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SECTION 26 05 13.00 98

MEDI UM VOLTAGE CABLES
08/ 12
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NOTE: This specification covers the requirenents
for medi um vol tage cables, including 5 kV and 15 kV
shi el ded si ngl e-conduct or power cables, cable
splices and term nations, potheads, and fireproofing
cabl es in manhol es.

Show pl an | ayout on draw ngs of power cable and
power-cable term nations. |Indicate on electrica
riser diagrans size, type, electrica
characteristics, and raceway system of power cabl es
and type of cable term nation.

Adhere to UFC 1-300-02 Unified Facilities Cuide
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 itens(s) or insert
appropriate information.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Recomended changes to a NASAKSC Mast er

Speci fication Section should be subnmitted as a
Criteria Change Request (CCR) to the appropriate
Techni cal Proponent (TP) through the Specslntact
Hel p Desk
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PART 1 GENERAL
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NOTE: |If Section 26 05 00.00 40 COMMON WORK RESULTS
FOR ELECTRI CAL and Section 26 00 00.00 20 BASIC
ELECTRI CAL MATERI ALS AND METHODS are not included in
the project specification, insert applicable
requirenents there fromand delete the foll ow ng
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par agr aph.
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Section 26 05 00.00 40 COVMMON WORK RESULTS FOR ELECTRI CAL and Secti on
26 00 00.00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS applies to work
specified in this section

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 organization, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RI D outside of the Section's

Ref erence Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
the i ssue dates.

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

speci fication when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
t he basic designation only.

ASSCCI ATI ON OF EDI SON | LLUM NATI NG COVPANI ES ( AEI C)

AEl C CS8 (2013) Specification for Extruded
Di el ectric Shielded Power Cables Rated 5
Thr ough 46 kV

ASTM | NTERNATI ONAL ( ASTM

ASTM B8 (2011; R 2017) Standard Specification for
Concentri c-Lay- Stranded Copper Conductors,
Hard, Medi um Hard, or Soft

ASTM D746 (2014) Standard Test Method for
Brittl eness Tenperature of Plastics and
El ast oners by | npact

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

| EEE 48 (2020) Test Procedures and Requirenents
for Alternating-Current Cable Term nations
Used on Shi el ded Cabl es Havi ng Lam nated
Insulation Rated 2.5 kV through 765 kV or
Extruded I nsul ation Rated 2.5 kV through
500 kV
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| EEE 386 (2016) Separabl e Insul ated Connector
Systens for Power Distribution Systens
Rated 2.5 kV t hrough 35 kV

| EEE 400. 2 (2013) Cuide for Field Testing of Shielded
Power Cable Systems Using Very Low
Frequency (VLF)

| EEE 404 (2012) Standard for Extruded and Lami nat ed
Di el ectric Shielded Cable Joints Rated
2500 V to 500,000 V
| NSULATED CABLE ENGQ NEERS ASSOCI ATI ON (| CEA)

| CEA S-94-649 (2021) Concentric Neutral Cables Rated 5
Through 46 KV

| NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)
NETA ATS (2021) Standard for Acceptance Testing
Specifications for Electrical Power
Equi prent and Systens
NETA NAI NT (2011) Standard for Mintenance Testing
Specifications for Electric Power
Di stribution Equi pnent and Systens
NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMR)
ANSI C119.1 (2016) Electric Connectors - Seal ed
I nsul at ed Under ground Connector Systens
Rated 600 Volts
NATI ONAL FI RE PROTECTI ON ASSOCI ATl ON ( NFPA)
NFPA 70 (2023) National Electrical Code

NFPA 70E (2024) Standard for Electrical Safety in
t he Workpl ace

.2 DEFI NI TI ONS

Medi um vol t age power cabl es neans all cables rated above 601 to 35, 000
vol ts.

.3  ADM NI STRATI VE REQUI REMENTS
. 3.1 Pre-Install ati on Meetings

No | ater than [30] | ] days of Contract Award, the Contracting Oficer

will schedule a pre-installation meeting. Submit the follow ng for review

and approval prior to the neeting:

a. Pulling Plan including calculations of pulling tension and side wal
pressure anticipated, and the maxi mum al |l owabl e pulling tension for
each pull. Do not performany pull until Government reviews and
approves the pulling plan.

b. Splicer/Term nator Certifications
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c. VList of Splices and Terminations to be Installed by Splicer/Term nator

d. Mnufacturer's catalog data for the follow ng itens:

(1)
(2)
(3)
(4)
(5)
(6)

(7)

Si ngl e Conductor 5 kV Shiel ded Cabl e
Si ngl e Conductor 15 kV Shi el ded Cabl e
Cabl e Supports and Fittings

Cabl e Tags

Fi reproof Tape

Splice Kits (including splice grounding and manufacturer's

recommended installation tools)

Ter m nati ons

e. Certificates for the followi ng showi ng that the cabl e manufacturer has
made factory-conducted tests on each shipping length (reel) of cable.
Include certified copies of test data showi ng conformance with the
ref erenced standards and approval prior to delivery of cable.

(1)
(2)
(3)
(4)
(5)
(6)
(7)

Conduct or Resi stance

Accel erated Water Absorption Test
Wat er | mersion Test

| oni zati on

Hi gh- Vol t age

Partial Discharge Test

Qualification Test Reports

4 SUBM TTALS
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NOTE: Review Submittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng submttal
items in the text, to reflect only the submttals
required for the project.

A“G following a subnittal itemindicates that the
submi ttal requires Governnment approval. Sone
submttals are already marked with a “G'. Only
delete an existing “G if the submttal itemis not
conpl ex and can be revi ewed t hrough the Contractor’s
Quality Control system Only add a “G if the
submttal is sufficiently inportant or conplex in
context of the project.

An "S" following a submittal itemindicates that the
submttal is required for the Sustainability
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Not ebook to fulfill federally mandated sustainable
requi renents in accordance with Section 01 33 29
SUSTAI NABI LI TY REPORTI NG

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Covernment approval is required for submttals with a "G' or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:

SD-01 Preconstruction Subnittals

List of Splices and Term nations to be Installed by
Splicer/Terminator[; C]

SD- 02 Shop Drawi ngs
Pulling Plan[; (]
SD- 03 Product Data
Si ngl e Conductor 5 kV Shiel ded Cable[; (]
Si ngl e Conductor 15 kV Shielded Cable[; (]
Cabl e Supports and Fittings[; (]
Cabl e Tags[; C]
Fi reproof Tape[; C]
Splice Kits[; (]
Term nations[; C]
SD- 06 Test Reports
Field Testing[; (]
KSC Medi um Vol t age Cabl e Test Forn[; (]
Qualification Test Reports[; C]
Radi ographic Tests[; (]
SD-07 Certificates

Fact ory- Conducted Tests on Each Shi pping Length (Reel) of Cable[; G
]

Splicer/Terminator Certifications[; (]
Conduct or Resi stance[; (]
Accel erated Water Absorption Test[; (]

Water | mrersion Test[; C]
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| oni zation[; (]
Hi gh- Vol t age[; (]
Partial Discharge Test[; (]
Qualification Test Reports[; C]
SD- 08 Manufacturer's Instructions
Si ngl e Conductor 5 kV Shiel ded Cable[; (]
Si ngl e Conductor 15 kV Shi el ded Cable[; C]
Term nations[; C]
Splice Kits[; C]
SD-11 Cl oseout Submittals

List of Splices and Term nations to be Installed by
Splicer/Terminator[; C]

5 QUALI TY ASSURANCE
5.1 Qualifications’

Verify personnel perform ng Medium Vol tage (MV) splicing or termnations
have 5 years nini mum experience in cable splicing and terninations of the
type used in this project. |In addition, submit splicer/term nator
certifications issued by the cable splice and term nati on manufacturer who
has exam ned and tested a test splice or term nation of each type required
by this contract for each cable splicer. Ensure the certification
identifies which splices and termnations it applies to. Require each

i ndividual, certified or not, with the required 5 years nedi um vol tage
splicing and term nating experience, who is to performcable splicing or
termnating, to performa mnimumof one splice or termnination of each
type in the presence of the manufacturer's[ and Government's
representative at Kennedy Space Center]. Supply all materials and tools
required for the denonstration splices and term nations. Subnmit each
splice or termnation perfornmed by individuals w thout manufacturer's
certification to the manufacturer for testing and subsequent

certification. Proof of certification will be verified by the [ NASA]

[ ] Contracting Oficer's Technical Representative prior to
installation of any splices or termnations. Certification is not
required for | oad break el bows and dead break connectors.

Once a splice or ternination has been started by a splicer, ensure the
sanme splicer conpletes that particular splice, and that each ternination
and splice is started and conpleted in one continuous work period.

Mai ntain and submit a list of splices and terminations to be installed by
splicer/termnator. Ensure the list includes the follow ng for each
splice or termination conpleted, and if a splice or termination fails
after energizing, then the splicer/term nator naking the splice is
required to be recertified on the type that failed by the manufacturer
prior to maki ng any such future splices or termnations at KSC.
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a. Nanme of splicer/term nator.
b. Date splice or termnation was perforned
c. Location of splice or termnation. For term nations at equi pment
i ndi cate equi pnment nunber as required to conpletely define the
| ocati on.
d. Feeder nunber.
.6 DELI VERY, STORAGE, AND HANDLI NG
.6.1 Shi ppi ng
Ship the cable on reels in such a manner that the cable is protected from
mechani cal injury. Hernetically seal every cable end of each | ength using
heat - shri nkabl e nol ded cabl e end caps to exclude noisture and securely

attached to the reel

Ensure the m nimum di aneter of the reel drumis 14 tines the overal

di aneter of the cable. For reels less than 1524 nmillinmeters 60 inches in
di ameter, provide arbor holes sized for 65 mllineters 2-1/2 inches
spindl es; for those greater than 1524 nmillineters 60 inches in dianeter

provi de arbor holes sized for 76 mllineters 3 inch spindles. Ensure ree
sizes accommpdate reel |engths specified in the purchase order, and that
each reel contains only one length of cable cut to order

Provi de each reel with an arrow and appropriate wording, stenciled in

plain view on each side, indicating proper rotation of reels. Plainly

mark each reel on each side, and attach a tag to the cable end inside the

| aggi ng, stating the foll ow ng infornmation:

a. Purchaser's order numnber

b. Conpl ete description of cable including manufacturer, cable size,
voltage rating, percent insulation rating, insulating material
conductor size(s), year of manufacture

c. Actual shipping cable (reel) length

d. Reel nunber (e.g. 2 of 10)

e. Goss weight (i.e. with reel) and net weight (i.e. cable only)

Ship reels in a vertical position, sufficiently blocked in the bed of
shi ppi ng vehicle to preclude novenent.

PART 2 PRODUCTS

.1 CONDUCTORS
1.1 Mat eri al

Provi de anneal ed copper core (phase) conductor material in accordance with
ASTM BS8.

1.2 St randi ng

Provi de Cl ass B stranded conductors.
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2 CABLE | DENTI FI CATI ON

Provide cables with printing on the outer jacket showi ng the cable type,
nane of the manufacturer, the year in which the cable was manufactured,
sequential cable reel length markings and a uni que nunber for
identification purposes. Cosely group the infornmation on the tape at 1.8
neters 6 foot maxinumintervals to permt conplete identification

3 15 KV CABLES

EE R R R S I R R I R I R I R S R R R R R R S R R I R I R R R R R R O

NOTE: Due to the high available fault currents on
Kennedy Space Center's 5 kV and 15 kV syst ens,

m ni mum conductor and concentric neutral sizes are
required. For nobst areas of KSC, use at |east No.
470 AWG with full neutral or 350 kemi| with

1/ 3-neutral. Areas far from supply substations can
use snaller cable sizes. Specify 12.7 cm 5-inch

m ni mum condui t size.
R R R R R R R R R R

3.1 Ceneral ; 15 kV Cabl e
Provi de single conductor 15 kv shi el ded cabl e assenblies consisting of:

a. Conductor core described above, an extruded sem conductor shield over
t he conductors

b. 5.59 millinmeter 220 nmils of ethyl ene-propyl ene-rubber (EPR) insulation
c. An extruded sem conductor insulation shield, a concentric neutra
d. A polyethylene (PE) jacket.

Ensure cable is rated for mnimmr 90 degrees C 194 degrees F continuous
conductor tenperature and 130 degrees C 266 degrees F energency overl oad.

Provi de singl e-conductor, ethyl ene-propyl ene-insul at ed,
pol yet hyl ene-j acket ed, shiel ded cable conform ng to | CEA S-94-649 and
AEI C Cs8.

. 3.2 15 kV Cabl e Conduct or Shi el di ng

Provi de conductors with a stress control |ayer consisting of extruded
mat eri al applied between the conductor and the insulation to forma
conductor shield (strand screen). Ensure material has proven long-term
chemical conpatibility with both the conductor and overlying insulation
materials, and that the stress control |ayer neets the electrical and
physi cal requirenments of | CEA S-94-649.

.3.3 I nsul ation; 15 kV Cable

Provi de ozone resistant insulation material, of extruded thernosetting
et hyl ene- propyl ene based pol yner, capabl e of withstandi ng the continuous
and energency overl oad tenperature ratings of the conductor
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3.4 Non-netallic Insulation Shield; 15 kV Cabl e

Provi de extruded insul ation shield nade of an extruded thernoset material
conpatible with the insulation and jacket. Ensure insulation shield is
applied directly over and bonded to the insulation, and conplies with
AEI C CS8.

.3.5 Concentric Neutral Shield; 15 kV Cable

Provi de copper wires helically applied over the insulation shield, where
the mnimumtotal cross sectional area (of the shield wires) is 1/3 of the
core conductor for 350 kcmi| cable, and full core conductor for 4/0

cable. Mnimmsize of an individual shield wire is 1.6 mllineter No. 14
AWC,

.3.6 Jacket; 15 kV Cabl e

Provi de pol yet hyl ene jacketed cable (PE) extruded over the concentric
neutral to a minimumthickness of 2 mllineter 80 mls

4 5 KV CABLES
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NOTE: Due to the high available fault currents on
Kennedy Space Center's 5 kV and 15 kV syst ens,

m ni mum conduct or and concentric neutral sizes are
required. For nobst areas of KSC, use at |east No.
4/0 AWG with full neutral or 350 kcnmil with

1/ 3-neutral. Areas far from supply substations can
use snaller cable sizes. Specify 12.7 cm 5-inch

m ni mum condui t si ze.

EE R R R I R R R R I R S R R R R O S R R S I R R R R R S R R R R

4.1 Ceneral ; 5 kV Cabl es
Provi de single conductor 5 kv shi el ded cabl e assenblies consisting of:

a. Conductor core descri bed above, an extruded sem conductor shield over
t he conductors

b. 2.92 millinmeter 115 mils of ethyl ene-propyl ene-rubber (EPR) insulation
c. An extruded sem conductor insulation shield, a concentric neutra

d. A polyethylene (PE) jacket.

Ensure the cable is rated for mnimunm 90 degrees C 194 degrees F

conti nuous conductor tenperature and 130 degrees C 266 degrees F energency
over| oad.

Provi de singl e-conductor, ethyl ene-propyl ene-insul at ed,

pol yet hyl ene-j acket ed, shiel ded cable conform ng to | CEA S-94-649 and
AEI C Cs8.

. 4.2 5 kV Cabl e Conductor Shi el di ng

Provi de conductors having a stress control |ayer consisting of extruded
mat eri al applied between the conductor and the insulation to forma
conductor shield (strand screen). Ensure material has proven |ong-term
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chemical conpatibility with both the conductor and overlying insulation
materials, and neets all electrical and physical requirenents of
| CEA S-94-649.

.4.3 Insulation; 5 kV Cabl e

Provide insulation nmaterial which is ozone resistant, extruded

t her nosetting et hyl ene-propyl ene based pol yner, and capabl e of

wi t hst andi ng conti nuous and emergency overl oad tenperature ratings of the
conduct or.

.4.4 Non-netallic Insulation Shield; 5 kV Cable

Provi de extruded insul ation shield made of an extruded thernoset nateri al
conpatible with the insulation and jacket. Ensure insulation shield is
applied directly over and bonded to the insulation, and conplies with
AEI C Cs8.

.4.5 Concentric Neutral Shield; 5 kV Cable

Provi de copper wires helically applied over the insulation shield.

M nimum total cross sectional area of the shield wires is 1/3 of the core
conductor for 350 kcm | cable, and full core conductor for 4/0 cable.

M ni mum si ze of an individual shield wire is 1.6 mllineter No. 14 AW

.4.6 Jacket; 5 kV Cable

Provi de pol yet hyl ene jacket (PE) extruded over the concentric neutral to a
m ni mum t hi ckness of 2 millineter 80 mls

.5 | NSULATED MEDI UM VOLTAGE CONNECTORS

Provi de connector with a steel reinforced hook-stick eye, grounding eye,
test point, and arc-quenching contact material per |EEE 386. Ensure
connections are conpatible with equi pment bushings. Provide connectors as
fol | ows:

a. 200 Anpere | oadbreak connector ratings: Voltage: 15kV, 95kV BIL.
Short time rating: 10,000 anperes rms, symetrical for a time
duration of 0.17 seconds.

b. 600 Ampere deadbreak connector ratings: Voltage: 15kV, 95kV BIL.
Short tinme rating: 27,000 anpere rns, synmetrical for a tine duration
of 4.0 seconds.

c. Provide connectors with a steel reinforced hook-stick eye, grounding
eye, test point, and arc-quenching contact material per |EEE 386.
[Provide hot Iine voltage indicators on all connectors.]

Ensure connections are conpatible w th equi pnent bushi ngs.

. 6 SPLI CES

Provide splice kits which are the product of a single nmanufacturer,

neeting the requirenents in the paragraph entitled, "Splices and

Term nations," of this section

Provide splices for 15 kV EPR cable specifically designed for NASA cable
and groundi ng provi sions which include but are not limted to the
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fol | owi ng:

a. | nner heat shrink stress control tube with external end seal ant,
addi tional heat shrink tube over inner tube and i nner tube end seal ant.

b. Heat shrink outer waparound sl eeve with heat sensitive indications on
both the tube and rail/channel area to indicate proper torch heating,
stress relief naterial, nmastic, sealant, shielding nesh, and silicone
gr ease.

2.7 TERM NATI ONS

Provide Class 1 terminations per |EEE 48.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Coordi nate the foll ow ng paragraph with
Section 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON
if Section 33 71 02 is used in this project.

EE R I R R S I R R R I R I R S R R R R I R S I R R I R R R S R O S R R O

2.8 CABLE SUPPORTS AND FI TTI NGS

[ Provide cable supports, related fittings, and accessories for use in
corrosi ve underground | ocations, such as nanholes, wth a factory applied
coating of polyvinylchloride of at least [0.51] | ] milinmeter [20]

[ ] mls thick. Ensure polyvinylchloride (PVC) coated itens have a
uni formthickness and are free of blisters, breaks, and holidays. Use PVC
conpound conform ng to ASTM D746.

][ Ensure cabl e racks, rack arns, cable tray supports and related fittings
are UL listed [standard] [heavy]-duty nonnetallic [glass-reinforced nylon]
[ pol ycar bonate] .

12.9 CABLE TAGS | N MANHOLES AND AT TERM NATI ONS

Provide tags for each cable or wire |ocated in manhol es and at each
term nation. Place tags on all cables indicated to have tags.

2.9.1 Pol yet hyl ene Cabl e Tags

Provi de tags of polyethyl ene that have an average tensile strength of 31
MPa4500 pounds per square inch, and are 0.9 nillineter 0.035-inch thick
non- corrosi ve non-conductive. Ensure tags are resistive to acids,

al kalis, organic solvents, salt water, and are distortion resistant to 150
degrees C300 degrees F. Provide a one-piece nylon, self-locking tie at
each end of the cable tag. Ensure ties have a mininumloop tensile
strength of 780 newtons 175 pounds. Provide cable tags w th bl ock
letters, nunbers, and synbols 25 millinmeter 1 inch high on a yellow
background. Ensure letters, nunbers, and synbols do not fall off or
change positions regardl ess of the cable tags orientation

2.10 FI REPROCOF TAPE

Provide fireproof tape approximately 0.8 millinmeter 30 nils thick by 76
mllineters 3 inches w de, consisting of a flexible, unsupported el astoner
that expands in fire to provide a thick char buildup between the flane and
the cable. Ensure the tape does not give off a snoke when subjected to
flames or support combustion. Also, ensure tape does not deteriorate when
subjected to oil, water, gases, salt water, sewage and fungus.
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11 FACTORY TESTI NG

Submit certified evidence that the cabl e manufacturer has made
factory-conducted tests on each shipping length (reel) of cable. Submt
certified copies of test data in accordance with applicable provisions of
the referenced standard. |Include in tests on each | ength of cable,
conduct or resistance; ionization; high voltage; partial discharge test.]
Contracting Oficer or designee has the option of w tnessing required
factory testing at no additional cost. Provide a schedul e of

manuf acturing and testing in advance to permt such w tnessing, if
requested. ]

Submit certified qualification test reports in accordance with AElI C CS8
made in accordance with the applicable referenced standards. Ensure
certified copies of test data show conformance to the requirenents of
ref erenced standards and submt for approval prior to shipment of the
cabl e.

Prior to manufacturing, provide data regardi ng degradati on of proposed
insulating material and cable perfornmance due to water imersion test as
specified in this specification to the Contracting Oficer or designee.
Indicate in informati on AC breakdown stress in kVmmor V/m | versus
imersion time. Ensure a conplete description and condition under which
cabl e was tested acconpanies the test information. Submit an accel erated
wat er absorption test.

PART 3 EXECUTI ON

3.

1 DEMOLI TI ON OR CABLE CUTTI NG

Notify the Contracting O ficer 14 working days prior to an outage for
denolition or cable cutting of mediumvoltage electrical system

The Government has established a mandatory inspection point prior to
Contractor perform ng any nedi um voltage cable cuts or denmolition. Notify
the Contracting Oficer 48 hours in advance of this mandatory inspection
poi nt .

As part of the mandatory inspection point, positively identify and | abe

t he nmedi um vol tage cable to be worked utilizing an el ectronic cable
identifier. Ensure the process of identifying and |abeling the cable to
be worked is w tnessed by the Governnent. Cable cutting and denolition of
any nedi um vol tage cabl e can occur only after approval by the Contracting
Oficer.

.2 | NSTALLATI ON

Install nediumvoltage cables in accordance with NFPA 70, and NFPA 70E.

Refer to contract provisions for safety submittals and requirenents
associated with working in the vicinity of energized cabl es and
equi prent. The use of arc-flash and shock prevention equi pnent and
personal protective equiprment is mandatory.

Notify the Contracting O ficer 14 working days prior to an outage that
requires testing for phasing and phase rotation of 15 KV nedi um vol t age
el ectrical systems. The [Institutional Services Contractor(lSCO]]| ]
will identify and tag the phasing of equi pnent and provide to the

SECTION 26 05 13.00 98 Page 12



KSC

Contractor, in witing, the results of phasing and phase rotation tests.
The Contractor is responsible for maintaining the phasing and phase
rotation tests, and is responsible for maintaining the phasing, and

mat chi ng the existing phase rotation and phasi ng when installing
conductors in existing electrical systens.

Install the cables in the follow ng | ocations:

Exterior:

a. In underground duct banks

b. In conduit above and bel ow grade
c. In manhol es

d. And by direct burial

I nsi de Buil di ngs:

a. By open wire nethod

b. On insul ator hooks

c. On racks

d. In wall and ceiling nounted cable trays

Install ed cable or conductors of a primary distribution systemw || be
rejected by the Government when pl aced:

a. Openly in cable trays or openly racked along interior walls

b. In the sane raceway or conduit with AC/ DC control circuits or AC power
circuits operating at |less than 600 volts

c. In a manner allowing the cable to support its own weight
3.2.1 Protection During Splicing Operations

Provide blowers to force fresh air into manhol es or confined areas where
free movenent or circulation of air is obstructed. Ensure waterproof
protective coverings are available on the work site to provide protection
agai nst noisture while a splice is being nade. Use punps to keep manhol es
dry during splicing operations. Under no conditions, nake a splice or
termnation with the interior of a cable exposed to noisture.

Moi st ure-test conductor insulation paper before the splice is made. Use a
manhol e ring at |east [150] | ] milimeter [6] [ ]-inches above
ground around the manhol e entrance to keep surface water fromentering the
manhol e. Plug unused ducts and stop water seepage through ducts in use
before the splice is started.

3.2.2 Duct C eani ng

EE R R R S I R R I R I R S R R R R S I R R I R R R R R R R R

NOTE: Delete the title and the foll ow ng paragraph
if the installation of power cables is in ducts and
manhol es provi ded under this project. Provisions
for cleaning new duct are adequately covered in
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Section 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON
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Thor oughly cl ean ducts before installation of power cables. Pull a
standard flexi ble mandrel through each duct to | oosen particles of earth,
sand, or foreign material in the |line.

.2.2.1 PVC Duct

Ensure mandrel length is not |less than 300 mllinmeters 12 inches |ong and
has a diameter 13 nmillineters 1/2 in less than the inside dianmeter of the
duct. Pull a stiff bristled brush through each duct to renove the

| oosened particles. Ensure brush dianeter is the sane or slightly |arger
than the dianmeter of the duct.

.2.2.2 Exi sting Fi ber (O angeburg) Duct

Push rod through duct. Pull a series of four 50 millinmeters 2 inch wire
brushes back and forth through the duct. Progressively increase the size
of the four wire brushes until four 100 millinmeters 4 inch wire brushes
can be pulled back and forth, and all of the debris has been renoved.

Next pull a flexible mandrel with two 100 nmillineters 4 inch heavy duty
wi re brushes on each side through the duct. Ensure mandrel is not |ess
than 300 nmillineters 12 inches long, and has a dianeter that is 13
mllimeters 1/2 inchto 25 millinmeters 1 inch |l ess than the inside dianmeter
of the duct. Next, pull a 1.5 neters 5 foot section of sanple cable,

equi valent to what is being used. WMke the final cable pull on the sane
day the sanple cable was pull ed.

. 2.3 Pulling Cables in Ducts and Manhol es
.2.3.1 Pul I'i ng Procedures

Pul I nedi umvol tage cables into ducts with equi pment designed for this

pur pose, including power-driven winch, janb skid, cable-feeding flexible
tube gui de, | ong radius quadrant block cable pulling sheaves, pulling
eyes, and lubricants. Enmploy a sufficient nunmber of trained personnel and
equi pnment with two-way radi o conmuni cation capability to ensure the
careful and proper installation of the cable.

Set up cable reel at the side of the manhole or tunnel hatch opening and
above the duct or hatch level, allowing the cable to enter through the
openi ng without reverse bending. Install a flexible tube guide through
the opening in a manner that prevents the cable fromrubbing on the edges
of any structural menber (manhol e frame, chimey, duct, etc.).

Use two long-radius 760 millimeter 30 inches m ni num quadrant bl ock cable
pul I i ng sheaves and necessary janb skid support at the pulling end to
ensure that sidewall pressures during pulling is not excessive. Use a
dynanonmeter in the pulling line to ensure that the pulling force is not
exceeded. Ensure the pulling force does not exceed the smaller of:

al | owabl e tension on pulling device, allowable tension on cable, or the
tensi on whi ch produces the allowabl e sidewall pressure. The allowable
tension on the pulling device is 28,900 newtons 6500 pounds for pulling
eyes [and 4400 newt ons 1000 pounds for pulling grip (where allowed)]. Do
not exceed the allowable tension on cable, using the allowable tension
val ue conputed fromthe foll owi ng equation

TM =0. 036 X N X CM
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Where: TM = nmaxi mum al | owabl e pulling tension in newtons pounds
N = nunber of conductors in the cable

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

3.2.3.2 Al |l owabl e Sidewal| Pressure

The al |l owabl e sidewall pressure is the snmaller of 7300 newtons per neter
500 pounds per foot of bend radius or the cable manufacturer's reconmended
maxi mum val ue. Show in the pulling plan submttal the calculations for

al | owabl e tension and sidewall pressure as well as the anticipated tension
and sidewall pressure for each pull in the project.

Unreel cable fromthe top of the reel, carefully controlling payout.
Attach cable to be pulled through a swivel to the nain pulling wire by
nmeans of a [pulling eye installed by the factory or approved cable
splicer] [suitable cable grip permtted only on cables |ess than 60 neter
200 feet long and less than 50 mllineter 2 inches in dianeter].

Attach pulling eyes to the cable conductors of the 3-1/C circuit to
prevent danage to the cable structure. Pull the entire 3-1/C circuit
si mul t aneousl y.

3.2.3.3 M ni mum Bendi ng Radi us

M ni mum bendi ng radi us during cable pulling operations is 760 mllinmeter
30 inches. For permanent cabl e bendi ng/racking the m ni num bendi ng radi us
is 12 tines cable dianeter.

3.2.3.4 Coati ng of Cables

Li berally coat cables with a suitable cable-pulling lubricant as it enters
the tube guide or duct. Do not use greaser and oil lubricants. Cover
nonnetal I i c sheathed cables with wire-pulling conmpounds, when required,

whi ch have no del eterious effects on the cable. Use rollers, sheaves or

t ube gui des, around which the cable is pulled, conform ng to the 760
mllinmeter 30 inches m ni mum bendi ng radi us of the cable during the
pul i ng operations.

3.2.3.5 Pul i ng Speed

Pull cables into ducts at a speed not to exceed [15] [ ] meters per

m nute 50 feet per mnute and not in excess of maximum perm ssible pulling
tensi on specified by the cable manufacturer. Cable pulling using a
vehicle is not be permitted. Stop pulling operations inmrediately wth any
i ndi cation of binding or obstruction and do not resune until such
difficulty is corrected. Provide sufficient slack for free novenent of
cabl e due to expansion or contraction

3.2.3.6 Cabl e Splice Support And Sealing

Firmy support cable splices made up in nmanhol es on cabl e racks as
indicated. Do not pull cable splices in ducts. Overlap cable ends at the
ends of a section to provide sufficient undamaged cable for splicing.
Overlap cables to be spliced in manholes to the centerline of the proposed
joint by not less than [600] [ ] millimeters 2 feet.
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| mredi ately seal cut ends of cables cut in the field to prevent entrance
of noisture with heat-shrinkabl e nol ded cable end caps.

.2.4 Splices and Term nati ons

Field fabricate ternmnations fromterm nation kits supplied by, and in
accordance with, the term nation manufacturer's recomrendations for the
type, size, and electrical characteristics of the cable specified.

Make splices in manholes or direct buried cable as shown on the draw ngs.
Make cabl e terminati ons at equi pnment specifically indicated. Expedite
splicing and term nating of cables to mnimze exposure and cabl e
deterioration.

Field fabricate cable splices frompre-nolded or heat-shrinkable splicing
kits supplied by, and in accordance with, the cable manufacturer's
recomendations for the type, size, and electrical characteristics of the
cabl e specified. Locate cable splices in manhol es m dway between cabl e
racks on walls of nanhol es and supported with cable arns at approxi mately
the sane el evation as the encl osing duct.

Use only equi prent and materials recomrended by the splice manufacturer

i ncluding calibrated cutting equi pment to ensure consistent cut depths
when preparing cable ends for the application of the splice kit. Connect
the cabl e concentric neutral/shield wires across one side of the splice by
split bundling the splice neutral wiring and connecting each bundle set to
a continuous No. 4 AW solid bare copper conductor via two conpression
conductors. Ensure the No. 4 AWG conductor extrudes fromthe cable splice
j acket and connects to the manhol es groundi ng system Mke al

connections within the splice utilizing |long barrel-type conpression
connectors and appropriate conpression tools with proper size dies to
ensure a satisfactory nechanical and electrical joint. Ensure bare
connections of concentric neutral/shield wires are either contained wthin
the splice kit or sealed via an additional outer covering, consisting of a

heavy wal |, heat-shrinkabl e tubing containing adhesive material (nastic)
that nelts as heat is applied and the outer tubing shrinks to forma
noi sture proof environnmental seal. Provide outer tubing conformng to

ANSI C119.1. Ensure splice neets the requirements of |EEE 404 for a 15
kV rating and is rated by the manufacturer for use on 15 kV cl ass feeder
cabl e systems. Take extra precautions to seal around the exit area of the
bare copper junpers with an additional nastic per the splice

manuf acturer's reconmendati ons.

Term nate cables in approved cable term nations, rated Cass 1 per |EEE 48.
Dry term nations with medi um vol tage pennants, preformed, and hand w apped
stress cones can be used for term nating cables. Provide term nations
wi t h adequat e neans for naki ng external connections to the cable
conductors of single-conductor cables (phase and concentric neutral),
protecting the cable insulation against noisture, oil, or other

contam nants. Take extra precautions in physically protecting and
supporting cables, and maintaining the insulation |evel of the cable.

Include in installation built-up or prefabricated heat or cold shrink
stress-relief cones at the ternminals of all shielded cables and at the
term nal s of single-conductor |ead-covered cables rated 15 kV and above.

Install cable splices on cable racks or by other approved net hods which
m ni m zes physical stress on the splice connections. Support splices at
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approxi nately the sane elevation as the installed cable, except where
space |limtations or existing cable length Iimtations make this nethod
i mpractical or inpossible.

Support all wuniversal dermountable splices in such manner so as to mnimnze
physical stress on the splice connections. Support each cable end

term nation using a pair of saddle type supports under the cable end

term nation and/or cable with a m ninmunr [300] [ ] millimeter 12 inches
and a maxi mun [ 750] [ ] millimeter 30 inches separation between the
supports. Secure cable end termination and cable to the supports in such
a manner as to prevent novenment of term nation or cable at the support.
Install saddle type supports on gal vani zed steel fram ng channel anchored
to the wall or securely fastened to the cable tray or installed by other
approved net hods.

.2.5 Fi reproofing

Provide fireproofing (Arc Proofing) for individual cable conductor in
manhol es, handhol es and vaults which carry current at 2200 volts or nore.

Tightly wap strips of fireproofing tape around each cable spirally in

hal f -1 apped wapping. Extend the tape 25 millineter 1 inch into the

ducts. To prevent unraveling, randomwap the fireproofing tape the
entire length of the fireproofing with pressure-sensitive glass cloth tape.

. 2.6 Cable Tag Installation

Install cable tags in each manhol e and at each ternination as specified.
Install cable tags over the fireproofing and position the tags so that
they are clearly visible wthout disturbing any cabling or wiring in the
manhol es and equi pnent.
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NOTE: Al though NETA ATS, NETA MAI NT and referenced
standards indicate higher DC Hi gh Potential test
vol t ages, KSC has elected to use the val ues shown
bel ow.
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.3 FI ELD TESTI NG

After the installation of power cables has been conpl eted, including
splices, joints, and term nations, and before the cable is energized,

subj ect each medium voltage cable to field testing in accordance with the
foll owi ng requirenents:

a. Provide test equipnent, [abor, and trained technical personnel as
necessary to performthe electrical acceptance tests.

b. Obtain a KSC nedi um voltage cable test form fromthe Contracting
Oficer prior to commencing Field Testing. Record all tests on forns
provi ded, and submit conpleted fornms to the Contracting O ficer

c. Mke arrangenents to have tests w tnessed and approved by the
Contracting O ficer.

d. Isolate each power-cable installation conpletely from extraneous

el ectrical connections at cable splices/term nations and joints.
nserve all safety precautions.
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e. Ensure each power cable is first given an insulation resistance test
usi ng a neg-ohmeter with a voltage output of at |east 2,500-volts.
Apply test for a long enough tine to fully charge the cable (no |ess
than one minute). Record readings as indicated on fornms provided.
The m nimumreading i s 5000 negohns at an anbi ent tenperature of 20
degrees C 68 degrees F. Correct readings taken at other than 20
degrees C 68 degrees F ambi ent tenperatures accordingly.

f. Conformtesting to NETA ATS, and NETA NAI NT.

Upon successful conpletion of the insulation resistance test, subject the
cable to a Very Low Frequency (VLF) AC high potential test. Adhere
general VLF testing neasures, paraneters, considerations, and results to
the foll ow ng:

a. Ensure test voltage duration is continuous duty for 30 minutes
(non-interrupted)

b. Provide the test equipnent to test the cable capacity in mcrofarads
and record on the KSC Medi um Vol tage AC Hi -pot test form (VLF).

c. Provide the test equipnment to generate the test voltages required for
the 30 minute test duration and adhere to the follow ng table:

VLF Test Voltage for Sinusoidal Waveform
Cabl e Rating Accept ance Accept ance
phase to phase (phase to ground test (phase to ground test val ues)
val ues)
(New cabl e) (Existing cable spliced to
new cabl e)
(rms vol tage, KV) (peak vol tage, KV) (peak voltage, KV)
[5] [14] [10]
[ 15] [ 28] [22; (EPR TO EPR)]
[ 15] [ 15] [15; (EPR TO NON-EPR)]

d. Ensure the sinusoidal test frequency is 0.1 Hertz.

e. Do not performtest on cable attached to equi prent.
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NOTE: Include, but do not limt Acceptance test

val ues to peak voltage, frequency, and duration
with respect to the cable rating, and clearly
identify each on the test submittal, wth pass/fai
results identified per cable installation (refer to
| EEE 400.2). Notify Contracting O ficer or
Contracting O ficer's Technical Representative 48
hours prior to test start. Al testing will be

wi t nessed by the Governmnent.
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Ensure Splices/term nations are clean, dry, and tested per |EEE 48 and
| EEE 400. 2.
Perform and submt radi ographic tests on all splices/termnations at the
di scretion of the Contracting Officer to deternmine if voids exist. Rework
unacceptabl e cable, splices or terninations at no additional expense to
t he Governnent.

-- End of Section --
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