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SECTI ON 16375

ELECTRI CAL DI STRI BUTI ON SYSTEM UNDERGROUND

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnati on only.

AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI )

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

ANSI Cl119.1 (1986) Seal ed | nsul at ed Under ground
Connector Systens Rated 600 Volts

ANSI 6.1 (1992) Specifications and Dinensions for
Wod Pol es

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 48 (1994a) Gray lron Castings

ASTM B 3 (1995) Soft or Anneal ed Copper Wre

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

ASTM C 478 (1997) Precast Reinforced Concrete Manhol e
Secti ons

ASTM C 478M (1997) Precast Reinforced Concrete Mahhol e

Sections (Metric)
I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)
| EEE C2 (1997) National Electrical Safety Code

| EEE C62.1 (1989; R 1994) Surge Arresters for AC
Power Circuits

| EEE C62. 2 (1987; R 1994) Guide for the Application
of Gapped Silicon-Carbide Surge Arresters
for Alternating Current Systens

| EEE C62.11 (1993) | EEE Standard Metal - Oxi de Surge
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| EEE

| EEE

| EEE

| EEE

NENVA

NENVA

NENVA

NFPA

UL 6

Std 81

Std 100

Std 242

Std 399
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Arresters for AC Power Circuits

(1983) CGuide for Measuring Earth
Resistivity, Gound | npedance, and Earth
Surface Potentials of a Ground System
(Part 1)

(1996) | EEE Standard Dictionary of
El ectrical and El ectronics Terns

(1986; R 1991) Recommended Practice for
Protection and Coordi nation of Industrial
and Commerci al Power Systens

(1997) Recommended Practice for |ndustrial
and Commerci al Power Systens Anal ysis

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

FB 1

LA 1

TC 6

(1993) Fittings, Cast Metal Boxes and
Conduit Bodies for Conduit and Cable
Assenbl i es

(1992) Surge Arresters

(1990) PVC and ABS Plastic Uilities Duct
for Underground Installation

NATI ONAL FI RE PROTECTI ON ASSCCI ATI ON ( NFPA)

70

(1999) National Electrical Code

UNDERVWRI TERS LABCRATORI ES (UL)

UL 467

UL 486A

UL 486B

UL 514A

UL 651

UL 1242

1.2

GENERAL REQUI REMENTS

(1997) Rigid Metal Conduit

(1993; Rev thru Aug 1996) Groundi ng and
Bondi ng Equi pnent

(1997) Wre Connectors and Sol dering Lugs
for Use with Copper Conductors

(1997; Rev Jun 1997) Wre Connectors for
Use with Al umi num Conductors

(1996; Rev Jul 1998) Metallic Qutlet Boxes

(1995; Rev thru Cct 1998) Schedul e 40 and
80 Rigid PVC Conduit

(1996; Rev Apr 1997) Internedi ate Metal
Condui t
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1.

2.1 Ter m nol ogy

Term nol ogy used in this specification is as defined in IEEE Std 100.

. 2.2 Service Conditions

Itens provided under this section shall be specifically suitable for the
foll owi ng service conditions.

b. Atitude 1,000 feet
c. Anbient Tenperature 100 degrees F

d. Frequency 60

.3 SUBM TTALS

CGovernnmental approval is required for subnmittals with a "GA" designation;
submittals having an "FI O' designation are for information only. The
followi ng shall be subnitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 01 Data
Fault Current and Protective Devices Coordi nati on Studies; GA.

The study shall be subnitted with protective device equi pnment submittals.
No tine extension or simlar contract nodifications will be granted for
work arising out of the requirenents for this study. Approval of
protective devices proposed shall be based on recommendati ons of this
study. The Governnent shall not be held responsible for any changes to
equi prent, device ratings, settings, or additional |abor for installation
of equi pnment or devices ordered and/or procured prior to approval of the
st udy.

Manuf acturer's Catal og Data; FlIO
Catal og cuts, brochures, circulars, specifications, product data, and
printed infornmation in sufficient detail and scope to verify conpliance
with the requirenents of the contract docunents.

SD- 04 Dr awi ngs
El ectrical Distribution System GA
Detail drawi ngs consisting of equi pment drawi ngs, illustrations, schedul es,
i nstructions, diagrans nanufacturers standard installation draw ngs and
other information necessary to define the installation and enable the
CGovernment to check conformity with the requirenents of the contract
dr awi ngs.
I f departures fromthe contract draw ngs are deenmed necessary by the

Contractor, conplete details of such departures shall be included with the
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detail drawi ngs. Approved departures shall be nade at no additional cost
to the Governnent.

Detail drawi ngs shall show how conponents are assenbl ed, function together
and how they will be installed on the project. Data and draw ngs for
conponent parts of an itemor systemshall be coordinated and submtted as
a unit. Data and draw ngs shall be coordinated and included in a single
subm ssion. Miltiple subm ssions for the same equi pment or system are not
accept abl e except where prior approval has been obtained fromthe
Contracting Oficer. In such cases, a list of data to be submitted | ater
shall be included with the first submission. Detail draw ngs shall consi st
of the foll ow ng:

a. Detail drawi ngs show ng physical arrangenent, construction
details, connections, finishes, materials used in fabrication
provi sions for conduit or busway entrance, access requirenents for
installation and nai nt enance, physical size, electrica
characteristics, foundation and support details, and equi pnent
wei ght. Draw ngs shall be drawn to scal e and/or dinensioned. Al
optional itens shall be clearly identified as included or excluded.

b. Internal wiring diagrans of equi pnment showing wiring as actually
provided for this project. External wring connections shall be
clearly identified.

Detail drawi ngs shall as a mininumdepict the installation of the follow ng
itens:

b. Transforners.

d. Panel boards.

g. Surge arresters.
As-Bui It Draw ngs; GA.

The as-built drawi ngs shall be a record of the construction as installed.
The drawi ngs shall include the information shown on the contract draw ngs
as well as deviations, nodifications, and changes fromthe contract

drawi ngs, however minor. The as-built draw ngs shall be a full sized set
of prints marked to reflect deviations, nodifications, and changes. The
as-built drawi ngs shall be conplete and show the | ocation, size,

di mensi ons, part identification, and other information. Additional sheets
may be added. The as-built drawi ngs shall be jointly inspected for
accuracy and conpl eteness by the Contractor's quality control
representative and by the Contracting Officer prior to the subni ssion of
each nonthly pay estinmate. Upon conpletion of the work, the Contractor
shal |l provide three full sized sets of the marked prints to the Contracting
Oficer for approval. |If upon review, the as-built drawings are found to
contain errors and/or om ssions, they will be returned to the Contractor
for correction. The Contractor shall correct and return the as-built

drawi ngs to the Contracting O ficer for approval within 10 cal endar days
fromthe tine the drawings are returned to the Contractor
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SD- 09 Reports
Factory Test; GA
Certified factory test reports shall be submtted when the nanufacturer
perfornms routine factory tests, including tests required by standards
listed in paragraph REFERENCES. Results of factory tests perfornmed shal
be certified by the manufacturer, or an approved testing |aboratory, and
submtted within 7 days followi ng successful conpletion of the tests. The
manuf acturer's pass-fail criteria for tests specified in paragraph FIELD
TESTI NG shal | 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
pl an shall consist of conplete field test procedures including tests to be
perfornmed, test equi pnent required, and tolerance linmts.
Test Reports; FIO
Si x copies of the informati on described belowin 8-1/2 by 11 inch binders
having a mninum of three rings, including a separate section for each
test. Sections shall be separated by heavy plastic dividers with tabs.

a. A list of equipnent used, with calibration certifications.

b. A copy of neasurenents taken

c. The dates of testing.

d. The equi pnent and val ues to be verified.

e. The condition specified for the test.

f. The test results, signed and dat ed.

g. A description of adjustnents nade.
Cable Installation Reports; FIO
Si x copies of the informati on described belowin 8-1/2 by 11 inch binders
having a mninum of three rings fromwhich material nay readily be renoved
and replaced, including a separate section for each cable pull. Sections
shal | 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 nunerically identified.

b. A list of equipnent used, with calibration certifications. The
manuf acturer and quantity of |ubricant used on pull.

c. The cable nmanufacturer and type of cable.
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d. The dates of cable pulls, tine of day, and anbient tenperature.
e. The length of cable pull and cal cul ated cable pulling tensions.
f. The actual cable pulling tensions encountered during pull
SD-13 Certificates

Mat eri al s and Equi pment; GA

Where materials or equi pnent are specified to conformto the standards of
the Underwriters Laboratories (UL) or to be constructed or tested, or both,
in accordance with the standards of the American National Standards
Institute (ANSI), the Institute of Electrical and El ectronics Engi neers
(IEEE), or the National Electrical Manufacturers Association (NEMA), the
Contractor shall subnit proof that the itens provided conformto such

requi renents. The | abel of, or listing by, UL will be acceptable as
evidence that the itens conform Either a certification or a published
catal og specification data statement, to the effect that the itemis in
accordance with the referenced ANSI or |EEE standard, will be acceptable as
evidence that the itemconforns. A simlar certification or published
catal og specification data statement to the effect that the itemis in
accordance with the referenced NEMA standard, by a conmpany listed as a
nmenber conmpany 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 froma recognized testing agency equi pped and
conpetent to performsuch services, stating that the itens have been tested
and that they conformto the requirenents listed, including nethods of
testing of the specified agencies. Conpliance with above-naned

requi renents does not relieve the Contractor fromconpliance with any other
requi renents of the specifications.

Cable Splicer Qualification; GA

A certification that contains the names and the qualifications of people
recomended to performthe splicing and term nation of nmedi umvoltage
cabl es approved for installation under this contract. The certification
shal | indicate that any person reconmended to perform actual splicing and
term nations has been adequately trained in the proper techni ques and have
had at | east three recent years of experience in splicing and terninating
the sane or sinilar types of cables approved for installation. In
addi ti on, any person reconmended by the Contractor nay be required to
performa practice splice and termination, in the presence of the
Contracting O ficer, before being approved as a qualified installer of
nmedi um vol tage cables. |f that additional requirement is inposed, the
Contractor shall provide short sections of the approved types of cables
along with the approved type of splice and ternination kits, and detail ed
manufacturer's instruction for the proper splicing and termination of the
approved cabl e types.

Cable Installer Qualifications; GA

The Contractor shall provide at | east one onsite person in a supervisory
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position with a docunentable | evel of conpetency and experience to
supervise all cable pulling operations. A resune shall be provided show ng
the cable installers' experience in the last three years, including a |list
of references conplete with points of contact, addresses and tel ephone
nunbers.

SD-19 Qperation and Mi ntenance Manual s
El ectrical Distribution System GA

Si x copies of operation and naintenance manual s, within 30 cal endar days
followi ng the conpletion of tests and including assenbly, installation
operation and mai ntenance i nstructions, spare parts data which provides
supplier nane, current cost, catal og order nunber, and a reconmended |i st
of spare parts to be stocked. Manuals shall also include data outlining
detail ed procedures for systemstartup and operation, and a troubl eshooting
gui de which |ists possible operational problenms and corrective action to be
taken. A brief description of all equipnent, basic operating features, and
routi ne mai ntenance requirenents shall also be included. Docunents shal

be bound in a binder narked or identified on the spine and front cover. A
tabl e of contents page shall be included and narked with pertinent contract

i nfornati on and contents of the nmanual. Tabs shall be provided to separate
di fferent types of documents, such as catal og ordering information,
drawi ngs, instructions, and spare parts data. |ndex sheets shall be

provi ded for each section of the manual when warranted by the quantity of
docunents included under separate tabs or dividers.

Three additional copies of the instructions nmanual shall be provided within
30 cal endar days follow ng the nmanual s.

1.4 DELI VERY, STORAGE, AND HANDLI NG

Devi ces and equi prent shall be visually inspected by the Contractor when
received and prior to acceptance from conveyance. Stored itens shall be
protected fromthe environnent in accordance with the manufacturer's
published instructions. Danaged itens shall be replaced. O filled
transformers and switches shall be stored in accordance with the

manuf acturer's requirenments. Wod poles held in storage for nore than 2
weeks shall be stored in accordance with ANSI C6.1. Handling of wood pol es
shall be in accordance with ANSI (6.1, except that pointed tools capable of
produci ng i ndentations nore than 1 inch in depth shall not be used. Meta
pol es shall be handl ed and stored in accordance with the nanufacturer's

i nstructions.

1.5 EXTRA MATERI ALS

One additional spare fuse or fuse elenent for each furnished fuse or fuse
el ement shall be delivered to the contracting officer when the electrica
systemis accepted. Two conplete sets of all special tools required for
mai nt enance shall be provided, conplete with a suitable tool box. Special
tools are those that only the manufacturer provides, for special purposes
(to access conpartnents, or operate, adjust, or maintain special parts).

PART 2 PRODUCTS

SECTI ON 16375 Page 9
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2.

2.

2.

1 STANDARD PRODUCT

Mat eri al and equi pnent shall be the standard product of a manufacturer
regul arly engaged in the manufacture of the product and shall essentially
duplicate itens that have been in satisfactory use for at |east 2 years
prior to bid opening. Itens of the same classification shall be identica
i ncl udi ng equi pnent, assenblies, parts, and conponents.

.2 NAMEPLATES

2.1 Cener al

Each nmaj or conponent of this specification shall have the manufacturer's
nane, address, type or style, nodel or serial nunber, and catal og nunber on
a nanepl ate securely attached to the equi pnent. Naneplates shall be made
of noncorrosive netal. Equiprment containing liquid dielectrics shall have
the type of dielectric on the naneplate. Sectionalizer switch nanmepl ates
shal |l have a schematic with all switch positions shown and | abeled. As a
m ni mum nanepl ates shall be provided for transforners, circuit breakers,
neters, switches, and sw tchgear.

.3 Fi ni shi ng

Painting required for surfaces shall be per nmanufacturer's reconrendations
applicable to usage conditions.

.4 CABLES

Cabl es shall be single conductor type unless otherw se indicated.

4.1 Low Vol t age Cabl es

Cabl es shall be rated 600 volts and shall conformto the requirenents of
NFPA 70, and nust be UL listed for the application or neet the applicable
section of either |ICEA or NEMA standards.

.4.1.1 Conductor Materi al

Under ground cabl es shall be anneal ed copper conplying with ASTM B 3 and
ASTM B 8. Internmi xing of copper and al um num conductors is not permtted.

.4.1.2 I nsul ation

I nsul ation nust be in accordance with NFPA 70, and nust be UL |isted for
the application or neet the applicable sections of either | CEA or NEMA
standards. 2.4.1.3 I n Duct

Cabl es shall be single-conductor cable, in accordance w th NFPA 70.

5 CABLE JO NTS, TERM NATI ONS, AND CONNECTORS

5.1 Low Vol tage Cable Splices

SECTI ON 16375 Page 10
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Low vol tage cable splices and term nations shall be rated at not |ess than
600 Volts. Splices in conductors No. 10 AWG and smal |l er shall be made with
an insul ated, solderless, pressure type connector, conformng to the
applicable requirements of UL 486A. Splices in conductors No. 8 AWG and

| arger shall be made with noninsul ated, solderless, pressure type
connector, conformng to the applicable requirenents of UL 486A and UL 486B
Splices shall then be covered with an insulation and jacket nmateria

equi val ent to the conductor insulation and jacket. Splices bel ow grade or
in wet |ocations shall be sealed type conforming to ANSI C119.1 or shall be

wat er proofed by a sealant-filled, thick wall, heat shrinkable,

t hernosetting tubing or by pouring a thernosetting resin into a nold that

surrounds the joined conductors.

2.6 CONDUI T AND DUCTS

Ducts shall be single, round-bore type, with wall thickness and fittings
suitable for the application. Duct lines shall be nonencased
direct-burial, thick-wall type.

2.6.1 Metal li c Conduit

Internediate netal conduit shall conmply with UL 1242. Rigid gal vani zed
steel conduit shall conply with UL 6 and ANSI C80.1. Metallic conduit
fittings and outlets shall conmply with UL 514A and NEMA FB 1.

2.6.2 Nonmet al I'i ¢ Ducts
2.6.2.1 Di rect Burial

UL 651 Schedule 40 or NEMA TC 6 Type DB
2.7 MANHOLES, HANDHOLES, AND PULLBOXES

Manhol es, handhol es, and pul | boxes shall be as indicated. Strength of
manhol es, handhol es, and pul | boxes and their franmes and covers shal
conformto the requirenents of |EEE C2. Precast-concrete manhol es shal
have the required strength established by ASTM C 478, ASTM C 478M  Franmes
and covers shall be nade of gray cast iron and a nachi ne-fini shed seat
shal |l be provided to ensure a nmatching joint between franme and cover. Cast
iron shall conply with ASTM A 48, Class 30B, mininum Handholes for |ow
voltage cables installed in parking lots, sidewal ks, and turfed areas shal
be fabricated froman aggregate consisting of sand and with conti nuous
woven gl ass strands having an overall conpressive strength of at | east
10,000 psi and a flexural strength of at |east 5,000 psi.Pullbox and
handhol e covers in sidewal ks, and turfed areas shall be of the same
material as the box. Concrete pullboxes shall consist of precast

rei nforced concrete boxes, extensions, bases, and covers.

2.8 SURGE ARRESTERS
Surge arresters shall conply with NEMA LA 1, |EEE C62.1, |EEE C62.2, and
| EEE C62. 11 and shall be provided where indicated. Arresters shall be

station class, rated as shown. Arresters for use at elevations in excess of
6000 feet above nean sea |evel shall be specifically rated for that
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purpose. Arresters shall be equi pped with mounting brackets suitable for
the indicated installations. Arresters shall be of the netal-oxide
varistor type.

2.9 GROUNDI NG AND BONDI NG
2.9.1 Driven Gound Rods

Ground rods shall be copper-clad steel conforming to UL 467 not |ess than
3/4 inch in dianeter by 10 feet in length. Sectional type rods may be
used.

2.9.2 Groundi ng Conductors

Groundi ng conductors shall be bare, except where installed in conduit with
associ at ed phase conductors. Insulated conductors shall be of the sane
mat eri al as phase conductors and green col or-coded, except that conductors
shall be rated no nore than 600 volts. Bare conductors shall be ASTM B 8
soft-drawn unl ess otherw se indicated. Al unmnumis not acceptable.

2.10 COORDI NATED PONER SYSTEM PROTECTI ON

Anal yses shall be prepared to denonstrate that the equi pnent sel ected and
system constructed neet the contract requirenents for equi pment ratings,
coordi nation, and protection. They shall include a |oad flow analysis, a
fault current analysis, and a protective device coordination study. The
studi es shall be perforned by a registered professional engineer with
denonstrated experience in power systemcoordination in the last three
years. The Contractor shall provide a list of references conplete with
poi nts of contact, addresses and tel ephone nunbers. The sel ection of the
engi neer is subject to the approval of the Contracting O ficer

2.10.1 Scope of Anal yses

The fault current analysis, and protective device coordi nation study shal
begin at: the source bus and extend down to system bused where fault
availability is 10,000 anmperes (symmetrical) for building/facility 600 volt
| evel distribution buses. The nearest upstream device in the existing
source system and extend through the downstream devices at the | oad end.

2.10.2 Determ nati on of Facts

The tine-current characteristics, features, and naneplate data for each
exi sting protective device shall be determ ned and docurmented. The
Contractor shall coordinate with the comrercial power conpany for fault
current availability at the site.

2.10.3 Si ngl e Li ne Di agram

A single line diagramshall be prepared to show the electrical system
buses, devices, transformation points, and all sources of fault current

(i ncludi ng generator and nmotor contributions). A fault-inpedance di agram
or a conputer analysis diagram nmay be provided. Each bus, device or
transformati on point shall have a unique identifier. |If a fault-inpedance
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diagramis provided, inpedance data shall be shown. Locations of swi tches,
breakers, and circuit interrupting devices shall be shown on the diagram
together with available fault data, and the device interrupting rating.

2.10. 4 Fault Current Analysis
2.10.4.1 Met hod

The fault current analysis shall be performed in accordance w th nethods
described in | EEE Std 242, and | EEE Std 399.

2.10.4.2 Dat a

Actual data shall be utilized in fault calculations. Bus characteristics
and transforner inpedances shall be those proposed. Data shall be
docunented in the report.

2.10.5 Coor di nati on Study

The study shall denponstrate that the naxi num possi bl e degree of selectively
has been obtai ned between devi ces specified, consistent with protection of
equi pnrent and conductors from damage from overl oads and fault conditions.
The study shall include a description of the coordination of the protective
devices in this project. Provide a witten narrative that describes: which
devices nmay operate in the event of a fault at each bus; the logic used to
arrive at device ratings and settings; situations where system coordi nation
is not achievable due to device lintations (an analysis of any device
curves which overlap); coordination between upstream and downstream
devices; and any relay settings. Recommendations to inprove or enhance
systemreliability, and detail where such changes woul d invol ve additions
or nodifications to the contract and cost changes (addition or reduction)
shal | be provided. Conposite coordination plots shall be provided on

| og-1 0og graph paper.

2.10.6 St udy Report
a. The report shall include a narrative describing: the analyses

perforned; the bases and nethods used; and the desired nethod of
coordi nated protection of the power system

b. The study shall include descriptive and technical data for
exi sting devices and new protective devices proposed. The data
shal | include manufacturers published data, nanepl ate data, and

definition of the fixed or adjustable features of the existing or
new protective devices.

c. The report shall docunent utility conpany data including system
vol tages, fault MVA, system X R ratio, tine-current
characteristics curves, current transforner ratios, and rel ay
devi ce nunbers and settings; and existing power system data
including tine-current characteristic curves and protective device
ratings and settings.

d. The report shall contain fully coordinated conposite tinme-current
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characteristic curves for each bus in the system as required to
ensure coordi nated power system protection between protective
devi ces or equiprent. The report shall include recommended
ratings and settings of all protective devices in tabulated form

e. The report shall provide the calculation performed for the
anal yses, including conputer analysis prograns utilized. The nane
of the software package, devel oper, and version nunber shall be
provi ded.

PART 3 EXECUTI ON

3.

1 GENERAL | NSTALLATI ON REQUI REMENTS

Equi pnrent and devi ces shall be installed and energi zed in accordance with
the manufacturer's published instructions. Except as covered herein
excavation, trenching, and backfilling shall conformto the requirenents of
Section 02316 EXCAVATI ON, TRENCHI NG, AND BACKFI LLI NG FOR UTI LI TI ES SYSTEMS.

Concrete work shall have m ni mum 3000 psi conpressive strength and conform
to the requirenents of Section 03307 CONCRETE FOR M NOR STRUCTURES AND
GROUTI NG STONE

1.1 Conf or mance to Codes

The installation shall conply with the requirenents and recomendati ons of
NFPA 70 and | EEE C2 as applicabl e.

1.2 Verification of D nensions

The Contractor shall become famliar with details of the work, shall verify
di mensions in the field, and shall advise the Contracting O ficer of any
di screpancy before perform ng any work

.2.1.2 Duct C eani ng

Duct shall be cleaned with an assenbly that consists of a flexible nandre
(manuf acturers standard product in |lengths recomrended for the specific
size and type of duct) that is 1/4 inch |l ess than inside dianmeter of duct,
2 wire brushes, and a rag. The cleaning assenbly shall be pulled through
conduit a mininumof 2 times or until less than a volune of 8 cubic inches
of debris is expelled fromthe duct.

.2 Duct Lubrication

The cabl e lubricant shall be conpatible with the cable jacket for cable
that is being installed. Application of |ubricant shall be in accordance
with lubricant manufacturer's recomrendati ons.

.3 Cabl e Installation

The Contractor shall provide a cable feeding truck and a cable pulling

wi nch as required. The Contractor shall provide a pulling grip or pulling
eye in accordance with cable manufacturer's recomendations. The pulling
grip or pulling eye apparatus shall be attached to pol ypropyl ene or manilla
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rope followed by lubricant front end packs and then by power cables. A
dynanoneter shall be used to nonitor pulling tension. Pulling tension

shall not exceed cabl e manufacturer's reconmendations. The Contractor

shall not allow cables to cross over while cables are being fed into duct.
For cable installation in cold weather, cables shall be kept at 50 degrees F
tenperature for at |east 24 hours before installation

3.4 Duct Line

Low vol tage cables shall be installed in duct |lines where indicated. Cable
splices in | owvoltage cables shall be made in manhol es and handhol es only,
except as otherw se noted. Neutral and groundi ng conductors shall be
installed in the sanme duct with their associ ated phase conductors.

3.5 Trenchi ng

Trenches for direct-burial cables shall be excavated to depths required to
provi de the m ni mum necessary cable cover. Bottons of trenches shall be
snooth and free of stones and sharp objects. Were bottons of trenches
conprise materials other than sand, a 3 inch layer of sand shall be laid
first and conpacted to approxi mate densities of surrounding firmsoil

3.6 Low Vol tage Cable Splices

Cable joints or splices in direct-burial cables are not pernmitted in runs of
1000 feet or less, nor at intervals of less than 1000 feet in |onger runs,
except as required for taps. Locations of cable joints or splices in
shorter intervals, where required to avoid obstructions or danage to
cabl es, shall be approved. Cable joints or splices in direct buria
installations shall be installed in above-ground junction boxes or in cast
netal splice boxes suitable for direct burial use. Cable joints or splices
i n duct banks shall be nade only in nanhol es, handhol es, or pull boxes.

3.7 Cabl e Markers

Mar kers shall be |l ocated near the ends of cable runs, at each cable joint
or splice, at approxinmately every 100 feet al ong cable runs, and at changes
in direction of cable runs. 1In addition to narkers, a 5 ml, brightly
colored plastic tape not less than 3 inches in width and suitably inscribed
at not nore than 10 feet on centers, or other approved dig-in warning

i ndi cation, shall be placed approxinmately 12 inches bel ow fini shed grade

| evel s of trenches.

3.8 DUCT LI NES
3.8.1 Requi renent s

Nunbers and sizes of ducts shall be as indicated. Duct lines shall be laid
with a mninumslope of 4 inches per 100 feet. Depending on the contour of
the finished grade, the high-point nay be at a termnal, a nmanhole, a
handhol e, or between nanhol es or handhol es. Short-radi us manufactured

90- degree duct bends nmay be used only for pole or equipnent risers, unless
specifically indicated as acceptable. The m ni mum manufactured bend radi us
shall be 18 inches for ducts of less than 3 inch dianeter, and 36 inches
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for ducts 3 inches or greater in dianeter. Qherw se, |ong sweep bends
having a mni numradi us of 25 feet shall be used for a change of direction
of nmore than 5 degrees, either horizontally or vertically. Both curved and
strai ght sections may be used to formlong sweep bends, but the nmaxi mum
curve used shall be 30 degrees and manufactured bends shall be used. Ducts
shal | be provided with end bells whenever duct lines ternm nate in nanhol es
or handhol es.

3.8.2 Tr eat nent

Ducts shall be kept clean of concrete, dirt, or foreign substances during
construction. Field cuts requiring tapers shall be nmade with proper tools
and match factory tapers. A coupling recommended by the duct nanufacturer
shal | 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 cl eaned before being |aid.
Pl astic ducts shall be stored on a flat surface and protected fromthe
direct rays of the sun

3.8.3 Nonencased Direct-Buri al

Top of duct lines shall be not |less than 36 inches bel ow fini shed grade and
shall be installed with a mininmumof 3 inches of earth around each duct,
except that between adjacent electric power and comunication ducts, 12

i nches of earth is required. Bottoms of trenches shall be graded toward
manhol es or handhol es and shall be snpboth and free of stones, soft spots,
and sharp objects. Were bottons of trenches conprise materials other than
sand, a 3 inch layer of sand shall be laid first and conpacted to

approxi nate densities of surrounding firmsoil before installing ducts.
Joints in adjacent tiers of duct shall be vertically staggered at |east 6
inches. The first 6 inch layer of backfill cover shall be sand conpacted
as previously specified. The rest of the excavation shall be backfilled
and conpacted in3 to 6 inch layers. Duct banks nmay be held in alignment
with earth. However, high-tiered banks shall use a wooden franme or

equi valent formto hold ducts in alignnent prior to backfilling.

3.8.4 Install ati on of Couplings
Joints in each type of duct shall be made up in accordance with the
manuf acturer's recommendations for the particular type of duct and coupling
sel ected and as approved.

3.8.4.1 Pl astic Duct
Duct joints shall be nade by brushing a plastic solvent cenment 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.

3.9 MANHOLES, HANDHOLES, AND PULLBOXES

3.9.1 Cener a
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Manhol es shall be constructed approxi mately where shown. The exact

| ocati on of each manhol e shall be deternined after careful consideration
has been given to the location of other utilities, grading, and paving.
The | ocation of each manhol e shall be approved by the Contracting Oficer
bef ore construction of the manhole is started. Manholes shall be the type
noted on the drawi ngs and shall be constructed in accordance with the
applicable details as indicated. Top, walls, and bottom shall consist of
rei nforced concrete. Walls and bottom shall be of nmonolithic concrete
construction. The Contractor nay at his option utilize nonolithically
constructed precast-concrete nmanhol es having the required strength and

i nsi de di mensions as required by the drawi ngs or specifications. |n paved
areas, franes and covers for manhol e and handhol e entrances in vehicul ar
traffic areas shall be flush with the finished surface of the paving. In

unpaved areas, the top of nanhol e covers shall be approximtely 1/2 inch
above the finished grade. Where existing grades that are higher than
finished grades are encountered, concrete assenblies designed for the
purpose shall be installed to elevate tenporarily the manhol e cover to
existing grade level. Al duct lines entering nmanhol es nust be installed
on conpact soil or otherw se supported when entering a manhole to prevent
shear stress on the duct at the point of entrance to the nmanhol e. Duct
lines entering cast-in-place concrete manhol es shall be cast in-place with
the manhole. Duct |ines entering precast concrete nanholes through a
precast knockout penetration shall be grouted tight with a portland cenent
nortar. PVC duct |ines entering precast manhol es through a PVC endbel
shal |l be solvent welded to the endbell. A cast netal grille-type sunp
frame and cover shall be installed over the manhol e sunp. A cable-pulling
iron shall be installed in the wall opposite each duct |ine entrance.

3.9.2 Handhol es

Handhol es shall be | ocated approxi mately as shown. Handhol es shall be of
the type noted on the drawi ngs and shall be constructed in accordance with
the details shown.

3.9.3 G ound Rods

A ground rod shall be installed at the nanhol es, handhol es and pul | boxes.

G ound rods shall be driven into the earth before the manhole floor is
poured so that approximately 4 inches of the ground rod will extend above
the manhole floor. Wen precast concrete manhol es are used, the top of the
ground rod may be bel ow the manhole floor and a No. 1/0 AWG ground
conduct or brought into the manhol e through a watertight sleeve in the
manhol e wal |

3.10 Groundi ng El ectrodes

Groundi ng el ectrodes shall be installed as shown on the draw ngs and as
fol | ows:

a. Driven rod electrodes - Unless otherw se indicated, ground rods
shall be driven into the earth until the tops of the rods are
approximately 1 foot bel ow finished grade.

d. Additional electrodes - Wen the required ground resistance is not
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3.

3.

3.

met, additional electrodes shall be provided interconnected with
groundi ng conductors to achi eve the specified ground resistance.
The additional electrodes will be up to three, 10 feet rods spaced
a mninmumof 10 feet apart. |In high ground resistance, UL |isted
chemically charged ground rods nmay be used. |If the resultant

resi stance exceeds 25 ohms neasured not |ess than 48 hours after
rainfall, the Contracting Oficer shall be notified i mediately.

10. 1 Groundi ng and Bondi ng Connecti ons

Connecti ons above grade shall be nade by the fusion-welding process or with
bol ted sol derl ess connectors, in conpliance with UL 467, and those bel ow
grade shall be nade by a fusion-wel ding process. Were grounding
conductors are connected to al um num conposition conductors, specially
treated or |ined copper-to-alun num connectors suitable for this purpose
shal | be used.

.10.2 Groundi ng and Bondi ng Conductors

Groundi ng and bondi ng conductors include conductors used to bond
transformer encl osures and equi pnent franes to the grounding el ectrode
system Groundi ng and bondi ng conductors shall be sized as shown, and

| ocated to provide nmaxi mum physical protection. Bends greater than 45
degrees in ground conductors are not permtted. Routing of ground
conductors through concrete shall be avoided. Wen concrete penetration is
necessary, nonnetallic 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 conmpound after
installation.

.10.3 Surge Arrester G ounding

Surge arresters and neutrals shall be bonded directly to the transforner
encl osure and then to the grounding el ectrode systemwi th a bare copper
conductor, sized as shown. Lead |engths shall be kept as short as
practicable with no kinks or sharp bends.

.10.4 Manhol e, Handhol e, or Concrete Pull box G oundi ng

Ground rods installed in nmanhol es, handhol es, or concrete pull boxes shal
be connected to cable racks, cable-pulling irons, the cable shielding,
netallic sheath, and arnor at each cable joint or splice by neans of a No.
4 AWG braided tinned copper wire. Connections to netallic cable sheaths
shal |l be by nmeans of tinned terminals soldered to ground wires and to cable
sheaths. Care shall be taken in soldering not to damage netallic cable
sheaths or shields. Gound rods shall be protected with a doubl e wrapping
of pressure-sensitive plastic tape for a distance of 2 inches above and 6
i nches bel ow concrete penetrations. Gounding el ectrode conductors shal
be neatly and firmy attached to manhol e or handhol e walls and the anopunt
of exposed bare wire shall be held to a m ni num

11 FI ELD TESTI NG

11.1 Cener a
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Field testing shall be performed in the presence of the Contracting
Oficer. The Contractor shall notify the Contracting O ficer 7 days prior
to conducting tests. The Contractor shall furnish all materials, |abor

and equi pnent necessary to conduct field tests. The Contractor shal
performall tests and inspections recommended by the manufacturer unless
specifically waived by the Contracting Officer. The Contractor shal
maintain a witten record of all tests which includes date, test perforned,
personnel involved, devices tested, serial nunber and name of test

equi pnent, and test results. Field test reports shall be signed and dated
by the Contractor.

3.11.2 Saf ety

The Contractor shall provide and use safety devices such as rubber gl oves,
protective barriers, and danger signs to protect and warn personnel in the
test vicinity. The Contractor shall replace any devices or equi pnment which
are damaged due to inproper test procedures or handling.

3.11.3 G ound- Resi stance Tests

The resistance of each groundi ng el ectrode system shall be neasured using
the fall-of-potential nethod defined in |EEE Std 81. G ound resistance
neasurenents shall be made before the electrical distribution systemis
energi zed and shall be made in nornmally dry conditions not |ess than 48
hours after the last rainfall. Resistance neasurenents of separate
groundi ng el ectrode systens shall be nade before the systens are bonded

t oget her bel ow grade. The conbi ned resistance of separate systens may be
used to neet the required resistance, but the specified nunber of

el ectrodes must still be provided.

a. Single rod electrode - 25 ohns.
3.11. 4 Low Vol t age Cabl e Test

Low vol tage cable, conplete with splices, shall be tested for insulation
resi stance after the cables are installed, in their final configuration
ready for connection to the equipnent, and prior to energization. The test
vol tage shall be 500 volts dc, applied for one m nute between each
conductor and ground and between all possible conbinati ons conductors in
the sane trench, duct, or cable, with all other conductors in the same
trench, duct, or conduit. The m ninmmvalue of insulation shall be:

R in negohns = (rated voltage in kV + 1) x 1000/ (length of cable in feet

Each cable failing this test shall be repaired or replaced. The repaired
cable shall be retested until failures have been elini nated.

3.11.5 Crcuit Breaker Tests
The following field tests shall be perfornmed on circuit breakers.

Pass-fail criteria shall be in accordance with the circuit breaker
manuf acturer's specifications.
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a. Insulation resistance test phase-to-phase.
b. Insulation resistance test phase-to-ground.
c. Cosed breaker contact resistance test.
d. Power factor test.
e. High-potential test.
f. Manual operation of the breaker

3.11.6 Pre- Energi zati on Services

Calibration, testing, adjustnent, and placing into service of the
installation shall be acconplished by a manufacturer's product field
servi ce engi neer or independent testing conpany with a m ni mumof 2 years
of current product experience. The follow ng services shall be perforned
on the equipnent |isted below. These services shall be perforned
subsequent to testing but prior to the initial energization. The equipnent
shal |l be inspected to ensure that installation is in conpliance with the
recommendat i ons of the nanufacturer and as shown on the detail draw ngs.
Term nations of conductors at nmjor equi pnent shall be inspected to ensure
t he adequacy of connections. Bare and insul ated conductors between such
term nations shall be inspected to detect possible danage during
installation. |If factory tests were not perforned on conpl eted assenbli es,
tests shall be performed after the installation of conpleted assenblies.
Conponents shall be inspected for damage caused during installation or

shi pnent to ensure packaging materials have been renpoved. Conponents
capabl e of being both manually and electrically operated shall be operated
manual |y prior to the first electrical operation. Conmponents capabl e of
being calibrated, adjusted, and tested shall be calibrated, adjusted, and
tested in accordance with the instructions of the equi pment manufacturer
Itens for which such services shall be provided, but are not linted to,
are the follow ng:

c. Panel boards
3.11. 7 Qperating Tests
After the installation is conpleted, and at such tines as the Contracting
Oficer may direct, the Contractor shall conduct operating tests for
approval . The equi pnent shall be denonstrated to operate in accordance

with the requirenents herein. An operating test report shall be submtted
i n accordance with paragraph SUBM TTALS.

3.12 MANUFACTURER S FI ELD SERVI CE

3.12.1 Installati on Engi neer
After delivery of the equi pment, the Contractor shall furnish one or nore
field engineers, regularly enployed by the equi pnent nmanufacturer to

supervise the installation of the equipnent, assist in the perfornmance of
the onsite tests, initial operation, and instruct personnel as to the
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operational and mai ntenance features of the equi pnent.

3.13  ACCEPTANCE
Fi nal acceptance of the facility will not be given until the Contractor has
successfully conpleted all tests and after all defects in installation

mat eri al or operation have been corrected.

-- End of Section --
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SECTI ON 16403

MOTOR CONTRCL CENTERS, SW TCHBOARDS AND PANELBQOARDS

PART 1 GENERAL

1.

1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnati on only.
AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM B 187 (1994) Copper Bar, Bus Bar, Rod and Shapes
ASME | NTERNATI ONAL ( ASME)

ASME Bl.1 (1989) Unified Inch Screw Threads (UN and
UNR Thread Form

ASME B1.20.1 (1983; R 1992) Pipe Threads, General
Pur pose (I nch)

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEVA AB 1 (1993) Mol ded Case Circuit Breakers and
Mol ded Case Switches

NEVA PB 1 (1990) Panel boards

NEMVA PB 2 (1989) Deadfront Distribution Sw tchboards

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)
NFPA 70 (1993) National Electrical Code

UNDERVWRI TERS LABCRATORI ES (UL)

UL 44 (1991; Rev thru Jan 1995) Rubber-
I nsul ated Wres and Cabl es
UL 50 (1992) Enclosures for Electrical Equipnent
UL 67 (1993; Rev thru May 1994) Panel boards
UL 489 (1991; Rev thru Dec 1994) Mol ded Case

Circuit Breakers and Circuit Breaker
Encl osures

UL 1063 (1993; Rev thru Cct 1994) Machi ne-Tool
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1

Wres and Cabl es
2 SYSTEM DESCRI PTI ON
These specifications include the design, fabrication, assenbly, wring,

testing, and delivery of the itens of equi pnent and accessories and spare
parts listed in the Schedul e and shown on the draw ngs.

2.1 Rul es

The equi pnent shall conformto the requirenents of NFPA 70 unless nore
stringent requirenents are indicated herein or shown. NEMA rated and UL

| isted equi pmrent has been specified when avail able. Equi pnment nust neet
NEMA and UL construction and rating requirenments as specified. No

equi valent will be acceptable. The contractor shall inmediately notify the
Contracting Oficer of any requirenents of the specifications or contractor
proposed materials or assenblies that do not conply with UL or NEMA.
International Electrotechnical Comm ssion (IEC) rated equi pnment will not be
consi dered an acceptable alternative to specified NEMA ratings.

. 2.2 Coor di nati on

The general arrangenent of the panel boards is shown on the contract

drawi ngs. Any nodifications of the equi pment arrangenent or device

requi renents as shown on the draw ngs shall be subject to the approval of
the Contracting Officer. |If any conflicts occur necessitating departures
fromthe drawi ngs, details of and reasons for departures shall be submtted
and approved prior to inplenenting any change. Al equi prent shall be
conpletely assenbled at the factory. The notor control centers and

swi t chboards may be di sassenbl ed into sections, if necessary, for

conveni ence of handling, shipping, and installation

.2.3 St andard Products

Mat eri al and equi pnent shall be standard products of a manufacturer

regul arly engaged in their manufacture and shall essentially duplicate
itens that have been in satisfactory use for at least 2 years prior to bid
opening. Al materials shall conformto the requirenments of these
specifications. Materials shall be of high quality, free fromdefects and
i nperfections, of recent manufacture, and of the classification and grades
designated. Al nmaterials, supplies, and articles not manufactured by the
Contractor shall be the products of other recognized reputable
manufacturers. |If the Contractor desires for any reason to deviate from

t he standards designated in these specifications, he shall, after award,
submt a statenent of the exact nature of the deviation, and shall subnit,
for the approval of the Contracting O ficer, conplete specifications for
the materials which he proposes to use.

. 2.4 Nanepl at es

Nanepl at es shall be made of | ami nated sheet plastic or of anodized al um num
approxinmately 4 mllinmeters (1/8 inch) thick, engraved to provide white
letters on a black background. The nanepl ates shall be fastened to the
panel s in proper positions with anodi zed round-head screws. Lettering
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shall be minimum 15 mllinmeters (1/2 inch) high. Naneplate designations
shall be in accordance with lists on the drawi ngs, and as a mini num shal |
be provided for the follow ng equiprent:

d. Individually-nmounted circuit breakers in Switchboard
f. Panel boards

Equi pnent of the withdrawal type shall be provided with nanmepl ates nounted
on the renovabl e equi pnent in |ocations visible when the equipnent is in
pl ace.

1.3 SUBM TTALS

CGovernment approval is required for submittals with a "GA" designation.
Equi prent, materials, and articles installed or used w thout such approval
shall be at the risk of subsequent rejection. Submittals having an "FI O
designation are for infornmation only. The follow ng shall be subnmitted in
accordance with Section 01330 SUBM TTAL PROCEDURES:

SD- 01 Data
Equi pnent; GA.

The Contractor shall within 30 cal endar days after date of receipt by him
of notice of award submit for approval six (6) copies of such descriptive
cuts and information as are required to denonstrate fully that all parts of
the equi pnent will conformto the requirenents and intent of the
specifications. Data shall include descriptive data show ng typical
construction of the types of equi pnment proposed, including the

manuf acturer's name, type of nolded case circuit breakers or notor circuit
protectors, perfornance capacities and other information pertaining to the
equi pment. Six (6) sets of characteristic curves of the individual breaker
trip element shall be submtted.

SD- 04 Dr awi ngs
Qutline Draw ngs; GA

The Contractor shall, within 30 cal endar days after date of award, submt
for the approval of the Contracting O ficer six (6) copies of outline
drawi ngs of all equipnment to be furnished under this contract, together

wi th weights and overall dinensions. Draw ngs shall show the general
arrangenent and overall dinmensions of the notor control centers,

swi t chboards, and panel boards. These draw ngs shall show space

requi renents, details of any floor supports to be enmbedded in concrete and
provisions for conduits for external cables.

Swi t chboards; GA. Panel boards; GA.
The Contractor shall, within 30 cal endar days after date of award, submt
for the approval of the Contracting Oficer six (6) copies of electrical

equi prent drawi ngs. A single-line diagram equipnent |ist and nanmepl ate
schedul e shall be provided for each panel board.
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SD-08 Statenents
Factory Tests; FIO

The Contractor shall submit, within a mninumof 14 days prior to the
proposed date of tests, six (6) copies of manufacturer's routine factory
test procedures and production line tests for all notor control centers and
swi t chboar ds.

SD- 09 Reports
Factory Tests; FIO

The Contractor shall submt six (6) conplete reproducible copies of the
factory inspection results and six (6) conplete reproducible copies of the
factory test results in booklet form including all plotted data curves,
all test conditions, a listing of test equi pnment conplete with calibration
certifications, and all neasurenments taken. Report shall be signed and
dated by the Contractor's and Contracting Officer's Representatives.

PART 2 PRODUCTS

2.

1 CONNECTI ONS

Al'l bolts, studs, machi ne screws, nuts, and tapped holes shall be in
accordance with ASME Bl1.1. The sizes and threads of all conduit and
fittings, tubing and fittings, and connecting equi pnent shall be in
accordance with ASME B1.20.1. All ferrous fasteners shall have
rust-resistant finish and all bolts and screws shall be equi pped with
approved | ocki ng devices. Mnufacturer's standard threads and construction
may be used on small itens which, in the opinion of the Contracting
Oficer, are integrally replaceabl e, except that threads for externa
connections to these items shall neet the above requirenents.

.2 MOLDED CASE Cl RCU T BREAKERS

Mol ded case circuit breakers shall conformto the applicable requirenents
of NEMA AB 1 and UL 489. The circuit breakers shall be nanually-operated,
shal I be qui ck-nmake, quick-break, conmmon trip type, and shall be of
autonmatic-trip type unless otherw se specified or indicated on the

drawi ngs. All poles of each breaker shall be operated sinultaneously by
neans of a conmon handle. The operating handles shall clearly indicate
whet her the breakers are in "On," "Of," or "Tripped" position and shal
have provisions for padlocking in the "Of" position. Personnel safety
line term nal shields shall be provided for each breaker. The circuit
breakers shall be products of only one nanufacturer, and shall be

i nt erchangeabl e when of the same frane size

2.1 Trip Units

Except as otherwi se noted, the circuit breakers, of frane sizes and the
trip unit ratings as shown on the draw ngs, shall be provided with
conbi nati on thernmal and instantaneous nagnetic or solid state trip units.
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The Governnent reserves the right to change the indicated trip ratings,
within frame limts, of the trip devices at the tine the shop drawi ngs are
submitted for approval. The breaker trip units shall be interchangeable
and the instantaneous magnetic trip units shall be adjustable on frane
sizes larger than 150 anperes. Nonadjustabl e instantaneous magnetic trip
units shall be set at approximately 10 tines the continuous current ratings
of the circuit breakers.

2.2.2 120/ 240-Volt AC Circuits

Circuit breakers for 120-volt ac circuits shall be rated not |ess than
120/ 240 or 240 volts ac, and shall have a UL listed nminimminterrupting
capacity of 22,000 symmetrical anperes.

2.3 WRING

Al control wire shall be stranded tinned copper switchboard wire with
600-volt flane-retardant insulation Type SIS neeting UL 44 or Type MIW
neeting UL 1063, and shall pass the VW1 flane tests included in those
standards. H nge wire shall have Cass K stranding. Current transforner
secondary | eads shall be not snaller than No. 10 AWG  The ni ni mum si ze of
control wire shall be No. 14 AW Power wiring for 480-volt circuits and
bel ow shal |l be of the same type as control wiring and the mni num size
shall be No. 12 AWG  Special attention shall be given to wiring and
term nal arrangenent on the terminal blocks to permt the individua
conductors of each external cable to be term nated on adjacent termna
poi nt s.

2.4 PANEL BOARDS

Panel boards shall consist of assenblies of nol ded-case circuit breakers
with buses and terminal lugs for the control and protection of branch
circuits to notors, heating devices and ot her equi pnent operating at 480
volts ac or less. Panel boards shall be UL 67 |abeled. "Loadcenter" type
panel s are not acceptable. Panel boards shall be designed for installation
in surface-nmounted or flush-nounted cabinets accessible fromthe front
only, as shown on the drawi ngs. Panel boards shall be fully rated for a
short-circuit current of 22,000 symetrical anperes RM5 ac.

2.4.1 Encl osur e

Encl osures shall meet the requirenments of UL 50. Al cabinets shall be
fabricated fromsheet steel of not less than 3.5 millineters (No. 10 gage)
if flush-mounted or nounted outdoors, and not less than 2.7 nmillinmeters
(No. 12 gage) if surface-mounted indoors, with full seam wel ded box ends.
Cabi nets nounted outdoors or flush-nounted shall be hot-di pped gal vani zed
after fabrication. Cabinets shall be painted in accordance w th paragraph
PAI NTI NG Qut door cabinets shall be of NEMA 3R raintight and a renovabl e
steel plate 7 nmillineters (1/4 inch) thick in the bottomfor field drilling
for conduit connections. Front edges of cabinets shall be formflanged or
fitted with structural shapes welded or riveted to the sheet steel, for
supporting the panel board front. Al cabinets shall be so fabricated that
no part of any surface on the finished cabinet shall deviate froma true
plane by nmore than 3 nmillineters (1/8 inch). Holes shall be provided in
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2.

t he back of indoor surface-nobunted cabinets, with outside spacers and
inside stiffeners, for nounting the cabinets with a 15 mllineter (1/2

i nch) clear space between the back of the cabinet and the wall surface.

Fl ush doors shall be mounted on hinges that expose only the hinge roll to
vi ew when the door is closed. Each door shall be fitted with a conbi ned
catch and | ock, except that doors over 600 millinmeters (24 inches) |ong
shal |l be provided with a three-point |latch having a knob with a T-handl e,
and a cylinder lock. Two keys shall be provided with each | ock, and al

| ocks shall be keyed alike. Finished-head cap screws shall be provided for
nounti ng the panel board fronts on the cabinets. Enclosure shall have
nanepl ates i n accordance with paragraph NAVEPLATES. Directory hol ders,
containing a neatly typed or printed directory under a transparent cover,
shal | be provided on the inside of panel board doors.

.4.2 Buses

Al'l panel boards shall be of the dead-front type with buses and circuit
breakers mounted on a plate or base for installation as a unit in a
cabinet. Al buses shall be of copper and shall be tin or silver-plated

t hr oughout. Copper bars and shapes for bus conductors shall conformto the
applicable requirements of ASTM B 187. The sizes of buses and the details
of panel board construction shall neet or exceed the requirenents of NEMA PB
1. Suitable provisions shall be nmade for nounting the bus within

panel boards and adjusting their positions in the cabinets. Termnal |ugs
required to accommpdat e the conductor sizes shown on the drawi ng, shall be
provided for all branch circuits larger than No. 10 AWG A groundi ng | ug
suitable for 1/0 AWG wire shall be provided for each panel board.

.4.3 Conponent s

Each branch circuit, and the main buses where so specified or shown on the
drawi ngs, shall be equi pped with nol ded-case circuit breakers having
overcurrent trip ratings as shown on the drawings. The circuit breakers
shal |l be of a type designed for bolted connection to buses in a panel board
assenbly, and shall neet the requirements of paragraph MOLDED CASE Cl RCUI T
BREAKERS. Circuit breakers of the same frame size and rating shall be

i nt erchangeabl e.

.5 PAI NTI NG

Interior and exterior steel surfaces of equi pnent enclosures shall be

t horoughly cl eaned and then receive a rust-inhibitive phosphatizing or
equi val ent treatnent prior to painting. Exterior surfaces shall be free
from hol es, seans, dents, weld nmarks, |oose scale or other inperfections.
Interior surfaces shall receive not |ess than one coat of
corrosion-resisting paint in accordance with the nanufacturer's standard
practice. Exterior surfaces shall be prined, filled where necessary, and
given not less than two coats baked enanmel with sem gl oss finish.

Equi prent | ocated i ndoors shall be ANSI Light Gay, and equi pnent | ocated
outdoors shall be ANSI Dark Gray. Al touch-up work shall be done with
manuf acturer's coatings as supplied under paragraph SPARE PARTS.

6 FACTORY TESTS
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Each item of equi pnent supplied under this contract shall be given the
manufacturer's routine factory tests and tests as specified below, to

i nsure successful operation of all parts of the assenblies. Al tests
required herein shall be witnessed by the Contracting O ficer unless waived
in witing, and no equi pnment shall be shipped until it has been approved
for shiprment by the Contracting Officer. The Contractor shall notify the
Contracting O ficer a mninmum of 14 days prior to the proposed date of the
tests so that arrangenents can be made for the Contracting Oficer to be
present at the tests. The factory test equi pnment and the test nethods used
shall conformto the applicable NEMA Standards, and shall be subject to the
approval of the Contracting Oficer. Reports of all witnessed tests shal
be signed by witnessing representatives of the Contractor and Contracting
Oficer. The cost of perfornmng all tests shall be borne by the Contractor
and shall be included in the prices bid in the schedule for equipnent.

2.6.1 Swi t chboards Tests
2.6.1.1 Producti on Tests

Each swi tchboard shall be conpletely assenbl ed and given applicable
production tests for assenbled sw tchgear as specified in NEMA PB 2

2.6.1.2 Short Circuit Tests

If the unit is not UL | abeled for the specified short circuit, the
contractor may submit design tests denpnstrating that satisfactory
short-circuit tests have been nade on a sw tchboard of simlar type of
construction and of the same short-circuit rating as the sw tchboards
specified to be furni shed under these specifications.

2.6.2 Panel boards Tests
Each panel board shall be assenbled with cabinet and front to the extent
necessary to check the fit and provisions for installing all parts in the
field. Each panel board shall be given a dielectric test in accordance with
NEMA PB 1. Al circuit breakers shall be operated to check mechanica

adjustnments. Al doors and | ocks shall be checked for door clearances and
fits and the perfornmance of |ock and | atches.

PART 3 EXECUTI ON ( Not Appl i cabl e)

-- End of Section --
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