identification purposes.  Closely 
group information on the tape at 1-foot intervals to permit complete 
identification.

2.3   FLAMMABILITY

Test cables not to be enclosed in metallic conduit for flammability in 
accordance with FED-STD-228, Method 5221.

2.4   SINGLE-CONDUCTOR SHIELDED CABLES

2.4.1   Ethylene-Propylene-Rubber(EPR)

Provide single-conductor 15 KV cable assemblies that consist of:  Class B 
stranded copper conductors, an extruded semiconducting shield over the 
conductors, 220 mils of ethylene propylene rubber insulation, an extruded 
or other approved semiconducting shield, a 5 mil minimum copper tape shield 
wrapped helically with a minimum 12.5 percent overlap and a PVC jacket.

Provide single-conductor, ethylene-propylene-insulated, 
polyvinylchloride-jacketed, shielded cable that conforms to NEMA WC 70, 
ANSI/NEMA WC 71/ICEA S-96-659, NEMA WC 74/ICEA S-93-639 and AEIC C8.
Ethylene propylene rubber, single conductor cables shall be shielded for 
grounded or ungrounded neutral voltage ratings of more than 8,000 volts.  
Insulation level shall be 133%.
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2.5   CABLE SUPPORTS AND FITTINGS

Provide cable supports, related fittings, and accessories for use in 
corrosive underground locations, such as manholes and utility tunnels, with 
a factory applied coating of polyvinylchloride of at least 20 mils thick.  
Provide polyvinylchloride (PVC) coated items that have a uniform thickness 
and be free of blisters, breaks, and holidays.  Provide PVC compound that 
conforms to ASTM D 746.

PART 3   EXECUTION

3.1   INSTALLATION

Install medium-voltage cables in accordance with NFPA 70.  Refer to project 
drawings for cable racking instructions inside manholes.

Install cable in underground duct banks; in conduit above and below grade; 
inside buildings; by open wire method; on insulator hooks; on racks; in 
wall and ceiling mounted cable trays in utility tunnels and manholes; and 
by direct burial.

When field cuts or other damage occurs to the PVC coating, apply a liquid 
PVC patch to maintain the integrity of the coating.  After the installation 
is complete, perform an inspection to ensure the absence of voids, 
pinholes, or cuts.

3.1.1   Protection During Splicing Operations

Provide blower to force fresh air into manholes or confined areas where 
free movement or circulation of air is obstructed.  Make waterproof 
protective coverings available on the work site to provide protection 
against moisture while a splice is being made.  Use pumps to keep manholes 
dry during splicing operations.  Never make a splice or termination with 
the interior of a cable exposed to moisture.  Moisture-test conductor 
insulation paper before the splice is made.  Use a manhole ring at least 6 
-inches above ground around the manhole entrance to keep surface water from 
entering the manhole.  Plug unused ducts and stop water seepage through 
ducts in use before the splice is started.

3.1.2   Duct Cleaning

Thoroughly clean ducts before installation of power cables.  Pull a 
standard flexible mandrel through each duct to loosen particles of earth, 
sand, or foreign material in the line.  Provide not less than 12 -inches 
long mandrel with a diameter 1/2 inch less than the inside diameter of the 
duct.  Then pull a brush with stiff bristles through each duct to remove 
the loosened particles.  Provide brush diameter that is the same as or 
slightly larger than the diameter of the duct.

3.1.3   Pulling Cables in Ducts, Manholes and Utility Tunnels

Pull medium-voltage cables into ducts and utility tunnels with equipment 
designed for this purpose, including power-driven winch, cable-feeding 
flexible tube guide, cable grips, and lubricants.  Employ a sufficient 
number of trained personnel and equipment to ensure the careful and proper 
installation of the cable.

Set up cable reel at the side of the manhole or tunnel hatch opening and 
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above the duct or hatch level, allowing the cable to enter through the 
opening without reverse bending.  Install flexible tube guide through the 
opening in a manner that prevents the cable from rubbing on the edges of 
any structural member.

Allow for a pulling force for a cable grip on lead-sheathed cable that does 
not exceed 1,500 pounds per square inch of sheath cross-sectional area.  
Use a dynamometer in the pulling line to ensure that the pulling force is 
not exceeded.  Allow for a pulling force for a nonmetallic-sheathed cable 
that does not exceed the smaller of 1,000 pounds or a value computed from 
the following equation:

TM = 0.008 X N X CM

Where:  TM = maximum allowable pulling tension in pounds

N = number of conductors in the cable

CM = cross-sectional area of each conductor in circular mils

Unreel cable from the top of the reel.  Carefully control payout.  Make 
cable to be pulled be attached through a swivel to the main pulling wire by 
means of a pulling eye .

Use woven-wire cable grips to grip the cable end when pulling small cables 
and short straight lengths of heavier cables.

Attach pulling eyes to the cable conductors to prevent damage to the cable 
structure.

Use pulling eyes and cable grips together for nonmetallic sheathed cables 
to prevent damage to the cable structure.

Provide a minimum bending radius in accordance with the following:

                                      MINIMUM BENDING RADIUS MULTI-
                   CABLE TYPE         PLIER TIMES CABLE DIAMETER

            RUBBER- AND PLASTIC-IN-
            SULATED CABLE WITH OR
            WITHOUT INTERLOCKED ARMOR

                                                       
                Shielded cables with              12  
                shielding tape

                Shielded cables with               8  
                shielding wire

   
Liberally coat cables with a suitable cable-pulling lubricant as it enters 
the tube guide or duct.  Cover nonmetallic sheathed cables with 
wire-pulling compounds when required which have no deleterious effects on 
the cable.  Provide rollers, sheaves, or tube guides around which the cable 
is pulled that conform to the minimum bending radius of the cable.

Pull cables into ducts at a speed not to exceed 50 feet per minute and not 
in excess of maximum permissible pulling tension specified by the cable 
manufacturer.  Cable pulling using a vehicle is not permitted.  Stop 
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pulling operations immediately with any indication of binding or 
obstruction and do not resume until such difficulty is corrected.  Provide 
sufficient slack for free movement of cable due to expansion or contraction.

Make cable splices made up in manholes or utility tunnels that are firmly 
supported on cable racks as indicated.  Do not pull cable splices in 
ducts.  Overlap cable ends at the ends of a section to provide sufficient 
undamaged cable for splicing.  Make cables to be spliced in manholes or 
utility tunnels overlap the centerline of the proposed joint by not less 
than 2 feet.  Provide fiberglass cable racks in all manholes new and 
existing and neatly train cables.

Provide cables cut in the field that have the cut ends immediately sealed 
to prevent entrance of moisture.  Seal nonleaded cables with rubber tape 
wrapped down to 3 inches from the cable end.  Cover-wrap rubber tape with 
polyvinylchloride tape.  

3.1.4   Splices and Terminations

Make splices in manholes or tunnels except where cable terminations are 
specifically indicated.  Expedite splicing and terminating of cables to 
minimize exposure and cable deterioration.

Installation includes built-up or prefabricated heat or cold shrink 
stress-relief cones at the terminals of all shielded cables and at the 
terminals of single-conductor lead-covered cables rated 15 kV and above, 
ungrounded.

Field fabricate cable splices from splicing kits supplied by and in 
accordance with the cable manufacturer's recommendations for the type, 
size, and electrical characteristics of the cable specified.  Locate cable 
splices in manholes midway between cable racks on walls of manholes and 
supported with cable arms at approximately the same elevation as the 
enclosing duct.

Cable splices in the manholes shall be installed on cable racks or by other 
approved methods which minimize physical stress on the splice connections.  
Support splices at approximately the same elevation as the installed cable 
except where space limitations or existing cable length limitations make 
this method impractical or impossible.

Support all universal demountable splices in such manner so as to minimize 
physical stress on the splice connections.  Support each cable end 
termination using a pair of saddle type supports under the cable end 
termination and/or cable with a minimum 12 inches and a maximum 30 inches 
separation between the supports.  Secure cable end termination and cable to 
the supports in such a manner as to prevent movement of termination or 
cable at the support.  Install saddle type supports on galvanized steel 
framing channel anchored to the wall or securely fastened to the cable tray 
or installed by other approved methods.

3.2   FIELD TESTING

Contact the base high-voltage shop for electrical test requirements.

Make arrangements to have tests witnessed and approved by the Contracting 
Officer.  Final acceptance depends upon the satisfactory performance of the 
cable under test.  Do not energize cable until recorded test data has been 
approved by the NAVFAC Washington Utilities.  Provide final test reports to 
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the Contracting Officer.  Provide reports with a cover letter/sheet clearly 
marked with the System name, Date, and the words "Final Test Report - 
Forward to the Systems Engineer/Condition Monitoring Office/Predictive 
Testing Group for inclusion in the Maintenance Database."

        -- End of Section --
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SECTION 26 08 00

APPARATUS INSPECTION AND TESTING
08/08

PART 1   GENERAL

1.1   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.

INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA)

NETA ATS (2009) Standard for Acceptance Testing 
Specifications for Electrical Power 
Equipment and Systems

1.2   RELATED REQUIREMENTS

Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS applies to 
this section with additions and modifications specified herein.

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 01 33 10.05 20 
DESIGN SUBMITTAL PROCEDURES and Section 01 33 00.05 20 CONSTRUCTION 
SUBMITTAL PROCEDURES.

SD-06 Test Reports

Acceptance tests and inspections; G

SD-07 Certificates

Qualifications of organization, and lead engineering technician; G

Acceptance test and inspections procedure; G

1.4   QUALITY ASSURANCE

1.4.1   Qualifications

Contractor shall engage the services of a qualified testing organization to 
provide inspection, testing, calibration, and adjustment of the electrical 
distribution system and generation equipment listed in paragraph entitled 
"Acceptance Tests and Inspections" herein.  Organization shall be 
independent of the supplier, manufacturer, and installer of the equipment.  
The organization shall be a first tier subcontractor.  No work required by 
this section of the specification shall be performed by a second tier 
subcontractor.

a.  Submit name and qualifications of organization.  Organization 
shall have been regularly engaged in the testing of electrical 
materials, devices, installations, and systems for a minimum of 5 

PART 5 - SECTION 26 08 00 - Page 1

Child Development Center Addition/Alteration 
NSA Bethesda, MD Work Order Number: 1130316



years.  The organization shall have a calibration program, and 
test instruments used shall be calibrated in accordance with 
NETA ATS.

b.  Submit name and qualifications of the lead engineering technician 
performing the required testing services.  Include a list of three 
comparable jobs performed by the technician with specific names 
and telephone numbers for reference.  Testing, inspection, 
calibration, and adjustments shall be performed by an engineering 
technician, certified by NETA or the National Institute for 
Certification in Engineering Technologies (NICET) with a minimum 
of 5 years' experience inspecting, testing, and calibrating 
electrical distribution and generation equipment, systems, and 
devices.

1.4.2   Acceptance Tests and Inspections Reports

Submit certified copies of inspection reports and test reports.  Reports 
shall include certification of compliance with specified requirements, 
identify deficiencies, and recommend corrective action when appropriate.  
Type and neatly bind test reports to form a part of the final record.  
Submit test reports documenting the results of each test not more than 10 
days after test is completed.

1.4.3   Acceptance Test and Inspections Procedure

Submit test procedure reports for each item of equipment to be field tested 
at least 45 days prior to planned testing date.  Do not perform testing 
until after test procedure has been approved.

PART 2   PRODUCTS

Not used.

PART 3   EXECUTION

3.1   ACCEPTANCE TESTS AND INSPECTIONS

Testing organization shall perform acceptance tests and inspections.  Test 
methods, procedures, and test values shall be performed and evaluated in 
accordance with NETA ATS, the manufacturer's recommendations, and paragraph 
entitled "Field Quality Control" of each applicable specification section.  
Tests identified as optional in NETA ATS are not required unless otherwise 
specified.  Equipment shall be placed in service only after completion of 
required tests and evaluation of the test results have been completed.  
Contractor shall supply to the testing organization complete sets of shop 
drawings, settings of adjustable devices, and other information necessary 
for an accurate test and inspection of the system prior to the performance 
of any final testing.  Contracting Officer shall be notified at least 14 
days in advance of when tests will be conducted by the testing 
organization.  Perform acceptance tests and inspections on applicable 
equipment and systems specified in the following sections:

a.  Section 26 12 19.10 THREE-PHASE PAD-MOUNTED TRANSFORMERS

b.  Section 33 71 02.00 20 UNDERGROUND ELECTRICAL DISTRIBUTION 

c.  Section 26 11 17.00 20 MEDIUM VOLTAGE VERTICAL AIR INSULATED LOAD 
INTERRUPTOR SWITCHES
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d.  Section 26 05 13.00 40 MEDIUM-VOLTAGE CABLES

3.2   SYSTEM ACCEPTANCE

Final acceptance of the system is contingent upon satisfactory completion 
of acceptance tests and inspections.

3.3   PLACING EQUIPMENT IN SERVICE

A representative of the approved testing organization shall be present when 
equipment tested by the organization is initially energized and placed in 
service.

        -- End of Section --
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SECTION 26 11 17.00 20 

 
MEDIUM VOLTAGE VERTICAL AIR INSULATED LOAD INTERRUPTOR SWITCHES 

09/11 
 
 
 
 
 
PART 1   GENERAL 
 
1.1   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 2009) Standard Specification for 
Stainless and Heat-Resistance Chromium-Nickel 
Steel Plate, Sheet, and Strip 
 

ASTM A780 (2006) Standard Practice for Repair of 
Damaged and Uncoated Areas of Hot-Dip 
Galvanized Coatings. 
 

ASTM D1535 (2008e1)Specifying Color by the Munsell 
system 
 

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) 
 

IEEE C2 (2007; Errata 06-1; TIA 07-1; TIA 07-2; TIA 
07-3; Errata 07-2; TIA 08-4; TIA 08-5; TIA 
08-6; TIA 08-7; TIA 08-8; TIA 08-9; TIA 08-
10; TIA 08-11; TIA 09-12; TIA 09-13; TIA 09-
14; Errata 09-3; TIA 09-15; TIA 09-16; TIA 
10-17) National Electrical Safety Code 
 

IEEE C37.20.2 (1999; R 2005) Standard for Metal-Clad 
Switchgear 
 

IEEE C37.20.3 (2001; R 2006) Standard for Metal-Enclosed 
Interrupter Switchgear 
 

IEEE C37.41 (2008; Errata 2009) Standard Design Tests for 
High-Voltage (>1000 V) Fuses, Fuse and 
Disconnecting Cutouts, Distribution Enclosed 
Single-Pole Air Switches, Fuse Disconnecting 
Switches, and Accessories Used with These 
Devices 
 

IEEE C37.46 (2010) Standard For High Voltage Expulsion 
and Current-Limiting Type Power Class Fuses 
and Fuse Disconnecting Switches 
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IEEE C37.71 (2001) Standard for Three-Phase, Manually 

Operated Subsurface Load-Interrupting 
Switches for Alternating-Current Systems  
  

IEEE C57.12.28 (2005) Standard for Pad-Mounted Equipment – 
Enclosure Integrity 
  

IEEE C57.12.29 (2005) Standard for Pad-Mounted Equipment – 
Enclosure Integrity for Coastal Environments  
  

IEEE C57.13 (2008) Standard Requirements for Instrument 
Transformers  
  

IEEE C57.96 (1999; R 2005) Guide for Loading Dry-Type 
Distribution and Power Transformers  
  

IEEE C62.11 (2005; Amd 1 2008) Standard for Metal-Oxide 
Surge Arresters for Alternating Current Power 
Circuits (>1kV) 

 
INTERNATIONAL ELECTRICAL TESTING ASSOCIATION (NETA) 

 
NETA ATS (2009) Standard for Acceptance Testing 

Specifications for Electrical Power Equipment 
and Systems 

 
NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA) 

 
NEMA C12.1 (2008) Electric Meters Code for Electricity 

Metering 
 

NEMA C37.72 (1987) Manually-Operated, Dead-Front 
Padmounted Switchgear with Load Interrupting 
Switches and Separable Connectors for 
Alternating-Current Systems  
  

NEMA LI 1  (1998) Industrial Laminating Thermosetting 
Products 
  

NEMA ST 20 (1992; R 1997) Standard for Dry-Type 
Transformers for General Applications 

 
NATIONAL FIRE PROTECTION ASSOCIATION (NFPA) 

 
NFPA 70 (2011; TIA 11-1; Errata 2011) National 

Electrical Code  
 

UNDERWRITERS LABORATORIES (UL) 
 

UL 467 (2007) Grounding and Bonding Equipment  
 

1.2   RELATED REQUIREMENTS  
 
Section 26 00 00.00 20 BASIC ELECTRICAL MATERIALS AND METHODS and Section 26 
08 00 APPARATUS INSPECTION AND TESTING apply to this section, with the 
additions and modifications specified herein. 
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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       
01 33 00 SUBMITTAL PROCEDURES:  

 
 
 SD-02 Shop Drawings 
 
 Load Breaker Switches; G 
 
 SD-03 Product Data 
 
 Air insulated load Interrupter type switches; G 
  
 Manufacturer’s published time-current curves (on full size logarithmic    

paper) of fuses.   
 
Each submittal shall include data on fuses, switches, and associated  
accessories. 

 
 SD-06 Test Reports  
 
 Load interrupter switch design tests; G 
 
 Load interrupter switch production tests; G 
 

Furnish reports which include results of production and design test 
performed according to IEEE C37.71 or NEMA C37.72 as applicable.  
Production test shall be performed by the manufacturer on each load 
break switch to ensure that design performance is maintained in 
production. 

 
 Measured ground resistance; G 
 

Upon completion and before final acceptance of the work, submit the 
measured ground resistance of each ground rod and grounding system, 
including the location of the rod and grounding system and soil 
conditions at the time measurements were taken.   

 
 SD-09 Manufacturer’s Field Reports 
 
 Load interrupter switch design test; G 
 
 Load interrupter switch production tests; G 
 
 Acceptance Checks and Test; G 
 
 SD-10 Operation and Maintenance Data 
 
 Load break switches, Data Package 2  
 
 Submit in accordance with Section 01 78 23 OPERATION AND MAINTENANCE  

DATA.  
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 SD-11 Closeout Submittals  
 
 Equipment test schedule; G 
 
1.4   MAINTENANCE 
 
1.4.1   Additions to Operations and Maintenance Data 
 
In addition to requirements of load break switches, Data Package 2, include 
the following for the load interrupter switch provided. 
 
a. An instruction manual with pertinent items and information highlighted 

and device identified 
 

b. An outline drawing, including front view and sectional views with items 
and device identified 
 

c. Price for spare parts and supply 
 

d. Routing and field acceptance and supply 
 

e. Time-Current-Characteristics (TCC) curves of fuse 
 

f. Date of purchase   
 
PART 2   PRODUCTS 
 
2.1   PRODUCT COORDINATION  
 
Product and material not considered to be load interrupter switches and 
related accessories are specified in Section 33 71 02.00 20 UNDERGROUND 
ELECTRICAL DISTIBUTION. 
  

2.2   LOAD INTERRUPTER SWITCHES  
 
2.2.1   Heaters 
 
Provide 240-volt heaters in each switch section.  Heaters shall be of 
sufficient capacity to control moisture condensation in the compartments, 
and shall be sized 500 watts minimum.  Heaters shall be controlled by a 
thermostat and humidistat located inside each section and connected at 120 
volts.  Thermostats shall be industrial type, high limit, to maintain 
compartments within the range of 60° to 90° F.  Humidistats shall have a 
range of 30 percent to 60 percent relative humidity.  Provide transformer 
rated to carry 125 percent of heater full load rating.  Transformer shall 
have 220 degrees C insulation system with a temperature rise not exceeding 
115 degrees C and shall conform to NEMA ST 20.  Provide panelboard and 
circuit breaker in each switchgear assembly to serve the heaters in that 
switchgear assembly.  Energize electric heaters in switchgear while the 
equipment is in storage or in place prior to being placed in service.  
Provide method for easy connection of heater to external power source.  
 

2.2.2   Metal-Enclosed Load Interrupter Air Insulated Switch 
 
IEEE C37.20.3 for metal-enclosed air load interrupter type switches, 
insulated for 15 kV for use on 13.8 kV systems.  The metal-enclosed 
switchgear assembly shall consist of individual, factory-assembled, 
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freestanding modular units, each with provisions for bolt-together 
installation; modules shall have uniform dimensions, constructed of rigidly 
braced 11-gage steel with a durable corrosion-resistant finish.  Units shall 
include hinged front and rear door, capable of being locked, for access to 
cable connections and fusing, internal venting for air circulation, 
lifting/mounting provisions and centralized, front facing controls and 
identification name plates.  Modules shall allow incoming/outgoing cable 
entry from the bottom, sides or rear with adequate access for training and 
connection of cable using lugs and heat shrink terminations.  Modular units 
shall include necessary provisions for future expansion with removable end 
covers and extendable high-conductivity copper main and ground bus 
interconnections.  Main bus shall be fully insulated and mounted on 
insulated supports of high-impact, non-tracking, high-quality insulating 
material.  Bus shall be braced to withstand the mechanical forces exerted 
during short-circuit conditions when connected directly to a source having 
maximum of 61,000 amperes RMS symmetrical available.  Phase bus bars shall 
be rated 600 amperes.  Ground bus shall be sized for full short-circuit 
capacity and shall include provisions for external ground connections.  
Enclosures shall be designed for outdoor location and shall conform to 
Category B requirements of Table A1 of Appendix A to IEEE C37.20.3.  Provide 
permanent labels for wiring and terminals corresponding to the designations 
on approved shop drawings.  A safety glass window shall be provided in the 
door panel in front of each interrupter switch to observe its position.  
Fused selective shall have a split door and interlocked to prevent the door 
being opened with the switch closed.  A thermal imaging port shall be a 
standard of unit. 

 
2.2.2.1   Air-Insulated Load Interrupter Switches 
 
Load interrupter switches shall be three-pole, gang-operated, fused or non-
fused, arranged with hinge end of switch on load side to provide for "dead 
blade".  Fuses shall be located on hinge side of switch.  Switch handles 
shall be non-removable, operable from front of cubicle.  Switch shall be 
equipped with stored-energy, quick-make and quick-break device, to operate 
the switch independent of the handle or power operator speed.  Load 
interrupter switches shall be rated at 600 amperes continuous, 61 kA 
momentary, 38 kA short-time fault closing.  Switches shall be manual handle 
operated two positions: "close" and "open", for pad-mounted or indoor 
applications, as indicated.  Switches shall have front side entrance 
suitable for cable entering from above or below.  Each switch shall have two 
entrance ways of which one way is switched.  Operation mechanism shall be 
direct drive, bicycle chain operation shall not be accepted.     

 
2.2.2.2   Electrical Ratings and Standards  
 
Switches shall be designated, tested, and built in accordance with IEEE 
C37.20.3.  Switch assembly shall be rated as indicated and as follows: 

 
Maximum design voltage, kV  15.5 
Impulse level (BIL), kV (minimum)   95 
AC 1-minute withstand, kV (minimum) 35 
DC 15-minute withstand, kV (minimum) 53 
Continuous current, A 600 
Momentary current withstand, kA asym 61 
Close-and-latch rating (3 times), kA sym  61 
2-second symmetric current withstand, kA 25 
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2.2.2.3   Switch Construction  
 
Switch enclosure shall conform to requirements of IEEE C57.12.29.  Switch 
components and entrances shall be contained in a factory welded single mild 
steel enclosure properly braced to handle momentary and full load current 
duty.  The following standard components shall be included:  

 
a. Lifting eye 

 
b. Viewing window to permit inspection of the switch contacts and 

nameplate indicating viewed positions 
 

c. Grounding provisions for one 1/2 inch by 13 NC ground connection per 
switch-way 

 
d. Corrosion resistance enclosure using stainless steel and brass 

fasteners with no external aluminum parts 
 

e. One-line diagram and stainless steel nameplate fastened with stainless 
steel mechanical fasteners 
 

f. Compression spring direct device operator 
 

g. Enclosure coating to be the manufacturer’s standard corrosion 
protective finish 
 

h. Operating mechanism capable of being locked in any position, with 
position indication and non-removable operation handler 
 

i. Ground stops capable of being locked on switches internal grounding 
capability 
 

j. Full height insulating barriers between each phase, and between the 
outer phase and enclosure 
 

k. A maintenance provision for slow closing the switch to check switch 
blade engagement and slow opening the switch to check operations of the 
arc interrupting contacts 
 

l. For each fused switch, provided an internal storage rack for a set of 
three spare fuses.  Provide spare fuses.  
 

m. Painted ANSI Munsell 61 gray. 
 

n. Provided padlock keyed to match existing system. 
 

o. NEMA 3R enclosure  
 

p. The hinged door shall be interlocked with the switch so that the switch 
is opened and the door closed before the switch can be closed 
 

q. Provide Kirk key interlocks with all keys installed plus an extra set 
of keys as shown in drawings 
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2.2.2.4   Switch Operation  
 
Each switch-way shall be equipped with an internally-mounted operating 
mechanism capable of providing quick-made, quick-break operation on either 
switching direction.  The mechanism shall be capable of delivering 
sufficient force and shall be provided with latches for each position to 
ensure load interrupting, fault closing, and momentary ratings.  The 
mechanism shall use compression type springs to ensure long life and 
reliability.  Each switch position shall be clearly identified by an 
engraved or embossed nameplate.  The operating shaft shall be direct drive 
and made of stainless steel for maximum corrosion resistance. 

 
2.2.2.5   Conductor Termination 
 
Conductor terminations shall be designed for terminating one or two single 
conductor cables per phase and shall be arranged for conduits entering from 
below or above.  Provide space for cable terminations of the heat shrink 
type as specified in Section 33 71 02.00 20 UNDERGROUND ELECTRICAL 
DISTRIBUTION. 
 

2.2.2.6   Heaters  
 
Provide 240-volt heaters in each switch section.  Heaters shall be of 
sufficient capacity to control moisture condensation in the compartments, 
and shall be sized 500 watts minimum.  Heaters shall be controlled by a 
thermostat and humidistat located inside each section and connected at 120 
volts.  Thermostats shall be industrial type, high limit, to maintain 
compartments within the range of 60° to 90° F.  Humidistats shall have a 
range of 30 percent to 60 percent relative humidity.  Provide transformer 
rated to carry 125 percent of heater full load rating.  Transformer shall 
have 220 degrees C insulation system with a temperature rise not exceeding 
115 degrees C and shall conform to NEMA ST 20.  Provide panelboard and 
circuit breaker in each switchgear assembly to serve the heaters in that 
switchgear assembly.  Energize electric heaters in switchgear while the 
equipment is in storage or in place prior to being placed in service.  
Provide method for easy connection of heater to external power source. 
 

2.2.2.7   Fuses  
 
IEEE C37.41 and IEEE C37.46 as applicable.  High-voltage fuses and non-
disconnecting fuse mountings shall be accessible only through a separate 
door mechanically interlocked with the load break switch, to ensure the 
switch is in the open position when fuses are accessible.  Switch shall be 
designed with full height fuse access doors and shall have a solid barrier 
covering the area of the main cross bus and line side of the switch.  Metal 
screen barriers are not acceptable.  No energized parts shall be within 
normal reach of the opened doorway.  Four single full length inter phase 
barriers shall isolate the three phases of the switch from each other and 
from the enclosures.  Fuses shall be current limiting type of self-contained 
design to limit available fault current stresses on the system and shall 
have interrupting capacity of 50,000 amperes symmetrical rms and continuous 
current rating as indicated.  Furnish three spare fuse refill units for each 
switch and fuse assembly.  Fuses shall be affixed in position with 
provisions for removal and replacement from the front of the gear without 
the use of special tools.  
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2.2.2.8   Insulated Barriers  
 
Where insulated barriers are required by reference standards, provide 
barriers in accordance with NEMA LI 1, Type GPO-3, 0.25 inch minimum 
thickness. 
 

2.2.3   Corrosion Protection  
 
Bases frames, and channels of unit substation shall be corrosion resistant 
and shall be fabricated of stainless steel.  Base shall include any part of 
unit substation that is within 3 inches of concrete pad.  Paint unit 
substation, including bases, light gray No. 61.  Paint coating system shall 
comply with IEEE C57.12.28 regardless of base and substation material.  The 
color notation is specified in ASTM D1535.  
 

2.2.3.1   Stainless Steel  
 
ASTM A167, Type 304 or 304L.  
 

2.3 SOURCE QUALITY CONTROL  
 

2.3.1   Equipment Test Schedule 
  
The Government reserves the right to witness tests.  Provide equipment tests 
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 within rated 
accuracy.  

 
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 instructions and 

procedures for each test instrument.  
 

(b) Identify the third party/laboratory calibrated instrument to 
verify that calibrating standard is met.  
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2.3.2   Load Interrupter Switch Design Tests  
 
IEEE C37.71 or NEMA C37.72 as applicable, and IEEE C37.20.3.  Furnish 
documentation showing the results of design tests on a product of the same 
series and rating as that provided by this specification.  Required tests 
shall be as follows:  
 
a. Design Tests  

 
1. Dielectric:  

(a) Low-frequency withstand  

(b) Impulse withstand  
 

2. Continuous current  
 
3. Short-time current withstand (2 - second)  
 
4. Momentary current (10 cycles) 
 
5. Mechanical endurance  
 
6. Insulator supports  
 

(a) Flame-resistance  

(b) Tracking-resistance  
 
7. Bus-bar insulation  
 

(a) Dielectric strength  

(b) Flame-resistance  

 
8. Paint qualification  
 
9. Rain  

 
2.3.3   Load Interrupter Switch Production Tests  
 
IEEE C37.71 or NEMA C37.72 as applicable, and IEEE C37.20.3.  Furnish 
reports of production tests performed on the actual equipment for this 
project.  Required tests shall be as follows:  
 
a. Production Tests  

1.   Dielectric  
 
2.   Mechanical operation 

 
2.3.4   Kirk Key Interlocks 
  
Key interlocks shall be supplied as shown on the incoming sources and to 
prevent opening the front door of each vertical section unless the switch is 
opened and locked.  Key interlocks shall come equipped with all keys 
installed and an extra set of keys.  
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PART 3   EXECUTION  
 

3.1   INSTALLATION  
 
Electrical installations shall conform to IEEE C2, NFPA 70, and to the 
requirements specified herein. 
 

3.2   GROUNDING  
 
NFPA 70 and IEEE C2, except that grounds and grounding systems shall have a 
resistance to solid earth ground not exceeding 5 ohms.  
 

3.2.1   Grounding Electrodes  
 
Provide driven ground rods as specified in Section 33 71 02.00 20 
UNDERGROUND ELECTRICAL DISTRIBUTION.  Connect ground conductors to the upper 
end of the ground rods by exothermic welds Provide compression connectors at 
equipment ends of ground conductors. 
 

3.2.2   Substation Grounding  
 
Provide bare copper cable not smaller than No. 4/0 AWG, not less than 24 
inches below grade connecting to the indicated ground rods.  When work, in 
addition to that indicated or specified, is directed to obtain the specified 
ground resistance, the provision of the Contract covering "Changes" shall 
apply. 
 

3.2.3   Connections 
  
Make joints in grounding conductors and loops by exothermic weld.  
Exothermic welds shall be installed as specified in Section 33 71 02.00 20 
UNDERGROUND ELECTRICAL DISTRIBUTION, paragraph entitled "Grounding".  

 
3.2.4   Ground Cable Crossing Expansion Joints in Structures and Pavements  
 
Protect from damage by means of approved devices or methods of installation 
to allow the necessary slack in the cable across the joint to permit 
movement.  Provide stranded or other approved flexible copper cable across 
such separations. 
 

3.2.5   Grounding and Bonding Equipment  
 
UL 467, except as indicated or specified otherwise. 
 

3.3   INSTALLATION OF EQUIPMENT AND ASSEMBLIES 
  
Install and connect unit substations furnished under this section as 
indicated on project drawings, the approved shop drawings, and as specified 
herein. 
 

3.3.1   Medium-Voltage Load Interrupter Switches  
 
IEEE C37.20.2 and IEEE C37.20.3 as applicable. 
 

3.3.2   Galvanizing Repair  
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Repair damage to galvanized coatings caused by handling, transporting, 
cutting, welding, or bolting.  Make repairs in accordance with ASTM A780, 
zinc rich paint.  Do not heat surfaces that repair paint has been applied 
to. 
 

3.4   FOUNDATION FOR EQUIPMENT AND ASSEMBLIES  
 

3.4.1   Exterior Location  
 
Mount switchgear on concrete slab.  Unless otherwise indicated, the slab 
shall be at least 8 inches thick, reinforced with a 6 x 6 - W2.9 x 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.  Edges above grade 
shall have 1/2 inch chamfer.  Slab shall be of adequate size to project at 
least 8 inches beyond equipment, except that front of slab shall be large 
enough to serve as a platform to withdraw breakers or to operate two-high 
breaker lifters.  Provide conduit turn ups and cable entrance space required 
by the equipment to be mounted.  Seal voids around conduit openings in slab 
with water and oil-resistant caulking or sealant.  Cut off and bush conduits 
3 inches above slab surface.  Concrete work shall be as specified in Section 
03 30 00 CAST-IN-PLACE CONCRETE.  Provide appropriate sealant/caulking 
between base and concrete. 
 

3.5   FIELD QUALITY CONTROL   
 

3.5.1   Performance of 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.  The Washington Naval Facilities 
Engineering Command will witness formal tests after receipt of written 
certification that preliminary tests have been completed and that system is 
ready for final test and inspection. 
 

3.5.1.1   Interrupter Switch(es) 
  

a. Visual and Mechanical Inspection  
 
1. Compare equipment nameplate data with specifications and approved 

shop drawings 
 

2. Inspect physical and mechanical condition 
 
3. Confirm correct application of manufacturer's recommended lubricants 

 
4. Verify appropriate anchorage and required area clearances 

 
5. Verify appropriate equipment grounding 

 
6. Verify correct blade alignment, blade penetration, travel stops, and 

mechanical operation 
 

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

 
8. Verify that each fuse holder has adequate mechanical support 
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9. Verify tightness of accessible bolted electrical connections by 

calibrated torque-wrench method.  Thermographic surveying is 
required. 

 
10. Test interlocking systems for correct operation and sequencing 

 
11. Verify correct phase barrier materials and installation 

 
12. Compare switch blade clearances with industry standards 

 
13. Inspect all indicating devices for correct operation  
 

b. Electrical Tests  
 
1. Perform insulation-resistance tests 
 
2. Perform over-potential tests 
 
3. Measure contact-resistance across each switch blade and fuse holder 
 
4. Measure fuse resistance 
 
5. Verify heater operation 

 
3.5.1.2   Grounding System 
  

a. Visual and Mechanical Inspection  
 
Inspect ground system for compliance with contract plans and 
specifications. 

 
b. Electrical Tests  

 
Perform ground-impedance measurements utilizing the fall-off potential 
method.  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 ground testing megger 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. 
 
Submit the measured ground resistance of each ground rod and grounding 
system, indicating the location of the rod and grounding system.  
Include the test method and test setup (i.e., pin location) used to 
determine ground resistance and soil conditions at the time the 
measurements were made.  

3.5.2   Follow-Up Verification  
 
Upon completion of acceptance checks, settings, and tests, the Contractor 
shall show by demonstration in service that circuits and devices are in good 
operating condition and properly performing the intended function.  Circuit 
breakers shall be tripped by operation of each protective device.  Test 
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shall require each item to perform its function not less than three times.  
As an exception to requirements stated elsewhere in the Contract, notify the 
Contracting Officer 10 working days in advance of the dates and times for 
checks, settings, and tests. 
 
 
-- End of Section --  
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SECTION 26 12 19.10

THREE-PHASE PAD-MOUNTED TRANSFORMERS
11/09

PART 1   GENERAL

1.1   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.

AMERICAN CONCRETE INSTITUTE INTERNATIONAL (ACI)

ACI 318M (2008; Errata 2010) Building Code 
Requirements for Structural Concrete & 
Commentary

ASTM INTERNATIONAL (ASTM)

ASTM A 167 (1999; R 2009) Standard Specification for 
Stainless and Heat-Resisting 
Chromium-Nickel Steel Plate, Sheet, and 
Strip

ASTM D 1535 (2008e1) Specifying Color by the Munsell 
System

ASTM D 877 (2002; R 2007) Standard Test Method for 
Dielectric Breakdown Voltage of Insulating 
Liquids Using Disk Electrodes

ASTM D 92 (2005a; R 2010) Standard Test Method for 
Flash and Fire Points by Cleveland Open 
Cup Tester

ASTM D 97 (2009) Pour Point of Petroleum Products

FM GLOBAL (FM)

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

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE 100 (2000; Archived) The Authoritative 
Dictionary of IEEE Standards Terms

IEEE 386 (2006) Standard for Separable Insulated 
Connector Systems for Power Distribution 
Systems Above 600V

IEEE C2 (2007; Errata 06-1; TIA 07-1; TIA 07-2; 
TIA 07-3; Errata 07-2; TIA 08-4; TIA 08-5; 
TIA 08-6; TIA 08-7; TIA 08-8; TIA 08-9; 
TIA 08-10; TIA 08-11; TIA 09-12; TIA 
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09-13; TIA 09-14; Errata 09-3; TIA 09-15; 
TIA 09-16; TIA 10-17) National Electrical 
Safety Code

IEEE C37.47 (2000) Standard for High Voltage 
Current-Limiting Type Distribution Class 
Fuses and Fuse Disconnecting Switches

IEEE C57.12.00 (2010) Standard General Requirements for 
Liquid-Immersed Distribution, Power, and 
Regulating Transformers

IEEE C57.12.28 (2005) Standard for Pad-Mounted Equipment 
- Enclosure Integrity

IEEE C57.12.34 (2009) Standard for Requirements for 
Pad-Mounted, Compartmental-Type, 
Self-Cooled, Three-Phase Distribution 
Transformers, 5 MVA and Smaller; High 
Voltage, 34.5 kV Nominal System Voltage 
and Below; Low Voltage, 15 kV Nominal 
System Voltage and Below

IEEE C57.12.90 (2010) Standard Test Code for 
Liquid-Immersed Distribution, Power, and 
Regulating Transformers

IEEE C57.98 (1993; Errata 1998; R 1999) Guide for 
Transformer Impulse Tests

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 C12.1 (2008) Electric Meters Code for 
Electricity Metering

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; TIA 11-1; Errata 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
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UNDERWRITERS LABORATORIES (UL)

UL 467 (2007) Grounding and Bonding Equipment

1.2   RELATED REQUIREMENTS

Section 26 08 00 APPARATUS INSPECTION AND TESTING applies to this section, 
with the additions and modifications specified herein.

1.3   DEFINITIONS

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

1.4   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 01 33 10.05 20 DESIGN SUBMITTAL PROCEDURES and 
Section 01 33 00.05 20 CONSTRUCTION SUBMITTAL PROCEDURES.

SD-02 Shop Drawings

Pad-mounted transformer drawings; G

SD-03 Product Data

Pad-mounted transformers; G

Submittal shall include manufacturer's information for each 
component, device, and accessory provided with the transformer.

SD-06 Test Reports

Acceptance checks and tests; G

Submittal shall include acceptance criteria and limits for each 
test in accordance with NETA ATS "Test Values".

SD-07 Certificates

Transformer Losses; G

Submit certification from the manufacturer indicating conformance 
with the paragraph entitled "Specified Transformer Losses."

SD-09 Manufacturer's Field Reports

Pad-mounted transformer design tests; G

Pad-mounted transformer routine and other tests; G

SD-10 Operation and Maintenance Data

Transformer(s), Data Package 5; G
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Submit operation and maintenance data in accordance with Section 
01 78 24.05 20 FACILITY OPERATION AND MAINTENANCE SUPPORT 
INFORMATION and as specified herein.

SD-11 Closeout Submittals

Transformer test schedule; G

Submit report of test results as specified by paragraph entitled 
"Field Quality Control."

1.4.1   Government Submittal Review

NAVFAC Washington Naval Facilities Engineering Command UEM-CORE will review 
and approve all submittals in this section requiring Government approval.

1.4.2   Reduced Submittal Requirements

Transformers designed and manufactured by ABB in Jefferson City, MO; by 
Cooper Power Systems in Waukesha, WI; by ERMCO in Dyersburg, TN; or by 
Howard Industries in Laurel, MS need not submit the entire submittal 
package requirements of this contract.  Instead, the following items shall 
be submitted:

a.  A certification, signed by the manufacturer, stating that the technical 
requirements of this specification shall be met.

b.  An outline drawing of the transformer with devices identified 
(paragraph entitled "Pad-Mounted Transformer Drawings", item a).

c.  ANSI nameplate data of the transformer (paragraph entitled "Pad-Mounted 
Transformer Drawings", item b).

d.  Manufacturer's published time-current curves (properly overlaid on one 
full size logarithmic paper) of the transformer high side fuses 
(paragraph entitled "Pad-Mounted Transformer Drawings", item e) with 
transformer damage curve, inrush curve, and thru fault current 
indicated.

e.  Routine and other tests (in PART 2, see paragraph entitled "Source 
Quality Control", subparagraph entitled "Routine and Other Tests"), 
shall be conducted by the manufacturer and may be witnessed by the 
government.  Provide transformer test schedule required by submittal 
item "SD-11 Closeout Submittals".  Provide certified copies of the 
tests.

f.  Provide acceptance test reports required by submittal item "SD-06 Test 
Reports".

g.  Provide operation and maintenance manuals required by submittal item 
"SD-10 Operation and Maintenance Data".

1.5   QUALITY ASSURANCE

1.5.1   Pad-Mounted Transformer Drawings

Drawings shall indicate, but not be limited to the following:
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a.  An outline drawing, with front, top, and side views.

b.  ANSI nameplate data.

c.  Elementary diagrams and wiring diagrams with terminals identified of 
watt-hour meter and current transformers.

d.  One-line diagram, including switch(es), current transformers, meters, 
and fuses.

e.  Manufacturer's published time-current curves (on full size logarithmic 
paper) of the transformer high side fuses.

1.5.2   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.

1.5.3   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.

1.5.3.1   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.

1.5.3.2   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.

1.6   MAINTENANCE

1.6.1   Additions to Operation and Maintenance Data

In addition to requirements of Data Package 5, include the following on the 
actual transformer(s) provided:

a.  An instruction manual with pertinent items and information highlighted
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b.  An outline drawing, front, top, and side views

c.  Prices for spare parts and supply list

d.  Routine and field acceptance test reports

e.  Fuse curves for primary fuses

f.  Information on watthour demand meter, CT's, and fuse block

g.  Actual nameplate diagram

h.  Date of purchase

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.

PART 2   PRODUCTS

2.1   PRODUCT COORDINATION

Products and materials not considered to be pad-mounted transformers and 
related accessories are specified in Section 33 71 02.00 20 UNDERGROUND 
ELECTRICAL DISTRIBUTION,.

2.2   THREE-PHASE PAD-MOUNTED TRANSFORMERS

IEEE C57.12.34, IEEE C57.12.28 and as specified herein.

2.2.1   Compartments

The high- and low-voltage compartments shall be separated by steel 
isolating barriers extending the full height and depth of the compartments. 
Compartment doors:  hinged lift-off type with stop in open position and 
three-point latching.

2.2.1.1   High Voltage, Dead-Front

High-voltage compartment shall contain the incoming line, insulated 
high-voltage load-break connectors, bushing well inserts, three 
high-voltage bushing wells configured for radial feed application, 
load-break switch handle(s), access to oil-immersed fuses, tap changer 
handle, connector parking stands, and ground pad.

a.  Insulated high-voltage load-break connectors:  IEEE 386, rated 15 kV, 
95 kV BIL.  Current rating:  200 amperes rms continuous.  Short time 
rating:  10,000 amperes rms symmetrical for a time duration of 0.17 
seconds.  Connector shall have a steel reinforced hook-stick eye, 
grounding eye, test point, and arc-quenching contact material.

c.  Bushing well inserts:  IEEE 386, 200 amperes, 15 kV Class.  Provide a 
bushing well insert for each bushing well unless indicated otherwise.

d.  Load-break switch
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Radial-feed oil-immersed type rated at 15 kV, 95 kV BIL, with a 
continuous current rating and load-break rating of 200 amperes, and a 
make-and-latch rating of 10,000 rms amperes symmetrical.  Locate the 
switch handle in the high-voltage compartment.

e.  Provide bayonet type, oil-immersed, expulsion fuses in series with 
oil-immersed, partial-range, current-limiting fuses.  Bayonet fuse 
links shall sense both high currents and high oil temperature in order 
to provide thermal protection to the transformer.  Coordinate 
transformer protection with expulsion fuse clearing low-current faults 
and current-limiting fuse clearing high-current faults beyond the 
interrupting rating of the expulsion fuse.  In order to eliminate or 
minimize oil spills, the bayonet fuse assembly shall include an oil 
retention valve inside the housing which closes when the fuse holder is 
removed and an external drip shield.  Warning shall be conspicuously 
displayed within the high-voltage compartment cautioning against 
removing or inserting fuses unless the load-break switch is in the open 
position and the tank pressure has been released.

Bayonet fuse assembly:  150 kV BIL.

Oil-immersed current-limiting fuses:  IEEE C37.47; 50,000 rms amperes 
symmetrical interrupting rating at the system voltage specified.  
Connect current-limiting fuses ahead of the radial-feed load-break 
switch.

g.  Parking stands:  Provide a parking stand near each bushing well.  
Provide insulated standoff bushings for parking of energized load-break 
connectors on parking stands.

2.2.1.2   Low Voltage

Low-voltage compartment shall contain low-voltage bushings with NEMA spade 
terminals, accessories, metering, stainless steel or laser-etched anodized 
aluminum diagrammatic transformer nameplate, and ground pad.

a.  Accessories shall include drain valve with sampler device, fill plug, 
pressure relief device, liquid level gage, pressure-vacuum gage, and 
dial type thermometer with maximum temperature indicator. 

b.  Metering:  Meter will be provided by AMI Contractor 

2.2.2   Transformer

a.  Less-flammable liquid-insulated, two winding, 60 hertz, 65 degrees C 
rise above a 30 degrees C average ambient, self-cooled type.

b.  Transformer shall be rated as indicated.

c.  Tap changer shall be externally operated, manual type for changing tap 
setting when the transformer is de-energized.  Provide four 2.5 percent 
full capacity taps, two above and two below rated primary voltage.  Tap 
changers shall clearly indicate which tap setting is in use.

d.  Minimum tested impedance shall not be less than indicated.

e.  Audible sound levels shall comply with the following:
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                   kVA          DECIBELS (MAX)

                   75                  51
                   112.5               55
                   150                 55
                   225                 55
                   300                 55
                   500                 56
                   750                 57
                   1000                58
                   1500                60
                   2000                61
                   2500                62

f.  Transformer shall include lifting lugs and provisions for jacking under 
base.  The transformer base construction shall be suitable for using 
rollers or skidding in any direction.  Provide transformer top with an 
access handhole.  Transformer shall have its kVA rating conspicuously 
displayed on its enclosure.  The transformer shall have an insulated 
low-voltage neutral bushing with NEMA spade terminal, and with 
removable ground strap.

g.  Provide solid state demand/time of use/recorder active energy meter.

2.2.2.1   Specified Transformer Losses

No-load losses (NLL) shall be rated at 20 degrees C and load losses (LL) 
shall be rated at 85 degrees C, and shall be as indicated.  The values for 
the specified losses shall be used for comparison with the losses 
determined during the routine tests.  If the routine test values for 
no-load losses exceed the specified no-load losses by more than 10 percent, 
or the total losses exceed the specified total losses (sum of no-load and 
load losses) by more than 6 percent, the transformer is unacceptable.

2.2.3   Insulating Liquid

a.  Less-flammable transformer liquids:  NFPA 70 and FM APP GUIDE for 
less-flammable liquids having a fire point not less than 300 degrees C 
tested per ASTM D 92 and a dielectric strength not less than 33 kV 
tested per ASTM D 877.  Provide identification of transformer as 
"non-PCB" and "manufacturer's name and type of fluid" on the nameplate.

The fluid shall be a biodegradable electrical insulating and cooling 
liquid classified by UL and approved by FM as "less flammable" fluids.  
The fluid shall meet the following fluid properties:

1.  Pour point:  ASTM D 97, less than -15 degree C

2.  Aquatic biodegradation:  EPA 712-C-98-075, 100%

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

2.2.3.1   Liquid-Filled Transformer Nameplates

Distribution transformers shall be provided with nameplate information in 
accordance with IEEE C57.12.00 and as modified or supplemented by this 
section.

PART 5 - SECTION 26 12 19.10 - Page 8

Child Development Center Addition/Alteration 
NSA Bethesda, MD Work Order Number: 1130316



2.2.4   Corrosion Protection

Bases and cabinets of transformers shall be corrosion resistant and shall 
be fabricated of stainless steel conforming to ASTM A 167, Type 304 or 
304L.  Base shall include any part of pad-mounted transformer that is within
 3 inches of concrete pad.  Paint bases, cabinets, and tanks ANSI Munsell 
61 gray.  Paint coating system shall comply with IEEE C57.12.28 regardless 
of base, cabinet, and tank material.  The Munsell color notation is 
specified in ASTM D 1535.

2.3   WARNING SIGNS

Provide warning signs for the enclosures of pad-mounted transformers 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, 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.

2.4   Arc Flash Warning Label

Provide warning label for the enclosure of pad-mounted transformers.  
Locate this self-adhesive warning label on the outside of the high voltage 
compartment door warning of potential electrical arc flash hazards and 
appropriate PPE required.  The label format shall be as indicated.

2.5   GROUNDING AND BONDING

UL 467.  Provide grounding and bonding as specified in Section 
33 71 02.00 20 UNDERGROUND ELECTRICAL DISTRIBUTION.

2.6   SOURCE QUALITY CONTROL

2.6.1   Transformer Test Schedule

The Government reserves the right to witness tests.  Provide transformer 
test schedule 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 within rated 
accuracy.
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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 instructions and 
procedures for each test instrument.

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

2.6.2   Design Tests

IEEE C57.12.00 states that "design tests are made only on representative 
apparatus to substantiate the ratings assigned to all other 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 in accordance with IEEE C57.12.90
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 pad-mounted transformer with the same coil construction 
(such as wire wound primary and sheet wound secondary), the same kVA, 
the same cooling type (ONAN), 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 pad-mounted 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 the primary windings only of that 
transformer.

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.

d.  Lifting and moving devices:  "Basically the same design" requirement 
for the lifting and moving devices test means a test report confirming 
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that the lifting device being used is capable of handling the weight of 
the specified transformer in accordance with IEEE C57.12.34.

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

f.  Short circuit:  "Basically the same design" for the short circuit test 
means a pad-mounted transformer with the same kVA as the transformer 
specified.

2.6.3   Routine and Other Tests

IEEE C57.12.00.  Routine and other tests shall be performed in accordance 
with IEEE C57.12.90 by the manufacturer on 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.  No-load losses (NLL) and excitation current

e.  Load losses (LL) and impedance voltage

f.  Dielectric

1.  Impulse
 

2.  Applied voltage

3.  Induced voltage

g.  Leak

h.  Dissolved gas analysis (DGA)

PART 3   EXECUTION

3.1   INSTALLATION

Electrical installations shall conform to IEEE C2, NFPA 70, and to the 
requirements specified herein.  Provide new equipment and materials unless 
indicated or specified otherwise.

3.2   GROUNDING

NFPA 70 and IEEE C2, except that grounding systems shall have a resistance 
to solid earth ground not exceeding 5 ohms.

3.2.1   Grounding Electrodes

Provide driven ground rods as specified in Section 33 71 02.00 20 
UNDERGROUND ELECTRICAL DISTRIBUTION.  Connect ground conductors to the 
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upper end of ground rods by exothermic weld or compression connector.  
Provide compression connectors at equipment end of ground conductors.

3.2.2   Pad-Mounted Transformer Grounding

Provide separate copper grounding conductors and connect them to the ground 
loop as indicated.  When work in addition to that indicated or specified is 
required to obtain the specified ground resistance, the provision of the 
Contract covering "Changes" shall apply.

3.2.3   Connections

Make joints in grounding conductors and loops by exothermic weld or 
compression connector.  Exothermic welds and compression connectors shall 
be installed as specified in Section 33 71 02.00 20 UNDERGROUND ELECTRICAL 
DISTRIBUTION.

3.2.4   Grounding and Bonding Equipment

UL 467, except as indicated or specified otherwise.

3.3   INSTALLATION OF EQUIPMENT AND ASSEMBLIES

Install and connect pad-mounted transformers furnished under this section 
as indicated on project drawings, the approved shop drawings, and as 
specified herein.

3.3.1   Meters and Current Transformers

ANSI C12.1.

3.4   FIELD APPLIED PAINTING

Where field painting of enclosures is required to correct damage to the 
manufacturer's factory applied coatings, provide manufacturer's recommended 
coatings and apply in accordance with manufacturer's instructions.

3.5   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.

3.6   FOUNDATION FOR EQUIPMENT AND ASSEMBLIES

Mount transformer on concrete slab.  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.

3.6.1   Cast-In-Place Concrete

Cast-in-place concrete work shall conform to the requirements of ACI 318M.
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3.6.2   Sealing

When the installation is complete, the Contractor shall seal all entries 
into the equipment enclosure with an approved sealing method.  Provide 
appropriate sealant/caulking between transformer base and concrete pad.  
Seals shall be of sufficient strength and durability to protect all 
energized live parts of the equipment from rodents, insects, or other 
foreign matter.

3.7   FIELD QUALITY CONTROL

3.7.1   Performance of 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.

3.7.1.1   Pad-Mounted Transformers

a.  Visual and mechanical inspection

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

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

3.  Inspect anchorage, alignment, and grounding.

4.  Inspect all bolted electrical connections for high resistance 
using low-resistance ohmmeter, verifying tightness of accessible 
bolted electrical connections by calibrated torque-wrench method, 
or performing thermographic survey.

5.  Verify correct liquid level in tanks.

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

7.  Verify de-energized tap changer position is left as specified.  
Verify correct equipment grounding.

b.  Electrical tests

1.  Perform resistance measurements through all bolted connections 
with low-resistance ohmmeter.

              
2.  Verify proper secondary voltage phase-to-phase and 

phase-to-neutral after energization and prior to loading

3. Verify that the tap-charger is set at the specified ratio.

4.  Megger test, TTR test, oil sampling and testing.  All NETA ATS.
            
3.7.1.2   Current Transformers

a.  Visual and mechanical inspection

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

2.  Inspect physical and mechanical condition.

3.  Verify correct connection.

4.  Verify that adequate clearances exist between primary and 
secondary circuit wiring.

5.  Verify the unit is clean.

6.  Inspect all bolted electrical connections for high resistance 
using low-resistance ohmmeter, verifying tightness of accessible 
bolted electrical connections by calibrated torque-wrench method, 
or performing thermographic survey.

7.  Verify that all required grounding and shorting connections 
provide good contact.

b.  Electrical tests

1.  Perform resistance measurements through all bolted connections 
with low-resistance ohmmeter, if applicable.

2.  Perform insulation-resistance test.

3.  Perform a polarity test.

4.  Perform a ratio-verification test.

3.7.1.3   Grounding System

a.  Visual and mechanical inspection

1.  Inspect ground system for compliance with Contract plans and 
specifications.

b.  Electrical tests

1.  Perform ground-impedance measurements utilizing the 
fall-of-potential method.  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 ground 
testing megger 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.

2.  Submit the measured ground resistance of each ground rod and 
grounding system, indicating the location of the rod and grounding 
system.  Include the test method and test setup (i.e., pin 
location) used to determine ground resistance and soil conditions 
at the time the measurements were made.
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3.7.2   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 
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 --
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SECTION 33 71 02.00 20

UNDERGROUND ELECTRICAL DISTRIBUTION
08/08

PART 1   GENERAL

1.1   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.

ASSOCIATION OF EDISON ILLUMINATING COMPANIES (AEIC)

AEIC CS8 (2000) Extruded Dielectric Shielded Power 
Cables Rated 5 Through 46 kV

ASTM INTERNATIONAL (ASTM)

ASTM B 1 (2001; R 2007) Standard Specification for 
Hard-Drawn Copper Wire

ASTM B 3 (2001; R 2007) Standard Specification for 
Soft or Annealed Copper Wire

ASTM B 496 (2004) Standard Specification for Compact 
Round Concentric-Lay-Stranded Copper 
Conductors

ASTM B 8 (2004) Standard Specification for 
Concentric-Lay-Stranded Copper Conductors, 
Hard, Medium-Hard, or Soft

ASTM C 309 (2007) Standard Specification for Liquid 
Membrane-Forming Compounds for Curing 
Concrete

ASTM C 478 (2009) Standard Specification for Precast 
Reinforced Concrete Manhole Sections

ASTM C 857 (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 386 (2006) Standard for Separable Insulated 
Connector Systems for Power Distribution 
Systems Above 600V
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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 (2007; Errata 06-1; TIA 07-1; TIA 07-2; 
TIA 07-3; Errata 07-2; TIA 08-4; TIA 08-5; 
TIA 08-6; TIA 08-7; TIA 08-8; TIA 08-9; 
TIA 08-10; TIA 08-11; TIA 09-12; TIA 
09-13; TIA 09-14; Errata 09-3; TIA 09-15; 
TIA 09-16; TIA 10-17) National Electrical 
Safety Code

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/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 74/ICEA S-93-639 (2006) 5-46 kV Shielded Power Cable for 
Use in the Transmission and Distribution 
of Electric Energy

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (2011; TIA 11-1; Errata 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
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U.S. GENERAL SERVICES ADMINISTRATION (GSA)

CID A-A-60005 (Basic; Notice 2) Frames, Covers, 
Gratings, Steps, Sump And Catch Basin, 
Manhole

UNDERWRITERS LABORATORIES (UL)

UL 1072 (2006; Reprint Mar 2011) Medium-Voltage 
Power 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

1.2   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.  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.  Submit the following in accordance with Section 01 33 10.05 20 
DESIGN SUBMITTAL PROCEDURES and Section 01 33 00.05 20 CONSTRUCTION 
SUBMITTAL PROCEDURES.

SD-03 Product Data

Medium voltage cable; G

Medium voltage cable terminations; G

Pulling-In Irons

Manhole frames and covers; G

Cable supports (racks, arms and insulators); G
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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

Cable Installation Plan and Procedure

Six copies of the information described below in 8-1/2 by 11 inch 
binders having a minimum of three rings from which material may 
readily be removed and replaced, including a separate section for 
each cable pull.  Sections shall be separated by heavy plastic 
dividers with tabs, with all data sheets signed and dated by the 
person supervising the pull.

  a.  Site layout drawing with cable pulls numerically identified.

  b.  A list of  equipment used, with calibration certifications. 
The manufacturer  and quantity of lubricant used on pull.

  c.  The cable manufacturer and type of cable.

  d.  The dates of cable pulls, time of day, and ambient 
temperature.

  e.  The length of cable pull and calculated cable pulling 
tensions.

  f.  The actual cable pulling tensions encountered during pull.

SD-07 Certificates

Cable splicer/terminator; G

Cable Installer Qualifications

1.4   QUALITY ASSURANCE

1.4.1   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 
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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.

1.4.2   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.

1.4.3   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.

1.4.4   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.

1.4.4.1   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.

1.4.4.2   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   PRODUCTS

2.1   CONDUIT, DUCTS, AND FITTINGS

2.1.1   Rigid Metal Conduit

UL 6.
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2.1.2   Plastic Duct for Concrete Encasement

NEMA TC 6 & 8 and ASTM F 512, as indicated.

2.1.3   Innerduct

Provide corrugated or solid wall polyethylene (PE) or PVC innerducts with 
pullwire.  Size as indicated.

2.1.4   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.

2.1.5   Fittings

2.1.5.1   Metal Fittings

UL 514B.

2.1.5.2   PVC Duct Fittings

NEMA TC 9.

2.2   LOW VOLTAGE WIRE CONNECTORS AND TERMINALS

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

a.  For use with copper conductors:  UL 486A-486B.

2.3   MEDIUM VOLTAGE CABLE

Cable (conductor) sizes are designated by American Wire Gauge (AWG) and 
Thousand Circular Mils (Kcmil).  Conductor and conduit sizes indicated are 
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.

2.3.1   Cable Configuration

Provide Type MV cable, conforming to NEMA WC 74/ICEA S-93-639 and UL 1072.  
Provide cables manufactured for use in duct applications as indicated. 
Cable shall be rated 15 kV with 133 percent insulation level.

2.3.2   Conductor Material

Provide concentric-lay-stranded, Class B conductors.  Provide soft drawn 
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copper cables complying with ASTM B 3 and ASTM B 8 for regular concentric 
and compressed stranding or ASTM B 496 for compact stranding.

2.3.3   Insulation

Provide ethylene-propylene-rubber (EPR) insulation conforming to the 
requirements of ANSI/NEMA WC 71/ICEA S-96-659 and AEIC CS8.

2.3.4   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.

2.3.5   Jackets

Cables shall be provided with a PVC jacket.  Direct buried cables shall be 
rated for direct burial.  Provide PVC jackets with a separator that 
prevents contact when underlying semiconducting insulating shield.

2.4   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.

2.4.1   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.

2.4.2   Separable Insulated Connector Type

IEEE 386.  Provide connector with steel reinforced hook-stick eye, 
grounding eye, test point, and arc-quenching contact material.  Provide 
connectors of the loadbreak or deadbreak type as indicated, of suitable 
construction for the application and the type of cable connected, and that 
include cable shield adaptors.  Provide external clamping points and test 
points.

a.  200 Ampere loadbreak connector ratings:  Voltage:  15 kV, 95 kV BIL.  
Short time rating:  10,000 rms symmetrical amperes.
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2.5   TAPE

2.5.1   Insulating Tape

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

2.5.2   Buried Warning and Identification Tape

Provide detectable tape in accordance with Section 31 23 00.00 20 
EXCAVATION AND FILL

2.5.3   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.

2.6   PULL ROPE

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

2.7   GROUNDING AND BONDING

2.7.1   Driven Ground Rods

Provide copper-clad steel ground rods conforming to UL 467 not less than  
3/4 inch in diameter by 10 feet in length.  Sectional type rods may be used 
for rods 20 feet or longer.

2.7.2   Grounding Conductors

Stranded-bare copper conductors shall conform to ASTM B 8, Class B, 
soft-drawn unless otherwise indicated.  Solid-bare copper conductors shall 
conform to ASTM B 1 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.  

2.8   CAST-IN-PLACE CONCRETE

Provide concrete in accordance with Section 03 30 00 CAST-IN-PLACE CONCRETE.

2.9   UNDERGROUND STRUCTURES

Provide precast concrete underground structures or standard type 
cast-in-place manhole types as indicated, conforming to ASTM C 857 and  
ASTM C 478.  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 
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iron in the wall opposite each duct line entrance.  Cable racks, including 
rack arms and insulators, shall be adequate to accommodate the cable.

2.9.1   Manhole Frames and Covers

Provide cast iron frames and covers for manholes conforming to CID A-A-60005.  
Cast the word "ELECTRIC" in the top face of power manhole covers.

2.10   CABLE SUPPORTS (RACKS, ARMS, AND INSULATORS)

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

2.10.1   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.

2.10.2   Rack Arms

Cable rack arms shall be fiberglass and shall be of the removable type.  
Rack arm length shall be a minimum of 8 inches and a maximum of 12 inches.

2.10.3   Insulators

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

2.11   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.

2.11.1   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.

2.12   SOURCE QUALITY CONTROL

2.12.1   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 
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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 
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.

2.12.2   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   EXECUTION

3.1   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   CABLE INSTALLATION PLAN AND PROCEDURE

The Contractor shall obtain from the manufacturer an installation manual or 
set of instructions which addresses such aspects as cable construction, 
insulation type, cable diameter, bending radius, cable temperature limits 
for installation, lubricants, coefficient of friction, conduit cleaning, 
storage procedures, moisture seals, testing for and purging moisture, 
maximum allowable pulling tension, and maximum allowable sidewall bearing 
pressure.  The Contractor shall then perform pulling calculations and 
prepare a pulling plan which shall be submitted along with the 
manufacturers instructions in accordance with SUBMITTALS.  Cable shall be 
installed strictly in accordance with the cable manufacturer's 
recommendations and the approved installation plan.

Calculations and pulling plan shall include:

a.  Site layout drawing with cable pulls identified in numeric order 
of expected pulling sequence and direction of cable pull.
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b.  List of cable installation equipment.

c.  Lubricant manufacturer's application instructions.

d.  Procedure for resealing cable ends to prevent moisture from 
entering cable.

e.  Cable pulling tension calculations of all cable pulls.

f.  Cable percentage conduit fill.

g.  Cable sidewall bearing pressure.

h.  Cable minimum bend radius and minimum diameter of pulling wheels 
used.

i.  Cable jam ratio.

j.  Maximum allowable pulling tension on each different type and size 
of conductor.

k.  Maximum allowable pulling tension on pulling device.

3.4   UNDERGROUND FEEDERS SUPPLYING BUILDINGS

Terminate underground feeders supplying building at a point 5 feet outside 
the building and projections thereof, except that conductors shall be 
continuous to the terminating point indicated.  Coordinate connections of 
the feeders to the service entrance equipment with Section 26 20 00 
INTERIOR DISTRIBUTION SYSTEM.  Conduit shall be PVC, Type EPC-40 from the 
supply equipment to a point 5 feet outside the building and projections 
thereof.  Protect ends of underground conduit with plastic plugs until 
connections are made.

Encase the underground portion of the conduit in a concrete envelope and 
bury as specified for underground duct with concrete encasement.

3.5   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 C 309.  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.

3.5.1   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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3.5.2   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.

3.5.3   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.

3.5.4   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 
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receive 5/8 inch diameter by 3 inch long steel, square head anchor 
bolts.

c.  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.

3.5.5   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.

3.6   UNDERGROUND CONDUIT AND DUCT SYSTEMS

3.6.1   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.  Ducts shall have a 
continuous slope downward toward underground structures and away from 
buildings, laid with a minimum slope of 4 inches per 100 feet.  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.

3.6.2   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.

3.6.3   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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3.6.4   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 3 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.

3.6.5   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.

3.6.6   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 color, type and depth of warning tape as 
specified in Section 31 23 00.00 20 EXCAVATION AND FILL.

3.6.6.1   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. 

3.6.7   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 color, type and depth 
of warning tape as specified in Section 31 23 00.00 20 EXCAVATION AND 
BACKFILL.
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3.6.7.1   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.

3.6.7.2   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 bend out to tie into the reinforcing of 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.

3.6.7.3   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 
bend out to tie into the reinforcing of the duct bank envelope.  Chip out 
the opening in the pad to form a key for the duct bank envelope.

3.6.7.4   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.  
Remove existing cables which constitute interference with the work.  
Abandon in place those no longer used ducts and cables which do not 
interfere with the work.

3.6.7.5   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.

3.7   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, 
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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.

3.7.1   Cable Lubricants

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

3.8   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.

3.8.1   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 
fireproofing, if any, and locate the tags so that they are clearly visible 
without disturbing any cabling or wiring in the manholes.

3.9   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.

3.10   MEDIUM VOLTAGE CABLE TERMINATIONS

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

3.11   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.

3.11.1   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 
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the enclosure to prevent interference with the working area.

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 
instructions.

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:

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

3.13.1   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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3.13.3   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.

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 as indicated.  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 and Section 31 23 00.00 20 EXCAVATION 
AND FILL.

3.14.1   Reconditioning of Surfaces

3.14.1.1   Unpaved Surfaces

Restore to their original elevation and condition unpaved surfaces 
disturbed during installation of duct.  Preserve sod and topsoil removed 
during excavation and reinstall after backfilling is completed.  Replace 
sod that is damaged by sod of quality equal to that removed.  When the 
surface is disturbed in a newly seeded area, re-seed the restored surface 
with the same quantity and formula of seed as that used in the original 
seeding, and provide topsoiling, fertilizing, liming, seeding, sodding, 
sprigging, or mulching.  Provide work in accordance with Section 32 92 19 
TURF and Section 32 93 00 EXTERIOR PLANTS.
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3.14.1.2   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 00 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.

3.15.2   Sealing

When the installation is complete, the Contractor shall seal all conduit 
and other entries into the equipment enclosure with an approved sealing 
compound.  Seals shall be of sufficient strength and durability to protect 
all energized live parts of the equipment from rodents, insects, or other 
foreign matter.

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.
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(5)  Inspect for proper fireproofing.

(6)  Visually inspect jacket and insulation condition.

(7)  Inspect for proper phase identification and arrangement.

b.  Electrical Tests

Contact the base high voltage shop for electrical
testing requirements. 

3.16.1.2   Grounding System

a.  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 
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 --
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