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SECTI ON 26 05 19.10 10

| NSULATED W RE AND CABLE
05/16

NOTE: This gui de specification covers the

requi renents for insulated wire and cable for use on
hydraulic structures, except for wire and cable for
speci al applications, such as |lowlevel circuits for
anal og signals, data and supervisory control

conmuni cati on and tel enetering systens.
Specification of wire and cable for special
applications may be found in other technical guide
specifications for the systemto which the wire and
cable will be applied. Oherw se, the designer nust
develop and wite specifications listing the salient
characteristics for the basis of design of the
special wire and cabl e needed.

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Fornmat Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate information.

Remove information and requirenents not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submitted as a Criteria Change Request (CCR.

PART 1

*%*

*
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GENERAL

*%

*%

*% *% *% *% *% *% *% *% *% *% *%%

NOTE: Procurenment docunents, including
specifications, plans, and wire tables, should be
prepared to include relevant portions of the

i nformati on checklists stated below. The first
list, "Characteristics of Systens on Wiich Cable Is
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To Be Used," would be applicable where insul ated
wire and cable are to be procured via a construction
contract, particularly where the Contractor is
expected to decide details such as wire size, etc.

It may be used in a supply contract for those
purchases where all the characteristics are known in
advance such that they can be specified in detail
The itens of the second list, "Quantities and

Descri ption of Cable," are covered in general in

t hese gui de specifications, and shoul d be applicable
when procuring insulated wire and cable via supply
or construction contracts. These itens should be
verified or specified in the |level of detail needed
for each particul ar case.

1). Characteristics of Systems on Wich Cable Is To
Be Used.

a. Normal operating voltage between conductors.

b. Frequency.

c. Number of phases & conductors.

d. Cable insulation [evel [100 percent][133 percent]
or [173 percent].

(NOTE for characteristic d. only: 600 Volt AC | ow
vol tage cables typically do not require in-service
vol tage stress consideration and require only 100
Percent Insulation Level. However, there may be sone
special applications for cables rated 2,000 Volts
and | ess where the designer nust consider the

i n-service voltage stress, deternmne and insert the
proper insulation level into this specification
section. Refer to ANSI/NEMA WC 70 for additiona
descriptions regarding "lInsulation Levels" for wire
and cables rated 2,000 Volts and bel ow.

The in-service voltage stress nust be considered and
specified for wire and cables rated 2,001 Volts to
5,000 Volts. The designer nmust consider the

i n-service voltage stress, deternine and insert the
proper insulation level into this specifications
section. Refer to ANSI/ANSI/NEVA WC 71/ 1 CEA
S-96-659 for additional descriptions regarding
"Insul ation Levels." for wire and cables rated 2,001
Volts to 5,000 Volts.

The in-service voltage stress nust be considered and
specified for wire and cables rated 5,001 Volts and
above. The designer nust consider the in-service
vol tage stress, determine and insert the proper
insulation level into this specifications section
Refer to NEMA WC 74/1 CEA S-93-639 for additiona
descriptions regarding "lInsulation Levels." for wire
and cables rated 5,000 Volts to 46,000 Volts.")

e. Mninum and maxi mum t enperatures at which cable
is expected to be operated.
f. Description of installation

1.1n cable trays.
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2.1n ducts.

3. O her.

g. Conditions of installation

1. Anbi ent tenperature.

2.\Wet or dry location.

3. Nunber of |oaded cables in cable trays, duct
bank, or conduit. |If in conduit, provide type of
conduit (metallic or non-metallic), nunber of |oaded
circuits, whether conduit is enclosed or run
exposed, and spaci ng between conduits.

4. Load factor.

5. Met hod of bondi ng and grounding of netallic
coverings (including shields).

6. Cheni cal exposure.

2). Quantities and Description of Cable.

a. Total number of meters feet, including |engths
for custoner testing, and lengths if specific

I engt hs are required.

b. Type of cable. Describe as single-conductor

t wo- conduct or, etc.

c. Rated circuit voltage, phase to phase.

d. Type of conductors - copper or alum num

e. Size of conductors - AWG or circular mcroneters
(mls). |If conditions require other than standard
strandi ng, a conpl ete description should be given.
f. Grade of insulation.

g. Thickness of insulation, in mcronmeters mls.

h. Type of outer covering.

i . Maxi mum al | owabl e overall dianeter, in mminches.
Wien duct space is not limted, it is not wise to
restrict the overall dianeter

j. Method of conductor identification

In nmaking wiring layouts for those installations
using mul tipl e-conductor cables, care should be
taken to avoid the use of assenblies not normally
stocked by manufacturers, or of small quantities
which will not come within the manufacturers

m ni mum pricing schedules. In general, unless very
| arge quantities are involved, |ower overall cable
costs can be effected by using manufacturers
standard assenblies, even though nore conductors
than required are provided, instead of a cable
requiring a special setup. Short |engths may be
elimnated by substituting cables which will have
sufficient quantity to obtain the nmanufacturers

m ni mum price. Substitution may consist of a |arger
nunber of conductors than required, or a conbination
of assenblies of a smaller nunber of conductors.

The nost econonical cable schedule for any
particular installation can be obtained only by
careful study of all factors involved, particularly
i ncreased conduit costs.
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1.

1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zati on, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a Reference ldentifier (RID) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard's Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi c designation only.

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENG NEERS (| EEE)

| EEE 1202 (2006; R 2012; CORR 1 2012)
FI ane- Propagati on Testing of Wre and Cabl e

| NSULATED CABLE ENG NEERS ASSOCI ATI ON (| CEA)

| CEA S-58-679 (2014) Control, Instrunmentation and
Ther nocoupl e Ext ensi on Conduct or
Identification

| CEA T-30-520 (1986) Conducting Vertical Cable Tray

Fl ane Tests with Theoretical Heat I|nput
Rate of 70,000 B.T.U./Hour

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)
ANSI / NEMA WC 71/ 1 CEA S-96-659 (2014) Standard for Nonshi el ded Cabl es

Rat ed 2001-5000 Volts for use in the
Distribution of Electric Energy

NEMA WC 26 (2008) Binational Wre and Cabl e Packagi ng
Standard
NEMA WC 57 (2014) Standard for Control, Thernocouple

Ext ensi on, and I nstrunentati on Cabl es

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

NEMA WC 74/ 1 CEA S-93-639 (2012) 5-46 kV Shiel ded Power Cable for
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1.

Use in the Transm ssion and Distribution
of Electric Energy

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

NFPA 70 (2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2;
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6;
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10;
TIA 17-11; TIA 17-12; TIA 17-13; TIA
17-14; TIA 17-15; TIA 17-16; TIA 17-17 )
Nat i onal El ectrical Code

UNDERWRI TERS LABORATORI ES (UL)
UL 1685 (2015) UL Standard for Safety
Vertical -Tray Fire-Propagation and
Snoke- Rel ease Test for Electrical and
Optical - Fi ber Cabl es

UL 2556 (2015) UL Standard for Safety Wre and
Cabl e Test Methods

UL 44 (2018) UL Standard for Safety
Ther noset -1 nsul ated Wres and Cabl es

UL 83 (2017) UL Standard for Safety
Ther nopl asti c-1nsul ated Wres and Cabl es

2 SUBMITTALS

NOTE: Review subnittal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmittals
required for the project.

The Guide Specification technical editors have
designated those itens that require Governnent
approval, due to their conplexity or criticality,
with a "G" GCenerally, other submittal itenms can be
reviewed by the Contractor's Quality Control

System Only add a “G to an item if the submttal
is sufficiently inmportant or conplex in context of

t he project.

For subnmittals requiring Government approval on Arny
projects, a code of up to three characters within
the submttal tags may be used following the "G'
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO" for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,
Air Force, and NASA projects.

The "S" following a submttal itemindicates that
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1

the submittal is required for the Sustainability
eNot ebook to fulfill federally mandated sustai nabl e
requi renents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTI NG Locate the "S" subnittal
under the SD nunber that best describes the
subnmittal item

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Army projects.

*% *% *% *% *% *% *% *%%

Governnment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for [Contractor Quality Control
approval .] [information only. Wen used, a designation following the "G'
designation identifies the office that will review the submttal for the
Government.] Submittals with an "S" are for inclusion in the

Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00

SUBM TTAL PROCEDURES:

SD- 03 Product Data
Wre and Cable; C[, [__ 1]
Conductors; ¢, [__ 1]
Cabl e Manufacturing Data
SD-06 Test Reports

Test Report(s), Inspection Report(s), and Verification Report(s); G

[ [ 1]

.3 DELI VERY, STORAGE, AND HANDLI NG

Furnish cables on reels or coils. Each cable and the outside of each reel
or coil, nust be plainly marked or tagged to indicate the cable |ength,

vol tage rating, conductor size, and manufacturer's | ot number and reel
nunber. Each coil or reel of cable nust contain only one continuous cable
wi thout splices. Cables for exclusively dc applications, as specified in
par agr aph "Hi gh-Vol tage Test Source," nust be identified as such. Shiel ded
cables rated 2,001 volts and above must be reeled and nmarked in accordance
with  NEMA WC 26, as applicable. Reels rmust remain the property of the
[Contractor] [CGovernnent].

4 PRQOJECT/ SI TE CONDI TI ONS

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Use this paragraph to describe unusual
environnents, such as tenperature extrenes, chemical
exposure, etc.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

SECTION 26 05 19.10 10 Page 8



PART 2 PRODUCTS

2.1 MATERIALS

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: Variations fromthese specifications may be
appropriate in sone cases. In addition to
increasing rated circuit voltage where |arge
overvol tages coul d occur, nmaterial sizes and
strengths should be coordinated to withstand any
pulling forces which will be applied. The |ower
strength of EPR, even jacketed, may at tines
preclude the use of this material for long pulls.
If variations are requested by a Contractor, they
shoul d only be approved if the safety and integrity
of conservatively designed circuits are not
conprom sed. The use of polyvinyl chloride (PVQC
insulation or jacket material is not permtted.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

2.1.1 Wre Table

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: An exanple typical wire table and a For mat
Tenplate for a Wre Table are located at the end of
this Section. Use this paragraph and For mat
Tenplate, if item zed characteristics for each
application are to be tabul at ed.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Furnish wire and cable in accordance with the requirenments of the [wire
table below] [wire table appended to these specifications], conforning to
the detailed requirenments specified herein.

2.1.2 Rated Circuit Voltages

Al'l power wire and cable nust have minimumrated circuit voltages in
accordance with NEMA WC 70, ANSI/NEMA WC 71/1 CEA S-96-659, or

NEMA WC 74/ 1 CEA S-93-639 as applicable. Power wire and cable for circuit
vol tages rated 0-600 volts nust be rated not less than 600 volts. Contro
wire and cable nust have mininumrated circuit voltages in accordance with
NEMA WC 57, but nust be rated 600 volts if routed in raceway w th other
conductors that are rated 600 volts.

2.1.3 Conductors

*% *% *% *% *% *% *% *% *% *% *% *% *%%

NOTE: "Electrical conductors and cabl es nust not
propagate flame and nust be rated as such by passing
or bei ng capabl e of passing one or nore of the
followi ng applicable tests.

Al'l electrical cable assenblies (nultiple-conductor
and singl e-conductor) nust pass, or be capabl e of
passing either the vertical cable tray flanme tests
required by I CEA T-30-520 (as stated in, but not
referred to by NEMA WC 70), the vertical tray flane
propagation test requirenments of UL 1685 and | EEE
Std. 1202, the wire and cabl e burning
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characteristics test of the UL 2556 VW1 Test, or
(for control cables only) the flane test as required
by NEMA WC 57. (The flane testing requirenment was
previously restricted to cable tray applications.

It is extended to all uses for greater safety, since
flanme-resistant cables are now avail abl e from many
manufacturers.)

*kkkkkkkkk

2.1.3.1

*

kkkkkkkkkkkkkkkkkkkkkkhkhkhkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhkhkk

Material for Conductors

*%

*%

*% *% *% *% *% *% *% *% *% *% *%%

NOTE: If aluminumis to be specified for any of the
Wi re purchased, revise the paragraphs accordingly.

Conductors for wire and cable nay be al uni num or
copper. Al um num conductors may be considered for
use in accordance with NFPA 70, Article 310.106.
When used, al um num conductor material must be

AA- 8000 series electrical grade alumi numalloy. The
desi gner nust consider several factors when deciding
to use alum numinstead of copper including

conpari sons of electrical properties, nechanica
properties, environnental properties specific to the
i ntended installation, reliability, and cost.
Specifications for wire and cable nay be witten to
pernmit either alum num or copper conductors where
aluminumis suitable for the application, suitably
reliable, and is deternmined to be nore econom ca

t han copper.

Al unmi num conduct ors should be permtted only where
cost conparisons show an overall savings and after a
careful evaluation of the corrosion problens
associated with their use. They should only be

al | owed where installers are qualified to nake
reliable connections with them Proper wire and
cabl e connectors nust be suitably rated for
installation with the conductor material to which
they are applied. Wre and cable connectors used
wi t h al um num conductors nust be suitably rated
term nation nmust be prepared correctly, and an
anti oxi dant nust be applied when the connector is
installed. Costs should be conpared to between al
pertinent items such as installation, conduit, tray,
tunnel and duct banks, lifetine costs of energy
losses if significant, and differences in
ventilation needs if |osses are eval uated.

Conduct ors shoul d have the required current carrying
capacities, the required short circuit capacities,
and should be satisfactory with respect to voltage
drop. Al umi num conductors should be sized to have
equal or less resistance than the alternate copper
conductors unless the total cost conparison

i ncludi ng | osses, shows a net advantage ot herw se.
In such cases where the engineering costs to
properly conmpare the use of the two materials will
exceed any possible savings to be

achi eved by alum num the arbitrary choice of copper
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may be the best policy.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkkhhkhkhkkkkkkkkkkkhkhhkhkkkkkkkkkkk

Conductors rmust conformto all the applicable requirenments of NEMA WC 57,
NEMA WC 70, ANSI/NEMA WC 71/1 CEA S-96-659, or NEMA WC 74/1 CEA S-93-639 as
appl i cabl e. Copper conductors nust be anneal ed copper nmaterial and they
may be bare, or tin- or lead-alloy-coated, if required by the type of

i nsul ation used. [Al um num conductors nust be Type AA-8000 al um num
conductors. Type 1350 is not acceptable. Intermnixing of copper and

al um num conductors in the same raceway is not permtted.]"

2.1.8.2 Size

Mnimumw re size nust be No. 12 AWG for power and lighting circuits; No.
10 AWG for current transformer secondary circuits; No. 14 AWG for potential
transforner, relaying, and control circuits; No. 16 AWG for annunci ator
circuits; and No. 19 AWG for alarmcircuits. Mninmumwre sizes for rated
circuit voltages of 2,001 volts and above nust not be | ess than those
listed for the applicable voltage in ANSI/NEMA WC 71/ | CEA S-96-659 or

NEMA WC 74/1 CEA S-93-639, as applicable.

2.1.3.3 Stranding

Conduct or stranding classes cited herein nust be as defined for control
conductors in NEMA WC 57 or as defined for 0-2,000 volts power conductors
in NEMA WC 70, as applicable. Lighting conductors No. 10 AWG and snall er
must be solid or have O ass B stranding. Any conductors used between
stationary and movi ng devi ces, such as hinged doors or panels, must have
Class H or K stranding. Al other conductors nust have Cass B or C
strandi ng, except that conductors as shown, or in the schedule, as No. 12
AWG may be 19 strands of No. 25 AWG and conductors shown as No. 10 AWG may
be 19 strands of No. 22 AWG Conductor stranding classes for circuit

vol tages 2,001 volts and above rmust be as defined in

ANSI / NEMA WC 71/1 CEA S-96-659 and NEMA WC 74/1 CEA S-93-639, as applicable.

2.1.3.4 Conduct or Shi el di ng
Use conductor shielding conformng to NEMA WC 57 for control wire and cable
as applicable. Use conductor shielding confornming to
ANSI / NEMA WC 71/1 CEA S-96-659 or NEMA WC 74/ 1 CEA S-93-639, as applicable,
on power cables having a rated circuit voltage above 2,000 volts.

2.1.3.5 Separ ator Tape
Where conductor shielding, strand filling, or other special conductor
treatment is not required, a separator tape between conductor and
insulation is permtted.

2.1.4 Insulation

2.1.4.1 I nsul ati on Materi al

*% *% *% *% *% *% *% *% *% *% *% *% *%%

For project applications which require a different

i nsul ation than those listed below, reference a
Government criteria or an industry standard that the
cabl e or conductor nust neet. For projects which
require nultiple types of insulations, indicate the
type for each cable on the project draw ngs.
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The insul ati on conpounds specified herein are of the
t her nopl astic and thernosetting type. Thernoplastic
i nsul ation types such as THHN, THW\, and THW\- 2 nust
nmeet the requirenments of UL 83 and is typical for
circuit voltage ratings of 600 volts. Thernosetting
i nsul ation type options include cross-1linked

t hernosetting pol yet hyl ene (XLPE) and

et hyl ene- propyl ene rubber (EPR) which nust neet the
requi renents of UL 44. These two materials alone are
wi dely avail abl e and can be satisfactorily
conpounded to neet the requirenents of a
conservative cable design for long and reliable
service. Cross-linked thernosetting polyethyl ene

i nsul ation types include XHHW and RHW XHHWtype

i nsul ati on provides good thermal expansion and
contraction characteristics applicable for power and
control conductors with circuit voltage ratings of
2,000 volts or less in installations exposed to

| arge tenperature changes or installed outdoors

subj ect to weat her cycles fromhot sunmmer to cold

Wi nter tenperatures. XLPE is applicable for al
circuit voltage ratings. EPR is applicable to wire
and cable for circuit voltages rated greater than
2,000 volts. The insulation grades permtted nust
be suitable for service in wet or dry |ocations at
90 C. This specification does not allow the use of
"tray cable" meeting only the m ni mumrequirenments
of the National Electrical Code or Underwriters
Laboratories, which permt a 75 C wet rating.
Jackets are al so thernpsetting, except certain

t her nopl asti c conpounds are pernmitted for use bel ow
601 volts, as defined in paragraph JACKET MATERI AL
subpar agraph ACCESSI BLE USE ONLY, 2,000 VOLTS OR
LESS, in cases where access for cable installation
and renmoval would not be a problem

*% *% *% *% *% *% *% *% *% *% *% *% *%%

Unl ess specified otherwi se or required by NFPA 70, wires in conduit, other
than service entrance, nust be 600-volt, [Type THWN THHN conformng to UL 83
] [or] [Type [XHHW [or] [RHW conform ng to UL 44]. Insulation for

control wire and cabl e nust neet the requirenents of NEMA WC 57

Insulation requirenents for wire and cable rated | ess than 2,000 volts nust
meet the requirements of NEMA WC 70. Insulation requirenents for wire and
cable rated 2,001-5,000 volts nust nmeet the requirements of

ANSI / NEMA WC 71/1 CEA S-96-659. Insulation requirenments for wire and cabl e
rated 5,001 volts and greater nust neet the requirenents of

NEMA WC 74/ 1 CEA S-93-639

For shielded cables of rated circuit voltages above 2,000 volts, the
foll owi ng provisions nust also apply:

a. XLPE, if used, nust be tree-retardant.
b. Insulation nust be chenically bonded to conductor shielding.
c. The insulation material and its manufacturing, handling, extrusion and

vul cani zi ng processes nmust all be subject to strict procedures to
prevent the inclusion of voids, contamination, or other irregularities

SECTION 26 05 19.10 10 Page 12



on or in the insulation. Insulation material nust be inspected for
voi ds and cont am nants.

d. Cables with repaired insulation defects discovered during factory
testing, or with splices or insulation joints, are prohibited [unless
specifically approved].

2.1.4.2 I nsul ati on Thi ckness

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhhhkhkhkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: The rated circuit voltage of the insulation
shoul d be specified to be 600 volts for all circuits
operating below 601 volts. Higher rated circuit

vol tages may be required by some applications within
this range, such as control circuits containing

| arge dc sol enoids used in older circuit breakers.
Speci fications should then be revised to require

1, 000- or 2,000-volt insulation in such cases for
nmul ti pl e- or single-conductor cables, respectively.
Bel ow 48 volts, 600-volt insulation can be used, but
these are special applications that are best
considered in light of the particular

circunstances. For exanple, nmany proprietary

det ecti on systens and progranmabl e controller
applications typically use 24-volt, |ow power
circuits, for which lower rated circuit voltages nay
be appropriate. These specifications also cover
rated circuit voltages for systens operating above
600 vol ts.

*% *% *% *% *% *% *% *% *% *% *% *% *%%

The insul ation thickness for each conductor nust be based on its rated
circuit voltage.

2.1.4.2.1 Power Cables, 2,000 Volts and Bel ow

The insul ation thickness for single-conductor and multipl e-conductor power
cables rated 2,000 volts and bel ow nust be as required by NEMA WC 70, as
appl i cabl e. Sone thicknesses of NEMA WC 70 will be pernitted only for

si ngl e-conductor cross-1linked thernosetting pol yethyl ene insul ated cabl es
wi thout a jacket. NEMA WC 70 et hyl ene-propyl ene rubber-insul ated
conductors nust have a jacket.

2.1.4.2.2 Power Cabl es, Rated 2,001 Volts and Above

Thi ckness of insulation for power cables rated 2,001 volts and above nust
be in accordance with the foll ow ng

a. Non-shielded cables, 2,001 to 5,000 volts, nust conply with
ANSI / NEMA WC 71/ 1 CEA S-96-659, as applicable

b. Shielded cables rated 5,000 volts to 46,000 volts nust conmply with
NEMA WC 74/1 CEA S-93-639, as applicable.

2.1.4.2.3 Si ngl e- Conduct or and Mul ti pl e- Conduct or Control Cables
The insul ation thickness of control conductor sizes 22 AWGto 10 AWG used

for control and rel ated purposes nust be as required by NEMA WC 57, as
applicable. Control conductors larger than 10 AWG nust be as required by
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NEMA VC 70.
.1.4.3 I nsul ati on Shi el di ng

Unl ess ot herwi se specified, provide insulation shielding for conductors
having rated circuit voltages of 2,001 volts and above. The voltage linits
above which insulation shielding is required, and the materi al
requirenents, are given in ANSI/NEMA WC 71/1 CEA S-96-659 or

NEMA WC 74/1 CEA S-93-639, as applicable. The material, if thernosetting,
must neet the wafer boil test requirements as described in

ANSI / NEMA WC 71/ 1 CEA S-96-659 or NEMA WC 74/1 CEA S-93-639, as applicable.
The nethod of shielding nust be in accordance with the current practice of
the industry; however, the application process nust include strict
precautions to prevent voids or contamni nati on between the insulation and
the nonnetal lic conmponent. Voids, protrusions, and indentations of the
shield nmust not exceed the maxi mum al |l owances specified in

ANSI / NEMA WC 71/ 1 CEA S-96-659 or NEMA WC 74/1 CEA S-93-639, as applicable.
The cabl e nust be capabl e of operating w thout damage or excessive
tenperature when the shield is grounded at both ends of each conductor

Al'l conponents of the shielding systemnust remain tightly applied to the
components they enclose after handling and installation in accordance with
the manufacturer's recomendati ons. Shiel ding systems which require heat
to renove are prohibited unless specifically approved.

.1.5 Jackets

Al'l cables nust have jackets neeting the requirenents of NEMA WC 57,

NEMA WC 70, ANSI/NEMA WC 71/1 CEA S-96-659, and NEMA WC 74/1 CEA S-93-639, as
appl i cabl e, and as specified herein. Individual conductors of

mul ti pl e-conductor cables nmust be required to have jackets only if they are
necessary for the conductor to neet other specifications herein. Jackets
of singl e-conductor cables and of individual conductors of

mul ti pl e-conduct or cabl es, except for shielded cables, nust be in direct
contact and adhere or be vul cani zed to the conductor insulation

Mul ti pl e-conduct or cabl es and shi el ded si ngl e-conductor cabl es nust be
provided with a common overall jacket, which nust be tightly and
concentrically fornmed around the core. Repaired jacket defects found and
corrected during manufacturing are pernitted if the cable, including
jacket, afterward fully nmeets these specifications and the requirenments of
the applicabl e standards.

.1.5.1 Jacket Materi al

kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkkkhkhhkhkhkkkkkkkkkk

NOTE: Modify the restriction agai nst PVC Jackets if
they will be permitted on nmetal-clad cables, in
accordance with paragraph METAL- CLAD CABLE
subpar agr aph JACKETS.

*% *% *% *% *% *% *%%

The jacket nmust be one of the naterials listed below [Polyvinyl chloride
compounds will not be pernitted.] [Variations fromthe materials required
below will be permitted only if approved for each specific use, upon
submittal of sufficient data to prove that they exceed all specified
requirenents for the particular application.]
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2.1.5.1.1 Ceneral Use

Heavy-duty bl ack neoprene NEMA WC 70, ANSI/NEVA WC 71/1 CEA S-96-659,
or NEMA WC 74/1CEA S-93-639

Heavy-duty chl orosul fonated pol yet hyl ene NEMA WC 57, NEMA WC 70,
ANSI / NEMA WC 71/ 1 CEA S-96- 659, or
NEVA WC 74/ 1 CEA S-93-639

Heavy-duty cross-Ilinked (thernoset) NEMA WC 70, ANSI/NEVA WC 71/1 CEA S-96-659,
chl orinat ed pol yet hyl ene or NEMA WC 74/1 CEA S-93-639

2.1.5.1.2 Accessible Use Only, 2,000 Volts or Less

Cables installed where they are entirely accessible, such as cable trays
and raceways with renovabl e covers, or where they pass through |less than 3
met ers10 feet of exposed conduit only, must have jackets of one of the
materials in item"a. Ceneral Use" or one of the follow ng:

CGener al - pur pose neoprene NEMA WC 70, ANSI/NEVA WC 71/1 CEA S-96-659,
or NEMA WC 74/1CEA S-93-639

Bl ack pol yet hyl ene ( MDPE) NEMA WC 57, NEMA WC 70,
ANSI / NEMA WC 71/ 1 CEA S-96- 659, or
NEVA WC 74/ 1 CEA S-93-639

Ther nopl astic chlori nated pol yet hyl ene NEMA WC 70, ANSI/NEVA WC 71/1 CEA S-96-659,
or NEMA WC 74/1CEA S-93-639

2.1.5.2 Jacket Thi ckness

The m ni mum t hi ckness of the jackets nmust be not |ess than 80 percent of
the respective nom nal thicknesses specified bel ow

2.1.5.2.1 Mul ti pl e- Conduct or Cabl es

Thi ckness of the jackets of the individual conductors of multiple-conductor
cabl es nust be as required by NEMA WC 57, NEMA WC 70,

ANSI / NEMA WC 71/ 1 CEA S-96-659, or NEMA WC 74/1 CEA S-93-639 as applicable
and nust be in addition to the conductor insulation thickness required by
the applicable respective NEMA publication for the insulation used.

Thi ckness of the outer jackets and associ ated coverings of the assenbl ed
mul ti pl e-conductor cabl es nust be as required by NEMA WC 57, NEMA WC 70,
ANSI / NEMA WC 71/ 1 CEA S-96-659, or NEMA WC 74/1 CEA S-93-639 as applicable.

2.1.5.2.2 Si ngl e- Conduct or Cabl es

Si ngl e- conduct or cabl es nmust have a jacket thickness as specified in
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NEMA WC 57, NEMA WC 70, ANSI/NEMA WC 71/1 CEA S-96-659, or
NEMA WC 74/1 CEA S-93-639 as appli cabl e.

2.1.6 Metal -Cl ad Cabl e
2.1.6.1 General

The netallic covering or sheath nust be [interlocked netal tape]
[continuous corrugated netal], confornming to the applicable requirenments of
NEMA WC 57, NEMA WC 70, ANSI/NEMA WC 71/1 CEA S-96-659, or

NEMA WC 74/ 1 CEA S-93-639. The type of netal for the metallic covering nust
be [gal vani zed steel] [alum nun] [copper] [copper alloy]. |If the covering
is of ferrous netal, it nust be gal vanized. G oundi ng conductor(s)
conform ng to NEMA WC 57, NEMA WC 70, ANSI/NEMA WC 71/1 CEA S-96-659, or
NEMA WC 74/ 1 CEA S-93-639 as applicable nust be furnished for each

mul ti pl e-conductor mnetal -clad cable. Assenbly and cabling nust be as
specified in paragraph "Cabling." The netallic covering nust be applied
over an inner jacket or filler tape. The cable nust be assenbled so that
the nmetallic covering will be tightly bound over a firmcore.

2.1.6.2 Jackets

Met al -cl ad cabl es may have a jacket under the arnor, and nust have a jacket
over the arnor. Jackets nust conply with the requirenents of NEMA WC 57,
NEMA WC 70, ANSI/NEMA WC 71/1 CEA S-96-659, or NEMA WC 74/1 CEA S-93-639 as
appl i cable. The outer jacket for the netal-clad cable may be of polyvinyl
chloride (PVC) only if specifically approved.

2.1.7 Mul ti pl e- Conduct or Cabl es
Groundi ng conductor(s) conformng to NEMA WC 57, NEMA WC 70,
ANSI / NEMA WC 71/1 CEA S-96-659, or NEMA WC 74/1 CEA S-93-639 as applicable
nmust be furnished for each nultiple-conductor cable. Assenbly and cabling
must be as specified in paragraph CABLI NG

2.2  CABLE | DENTI FI CATI ON

2.2.1 Color-Coding

*kkkkkkkkkkkkhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhkhkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

NOTE: The Control wire and cable col or code
previously referred to NEMA WC 70, however NEMA

WC 70 now refers to | CEA S-58-679. Note that NEMA
WC 57 applies specifically to control wire and cable
i ndustry standards and al so incl udes recomendati ons
for conductor color coding that are col or code

net hods listed in | CEA S-58-679. The control cable
col or code specified, although w dely used by the
Cor ps of Engineers, does not agree with National

El ectrical Code requirements of dedicated white
color for neutral conductor identification and

dedi cated green color or green/yellow for grounding
conductor identification. If this is required, use
the coding in either Table 2 or Table 4 in | CEA
S-58-679.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

I nsul ation of individual conductors of nultiple-conductor cables nust be
col or-coded in accordance with | CEA S-58-679, except that col ored braids
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will not be permtted. Only one color-code nmethod nust be used for each
cabl e construction type. Control cable color-coding nust be [in accordance
with | CEA S-58-679, Method [___ ]] [as indicated] [as follows: - [__ 11.
Power cabl e col or-codi ng must be black for Phase A red for Phase B, blue
for Phase C, white for grounded neutral, and green for an insul ated
groundi ng conductor, if included. [Qher individual conductors nust be

col or-coded as indicated, but such col or-coding may be acconpli shed by

appl ying colored plastic tapes or colored sleeves at term nations.]

.2.2 Shi el ded Cabl es Rated 2,001 Volts and Above

Mar ki ng nust be in accordance with ANSI/NEMA WC 71/ | CEA S-96-659 or
NEMA WC 74/ 1 CEA S-93-639, as applicable.

. 2.3 Cabling

I ndi vi dual conductors of multiple-conductor cables nmust be assenbled with
flame-and noisture-resistant fillers, binders, and a lay conformng to
NEMA WC 57, NEMA WC 70, ANSI/NEMA WC 71/1 CEA S-96-659, or

NEMA WC 74/ 1 CEA S-93-639. Flat twin cables are prohibited. Fillers nust
be used in the interstices of nultiple-conductor round cables with a comon
covering where necessary to give the conpleted cable a substantially
circular cross section. Fillers nust be non-hygroscopic materi al
conpatible with the cable insulation, jacket, and other conponents of the
cable. The rubber-filled or other approved type of binding tape nust
consist of a material that is conpatible with the other conponents of the
cabl e and nmust be | apped at | east 10 percent of its w dth.

.2.4 D nensi onal Tol erance

The outside diameters of single-conductor cables and of nultipl e-conductor
cabl es must not vary nore than 5 percent and 10 percent, respectively, from
the manuf acturer's published catal og data.

PART 3 EXECUTI ON

3.

1 I NSTALLATI ON | NSTRUCTI ONS

Submit cable manufacturing data [as requested]. The follow ng information
must be provided by the cable manufacturer for each size, conductor
quantity, and type of cable furnished:

a. M ninmm bending radius, in inches - For multiple-conductor cables, this
i nformation nust be provided for both the individual conductors and the
mul ti pl e- conduct or cabl e.

b. Pulling tension and sidewall pressure lints, in newtons pounds.

c. Instructions for stripping seniconducting insulation shields, if
furni shed, with mnimmeffort w thout damagi ng the insulation

d. Upon request, conpatibility of cable naterials and construction wth
specific materials and hardware manufactured by others nust be stated.
Al'so, if requested, recomendations nust be provided for various cable
operations, including installing, splicing, termnating, etc.

.2 TEST REPORT(S), | NSPECTI ON REPORT(S), AND VERI FI CATI ON REPORT( S)
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3.

NOTE: Contract schedul es shoul d all ow sufficient
time for an orderly and tinmely sequence of data
submi ssi on, manufacturing of equi pnent and
materials, and delivery in accordance with the
specifications. However, there may be occasi ons
when wire and cabl e nust be obtained in such a short
time that conpliance with the requirenents of this
par agraph and subparagraphs CABLE DATA and

| NSPECTI ONS AND TESTS, is not practical. In those
cases, wire and cable fromsuppliers' stock may be
consi dered for approval, provided a nanufacturer's
certificate is submtted, which establishes to the
satisfaction of the Contracting Oficer that the
proposed wire and cable, identified by [ot number
and reel or coil number, neet the applicable
standards and specifications. Such deviations
should be limted to those cases in which a contract
change or incorrect estimate requires the
procurenent of cable which, if done follow ng the
speci fied approval procedure, would result in
unaccept abl e contract conpl eti on dates.

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkk

2.1 Cabl e Dat a

Do not begin any wire and cable fabrication until materials are subnitted
and approved by the Contracting Officer. Submit cable data for approva
including, but not linmted to, dinmensioned sketches show ng cabl e
construction and sufficient additional data to show that wire and cable
meet the requirenents of this Section

.2.2 I nspection and Tests

Inspection and tests of wire and cable furnished under these specifications
must be made by and at the plant of the manufacturer, [and nust be

wi tnessed by the Contracting Officer, unless waived in witing.] [and the
manuf act urer nust provide certification and certification reports of

compl eted i nspections and conpleted tests.] The Government may require or
performfurther tests before or after installation. Testing in genera

must conply with NEMA WC 57, NEMA WC 70, ANSI/NEMA WC 71/1 CEA S-96-659, or
NEMA WC 74/ 1 CEA S-93-639 as applicable. Specific tests required for
particular nmaterials, conponents, and conpl eted cabl es nust be as specified
in the sections of the above standards applicable to those material s,
components, and cable types. Tests mnmust al so be performed in accordance
with the additional requirenents specified below Submit [ ] certified
copi es of test reports.

.2.2.1 H gh- Vol t age Test Source

Where the applicabl e standards allow a choi ce, high-voltage tests for
cables to be used exclusively on dc circuits nust be nade with dc test
voltages. Cables to be used exclusively on ac circuits nust be tested with
ac test voltages. |If both ac and dc will be present, on either the same or
separate conductors of the cable, ac test voltages nust be used.

.2.2.2 Shi el ded Cabl es Rated 2,001 Volts or G eater

The following test(s) nust be performed in addition to those specified
above:
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a. |If high-voltage testing is done with an AC test voltage as specified in
par agraph "Hi gh- Vol tage Test Source," an additional test nust be made
using a DC test voltage rated at 75 percent of the specified full DC
test voltage, for 5 consecutive m nutes.

b. |If voltage tests after installation are required for 5-65kV shiel ded
power cables then testing nust be done in accordance wth
NEMA WC 74/ 1 CEA S-93-639, Appendi x F.
3.2.2.3 Fl ame Tests
Al'l [rmultiple-conductor and single-conductor] cable assenblies nust pass
either the vertical cable tray flame tests required by | CEA T-30-520
(stated in, but not required by NEMA WC 70), the vertical tray flanme
propagation test requirenments of UL 1685 and | EEE 1202, the wire and cabl e
burning characteristics test of the UL 2556 VW1 Test, or (for contro
cables only) the flame test as required by NEMA WC 57. |If such tests,
however, have previously been nade on identical cables, these tests need
not be repeated. Instead, certified reports of the original qualifying
tests must be submitted. |In this case the reports furni shed under
par agraph "Reports," must include information, identify critica
information, and verify that all of each cable's materials, construction
and di nensions are the sanme as those in the qualifying tests.
3.2.2.4 | ndependent Tests
i nspections, continuity or resistance
checks, insulation resistance readi ngs, power factor tests, or dc high
potential tests at field test values. A cable's failure to pass these
tests and inspections, or failure to produce readi ngs consistent with

The Government may nmake vi sua

acceptabl e values for the application, will be grounds for rejection of the
cable.
3.2.2.5 Reports

Furnish results of tests. No wire or cable nust be shipped unti

aut horized. Lot nunber and reel or coil nunber of wire and cable tested
must be indicated on the test reports.
Exanpl e Typical Wre Table:
W RE TABLE
Item Si ze, kcmil No. of Rated Stranding Comments Quantity, m
No. AVWG Conds. Circuit lin ft
Voltage
1 12 1 600 B or C general use 3260
2 12 1 600 * Solid |lighting 960
3 10 4 1000 B or C transformers 120
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W RE TABLE

Item Si ze, kcmil No. of Rated Stranding Comments Quantity, m
No. AVG Conds. Circuit lin ft
Voltage
4 2/0 shield, 15 kV B or C jacket 275
armor, 3
17 12 9 1000 Bor C control 670
annunciation

Class [___ ] stranding may be substituted for [ ] where indicated by "*"
***NOTE: Cable quantities for construction contracts should only

be |isted when certain,

verification.

unl ess paynent
they are stated to be approxi mate,

*kkkkk *kkkkkkk
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is to be per mfoot,
subj ect to Contractor
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W RE TABLE

Item Size, AWG No. of Rated Stranding Comments Quantity, m
No. or kcmil Conds. Circuit lin ft
Voltage
Class [____ ] stranding may be substituted for [ ] where indicated by "*".

End of Section --
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