EP 415-1-261
1 Dec 92

CHAPTER 16A
| NTERI OR ELECTRI CAL

16A-01 CGENERAL

Thi s guide has been prepared to assist the quality
assurance representative in obtaining the quality assurance of
interior electrical installation required by the contract
specifications. It is recognized that specialized technical
aspects of this subject may require the services of an electrical
engi neer or technician. Wien the work appears to be beyond the
scope of the QAR assistance should be requested pronptly fromthe
i medi at e supervi sor.

During the Prelimnary Inspection of each phase of work,
make an inspection of materials prior to installation for
conformance with specification, plans, and approved shop draw ngs.
ENG Form 4288, Submittal Register, which lists approved nmaterials
is essential to this inspection. Conponents for interior
electrical work will be inspected before they are installed and
energized. Initial Inspection and followp Inspections will follow
work as required by ER 1180-1-6.

16A-02 GENERAL REQUI RENENTS

a. It is the intent that the electrical installation shall
conformto the applicable rules of the current National Electrical
Code )NEC)*, except where expressly nodified by the plans and
specifications. This requirenent can be found in the general
section of the project specification for | NTERIOR ELECTRI CAL. The
appropriate edition of the code will be listed in APPLI CABLE
PUBLI CATI ONS. A copy of the applicable NEC should be readily
available to the general inspector, and he should be readily
available to the QAR and he should be prepared to use it as a
reference and an authority. However, the NEC is a m ni num standard
intended to assure a safe installation. Frequently, Corps of
Engi neers project specifications require a higher quality
installation than that which is required by the m ni rum standards
of the NEC. A substitution or change to the requirenents of the
proj ect specification proposed on the basis of being “Ckay under
the Code” should not be casually accepted. NEC paragraph
references in the text of this guide are to assist the QAR in
using the Code and to lend authority to his demands for features
not spelled out in the project specification.

b. Watch job conditions at all times to assure that the
electrical work is done at the proper tine in relation to other
parts of the building construction.

c. Determne the existence, extent, and classification of
hazardous | ocations as noted in the contract docunentation. I|f
such locations exist, the installation therein should be strictly
in accord with appropriate sections of the NEC. Do not approve any
doubt ful material or workmanship (NEC 500 - 503). Do not fail to
seek advice if needed.

*National Electrical Code (NFPA No. 70-84). Text references
are to the 1984 edition. Copies can be obtained fromthe national
Fire Protection Association at Batterymarch Park, Quincy, MA 02269
for $15.00.
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d. Inspect materials and equi prent and approved shop
drawings. If materials are in accord with approved shop draw ng
but appear to be contrary to specifications, informyour
super vi sor.

e. Examine both contractor and gover nnent —fur ni shed
equi prent for danmage in shipnent. Pronptly report defective
equi prent to your supervisor and accept or reject such equi pnent,
as directed.

f. Shop inspection by a Government representative nay have
been required for sone equi pment and naterial. Copies of reports
of such shop inspections should be on hand before acceptance of
material or equipnent.

g. Storage of electrical equipnent will be done per
manuf acturers requirement and in dry locations, free of dirt,
dust, and corrosive funes, with protection from physical damage.
Storage of sw tchgear, engine generator units, and
gover nrent —fur ni shed equi pnent wi Il usually require indoor
storage. Tenporary heaters nay be required or specified to keep
equi prent free fromeffects of condensation. Equi pnent installed
during construction phases should be protected fromdirt and
noi sture. A requirenent for this protection may be found in
speci al conditions of the contract (ALSO NEC 110-%1.)

h. Require the contractor to furnish all layout draw ngs
required by the specifications. El ectrical contract draw ngs
shoul d be reviewed and conpared with architectural, structural and
mechani cal drawi ngs for possible interferences. Exanples of this
are:

(1) Are the wall switches located with proper respect to
door sw ng?

(2) Does location of wall outlets conflict with
installation of baseboard heating units, casework, cabinets or
| ockers?

(3) Are there interferences with other building
construction, such as pipes, ducts, overhead doors, sliding doors,
accessibility, etc.? Especially check equi pmrent room | ayout.

(4) Is relocation of ceiling lighting outlets required,
especially in utility and boiler rooms, to avoid interference with
mechani cal equi prent ?

(5) WII transformers, bus duct or sw tchgear be subjected
to noisture fromoverhead floor inadequate?

(6) Have suspended ceilings been | owered, making lighting
fixture clearance fromfloor inadequate?

i. Tenporary electric service will generally be required
during the construction period for |ighting, power, and sonetines
heat. The contractor should make early arrangenments for such
service to prevent construction delays; and tenporary
installations will be located so as not to interfere with
operation of existing facilities or pernmanent construction.

The contractor should arrange for frequent inspection and

rehabilitation of tenporary installation during the course of the
contract to keep it in good repair (NEC 305).
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j. Adherence to the requirements of Corps of Engineers
Safety Manual, *EN 385-1-1, is a general provision requirenment for
all Corps of Engineers adm nistered projects.

(1) Tenporary open wiring should be guarded or isolated by
elevation. Types NMin dry |l ocations and/or NMC in danp |ocations
(Ronmex) are suitable for tenmporary wiring when guarded or isolated
by el evation (EM 385-1-1, paragraph 15D-01 and NEC 320, 336)

(2) Portable and extension cords shall be an Underwiter*s
Laboratory (UL) listed type for the usage. Hard service cords Type
S, SJ, SJO SJT, SJTO STO or ST are reconmended for this service.
Types NMor NMC are not approved as portable cables or covers (NEC
400) .

(3) Gound fault circuit protection for construction sites
is required on all 120 volt, single phase, 15 and 20 Anp
recept acl es per NEC 305-4.

k. Use by the contractor of equipnent and facilities
permanently incorporated in the structure should be carefully
wat ched to see that circuits and equi prent are not overl oaded and
that all work is left in essentially new condition. Al protected
safety and working |l anps used for tenporary lighting shall be
renoved when construction is conpleted, and new | anps shall be
installed in permanent |ight fixtures (Project Specification:

Lanps.)

I. ENG Form 4288, Subnmittal Register was prepared and
included in the contract specifications prior to bidding the work.
This list of required equipnent will insure tinely approval and
will alert the QAR if the contractor has not procured all
equi prent. Cenerally, electrical construction materials and
equi prent nust be built and tested according to UL requirenents.
Listed naterials and equi pnent will bear the UL | abel. The
El ectrical Constructions Materials Directory is available formUL
Inc., Publications Stock, 333 Pfingsten Road, Northbrook, IL
60062.

m Check shop drawi ngs for all equipnent having el ectrical
connections to be sure that rough-in conduits and circuits are
correctly sized and | ocat ed.

n. Manufacturer*s representatives are sonetinmes required to
assist field and contractor personnel in the installation,
assenbly, testing and/or initial operation of electrical
equi prent. When Governnent Furni shed Equi prent is involved, be
sure advance arrangenents for such services are coordinated by
Resi dent Engi neer and contractor so that the representative is on
hand when needed because usually the nunber of days are designated
in the contract and an overrun will result in an additional cost
to the Government. Maintain conplete record of all adjustnents and
tests nade during installation and startup, and of any
peculiarities of the equi pnent which nay be of use to those
responsi ble for its operation and mai ntenance. Turn copy of record
over to your supervisor for delivery to the using agency. Retain a
copy of all records for the job file.

0. The using agency should be required to witness tests.

The presence or absence of the using service personnel should be
noted on the test report.
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. Fire ratings of structures shall not be conprom sed by
electrical installations (NEC 300-21).

16A- 03 GROUNDI NG (NEC 250 and Project Specifications: G ounding)

a. Drawings and Specifications

Drawi ngs and Specifications shoul d be exam ned carefully to
determ ne the nature and extent of the grounding systemand the
requi renents for separate grounding of equipnment and structures.
Automatic Data Processing (ADP) , Conmunications and Health Care
Facilities may have special or seperately derived grounding
requi renents.

b. Visual Inspection

Vi sual inspection should be nade of all ground-system
conductors, connections and el ectrodes as the work progresses.
Gound resistance test: The resistance of all el ectrodes nust be
tested to assure resistance to ground of 25 OHVB or |less (Job
speci fications or NEC 250-84).

c. Gounds to Metallic Water-Piping System

G ounds to netal lic water—piping systemshould be nade on
the street side of the neter. Wiere this is inpracticable, full
size junper connections shoul d be nade around any piping system
el enents which can be renoved (NEC 250-112).

(1) Make sure that when the water piping systemis used for
a ground, the water pipe is a netallic pipe and that no insulating
fitting has been interposed in the pipe between the ground wire
connection and earth. (NEC 250-81). An additional ground el ectrode
shal | suppl ement the connection to the water pipe system (NEC 250-
81 or NEC 250-83).

(2) Where netallic water main is not available, driven
ground el ectrodes will be provided in confornance with
speci fications (NEC 250-83, and Project Specifications: Gound
Rods) .

(3) Interior nmetallic water piping shall always be grounded
(NEC 250-80(a)) .

d. Bolted Connections

Bol t ed connections shoul d be exam ned to nmake sure that
they are tight and that contact surfaces are cleaned and dry.
Contact surfaces will be netal -to-netal. Painted surfaces shoul d
be cl eaned to bare netal (NEC 250-75).

e. Exotherm c Wl ding Connnections

Exot hernmi c wel di ng connections will be made in strict
accordance with the manufacturer*s instructions and will enploy
the proper type and size of nold for the type and size of
connect i on made.

f. Metallic Enclosures

Metal lic enclosures for ground wires shall be electrically
continuous fromthe point of attachment to cabinets or equi pment
to the grounding el ectrode and shall be securely fastened to the
ground clanp or fitting (NEC 250-92(a)).

16A-4



EP 415-1-261
1 Dec 92

g. lnconing Service Conduit

I ncom ng service conduit nust be grounded by |ogs, pressure
Connectors or clanps. Locknuts and bushings are not acceptable for
groundi ng service conduit (NEC 250-32, -71(a) and -72).

h. G ounding Connection

G ound clanps for connection to water pipe or grounding
el ectrode should be conpatible with the pipe or electrode and UL
approved for the purpose (NEC 250-115)

i. Gound Rods

(1) Check size, length, and naterial of ground rods or
el ectrodes agai nst contract draw ngs and specifications (NEC 250-
83, Project Specification: G ounding)

(2) If suitable water pipe is not available, and if ground
rods cannot be driven to a mninumdepth of 8 feet, other neans of
establishing a ground nust be utilized (NEC 25083 and C
250- 84)

j. System Neutral and Equi pnrent G ounds

G oundi ng el ectrode conductor shoul d be joined to grounding
el ectrodes as shown on drawi ngs (NEC 250-112). Sone speci al
electronic facilities may require additional isolated grounding
el ectrodes and conductors (Project specification: G ounding.)

k. System Neutral

System neutral (G ounded circuit conductor) should be
grounded (connected to the groundi ng conductor) on supply side of
the service disconnecting neans (main service switch(es). This
connection should be nade within the service entrance equi prent
encl osure (NEC 250-23; 250-50) (Project Specifications:

G oundi ng.)

I. Miltiple Connections

The connecting of nore than one groundi ng conductor to an
el ectode by a single clanp is prohibited, unless the clanp or
fitting is of a type of specifically designed and approved by the
Underwriters* Laboratory for such use (NEC 250-115).

m G oundi ng Resi stance

G oundi ng resistance should be verified by instrunment
nmeasur enent (Job Specification or NEC 250-84.)

n. Electrical Continuity

El ectrical continuity should be verified throughout system
usual Iy by visual inspection.

16A-04 WRI NG METHODS ( NEC 300)

a. Rgid Metal Conduit. Internediate Metal Conduit (IMS) and
Electrical Metallic Tubing (EM)
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Check to determine requirenents and limtations on use of
rigid conduit, IMC, or EMI and special finishing or coating
material (Steel with zinc coating or gal vanizing is standard)
other materials nay be allowed or required (Project
Speci fications: Wring Mthods; NEC 345, 346, 347, and 348.)

(1) The project specifications generally require the
service entrance raceway to be riqgid nmetal conduit (Project
Specification: Aerial Service.)

(2) Check size of installed conduit against plans and
specificatins and determ ne adequacy for nunber and size of
conductors to be installed. Refer to tables in NEC (Project
Speci fications and NEC 345-7, 346-6, and 348-6 and Tables in
Chapter 9.)

(3) Check mininmmsize of conduit permitted by
specifications for both electrical systemand communi cation system
(Project Specifications: Tel ephone and Sig. System Raceways and
NEC 345-6, 346-5, 347-11 and 348-5.)

(4) Check to be sure that all required conduits are in
pl ace before on—grade sl abs are placed. Check stub-up |ocations
agai nst equi pment shopdr awi ngs.

(a) Cenerally, for slab-on-grade construction conduit mnust
be pl aced under the slab and nust be rigid type. (Check plans and
speci fi cations)

(b) Check project specifications for requirenent that for
st ub-ups, couplings be installed at finished floor Ievel for free
standi ng equi pnent (Project Speficification: Conduits.)

(c) Exposed conduit should be installed so that bent
portion of stub-up will not extend above floor |evel.

(d) Be sure that all buried conduit has been surface
treated as required by specifications (Project Specification:
Conduit and Tubi ng Systens.)

(5) Inspect for damage and deformation of conduit systens
(Project Specifications: Changes in Direction and NEC 345-10, 356-
10, 347-13 and 348-9.)

(6) Is conduit systemto be installed conceal ed or exposed?
Check project specification and plans.

(7) Check for the use of the proper type of conduit
fittings, i.e., concrete-tight, rain-tight cast fittings;
expansi on joints (NEC 345-9, 346-9, and 347-6 and 348-8).

(8) Check for installation of sleeves for future work in
foundation walls and floors during correct stage of construction.

(9) Check nmaxi mum nunber of bends in any single conduit
run. Do not exceed:

(a) Electrical System-4 (90 Degree) bends, including those
bends | ocated imrediately at the outlet or fitting (NEC 345-11,
346-11, 347-14, 348-10.)

(b) Communi cation System - Check project specifications for
requi renents. Cenerally, not nore than 3 (90N ) bends.
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(10) Make sure that all the conduit required for circuits
i nvol vi ng equi prent furni shed by other sections of the
speci fications and approved shop draw ngs, as well as the
electrical sections, is installed prior to placing of concrete,
closing the walls, ceilings, etc.

(11) Check for bushings on ends of conduit. Bushings are
not usually required on EMI fittings, because EMI connectors
shoul d have snmooth internal surfaces (NEC 345-15, 346-8, 347-12).

(a) Check for use of insulating bushings and doubl e | ock
nuts (NEC 373-6(c).

(b) Check for use of double locknuts for circuits over 250
volts to ground (NEC 250-76b) .

(c) See that |ocknuts, bushings, couplings, and connectors
are made up tight to insure ground continuity (NEC 250-92(b).

(12) See that field cuts of conduits and EMI are nade
square, ends reaned or filed, and cleaned of oil and filings, (NEC
345-8, 346-7, 348-11: Project Specifications).

(13) Use of running threads is not permtted at couplings
(NEC 346-9).

(14) Correlate location of conduit term nations agai nst
approved shop draw ngs, equiprent and buil di ng pl ans.

(15) Tubing and conduit should be securely fastened in
place at intervals required. Means of support provided should be
in accord with specifications and NEC requirenents (Project
Speci fications, NEC 348-12, 348-12, 347-8, 346-12, 345-12.)

(16) Exposed conduit runs are to be installed parallel o
perpendicular to walls and structural nenbers. Vertical conduit
runs shoul d be plunb (Project Specifications: Conduit and Tubing
Syst ens.

(17) Conduit runs in wet areas shall be nounted so that
there is at least 1/4” air space between it and the wall or
support surface (NEC 300-6(c)).

(18) Mnimmradius of bends of conduit should be in
accordance with table in the NEC (NEC 346-10, 348-9, 345-10). This
table is based on utilizing conductors with 600-volt insulation.
For cables with higher voltage ratings, and special cables such as
t el ephone cabl e, consult manufacturer*s recommendations for
m ni mum radi us of bend.

(19) Check for supporting of vertical raceways at each
floor level of multi-story buildings (Project Specifications).

(20) Install galvanized pull-wires in enpty conduits when
requi red by designs or specifications.

(21) Verify the use of corrosion-resistant materials in
areas where corrosive influences exi st (NEC 300-6: Project
Speci fi cations).

(22) Require neans for prevention of entrance of foreign
matter in conduits during construction (Project Specifications).
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(23) Use UL listed flexible conduit, standard or |iquid
tight, for connections to notors installed on slide rails,
resilient nmounts, those subject to vibration, and el sewhere as
speci fied (NEC 350, 351; Project Specifications). Mninmmsize is
4 except as allowed in NEC 350-3, and a bonding junper nay be
required.

(24) In areas classified as hazardous, be sure that
installation is strictly in accord with Project Specifications and
applicable NEC articles 500 through 517. Al questions should be
referred to qualified personnel. For ass 1, Division 1 areas,
the following itens should be carefully verified:

(a) Only threaded steel IMC or threaded rigid netallic
conduit, or M cable with approved connectors can be used, (NEC
501-4(a) and threaded joints must be up wench tight, (NEC 500-1),
unl ess a bonding junper is installed.

(b) At least five full threads nust be engaged at each
threaded joint (NEC 501-4(a). Al field nade threads nust be
tapered (NEC 500-1)

(c) Al fittings, fixtures, boxes, and encl osures nust be
specifically involved. An Underwiter*s approval seal is generally
affixed to the equipnent. If not, secure other firmverification
of approval .

(d) Explosion proof fittings, boxes and encl osures have
screw or ground joints at openings. Be sure that surface of ground
joints is clean, unscratched and snooth, so that the mating
surfaces nake intimate contact throughout their area. Covers nust
be tight and gaskets are not to be used.

(a) Be sure that all required seals are installed in the
correct location and that they are of the correct type (NEC 501-5
and 502-5) . Be sure seals are the correct type of the
application, vertical or horizontal.

(f) Check the nounting nmethod of equi pnent to be sure that
no hol es have been drilled into the interior chanber of an
expl osi on proof enclosure.

g) Be sure that all flexible conduits bear the
Underwriter*s listing seal for the hazard invol ved.

(h) See that proper approved type sealing conpound has been
installed in all sealing fittings. Follow nanufacturer s
recomendat i ons (NEC 501-5(c)2).

(25) Where rigid non-netallic conduits is installed under
the specification, it should be installed in accordance with NEC
347 and all special requirenents of the Project Specifications.

(26) Provide conductor support in long vertical conduit
runs (NEC 300-19).

(27) Pull wires are provided and are of type specified.
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b. Cable Systens

(1) Mneral, insulated netal sheathed cable, Type M, wll
be installed in accordance with Article 330 or the NEC and Proj ect
Speci fication requirenents.

(2) Metal clad cable Types MC and AC (conmonly called "BX")
shoul d be installed in accord with Project Specification
requi renents and Articles 333 and 334 of the NEC. See that
insul ati ng bushings or equival ent protection are provided between
the conductors and the arnor at terminations.

(3) Non-netallic sheathed cables, Type NM and NMC commonly
call ed “Ronex", should be installed in accord with Project
Specification and Article 336 of the NEC

(a) Type NM cabl e nmust not be used when non-netallic
sheathed cable is installed in the cells of masonry block walls
whi ch are exposed or which are subject to excessive noisture or
danpness. This includes exterior nasonry walls. In dry,
noncorrosive |ocations, type MN nay be used. NMC is applicable in
wet |ocations (NEC 336-3).

(b) See that nails will not be driven into cable.
Protecting plates may be required (NEC 300-4).

(c) See that ground wire is properly fastened at
termnating points and outlet boxes. Attach to each box of fitting
by securely fastening the wire to the intended screw or with an
approved groundi ng device (NEC 25C 114).

(d) See that cable is secured as required by the National
El ectrical Code, within 12" or every cabinet, outlet box of
fitting and otherwi se at intervals not exceeding 4 Y2 feet (NEC
336-5). See al so NEC 370-7(c) for support of cable entering non-
netal lic boxes.

(4) When authorized by the Project Specification, service
entrance cable. Types SE, and USE should be installed in accord
with NEC 338.

c. Busway Systems (NEC 364; Project Specifications.)

(1) Support busways at specified intervals (NEC 364-5;
Proj ect Specifications.

(2) Install sway braces when needed to limt lateral
novenent of busway (Project Specifications).

(3) Busway position, vertical or horizontal, will determ ne
whet her plugs are installed on the sides or on top and bottom |If
pl ans do not indicate desired position, determ nation of
appropriate |ocation should be nade.

(4) Install busway runs securely in straight alignnent,
parallel to floors and walls, with sufficient space either above
and bel ow, or on both sides, to permt installation, operation and
servicing of bus plugs.

(5) Check to be sure that types of duct furnished are in
accord with specification. Check conductor netal, enclosure type,
duct type, wall flanges, and fire stops.

(6) Gound duct housing (NEC 250-33).
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(7) Vertical riser sections up to 6 feet above the fl oor
must be unventilated type (NEC 364-6).

(8) Check plug-in features and tap off devices agai nst
speci fication.

(9) Check on trolley busways, trolleys, brushes, contact
rollers, and flexible cables for no binding and good contact.

(10) Conponent sections to be legibly marked with vol tage
and current ratings and manufacturer*s name (NEC 364-15).

(11) Installation and furnishing of busways usually require
that the contractor verify field dinensions. Be sure that tinmely
ordering of busway is not del ayed.

(12) Provide for expansion as required by the manufacturer.

d. Continuous Rigid Cable Supports or Cable Trays

Cable trays are installed to support cables. Only certain
specified cables may be installed and | oading of support is
limted. Cable trays should be installed in accordance with
Proj ect Specification and NEC 318. Tray systemwi th cable
install ed must not downgrade fire barriers (NEC 318-5(g), 300-21).

e. Wreways

Wreways or inclosed troughs are installed to house and
protect wire and cable. In general, wires of the building wire
type, such as TW nay be installed in approved w reways. The
installation should be made in accordance with Project
Speci fication and NEC 362. particular attention should be paid to
NEC 362-5, which linits the nunber of conductors approved for
wireway installation.

f. Auxilliary GQutters

The gutters commonly used for interconnecting |arge panels
and switches fall under this article. Installation should conply
wi th NEC 374.

g. Underfloor Duct Systens (NEC 354, 356)

(1) Install underfloor raceways of steel construction
parallel with floor construction, and in straight alignnent.

(2) Check to see that sufficient setting depth is available
for junction boxes. These are the deepest el enents of underfl oor
raceway systens.

(3) Check for tight joints between underfloor raceway
sections and at junction boxes to keep water out of raceway
systems (NEC 354-13, 356-9).

(4) Inserts of both the preset and after-set type will be
mechani cally secured to the underfloor raceway and set level with
the floor (NEC 354-14, 356-10).

(5) Splices and tapes in underfloor raceway systens wll

not be nade in outlets at inserts, but only at junction boxes to
keep water out of raceway systens (NEC 354-13, 356-9).
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(6) provide markers at ends of underfloor raceway runs, but
the plans and specifications nay require nore (NEC 354-9, 356-8)

(7) Install end caps at ends of all underfloor raceway
systens (NEC 354-10).

(8) Check tap-off locations to cabinets, panel boards, and
recept acl es agai nst draw ngs.

(9) Verify fromshop drawi ngs rel ative positions of
services in conpartnments. To be uniformthroughout system

(10) Check cross-sectional dinensions for adequate size
(NEC 354-5, 356-5; Project Specifications).

(11) Be sure that grounding continuity is naintained at all
connections in the system (NEC 250-75).

h. Moyvable Partition

Movabl e partitions, and sinmlar enclosures unless
specifically listed as raceways, cannot be used as encl osures for
general wiring conductors. Instead raceways (such as conduit) nust
he installed: or else cable (such as type M) appropriate for the
application nmust be installed. See NEC restrictions for kitchen
vent hoods (NEC 410-9).

i. Conductors (NEC 310)

(1) Check type of insulation and jacket, conductor
material, conductor size and stranding in each circuit (Project
Speci fications and NEC).

(2) Qbserve pulling of wires and cables to detect damage to
sheat hs, jackets and insulation. This damage is usually caused
when runs are “paid out” in a debris-laden area and then stepped
on, or by raceways having sharp edges or contam nation. Pulling-
eyes or cable-gripping devices will be required for |arge cables.

(3) Install all conductors of a circuit, including neutral,
in same raceway in conformance with NEC linitations (NEC 300-20;
215-4).

(4) Connections and joints will be clean and tight, with
listed pressure-type connectors, and nade in junction and outl et
boxes, not in raceways (NEC 110-14, 300-15).

(5) Connectors, lugs and clanps used to connect copper and
al um num conductors nust be suitable for use with the conductor
material to prevent gal vanic corrosion (NEC 110-14). Al um num
conductors nust be covered with antioxidant before connection.

(6) Use only white or natural grey identified conductors
for the grounded circuit conductor. Neutral (white or grey)
conductor of the wiring systemwi |l be insulated throughout (NEC
200-7). Conductors having white or grey identified coverings shall
only be used as the grounded circuit conductor except as allowed
in exceptions 1 thru 3 in NEC 200-7. Cenerally, use the sane white
color for the entire system grounded conductors.
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(7) When a grounding conductor for equiprment is run with
circuit conductors it shall be bare, or green covered (NEC 250-
57(b)). Project specifications nay require insulated conductors.

(8) Enforce color coding of conductors of branch circuits
when required by project specification.

(9) Branch-circuit conductors within 3" of a ballast within
the ball ast conpartnent shall be recognized for use at
tenperatures not |ower than 90 degree C (194 degree F) (NEC 410-
31).

(10) Check that branch circuit wiring is not undersized.
Specification may require increased wre size when runs from panel
board to center of |oad equal or exceed 100 feet for 120 volt
circuits or 230 feet for 277 volt circuit.

(11) See that correct fixture wiring installation is nade
(NEC 410-22 to 34).

16A-05 QUTLETS

Check for requirenents of cast boxes in exposed work,
exterior work, wet locations, and hazardous |ocations (Project
Speci fi cati ons)

b. Require hub-type cast boxes when specified (Project
Speci fi cati ons)

c. Check size of junction and pull boxes (NEC 370-6, 18,
20).

d. Do not pernit overcrowdi ng of boxes with excessive
nunber of conductors (NEC 370-6).

e. Check identification requirenents of power and control
conductors at termnals and in pull boxes and junction boxes.
Fenders shoul d be tagged to indicate electrical characteristics,
circuit nunber, and panel designation (Project Specifications).

f. Check for boxes to be securely and rigidly supported
(NEC 370-13). (Project Specifications: Boxes and Supports.)

gq. Fit conceal ed boxes into walls and ceilings. On
nonconbusti bl e construction, the front edge of box should be
within 1/4 inch of finished surface, and on conbustible
construction flush with finished surface or project therefrom
(NEC 370- 10)

h. Any masonry or dry wall work required for installation
of outlet, pull, of junction boxes is to be done by skilled
wor kmen. The masonry section of the specifications requires the
cutting of block for fitting installed items. El ectrician should
not be permtted to chop away masonry or dry wall work.
Coordination is necessary between the electrical trade and masons
and carpenters to effect a suitable installation. (Project
Speci fi cations).

i. Check for air space between box and wall or supporting

surface in wet |ocations where surface-type units are used (NEC
300-6) .
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Are outlets that are exposed to the weather a weather-
proof type (NEC 370-5 and 300-6, Project Specification).

k. Pull and junction boxes shall have free access (NEC
370-19).

I. Floor outlets shall be of required type and properly
| ocat ed.

m Light outlets in mechanical and equi pnent rooms are
located to suit servicing and nai ntenance and extend bel ow ducts.

16A-06 DEVI CE PLATES

See that device plates are of specified material and finish
and that all surfaces are in contact with wall (Project
Speci fications and NEC 410-56). On surface nounted boxes the
pl ates should be conpatible with the box and w t hout overhangi ng
corners. Also, NEC 380-0. Plates should be plunb and not dished or
bowed.

16A- 07 RECEPTACLES

a. Check all receptacles to be sure that specified voltage,
anmpere, color, slots, etc., are furnished. Al so be sure that plug
is furnished if specified (Project Specifications).

b. Be sure that grounding continuity is naintained between
grounded netal box and receptacle and that bonding junper is
install ed when required or approved bonding type receptacle. Some
designs require ground wire frompanel to receptacle (NEC
250—%4) .

16A-08 WALL SW TCHES

a. Check wall switches for proper anpere rating, voltage
rating, and type. Usually "A-Conly” is required. AC only switches
are marked “AC’ or "AC only" on yoke, never “AC/DC.” They can be
used for alternating current only (Project Specification and NEC
380-14) .

b. Vall switches will be in hot leg of circuit, not in
neutral, and should be installed with the "on" position “up” (NEC
380- 6)

c. Check for requirenents of installing pilot lights on
swi tches (Project Specifications).

16A-09 SERVI CE EQUI PMENT

a. Check to be sure that the proper type of enclosure is
furni shed (such as drip-proof, totally enclosed, etc.) (Project
Speci fications.)

b. Standard NEMA (KS-1) designations are used to describe
various enclosures for switches. The designations are as follows:

Type 1 —Indoor —General Purpose

Type 2 —Qutdoor —Dusttight, Raintight and Sleet (Ice)
Resi st ant
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Type 4 - Indoor/Qutdoor - Watertight and Dustti ght
Type 5 - Indoor Dust proof

Type 7 - dass |, Goups A B, Cand/ or D—Indoor
Hazar dous Locations - Airbreak Equi pnent

Type 9 - dass I, Goup(s) E, Fand/or C - Indoor
Hazar dous Locations - Airbreak Equi pnent

Type 12 - Indoor - Industrial Use, Dusttight and Driptight
wi th Knockouts “Weatherproof” is defined in the NEC as so
constructed or protected that exposure to the weather wll not
interfere with successful operation (NEC 100) and raintight,
rai nproof or watertight equipnment can fulfill the requirenments for
weat her pr oof .

c. Check whether fusible-type or circuit-breaker type of
service switch is required (Project Specifications)

d. Check that the service-switch enclosure is bonded to the
ground system (NEC 230-62, 63).

e. Check voltage rating and anpere rating of switch. Al so
circuit breaker trip and fuse sizes and interrupting capacities
(Project Specifications and Pl ans)

f. Check ground fault protection of service equi pnent when
requi red by NEC 230-95, or Design.

g. Check neter |ocation when specified.

16A-10 LOAD CENTER TYPE PANEL BOARDS

Load center type panel boards are sonetinmes authorized for
less critical applications conpared to regul ar panel boar ds.
Conpl i ance with Project Specifications, Federal Specifications,
and NEC 384-13 through 19 is required.

16A-11 PANELBOARDS

a. Be sure to inspect plug-in panel board devices to
determ ne tightness of fit.

b. Check | oads on panels to be sure of approxinate bal ance
anong the phases. This is best done by use of clanp-on type
ammeters on feeders while panel is carrying its nornal |oad
(operational test)

c. Be sure the panel boards typed directory is properly
filled out so that area and devi ces served can be quickly
identified (Project Specifications).

d. drcuit-breakers: switches, and fuses in panel boards
shoul d be inspected to determ ne that they have correct nunber of
pol es, proper voltage, current-rating, and proper interrupting
capacity. Refer to contract draw ngs and project specifications.

e. Check panel boards for inclusion of blanked-off spaces
for future circuit breaker installation. Space to be adequately
sized for the rating of future circuit breaker. Al so see that
spare breakers required are in place in addition to bl anked- of f
spaces.
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f. Check nounting height of top switch or curcuit breaker.
I't should be less than six feet six inches.
16A-12 CABI NETS (NEC 373; Project Specifications)

a. Check on size of gutter space. A nminimumof 5 inches is
required for panel boards with thru feeders. Load centers shoul d be
in accordance with NEC 373-6(a).

b. Tel ephone cabinets are to be checked for inclusion of
backboard painted with insulation varnish.

c. Conpare size of tel ephone cabinets agai nst contract
dr awi ngs.

d. Munting is to be rigid and i ndependent of the support
by conduits. In danp |ocations, there should be 1/4 inch m ni mum
alr space at back of panel (NEC 373-2).

e. Connections to conduits are to be tight, assuring
electrical continuity (NEC 250-71 through 79)

f. Look for special features of construction and
installation for areas other than normal, such as hazardous, wet,
exposed to fumes, etc. (NEC 110-1i).

g. Examine for gal vani zed netal construction.

h. Check nmounting hei ght of panel board cabinets. D stance
fromthe highest position of top switch or circuit-breaker to
floor should not exceed 6 feet, 6 inches (Project Specifications)
16A-13 FUSES (NEC 240-6 and 8)

I nspect for the followi ng:

a. Specified voltage rating.

b. Specified anperage and interrupting rating.

c. Non-renewabl e cartridge types for over 30 AVP capacity
(Project Specifications)

d. Are dual elenent time-delay fuses or current limting
fuses with special “reject” hol ders required? (Project
Speci fi cati ons)

16A-14 UNDERGROUND SERVI CE CONDUI TS (NEC 230-30 and 31)

a. Check detail requirements of plans and specifications
(Project Specifications).

b. Check requirenent for painting or coating of conduits
(Project Specifications)

c. Check nethod and location of termination of conduit ends
and groundi ng (NEC 230-55).

d. Seal building ends of raceways entering from UG
distribution system (NEC 230-48).
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16A-15 AERIAL SERVI CE

a. Locate the splice between service drop and service
entrance (NEC 100) conductor at a level |ower than the service
entrance fitting (head), and bend conductors to forma “drip |oop”
at the entrance fitting. These precautions will prevent entrance
of water into the service equi pment (NEC 230-24).

b. Support aerial service-drops on buildings, providing
required cl earances from ground, building openings, and from roof
where service crosses roofs (NEC 230-24).

c. Service-drop cable type is to be in accordance with
speci fication requirenents (NEC 230-22 and 23; Project
Speci fi cati ons)

d. If connections are alunminumto copper, insure that the
type of connectors specified (usually tinned bronze) are utilized
and that anti-oxidant conpound is properly applied, if specified.

16A-16 MOTORS

a. Check notors for conformance with NEVA classification
standards. NEMA cl assification is according to mechani cal
protection and nmethods of cooling. Installation should be made in
accordance with project specifications. Dripproof and/or splash-
proof notors when specified shall be installed with ventilation
openi ngs faced down to exclude noisture, dirt, etc.

b. Check notors to see that proper termnal connections are
made for the operating voltage. A connection table should be
securely attached to the nmotor by the nanufacturer if several
alternate connections are possible.

c. Be sure notor revolves in direction correct for driven
device, Usually an arrow is placed on fans and punps to show
correct directions of rotation. Mdtor rotation and speed nust be
verified before connection to the load e.g. punps, fans, etc.

d. Check reversing types of nmotors and nulti—-speed notors
to insure that direction of rotation and speed of notor
corresponds to setting of control.

e. Make ground connections of notor encl osure through
conduit systemor by separate groundi ng conductor (NEC 430-141,
142)

f. Check notor against specifications and UL listings for
class of insulation, starting torque characteristics, class, and
design. Assure high efficiency notors are used where indicated.

g. Check notors for proper voltage. Wien 208V, three-phase
is specified, do not permt substitution of 230V, three phase and
vice versa. A 200 volt rating is the correct nane plate rating for
application on 208 volt system Proposed substitutions should be
referred to an electrical specialist.

h. Note conditions of windings; to be free fromnoisture

and dust. See that appropriate provisions are nade to protect
equi prent prior to turn-over of project.
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i. Mtors shoul d be operated under connected load to
determ ne followi ng operating characteristics:

(1) Voltage and current to detect possible overl oaded
condi tions

(2) Speed of notor

(3) Direction of rotation
(4) Overheating

(5) Vibration

(6) Abnornal sounds or odors

If connected load is not possible, refer to the Resident
Engi neer. This normally can be done in conjunction with test
driven equi prent.

Connect notors subject to vibration, and notors on
adj ustabl e slide basis, with flexible conduit. Liquid-tight or
expl osi on-proof flexible conduit nay be required by installation
condi tions. Bonding junpers may be required (Project
Speci fication; NEC 349, 350, 351, 501-4(a)).

k. Mdtors installed in hazardous |ocations are to bear an
Underwriters Laboratory naneplate, indicating the classification
of areas in. which the notor is listed for use.

1. Check lubrication requirenents of notor prior to notor
operation (Manufacturers Instructions).

16A-17 MOTOR CONTROL

a. Check with the contractor to assure that all notor
controllers required by all sections of the specifications have
been ordered. Quite often, controllers are not ordered due to
di sput es between subcontractors. The QAR should insure that the
prinme contractor has made necessary arrangenents to insure tinely
procuring of notor controllers.

b. Check nmotor controllers for:

(1) Horsepower, voltage and current rating of |east equal
to the rating of the motor which it controls.

(2) Automatic control devices such as thernostats, float or
pressure switches directly used as notor controllers, should be
adequatel y rated.

(3) Magnetic-coil voltage rating same as the control -
circuit voltage (may be different fromthe notor voltage)

(4) Selection of proper notor overload heaters; based on
the naneplate full-load current of the notor, anbient tenperature
of controller location, tenperature-rise limt of notor. Refer to
instruction sheet pasted on inside cover of nmotor controller.
Determine if automatic or nmanual reset is required for overload
protection (NEC 430-34) (Project Specifications.)
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(5) Requirenents for furnishing reduced voltage starters.
(Project Specifications.)

(6) Excessive hunm ng or noise under operating conditions.

(7) Requirenents for furnishing pilot circuit devices such
as “Hand —Of - Autonmatic” selector switches, pilot lights
(Project Specifications.

(8) Note three-phase notors are provided with the overl oad
el enent in each ungrounded conductor (NEC Tabl e 430-37).

(9) Be sure control enclosure is as specified in Project
Specifications and is suitable for conditions of installation.

(10) Spare interlocks, if specified.
(11) shipping bl ocking has been renoved.

(12) Control and safety devices should be wired into the
“hot leg”, not the neutral leg of the control circuit. If nmotor is
connected to a grounded power supply, control power circuit shoul d
al so have a grounded conductor. The control power should be
di sconnected fromall power sources by its disconnect neans
(NEC 430-74).

16A-18 MOTOR DI SCONNECT MEANS

a. Disconnecting neans that open all ungrounded conductors
will be provided for notor driven equi pment installations. By
I ocki ng provisions or by being “in sight” the disconnect(s) will
provi de protection for persons working on control, notor, and
driven equi prent (NEC 430-101 thru 113).

b. Ratings of switches are to be checked agai nst contract
speci ficati ons.

16A-19 LAWPS AND LI GHTI NG FI XTURES

Lighting fixtures shoul d be exanmined for:

a. Chipped porcelain, cracked glass and plastics, bent
| ouvers, over-all finish, detachable sockets on RLM done fixtures
(when specified) and “push type” sockets on open fl uorescent
fixtures (when specified). (OCE standard fixture drawi ngs.)

b. Required lanp type, wattage, and col or characteristics.

c. Ballasts for fluorescent and nercury-vapor |anps
suitable for circuit voltage and of high power-factor type;
overload protection for ballasts, if specified ballasts should be
suitable for low tenperature operation. Ballasts for fixtures to
be recessed in fire rated or insulated ceiling construction nay be
required to be “low | oss” type to bold anbient tenperature down.

d. Plunb installation and horizontal and verti cal
al i gnnent .
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e. End-caps, canopies, louvers, side panel guards, globes
in place and tight-glass side panels, if specified. Acrylic
pl astic | ens when specified.

f. Aimng of floodlights and all other adjustable fixtures.

g. Lanps that are to be installed for the project shall be
new, and installed just prior to conpletion (Project
Speci fi cati ons)

h. Storage battery powered energency |ighting sets shoul d
be checked agai nst applicabl e Federal Specification for
requi renent of Underwiters listing and other features. They
shoul d be permanently installed strictly in accordance with
proj ect specifications and NEC Article 700.

i. Emergency lighting circuits should be installed in
accordance with project specifications and NEC Article 700.
CGrcuit wiring should be kept independent of all other wiring
(NEC 700-17).

j. End-to-end nmounted flourescent fixtures nust have
Underwriters approval for nounting end-to-end (NEC 410-31) when
used as raceways.

k. Required characteristics specified.

|. Grounded properly.

16A-20 EQUI PVENT CONNECTI ONS

a. Refer to applicable paragraphs of this chapter.
b. Check plans and specifications for any special features.

c. |If Governnent-furnished equiprent is involved, insure
the tinely availability of all connection draw ngs.

16A-21 TRANSFORMER STATI ONS ( NEC 450)

a. Dry Type Transforners

Check enclosure for indoor or outdoor service. Install so
that air circulation will not be restricted around the
transformers. Close-to-ceilings installations should be avoi ded.

b. Transforner Taps
Connect to produce specified voltage under nornal |oad.

c. Liquid-filled Transforners

Check to see that they are filled to proper |evel. Level
mark is indicated on transformner.

d. Naneplate Data

Check agai nst specification requirements and approved shop
drawi ngs (NEC 450-11).
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e. Accessories

Check liquid-filled transformers for conpliance with
specifications or with specified standards. Such incl ude:
Connections for sanpling, draining and filtering of insulating
liquid; level gage; thernoneter; pressure and vacuum gages;
external tap changer; provisions for jacking, rolling and lifting;
provi sions for pole, platformor slab nounting; provision
groundi ng of case and wi ndi ngs; and al arm devi ces actuated by
abnormal liquid level, tenperature or pressure; and autonatic
control devices for operation of forced air or other oil cooling
equi prent which will permt operation of transforners at higher-
than-normal ratings.

f. Bushings

Check to see that bushings are free of noisture, dust,
chi ps and cracks.

g. lnsulating Liquid

Check agai nst requirenents. Non-flammable fluid insul ated
power transforners are generally required indoors.

h. G oundi ng

Check groundi ng connections of nmetal housing, neutrals of
primary and secondary w nding to the groundi ng system (NEC 450-9
and 250- 26) .

i. Ventilation

See that ventilation is adequate (NEC 450-45)
16A-22 SW TCHGEAR (NEC 384)

Swi tchboard and Free-Standing Panel Installation - Check
for:

a. Level floor location for gear and any rol |l —eut
equi pnent .

b. Anchor bolts and floor plates in proper |ocation.
Consul t approved shop draw ngs and contract draw ngs.

c. Conduit entrances and wiring trenches in proper
| ocation.

d. Bus duct connection provisions suitable for duct
attachment.

e. Gound bus connections brought to proper |ocation.
Consul t approved shop draw ngs.

f. Plunb and level installation of gear.

g. Installation in accordance with manufacturer*s
instructions.

h. Bl ocking renmoved frominstrument and rel ays.

i. Adjustments made where required, taps and plugs at
proper settings. Consult nanufacturer*s installation instructions.
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j. Fuses in place and of proper type -voltage, current,
interrupting capacity -current limting.
k. Indicating | anps with proper color caps in place.

I. Furnishing of spare fuses and | anps and any operating
handl es or cranks.

m Manuf acturer*s instruction books, wiring diagranms. etc.,
delivered to responsi bl e individual accepting installation. Make a
list and have it signed and filed.

n. Terminals nmarked in accordance with approved shop
drawi ngs and speci fications.

o. Al wiring connections nmade up tight.

p. If switchgear is to be installed in any hazardous
l ocations, check the specifications and drawi ngs for any required
speci al constructions features.

Check for sufficient clearance between back of

swi tchboard and wall. M ninum of 30 inches required if equi pment
or wiring is accessible only fromback. Additional clearance nay
be required (NEC 110-16 and 34).

r. Check to be sore switchboard frane is grounded.

s. Check to be sure conduit stub—dps have coupling
installed at floor level if required by Project Specifications.

t. Check to be sure that proper phase relationship and
identification of connections including instrumentation has been
acconpl i shed.

u. Special requirenents, such as seisnic.

16A-23 ENG NE GENERATOR SETS

a. See Chapter 130 for installation of sets.

b. Inspect for overall conpliance with the specifications
as to type and rating of conponents -kva, kw, horsepower, rpm
voltage -and in particular as to the follow ng:

(1) Engine will be suitable for operation on the fuel
speci fi ed.

(2) Voltage ratings of starter, battery, and battery
charger will be the sane. Voltage regulator nay need to be reset
if nickel cadm um batteries are furnished.

(3) Check spare parts provided with unit to see that the
supply is conplete and that they fit the unit furnished.

(4) Installation should be in accord with NFPA 30, 31, and
37, as required by Project Specifications. Check for proper
calibration of gagestick.

(5) That ventilation is adequate.

(6) See that operation and nai ntenance nanual s are posted
in engi ne room
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(7) Check operation of transfer switches.
(8) Check governor operation.
(9) Check cranking cycle for reset.

(10) Check to determ ne that energency shut—down prevents
recycling.

(11) Required field tests have been satisfactorily
conpl et ed.

(12) Check automatic transfer switch, lab test reports,
operation and settings.

16A-24 ELEVATOR | NSTALLATI ONS ( NEC 620)

a. See Chapter 14A for installation features.
b. Check voltage rating of hoisting machinery.

c. Provide safety interlocks as specified and check
operati on.

d. Record all perfornmance of specified tests.

16A-25 M SCELLANEQUS SYSTEMS (NEC 720, 725, 760, 770, 800, 810)

I ncl ude several types of audible and visual paging systens,
nurses call, central dictation, interconmmunication systens of
| oudspeaker and tel ephone type, fire alarmsystens, clock systens
and supervisory systens, and often these which conbine nore than
one function in a single system Products of different
manuf acturers of |ike systems nmay differ greatly. Manufacturer*s
installation instructions will be rigidly adhered to. The
following will apply to all systens generally:

a. Master sets and nain or central station equi pnent and
sw tchboards of m scellaneous systems will be so placed as to be
easily accessible for operation and mai ntenance in |ocations
havi ng adequate ventilation.

b. Generally, conponent parts of mscellaneous systens wll
be products of one nanufacturer.

c. Wring between system conponents may be of special
character. Inspect for requirement for use of optical fiber cable,
shi el ded cables, tw sted pairs, and isolation of any systemfrom
anot her.

d. Check installation of nmiscellaneous systens equi pment to
see that the proper type and sizes of fuses have been used, that
| eads are connected to proper termnals and that the equipnent is
designed to operate on the avail able supply voltage.

16A-26 TESTS

a. Al Testing

(1) Wien testing of any electrical equipnent or systemis
requi red, advise the electrical inspector or engineer and obtain
hi s assistance. The follow ng paragraphs cover a w de range of
testing and it will be your responsibility to obtain assistance
when such testing is beyond your capabilities or know edge.
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(2) Unless otherw se specified, testing should be perforned
by the contractor when the inspector is present. Al arrangenents
for test should be nmade by the contractor. For tests of major
equi prent and hi gh vol tage cabl es, the contractor should al so
notify the manufacturers so they may witness the tests.

(3) The Using Agency should be notified when any unusual
testing is to he perforned so that they may be present to witness
the test. Using Agency cooperation should be obtained well in
advance for any tests which nay affect their facilities or
operations.

b. Precautions

Precautions should be taken to insure that test voltages
are applied only to equipnment or circuits under test, and that all
instrunment and control circuits are disconnected during the test.
Verify that all electrical equiprment can be LOCK- QUT/ TAG QUT.

c. Hectrical Tests

El ectrical tests should not be conducted under anbient
conditions unsuitable for testing, such as excessively high
humi dity conditions.

d. Records of Tests

Records of tests shoul d be conplete, including anbient
tenperatures and weather conditions, circuit designation and
extent or wiring systens tested, name and serial nunber of the
machi ne tested, and signatures of those witnessing the tests.

e. Description of Tests

(1) De-energized operational testing will determ ne that
noving parts do not bind, rotating parts work freely and are not
obstructed by foreign naterials, that they are lubricated as
required, and that such limts or stops as nay be necessary to
restrict the notion of noving parts are in place and functioning.

(2) Qperational testing will show that the equi pment
perforns all functions for which it is designed in accordance with
the desi gn and manuf acturer*s specifications.

(3) Continuity testing will deternmine that circuits are
continuous through out the circuit.

(4) H gh potential testing will determine that the
insulation has sufficient dielectric strength to withstand the
surges to which it mght be subjected and to insure freedomfrom
pi nhol es and any ot her possibl e damage.

(5) Megger tests will deternine that the wring system and
equi prent is free fromshort circuits and grounds and will mneasure
the insulation resistances of the circuit and/or equi pment under
test.
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f. Meagger Tests

Megger tests of insulation resistance should be nade when
speci fied and approved if satisfactory.

g. Method of Testing

(1) H gh-potential field tests should be made in strict
conpliance with the applicable standards listed in the
specifications and with the recormendati ons of the nanufacturer of
t he equi prent .

(a) Tests should not be repeated unless the necessity for
repetition has been deternmined by an electrical engineer or
speci fi ed.

(b) Make only after all safety precautions relative to
groundi ng of the test equi pnent have been checked.

(2) Insulation resistance and hi gh-potential tests of
wiring systens shoul d be made when required between one conductor
and ground with all other conductors and sheath or conduit
connected to the same ground. Tests shoul d be made on each
conductor in this manner. Wndings of rotating equi prent and
transformers shoul d be connected together and tested to ground.

(3) Rotating equiprent operational tests should include an
inspection for alignnent with driven nachine, proper |ubrication,
freedom from excessive vibration in operation, proper direction of
rotation, voltage and current drain check agai nst notor nanepl ate
ratings, check of RP.M and excessive heating.

(4) Rotating equiprent operational tests should include an
inspection for alignnent with driven nachine, proper |ubrication,
freedom from excessive vibration in operation, proper direction of
rotation, voltage and current drain check agai nst notor nanepl ate
ratings, check of RP.M and excessive heating.

(5) Switch and nanual notor starter operational tests
shoul d i nclude an examination for proper operation, alignnent of
contacts and contact pressure.

(6) Mtor-starter operational tests should include nanually
operating the armature or plunger and contact-bar to determ ne
that novenent is free, contacts are in alignment, contact pressure
is adequate and that auxiliary contacts function properly. The
starter should be energized fromall control points and the
operation of all control-circuit interlocks should be checked.

(7) Reduced voltages starters should be checked for correct
sequence and tinmng of application of increnental and full
vol t ages.

(8) Variable and adjustabl e speed notor controls should be
checked to see that operating speeds corresponds to the position
of the speed control device.

(9) Grcuit-breaker operational tests for large air
circuit-breakers operating and test positions under manual
operation and through control circuits fromeach control point.
Checki ng of breaker nechanisns for alignnent; freedomof notion
and adequate pressure of contacts; tripping, devices; inspection
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to insure that breaker cannot be noved from operating position
while closed. Indicating lights, targets, annunciators and al arns
shoul d be observed for operation in connection with associated
circuit- breakers, control sw tches and other operating devices to
insure that the signal indication corresponds to the switch
position of the indicating device.

(10) Protective relays should be checked to see that tine
and current settings have been nmade as specified.

(11) Operational tests of relays should include: Checking
of operation at specified current or voltage and tine val ues.
Checki ng of peak current of instantaneous el enents; checking of
differential elenents for operation only under condition of proper
direction of power flow

(12) Rod el ectrodes should be tested for resistance to
ground. |f resistance is greater than the specified resistance, or
maxi mum of 25 ohms, additional rods or |onger rods should be
installed. Consult specifications (Project Specifications: NEC
250- 83) .

(13) M scell aneous systens, for intercommunication, paging,
clock-control fire alarnms, etc., shall be given operational tests
at all operating points to denonstrate that they will performall
specified functions. In particular, it shall be denonstrated that
soundi ng devi ces are audi bl e under nornal anbi ent sound-Ievel
conditions in areas for which coverage is specified, that false
signals cannot be transmtted over fire alarmsystens specified to
be of the non-interfering type, that reserve—power attachments for
clock systemw || operate for the specified Iength of tine, and
that all special features and accessories specified for each
system have been incorporated therein.

(14) Engi ne-generator tests include, but nay not be limted
to, the follow ng:

(a) If diesel engine driven, reference is usually nade to
M L- STD7058. This publication details electrical test requirenent.
Be sure all factory or shop tests have been conpleted as
speci fi ed.

(b) Denonstrate starting of all units fromall manual
control points and fromautonatic control as specified.

(c) Denonstrate voltage and frequency regul ation are held
within specified limts under all |oad conditions.

(d) Establish load requirenments for testing of units.
Ei t her connected |l oad or created | oad such as obtained with salt
wat er rheostat or other satisfactory method. Determne who wll
furnish | oad banks, if required.

(e) Engine-generator tests should incorporate full |oad
tests. Specifications will at times required 110% | oad testing for
alimted timne.

(f) Satisfactory operation of transfer switch installation

in accordance with specifications requirenents should be
denonst r at ed.
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(g) Operational check of all safety controls should be
made. This will include operation of safety stop sw tches,
operation of high water tenp, low oil pressure, over-speed, and
any other safety circuit required by the specifications.

(h) Dernonstrate full |oad continuous operation w thout
over heating of the engine.

(i) Be sure all field tests specified are performed and
recor ded.

(15) Transforners should be checked for shipping danage,
| eakage, proper voltage and tap settings, grounding, and for signs
of water in the oil.

(16) Service equipnent should be tested for ground fault
protection as specified and NEC 230- 95.

(17) Operational test should be made on all switches,
dimers, lighting, battery units and m scel |l aneous equi pnent.
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