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SECTION 16375

ELECTRICAL DISTRIBUTION SYSTEM, UNDERGROUND 

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 basic designation
only.

AMERICAN NATIONAL STANDARDS INSTITUTE (ANSI)

ANSI C80.1 (1995) Rigid Steel Conduit - Zinc Coated

ANSI C119.1 (1986) Sealed Insulated Underground Connector
Systems Rated 600 Volts

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM)

ASTM A 123/A123M (1997R) Zinc (Hot-Dip Galvanized) Coatings on
Iron and Steel Products

ASTM A 153/A153M (1995) Zinc Coating (Hot-Dip) on Iron and
Steel Hardware

ASTM B 8 (1993) Concentric-Lay-Stranded Copper
Conductors, Hard, Medium-Hard, or Soft

ASTM B 117 (1997) Operating Salt Spray (Fog) Testing
Apparatus

ASTM D 1654 (1992) Evaluation of Painted or Coated
Specimens Subjected to Corrosive
Environments

ASTM F 883 (1990) Padlocks

INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE)

IEEE C2 (1997) National Electrical Safety Code

IEEE Std 81 (1983) Guide for Measuring Earth Resistivity,
Ground Impedance, and Earth Surface
Potentials of a Ground System (Part1)

IEEE Std 100 (1996) IEEE Standard Dictionary of Electrical
and Electronics Terms
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NATIONAL ELECTRICAL MANUFACTURERS ASSOCIATION (NEMA)

NEMA AB 1 (1993) Molded Case Circuit Breakers and
Molded Case Switches

NEMA FB 1 (1993) Fittings, Cast Metal Boxes and Conduit
Bodies for Conduit and Cable Assemblies

NEMA PB 1 (1990) Panelboards

NEMA TC 6 (1990) PVC and ABS Plastic Utilities Duct for
Underground Installation

NEMA WC 7 (1988; Rev 3 1996)Cross-Linked-Thermosetting-
Polyethylene-Insulated Wire and Cable for
the Transmission and Distribution of
Electrical Energy

NEMA WC 8 (1988; Rev 3 1996) Ethylene-Propylene-Rubber-
Insulated Wire and Cable for the
Transmission and Distribution of
Electrical Energy

NATIONAL FIRE PROTECTION ASSOCIATION (NFPA)

NFPA 70 (1999) National Electrical Code

UNDERWRITERS LABORATORIES (UL)

UL 6 (1997) Rigid Metal Conduit

UL 467 (1993; Rev thru Aug 1996) Grounding and
Bonding Equipment

UL 486A (1997) Wire Connectors and Soldering Lugs for
Use with Copper Conductors

UL 486B (1997; Rev thru Jun 1997) Wire Connectors for
Use with Aluminum Conductors

UL 489 (1996; Rev Nov 1997)Molded-Case Circuit
Breakers and Circuit-Breaker Enclosures

UL 514A (1996; Rev Jul 1998)Metallic Outlet Boxes

UL 651 (1995; Rev thru Oct 1998) Schedule 40 and 80
Rigid PVC Conduit

UL 1242 (1996; Rev thru Apr 1997) Intermediate Metal
Conduit

1.2  GENERAL REQUIREMENTS
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1.2.1  Terminology

Terminology used in this specification is as defined in IEEE Std 100.

1.2.2  Service Conditions

Items provided under this section shall be specifically suitable for the following
service conditions:

a.  Ambient Temperature: 100 degrees F.

b.  Seismic Zone: 4.

1.3  SUBMITTALS

Governmental approval is required for submittals with a "GA" designation;
submittals having an "FIO" designation are for information only.  The following
shall be submitted in accordance with Section 01300 SUBMITTAL PROCEDURES:

1.3.1  SD-01, Data

Manufacturer's Catalog Data; GA.

Catalog cuts, brochures, circulars, specifications, product data, and printed
information in sufficient detail and scope to verify compliance with the
requirements of the contract documents.

Material, Equipment, and Fixture Lists; GA.

A complete itemized listing of equipment and materials proposed for incorporation
into the work.  Each entry shall include an item number, the quantity of items
proposed, and the name of the manufacturer of each such item.

1.3.2  SD-04, Drawings

Electrical Distribution System; GA.

Detail drawings consisting of equipment drawings, illustrations, schedules,
instructions, diagrams manufacturers standard installation drawings and other
information necessary to define the installation and enable the Government to
check conformity with the requirements of the contract drawings.

If departures from the contract drawings are deemed necessary by the Contractor,
complete details of such departures shall be included with the detail drawings. 
Approved departures shall be made at no additional cost to the Government.

Detail drawings shall show how components are assembled, function together and how
they will be installed on the project.  Data and drawings for component parts of
an item or system shall be coordinated and submitted as a unit.  Data and drawings
shall be coordinated and included in a single submission.  Multiple submissions
for the same equipment or system are not acceptable except where prior approval
has been obtained from the Contracting Officer.  In such cases, a list of data to
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be submitted later shall be included with the first submission.  Detail drawings
shall consist of the following:

a.  Detail drawings showing physical arrangement, construction details,
connections, finishes, materials used in fabrication, provisions for conduit or
busway entrance, access requirements for installation and maintenance, physical
size, electrical characteristics, foundation and support details, and equipment
weight.  Drawings shall be drawn to scale and/or dimensioned.  All optional items
shall be clearly identified as included or excluded.

b.  Internal wiring diagrams of equipment showing wiring as actually provided
for this project.  External wiring connections shall be clearly identified.

As-Built Drawings; GA.

1.3.3  SD-09 Reports

Factory Test; FIO.

Certified factory test reports shall be submitted when the manufacturer  performs
routine factory tests, including tests required by standards listed in paragraph
REFERENCES.  Results of factory tests performed shall be certified by the
manufacturer, or an approved testing laboratory, and submitted within 7 days
following successful completion of the tests. The manufacturer's pass-fail
criteria for tests specified in paragraph FIELD TESTING shall be included.

Field Testing; GA.

A proposed field test plan, 30  days prior to testing the installed system.  No
field test shall be performed until the test plan is approved.  The test plan
shall consist of complete field test procedures including tests to be performed,
test equipment required, and tolerance limits.

Test Reports; GA.

Six copies of the information described below in 215.9 by 279.4 mm (8-1/2 by 11
inch) binders having a minimum of three rings, including a separate section for
each test.  Sections shall be separated by heavy plastic dividers with tabs.

a.  A list of equipment used, with calibration certifications.
b.  A copy of measurements taken.
c.  The dates of testing.
d.  The equipment and values to be verified.
e.  The condition specified for the test.
f.  The test results, signed and dated.
g.  A description of adjustments made.

1.3.4  SD-13 Certificates

Materials and Equipment; FIO.

Where materials or equipment are specified to conform to the standards of the
Underwriters Laboratories (UL) or to be constructed or tested, or both, in
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accordance with the standards of the American National Standards Institute (ANSI),
the Institute of Electrical and Electronics Engineers (IEEE), or the National
Electrical Manufacturers Association (NEMA), the Contractor shall submit proof
that the items provided conform to such requirements. The label of, or listing by,
UL will be acceptable as evidence that the items conform. Either a certification
or a published catalog specification data statement, to the effect that the item
is in accordance with the referenced ANSI or IEEE standard, will be acceptable as
evidence that the item conforms. A similar certification or published catalog
specification data statement to the effect that the item is in accordance with the
referenced NEMA standard, by a company listed as a member company of NEMA, will be
acceptable as evidence that the item conforms. In lieu of such certification or
published data, the Contractor may submit a certificate from a recognized testing
agency equipped and competent to perform such services, stating that the items
have been tested and that they conform to the requirements listed, including
methods of testing of the specified agencies. Compliance with above-named
requirements does not relieve the Contractor from compliance with any other
requirements of the specifications.

1.3.5  SD-19 Operation and Maintenance Manuals

Electrical Distribution System; GA.

Six copies of Operation and Maintenance manuals, within 7 calendar days following
the completion of tests and including assembly, installation, operation and
maintenance instructions, spare parts data which provides supplier name, current
cost, catalog order number, and a recommended list of spare parts to be stocked.
Manuals shall also include data outlining detailed procedures for system startup
and operation, and a troubleshooting guide which lists possible operational
problems and corrective action to be taken. A brief description of all equipment,
basic operating features, and routine maintenance requirements shall also be
included. Documents shall be bound in a binder marked or identified on the spine
and front cover. A table of contents page shall be included and marked with
pertinent contract information and contents of the manual. Tabs shall be provided
to separate different types of documents, such as catalog ordering information,
drawings, instructions, and spare parts data. Index sheets shall be provided for
each section of the manual when warranted by the quantity of documents included
under separate tabs or dividers.  Three additional copies of the instructions
manual, within 30 calendar days following the approval of the manuals.

1.4  DELIVERY, STORAGE, AND HANDLING

Devices and equipment shall be visually inspected by the Contractor when received
and prior to acceptance from conveyance.  Stored items shall be protected from the
environment in accordance with the manufacturer's published instructions.  Damaged
items shall be replaced. 

1.5  EXTRA MATERIALS

One additional spare fuse or fuse element for each furnished fuse or fuse element
shall be delivered to the contracting officer when the electrical system is
accepted.  Two complete sets of all special tools required for maintenance shall
be provided, complete with a suitable tool box.  Special tools are those that only
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the manufacturer provides, for special purposes (to access compartments, or
operate, adjust, or maintain special parts).

1.6  Contractor shall perform all verification, observation, tests, and
examination work prior to the ordering of the electrical equipment and the actual
construction.  Contractor shall issue a written notice of all findings to the
Contracting Officer listing all malfunctions, faulty equipment, and discrepancies.

1.7  Heights shall be verified with Contracting Officer prior to installation.

1.8  The electrical plans are diagrammatic only, follow as closely as possible.

1.9  Electrical contractor shall provide all labor materials, insurance,
equipment, installation, construction tools, transportation, etc., for a complete
and properly operative system, energized throughout and as indicated on drawings,
as specified herein and/or as otherwise required.

1.10  All materials and equipment shall be new and in perfect conditions when
installed and shall be of the best grade and of the same manufacturer throughout
for each class or group of equipment.  Materials shall be listed and approved by
underwriter’s laboratory and shall bear the inspection label “J” where subject to
such approval.  Materials shall meet with approval of the division of industrial
safety, and all governing bodies having jurisdiction.  Materials shall be
manufactured in accordance with applicable standards established by ANSI, NEMA,
and NBFU.

1.11  Contractor shall carry out his work in accordance with all the latest
governing state, county, local codes and OSHA.

1.12  Electrical contractor shall secure all necessary permits and is to pay all
fees.

1.13  Complete job shall be guaranteed for a period of one (1) year after the date
of job acceptance by owner.  Any work, material, or equipment found to be faulty
during that period shall be corrected at once, upon written notification, at the
expense of the electrical contractor.

1.14  All brochures, operating manuals, catalogs, shop drawings, etc., shall be
turned over to Contracting Officer at job completion.

1.15  The entire electrical installation shall be grounded as required by all
applicable codes.

PART 2  PRODUCTS

2.1  STANDARD PRODUCT

Material and equipment shall be the standard product of a manufacturer regularly
engaged in the manufacture of the product and shall essentially duplicate items
that have been in satisfactory use for at least 2 years prior to bid opening. 
Items of the same classification shall be identical, including equipment,
assemblies, parts, and components.
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2.2  NAMEPLATES

2.2.1  General

Each major component of this specification shall have the manufacturer's name,
address, type or style, model or serial number, and catalog number on a nameplate
securely attached to the equipment.  Nameplates shall be made of noncorrosive
metal.  As a minimum, nameplates shall be provided for circuit breakers
panelboard.

2.3  CORROSION PROTECTION

2.3.1  Ferrous Metal Materials

2.3.1.1  Hardware

Ferrous metal hardware shall be hot-dip galvanized in accordance with ASTM A
153/A153M and ASTM A 123/A123M.

2.3.1.2  Equipment

Equipment and component items, including but not limited to transformer stations
and ferrous metal luminaries not hot-dip galvanized or porcelain enamel finished,
shall be provided with corrosion-resistant finishes which shall withstand 480
hours of exposure to the salt spray test specified in ASTM B 117 without loss of
paint or release of adhesion of the paint primer coat to the metal surface in
excess of 1/16 inch  from the test mark. The scribed test mark and test evaluation
shall be in accordance with ASTM D 1654 with a rating of not less than 7 in
accordance with TABLE 1, (procedure A). Cut edges or otherwise damaged surfaces of
hot-dip galvanized sheet steel or mill galvanized sheet steel shall be coated with
a zinc rich paint conforming to the manufacturer's standard. 

2.3.2  Finishing

Painting required for surfaces not otherwise specified and finish painting of
items only primed at the factory shall be in accordance with manufacturer’s
recommendations.

2.4  CABLES

Cables shall be single conductor type unless otherwise indicated.

2.4.1  Conductor Material

Underground cables shall be of soft drawn copper conductor material.

2.4.2  Low-Voltage Cables

Cables shall be rated 600 volts and shall conform to the requirements of NFPA 70. 
Cables shall utilize cross-linked thermosetting polyethylene (XLP) insulation and
shall conform to the requirements of NEMA WC 7 or ethylene-propylene-rubber (EPR)
insulation and shall conform to the requirements of NEMA WC 8.
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2.4.2.1  In Duct

Cables shall be single-conductor cable, in accordance with NFPA 70. 

2.5  CABLE JOINTS, TERMINATIONS, AND CONNECTORS

2.5.1  Low-Voltage Cable Splices

Low-voltage cable splices and terminations shall be rated at not less than 600
Volts.  Splices in conductors No. 10 AWG and smaller shall be made with an
insulated, solderless, pressure type connector, conforming to the applicable
requirements of UL 486A.  Splices in conductors No. 8 AWG and larger shall be made
with noninsulated, solderless, pressure type connector, conforming to the
applicable requirements of UL 486A and UL 486B.  Splices shall then be covered
with an insulation and jacket material equivalent to the conductor insulation and
jacket.  Splices below grade or in wet locations shall be sealed type conforming
to ANSI C119.1 or shall be waterproofed by a sealant-filled, thick wall, heat
shrinkable, thermosetting tubing or by pouring a thermosetting resin into a mold
that surrounds the joined conductors.

2.6  CONDUIT AND DUCTS

Ducts shall be single, round-bore type, with wall thickness and fittings suitable
for the application. Duct lines shall be concrete-encased, thin-wall type. 

2.6.1  Metallic Conduit

Intermediate metal conduit shall comply with UL 1242.  Rigid galvanized steel
conduit shall comply with UL 6 and ANSI C80.1.  Metallic conduit fittings and
outlets shall comply with UL 514A and NEMA FB 1.

2.6.2  Nonmetallic Ducts

2.6.2.1  Direct Burial

UL 651 Schedule 40 or NEMA TC 6 Type DB.

2.6.3  Conduit Sealing Compound

Compounds for sealing ducts and conduit shall have a putty-like consistency
workable with the hands at temperatures as low as 2 degrees C (35 degrees F),
shall neither slump at a temperature of 150 degrees C (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. 

2.7  PULLBOXES
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Pullboxes shall be as indicated. Pullbox covers in sidewalks, and turfed areas
shall be of the same material as the box. Concrete pullboxes shall consist of
precast reinforced concrete boxes, extensions, bases, and covers. 

2.8  GROUNDING AND BONDING

2.8.1  Driven Ground Rods

Ground rods shall be copper-clad steel conforming to UL 467 not less than 3/4 inch
in diameter by 10 feet in length.

2.8.2  Grounding Conductors

Grounding conductors shall be bare, except where installed in conduit with
associated phase conductors.  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.  Bare conductors shall be ASTM B 8 soft-drawn unless
otherwise indicated.  Aluminum is not acceptable.

2.9  CIRCUIT BREAKERS

Circuit breakers shall have voltage, current, and interrupting ratings as
indicated.  Fully rated circuit breakers shall be provided to obtain the specified
interrupting rating.

2.9.1  Molded-Case Circuit Breakers

NEMA AB 1 and UL 489 for circuit breakers.

a.  Molded-Case Circuit Breakers: Single-pole breakers shall be full module
size; two poles shall not be installed in a single module.

2.10  PANELBOARDS

Dead-front construction, NEMA PB 1.

2.11  All underground conduit shall be PVC schedule 40 (unless noted otherwise) at
a minimum depth of 24” below grade.  Under slab conduit may be 6” below slab.

2.12  All pole risers shall be PVC schedule 80.

2.13  All conduit installed shall be concealed unless otherwise noted.

2.14  All conduit only (CO) shall have a pull wire or rope.

2.15  OVERHEAD WIRING SYSTEM

2.15.1  Provide overhead wiring system in compliance with National Electrical Code
225-6 and 321.

2.15.2  Provide treated wire poles (utility type) imbedded in earth.
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2.15.3  Overhead wiring system and poles shall be installed similar to Southern
California Edison drawing (page 127, rev. date 10-83) and electrical pole details.

2.16  Provide meter/main/panel assembly as specified on plans.  Install per
manufacturers’ recommendations and per building department/code requirements.

2.17  Provide load schedule in all panelboards listing circuits and identifying
type and size of load, typewritten and protected by a transparent plastic cover.

2.18  All circuit breakers, fuses, and electrical equipment shall have an
interrupting rating not less the maximum short circuit current to which they may
be subjected, and a minimum of 10,000 AIC.

2.19  UTILITY BOX INSULATION

2.19.1  Pull boxes in grade to be Quickset no. E-17, Brooks no. 1PB or as
indicated on plans, concrete type set on 12 inches compacted gavel base for all
lighting circuits in landscape areas.  Provide bolt-down concrete lid in landscape
areas and steel traffic lids in driving areas.  All lids shall be engraved
“electrical.”

2.19.2  Install utility boxes with 12 inches (minimum) crushed rock base and
concrete slab surrounding and flush with the tope of the pull box.  Concrete slab
shall extend 6 inches, minimum, from the pull box in all directions, including
when in ac paved areas.  Set approximately 2 inches above grade in planters and 1
inch above paving, the paving to meet the slab, to minimize water intrusion.

2.19.3  All connections or splices located in a pull box or other space below
grade or where moisture can collect shall be waterproofed.  The recommended method
is to use Scotchlok, or approved equal, connectors and to embed the connectors
within a “Unipak” of 3M “Scotchcast” epoxy type resin.

2.19.4  Padlocks shall conform to ASTM F 883

PART 3  EXECUTION

3.1  GENERAL INSTALLATION REQUIREMENTS

Equipment and devices shall be installed and energized in accordance with the
manufacturer's published instructions. Except as covered herein, excavation,
trenching, and backfilling shall conform to the requirements of Section 02222
EXCAVATION, TRENCHING, AND BACKFILLING FOR UTILITIES SYSTEMS. Concrete work shall
conform to the requirements of Section 02811 IRRIGATION SYSTEM.

3.1.1  Conformance to Codes

The installation shall comply with the requirements and recommendations of NFPA 70
and IEEE C2 as applicable.
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3.2  CABLE INSTALLATION

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, lubricants, coefficient of
friction, conduit cleaning, storage procedures, moisture seals, testing for and
purging moisture, etc.  The Contractor shall then prepare a checklist of
significant requirements which shall be  submitted along with the manufacturers
instructions in accordance with  SUBMITTALS.

3.2.1  Cable Installation Plan and Procedure

Cable shall be installed strictly in accordance with the cable manufacturer's
recommendations. Each circuit shall be identified by means of a fiber, laminated
plastic, or non-ferrous metal tags, or approved equal, in each pullbox, junction
box, and each terminal.

3.2.1.1  Cable Inspection

The 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 in accordance with the cable manufacturer's recommendations.

3.2.1.2  Duct Cleaning

Duct shall be cleaned with an assembly that consists of a flexible mandrel
(manufacturers standard product in lengths recommended for the specific size and
type of duct) that is 1/4 inch less than inside diameter of duct, 2 wire brushes,
and a rag. The cleaning assembly shall be pulled through conduit a minimum of 2
times or until less than a volume of 131 cubic centimeters (8 cubic inches) of
debris is expelled from the duct.

3.2.1.3  Duct Lubrication

The cable lubricant shall be compatible with the cable jacket for cable that is
being installed.  Application of lubricant shall be in accordance with lubricant
manufacturer's recommendations.

3.2.2  Duct Line

Low-voltage cables shall be installed in duct lines where indicated. Cable splices
in low-voltage cables shall be made in manholes and handholes only, except as
otherwise noted. Neutral and grounding conductors shall be installed in the same
duct with their associated phase conductors. 

3.3  DUCT LINES

3.3.1  Requirements

Numbers and sizes of ducts shall be as indicated. Duct lines shall be 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
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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.

3.3.2  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.

3.3.3  Installation of Couplings

Joints in each type of duct shall be made up in accordance with the manufacturer's
recommendations for the particular type of duct and coupling selected and as
approved.

3.3.3.1  Plastic Duct

Duct joints shall be made by brushing a plastic solvent cement on insides of
plastic coupling fittings and on outsides of duct ends.  Each duct and fitting
shall then be slipped together with a quick 1/4-turn twist to set the joint
tightly.

3.3.4  Duct Line Markers

A 5 mil brightly colored plastic tape, not less than 3 inches in width and
suitably inscribed at not more than 10 feet on centers with a continuous metallic
backing and a corrosion-resistant 1 mil metallic foil core to permit easy location
of the duct line, shall be placed approximately 12 inches below finished grade
levels of such lines.

3.4  GROUNDING

A ground consisting of the indicated configuration of bare copper conductors and
driven ground rods shall be installed around pad-mounted equipment as shown.
Equipment frames of metal-enclosed equipment, and other noncurrent- carrying metal
parts, such as cable shields, cable sheaths and armor, and metallic conduit shall
be grounded.

3.4.1  Grounding Electrodes

Grounding electrodes shall be installed as shown on the drawings and as follows:
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a.  Driven rod electrodes - Unless otherwise indicated, ground rods shall be
driven into the earth until the tops of the rods are approximately 1 foot below
finished grade.

b.  Additional electrodes - Whenever the required ground resistance is not
met, provide additional electrodes interconnected with grounding conductors, to
achieve the specified ground resistance. The additional electrodes will be up to
3, 10 foot rods spaced a minimum of 10 feet apart.

3.4.2  Grounding and Bonding Connections

Connections above grade shall be made by the fusion-welding process or with bolted
solderless connectors, in compliance with UL 467, and those below grade shall be
made by a fusion-welding process.  Where grounding conductors are connected to
aluminum-composition conductors, specially treated or lined copper-to-aluminum
connectors suitable for this purpose shall be used.

3.4.3  Grounding and Bonding Conductors

Grounding and bonding conductors include  conductors used to bond transformer
enclosures and equipment frames to the grounding electrode system.  Grounding and
bonding conductors shall be sized as shown, and located to provide maximum
physical protection.  Bends greater than 45 degrees in ground conductors are not
permitted.  Routing of ground conductors through concrete shall be avoided.  When
concrete penetration is necessary, nonmetallic conduit shall be cast flush with
the points of concrete entrance and exit so as to provide an opening for the
ground conductor, and the opening shall be sealed with a suitable compound after
installation.

3.5  PADLOCKS

Padlocks shall be provided for pad-mounted equipment and for each fence gate. 
Padlocks shall be keyed alike as directed by the Contracting Officer.  Padlocks
shall comply with ASTM F 883.

3.6  FIELD TESTING

3.6.1  General

Field testing shall be performed in the presence of the Contracting Officer. The
Contractor shall notify the Contracting Officer 3 days prior to conducting tests.
The Contractor shall furnish all materials, labor, and equipment necessary to
conduct field tests. The Contractor shall perform all tests and inspections
recommended by the manufacturer unless specifically waived by the Contracting
Officer. The Contractor shall maintain a written record of all tests which
includes date, test performed, personnel involved, devices tested, serial number
and name of test equipment, and test results. Field test reports shall be signed
and dated by the Contractor.

3.6.2  Safety
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The Contractor shall provide and use safety devices such as rubber gloves,
protective barriers, and danger signs to protect and warn personnel in the test
vicinity.  The Contractor shall replace any devices or equipment which are damaged
due to improper test procedures or handling.

3.6.3  Ground-Resistance Tests

The resistance of each grounding electrode system shall be measured using the
fall-of-potential method defined in IEEE Std 81. Ground resistance measurements
shall be made before the electrical distribution system is energized and shall be
made in normally dry conditions not less than 48 hours after the last rainfall.
Resistance measurements of separate grounding electrode systems shall be made
before the systems are bonded together below grade. The combined resistance of
separate systems may be used to meet the required resistance, but the specified
number of electrodes must still be provided.

a.  Single rod electrode - 25 ohms.
b.  Multiple rod electrodes - 25 ohms.

3.6.4  Operating Tests

After the installation is completed, and at such times as the Contracting Officer
may direct, the Contractor shall conduct operating tests for approval.  The
equipment shall be demonstrated to operate in accordance with the requirements
herein.  An operating test report shall be submitted in accordance with SUBMITTALS
Test Reports.

3.7  ACCEPTANCE

Final acceptance of the facility will not be given until the Contractor has
successfully completed all tests and after all defects in installation, material
or operation have been corrected.

3.8  Connectors terminal lugs shall be used for terminating stranded conductors #8
and larger.

3.9  All branch circuit and fixture wiring joints, splices and taps for conductors
#10 and smaller shall be made with UL approved connectors listed for 600 volts. 
Connector bodies shall consist of a cone shape expandable coil spring insert,
insulated with Teflon or plastic shell.

3.10  Make all connections and splices necessary to properly install and complete
the work, and all splices shall be taped.  All tape shall be plastic electrical
tape.  All connection and splices shall be electrically and mechanically perfect,
and in strict accordance with all code requirements.

3.11  All debris and moisture shall be removed from the conduits, boxes and
cabinets.

3.12  No oil, grease, or similar substances shall be used to facilitate the
pulling in of conductors.  Use mineralac, linseed soap, or specifically approved
wire pulling compound.
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3.13  Wire in panel cabinets, pull boxes, and wiring gutters shall be neatly
grouped, taped together with 3M “Scotch” #33 plastic electrical tape, T&B Model
Ty-Rap cable strap or laced with #12 standard lacing twine and fanned out to the
terminals.

3.14  No splices shall be allowed in any cast iron or concrete pull box, unless it
is specifically called for on the drawings or it is with the specific written
approval of the Contracting Officer.  When splices are allowed a watertight heat
shrink process jacket over the splice shall be used.

     -- End of Section --
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