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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  medi um- vol t age cabl es,  i ncl udi ng 
shi el ded and nonshi el ded si ngl e- and 
mul t i pl e- conduct or  power  cabl es,  por t abl e cabl es,  
cabl e spl i ces and t er mi nat i ons,  s i ngl e-  and 
mul t i pl e- conduct or  pot heads,  and f i r epr oof i ng cabl es 
i n manhol es and ut i l i t y  t unnel s.

Show pl an l ayout  of  power  cabl e and power - cabl e 
t er mi nat i ons on dr awi ngs.   Show t he s i ze,  t ype,  
el ect r i cal  char act er i st i cs,  and r aceway syst em of  
power  cabl es and t ype of  cabl e t er mi nat i on on 
el ect r i cal  r i ser  di agr ams.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

**************************************************************************

PART 1   GENERAL

**************************************************************************
NOTE:   I f  Sect i on 26 00 00. 00 20 BASI C ELECTRI CAL 
MATERI ALS AND METHODS i s not  i ncl uded i n t he pr oj ect  
speci f i cat i on,  i nser t  appl i cabl e r equi r ement s 
t her ef r om and del et e t he f ol l owi ng par agr aph.

**************************************************************************
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Sect i on 26 00 00. 00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS appl i es t o 
wor k speci f i ed i n t hi s sect i on.

1. 1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  ar e aut omat i cal l y  
del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

ASSOCI ATI ON OF EDI SON I LLUMI NATI NG COMPANI ES ( AEI C)

AEI C C8 ( 2000)  Ext r uded Di el ect r i c  Shi el ded Power  
Cabl es Rat ed 5 Thr ough 46 kV

AEI C CS1 ( 2012)  I mpr egnat ed- Paper - I nsul at ed,  
Met al l i c  Sheat hed Cabl e,  Sol i d Type

ASTM I NTERNATI ONAL ( ASTM)

ASTM B3 ( 2013)  St andar d Speci f i cat i on f or  Sof t  or  
Anneal ed Copper  Wi r e

ASTM D746 ( 2014)  St andar d Test  Met hod f or  
Br i t t l eness Temper at ur e of  Pl ast i cs and 
El ast omer s by I mpact

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

I EEE 383 ( 2015)  Qual i f y i ng Cl ass 1E El ect r i c  Cabl es 
and,  Fi el d Spl i ces f or  Nucl ear  Power  
Gener at i ng St at i ons 2004

I EEE 400. 2 ( 2013)  Gui de f or  Fi el d Test i ng of  Shi el ded 
Power  Cabl e Syst ems Usi ng Ver y Low 
Fr equency ( VLF)
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NATI ONAL AERONAUTI CS AND SPACE ADMI NI STRATI ON ( NASA)

RCBEA GUI DE ( 2004)  NASA Rel i abi l i t y  Cent er ed Bui l di ng 
and Equi pment  Accept ance Gui de

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI / NEMA WC 71/ I CEA S- 96- 659 ( 2014)  St andar d f or  Nonshi el ded Cabl es 
Rat ed 2001- 5000 Vol t s f or  use i n t he 
Di st r i but i on of  El ect r i c  Ener gy

NEMA WC 27500 ( 2015)  St andar d f or  Aer ospace and 
I ndust r i al  El ect r i cal  Cabl e

NEMA WC 70 ( 2009)  Power  Cabl e Rat ed 2000 V or  Less 
f or  t he Di st r i but i on of  El ect r i cal  
Energy--S95-658

NEMA WC 74/ I CEA S- 93- 639 ( 2012)  5- 46 kV Shi el ded Power  Cabl e f or  
Use i n t he Tr ansmi ssi on and Di st r i but i on 
of  El ect r i c  Ener gy

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

NFPA 70 ( 2017;  ERTA 1- 2 2017;  TI A 17- 1;  TI A 17- 2;  
TI A 17- 3;  TI A 17- 4;  TI A 17- 5;  TI A 17- 6;  
TI A 17- 7;  TI A 17- 8;  TI A 17- 9;  TI A 17- 10;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14)  Nat i onal  El ect r i cal  Code

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

FED-STD-228 ( Rev A)  Test i ng Met hods f or  Cabl e and 
Wi r e,  I nsul at ed

1. 2   DEFINITIONS

Medi um- vol t age power  cabl es i ncl ude al l  cabl es r at ed above 600 vol t s up t o 
35, 000 vol t s.

1. 3   SUBMITTALS

**************************************************************************
NOTE:   Revi ew Submi t t al  Descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  use a code of  up t o t hr ee char act er s 
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wi t hi n t he submi t t al  t ags f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,   
Ai r  For ce,  and NASA pr oj ect s.

 An " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e [ f or  Cont r act or  Qual i t y  Cont r ol  
appr oval . ] [ f or  i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he 
" G"  desi gnat i on i dent i f i es t he of f i ce t hat  r evi ews t he submi t t al  f or  t he 
Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Mul t i pl e- Conduct or  Shi el ded Cabl es;  G[ ,  [ ____] ]

Mul t i pl e- Conduct or  Nonshi el ded Cabl es;  G[ ,  [ ____] ]

Si ngl e- Conduct or  Shi el ded Cabl es;  G[ ,  [ ____] ]

Si ngl e- Conduct or  Nonshi el ded Cabl es;  G[ ,  [ ____] ]

Por t abl e Cabl es;  G[ ,  [ ____] ]

Nonmet al l i c  Jacket ;  G[ ,  [ ____] ]

SD- 06 Test  Repor t s

Di el ect r i c- Absor pt i on Test s

Medi um- Vol t age Test s

Radi ogr aphi c Test s;  G[ ,  [ ____] ]

SD- 07 Cer t i f i cat es

Lead Sheat h
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Flammability

Mi ni mum Bendi ng Radi us

Medi um- Vol t age Test s

Di el ect r i c  Absor pt i on Test s

Cabl e Spl i cer s

SD- 08 Manuf act ur er ' s I nst r uct i ons

Medi um- Vol t age Power  Cabl es

Pot head Ter mi nat i ons

1. 4   QUALI TY CONTROL

Pr ovi de a l i s t  of  i nst al l ed pr oduct s t o t he Cont r act i ng Of f i cer  bef or e 
per f or mi ng t he speci f i ed wor k.   Show t he qual i f i cat i ons of  t he cabl e 
spl i cer s .

Ensur e t hat  cabl e spl i cer s per f or mi ng spl i c i ng have [ 5]  [ _____]  year s of  
exper i ence i n cabl e spl i c i ng and t er mi nat i ons.   Ensur e t hat  once a 
t er mi nat i on or  spl i ce has been st ar t ed by a wor ker ,  t he same per son 
compl et es t hat  par t i cul ar  spl i ce.   St ar t  and compl et e each t er mi nat i on and 
spl i ce i n one cont i nuous wor k per i od.

1. 4. 1   Pr edi ct i ve Test i ng and I nspect i on Technol ogy Requi r ement s

**************************************************************************
NOTE:  The Pr edi ct i ve Test i ng and I nspect i on ( PT&I )  
t est s pr escr i bed i n Sect i on 01 86 26. 07 40 
RELI ABI LI TY CENTERED ACCEPTANCE FOR ELECTRI CAL 
SYSTEMS ar e MANDATORY f or  al l  [ NASA]  [ _____]  asset s 
and syst ems i dent i f i ed as Cr i t i cal ,  Conf i gur ed,  or  
Mi ssi on- Essent i al .   I f  t he syst em i s non- cr i t i cal ,  
non- conf i gur ed,  and not  mi ssi on- essent i al ,  use sound 
engi neer i ng di scr et i on t o assess t he val ue of  addi ng 
t hese t est  and accept ance r equi r ement s.   See Sect i on 
01 86 26. 07 40 RELI ABI LI TY CENTERED ACCEPTANCE FOR 
ELECTRI CAL SYSTEMS f or  addi t i onal  i nf or mat i on 
r egar di ng cost  f easi bi l i t y  of  PT&I .

**************************************************************************

Thi s sect i on cont ai ns syst ems and equi pment  component s r egul at ed by NASA' s 
Rel i abi l i t y  Cent er ed Bui l di ng and Equi pment  Accept ance Pr ogr am.   Thi s 
pr ogr am r equi r es t he use of  Pr edi ct i ve Test i ng and I nspect i on ( PT&I )  
t echnol ogi es i n conf or mance wi t h RCBEA GUI DE t o ensur e t hat  bui l di ng 
equi pment  and syst ems have been i nst al l ed pr oper l y  and cont ai n no 
i dent i f i abl e def ect s t hat  shor t en t he desi gn l i f e of  a syst em and i t s 
component s.   Sat i sf act or y compl et i on of  al l  accept ance r equi r ement s i s 
r equi r ed t o obt ai n Gover nment  appr oval  and accept ance of  t he Cont r act or ' s 
work.

Per f or m PT&I  and pr ovi de submi t t al s as speci f i ed i n Sect i on 01 86 26. 07 40 
RELI ABI LI TY CENTERED ACCEPTANCE FOR ELECTRI CAL SYSTEMS.
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1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Shi p cabl es on r eel s i n a way t hat  pr ot ect s  t he cabl e f r om mechani cal  
i nj ur y.   Her met i cal l y  seal  and at t ach each end of  each l engt h of  cabl e t o 
t he r eel .

Make t he mi ni mum r eel  dr um di amet er  [ 14]  [ _____]  t i mes t he over al l  di amet er  
of  t he cabl e.   Ensur e t hat  each cabl e l engt h i s i nst al l ed wi t h a pul l i ng 
eye i nst al l ed by t he manuf act ur er ,  f or  i nst al l at i on i n duct s,  manhol es,  and 
ut i l i t y  t unnel s.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   Cabl e Vol t age Rat i ngs

Pr ovi de medi um- vol t age power  cabl es i ncl udi ng mul t i pl e-  and 
si ngl e- conduct or  cabl es r at ed as f ol l ows,  phase- t o- phase,  f or  gr ounded and 
ungr ounded neut r al  syst ems:

[ 5, 000]  [ 15, 000]  vol t s,  ungr ounded neut r al ,  on [ 2, 400/ 4, 160]  
[ 13, 200/ 13, 800]  [ 12, 470] - vol t ,  t hr ee- phase,  60- her t z di st r i but i on syst ems.

2. 2   EQUIPMENT

Ensur e t hat  et hyl ene- pr opyl ene r ubber  and cr oss- l i nked 
pol yet hyl ene- i nsul at ed conduct or s ar e l ead- f r ee.

2. 2. 1   Mul t i pl e- Conduct or  Shi el ded Cabl es

**************************************************************************
NOTE:   Et hyl ene pr opyl ene or  cr oss- l i nked 
pol yet hyl ene- i nsul at ed cabl es ar e consi der ed hi gher  
qual i t y ;  however ,  cr oss- l i nked pol yet hyl ene 
i nsul at i on has been shown t o t r ee ( whi ch br eaks down 
t he i nsul at i on at  t he mi cr oscopi c l evel ,  l ower i ng 
t he i nsul at i on st r engt h -  see AEI C C8)  when 
i nst al l ed i n wet  envi r onment s.   Use of  et hyl ene 
pr opyl ene or  ant i - t r eei ng cr oss- l i nk i s hi ghl y 
recommended.

When t he r equi r ed cabl es ar e not  l i s t ed bel ow,  
speci f y cabl es conf or mi ng t o t he f ol l owi ng 
publ i cat i ons,  and,  when necessar y,  addi ng t o or  
modi f y i ng t he r equi r ement s of  t he r ef er enced 
publications:

Rubber - i nsul at ed -  NEMA WC 70,  ANSI / NEMA WC 71/ I CEA 
S- 96- 659,  NEMA WC 74/ I CEA S- 93- 639,  I EEE St d 532

Var ni shed cl ot h- i nsul at ed -  NEMA WC 27500

Ther mopl ast i c- i nsul at ed -  I EEE St d 532

Cr oss- l i nked pol yet hyl ene- i nsul at ed -  NEMA WC 70,  
ANSI / NEMA WC 71/ I CEA S- 96- 659,  NEMA WC 74/ I CEA 
S- 93- 639,  AEI C C8,  I EEE St d 532
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Et hyl ene pr opyl ene r ubber - i nsul at ed -  NEMA WC 70,  
ANSI / NEMA WC 71/ I CEA S- 96- 659,  NEMA WC 74/ I CEA 
S- 93- 639,  AEI C C8,  I EEE St d 532

**************************************************************************

2. 2. 1. 1   Var ni shed Cambr i c and Lead

**************************************************************************
NOTE:   Speci f y mul t i pl e- conduct or ,  
var ni shed- cambr i c- i nsul at ed,  l ead- cover ed,  shi el ded 
cabl e f or  13, 200/ 13, 800- vol t  phase- t o- phase ci r cui t s.

**************************************************************************

Pr ovi de mul t i pl e- conduct or ,  var ni shed- cambr i c- i nsul at ed,  l ead- cover ed,  
shi el ded cabl e t hat  conf or ms t o NEMA WC 27500.

Pr ovi de cabl es t hat  have a nonmet al l i c  j acket  over  t he l ead sheat h i n 
accor dance wi t h par agr aph NONMETALLI C JACKET.

2. 2. 1. 2   Var ni shed Cambr i c wi t h I nt er l ocked Ar mor

**************************************************************************
NOTE:   Speci f y mul t i pl e- conduct or ,  
varnished-cambric-insulated, 
i nt er l ocked- ar mor - cover ed,  shi el ded cabl e f or  
13, 200/ 13, 800- vol t  phase- t o- phase ci r cui t s.

**************************************************************************

Pr ovi de mul t i pl e- conduct or ,  var ni shed- cambr i c- i nsul at ed,  
i nt er l ocked- ar mor - cover ed,  shi el ded cabl e t hat  conf or ms t o NEMA WC 27500.

Appl y c l ose- f i t t i ng,  i nt er l ocked- ar mor  t ape of  [ gal vani zed st eel ]  
[ al umi num]  over  t he j acket .

2. 2. 1. 3   [ Nat ur al ]  [ Synt het i c]  Rubber  wi t h I nt er l ocked Ar mor

**************************************************************************
NOTE:   Speci f y mul t i pl e- conduct or ,  nat ur al -  or  
synthetic-rubber-insulated, 
i nt er l ocked- ar mor - cover ed,  shi el ded cabl e f or  
6, 900- vol t  and 13, 200/ 13, 800- vol t  phase- t o- phase 
circuits.

**************************************************************************

Pr ovi de mul t i pl e- conduct or ,  [ nat ur al ]  [ synt het i c] - r ubber - i nsul at ed,  
i nt er l ocked- ar mor - cover ed,  shi el ded cabl e t hat  conf or ms t o NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659 and NEMA WC 74/ I CEA S- 93- 639.

**************************************************************************
NOTE:   Change i nt er l ocked- ar mor  t ape f r om gal vani zed 
st eel  t o al umi num i f  necessar y t o sui t  t he pr oj ect  
requirements.

**************************************************************************

Appl y c l ose- f i t t i ng,  i nt er l ocked- ar mor  t ape of  gal vani zed st eel  over  t he 
jacket.
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2. 2. 1. 4   But y l  Rubber  wi t h Neopr ene Jacket

**************************************************************************
NOTE:   Speci f y mul t i pl e- conduct or ,  
but y l - r ubber - i nsul at ed,  neopr ene- j acket ed,  shi el ded 
cabl e f or  6, 900- vol t  phase- t o- phase ci r cui t s and 
13, 200/ 13, 800- vol t  phase- t o- phase ci r cui t s.

**************************************************************************

Appl y mul t i pl e- conduct or ,  but y l - r ubber - i nsul at ed,  neopr ene- j acket ed,  
shi el ded cabl e t hat  conf or ms t o NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659 
and NEMA WC 74/ I CEA S- 93- 639.

2. 2. 1. 5   Cr oss- Li nked Pol yet hyl ene wi t h PVC Jacket

**************************************************************************
NOTE:   Speci f y mul t i pl e- conduct or ,  
pol yet hyl ene- i nsul at ed,  pol yvi nyl chl or i de- j acket ed,  
shi el ded cabl e f or  6, 900- vol t  phase- t o- phase 
ci r cui t s and 13, 200/ 13, 800- vol t  phase- t o- phase 
circuits.

**************************************************************************

Pr ovi de mul t i pl e- conduct or ,  cr oss- l i nked pol yet hyl ene- i nsul at ed,  
pol yvi nyl chl or i de- j acket ed,  shi el ded cabl e t hat  conf or ms t o NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659, NEMA WC 74/ I CEA S- 93- 639 and AEI C C8.   
Pr ovi de t aped shi el di ng t hat  consi st s of  0. 13 mi l l i met er  5- mi l  t hi ck copper  
shi el di ng l ap appl i ed over  0. 30 mi l l i met er  12- mi l  t hi ck semi conduct i ng 
t ape.   Wr ap bot h hel i cal l y  wi t h [ 10]  [ _____] - per cent  over l ap,  pr ovi di ng 
100- per cent  cover age.

[ Shi el d cr oss- l i nked pol yet hyl ene ( XLP)  s i ngl e-  and mul t i pl e- conduct or  
cabl es f or  gr ounded and ungr ounded neut r al  vol t age r at i ngs of  2, 000 vol t s 
or  mor e.

] 2. 2. 1. 6   Et hyl ene Pr opyl ene Rubber  ( EPR)  wi t h Jacket ed I nt er l ocked Ar mor

Pr ovi de mul t i pl e- conduct or  et hyl ene pr opyl ene r ubber  i nsul at ed i nt er l ocked 
ar mor  cover ed shi el ded cabl es t hat  conf or ms t o NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659, NEMA WC 74/ I CEA S- 93- 639 and AEI C C8.

[ Shi el d et hyl ene pr opyl ene ( EP)  or  et hyl ene pr opyl ene r ubber  ( EPR) ,  s i ngl e-  
and mul t i pl e- conduct or  cabl es f or  gr ounded or  ungr ounded neut r al  vol t age 
r at i ngs of  mor e t han 8, 000 vol t s.

] 2. 2. 2   Mul t i pl e- Conduct or ,  Nonshi el ded Cabl es

2. 2. 2. 1   [ Nat ur al ]  [ Synt het i c]  Rubber  wi t h Neopr ene Jacket

**************************************************************************
NOTE:   Speci f y mul t i pl e- conduct or ,  nat ur al -  or  
synt het i c- r ubber - i nsul at ed,  neopr ene- j acket ed,  
nonshi el ded cabl e f or  2, 400- vol t  phase- t o- phase,  
ungr ounded/ gr ounded neut r al  c i r cui t s.

**************************************************************************

Pr ovi de mul t i pl e- conduct or ,  [ nat ur al ]  [ synt het i c] - r ubber - i nsul at ed,  
neopr ene- j acket ed,  nonshi el ded cabl e t hat  conf or ms t o NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659 and NEMA WC 74/ I CEA S- 93- 639.
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2. 2. 2. 2   But y l  Rubber  wi t h Neopr ene Jacket

**************************************************************************
NOTE:   Speci f y mul t i pl e- conduct or ,  but y l - i nsul at ed,  
neopr ene- j acket ed,  nonshi el ded cabl e f or  2, 400- vol t  
phase- t o- gr ound ci r cui t s ( 5, 000- vol t  cabl e) .

**************************************************************************

Pr ovi de mul t i pl e- conduct or ,  [ nat ur al ]  [ synt het i c] - r ubber - i nsul at ed,  
neopr ene- j acket ed,  nonshi el ded cabl e t hat  conf or ms t o NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659 and NEMA WC 74/ I CEA S- 93- 639.

2. 2. 2. 3   Cr oss- Li nked Pol yet hyl ene wi t h PVC Jacket

**************************************************************************
NOTE:   Speci f y mul t i pl e- conduct or ,  
pol yet hyl ene- i nsul at ed,  PVC- j acket ed,  nonshi el ded 
cabl e f or  2, 400- vol t  phase- t o- gr ound ci r cui t s.

**************************************************************************

Pr ovi de mul t i pl e- conduct or ,  pol yet hyl ene- i nsul at ed,  
pol yvi nyl chl or i de- j acket ed,  nonshi el ded cabl e t hat  conf or ms t o NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659, NEMA WC 74/ I CEA S- 93- 639 and AEI C C8.

2. 2. 2. 4   Et hyl ene- Pr opyl ene wi t h PVC Jacket

**************************************************************************
NOTE:   Speci f y mul t i pl e- conduct or ,  
et hyl ene- pr opyl ene- i nsul at ed,  PVC- j acket ed,  
nonshi el ded cabl e f or  2, 400- vol t  phase- t o- gr ound 
circuits.

**************************************************************************

Pr ovi de mul t i pl e- conduct or ,  et hyl ene- pr opyl ene- i nsul at ed,  PVC- j acket ed,  
nonshi el ded cabl e t hat  conf or ms t o NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659, 
NEMA WC 74/ I CEA S- 93- 639 and AEI C C8.

2. 2. 3   Si ngl e- Conduct or  Shi el ded Cabl es

2. 2. 3. 1   But y l  Rubber  wi t h Neopr ene Jacket

**************************************************************************
NOTE:   Speci f y s i ngl e- conduct or ,  
but y l - r ubber - i nsul at ed,  neopr ene- j acket ed,  shi el ded 
cabl e f or  6, 900-  and 13, 200- vol t  phase- t o- phase 
circuits.

**************************************************************************

Pr ovi de s i ngl e- conduct or ,  but y l - r ubber - i nsul at ed,  neopr ene- j acket ed,  
shi el ded cabl e t hat  conf or ms t o NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659 
and NEMA WC 74/ I CEA S- 93- 639.

2. 2. 3. 2   Cr oss- Li nked Pol yet hyl ene wi t h PVC Jacket

**************************************************************************
NOTE:   Speci f y s i ngl e- conduct or ,  
pol yet hyl ene- i nsul at ed,  PVC- j acket ed,  shi el ded cabl e 
f or  6, 900-  and 13, 200/ 13, 800- vol t  phase- t o- phase 
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circuits.
**************************************************************************

Pr ovi de s i ngl e- conduct or ,  pol yet hyl ene- i nsul at ed,  PVC- j acket ed,  shi el ded 
cabl e t hat  conf or ms t o NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659, 
NEMA WC 74/ I CEA S- 93- 639 and AEI C C8.

2. 2. 3. 3   Cr oss- Li nked Pol yet hyl ene wi t h I nt er l ocked Ar mor

**************************************************************************
NOTE:   Speci f y s i ngl e- conduct or ,  
pol yet hyl ene- i nsul at ed,  PVC- j acket ed,  shi el ded cabl e 
wi t h i nt er l ocked ar mor  f or  6, 900-  and 
13, 200/ 13, 800- vol t  phase- t o- phase ci r cui t s.

**************************************************************************

Pr ovi de s i ngl e- conduct or ,  pol yet hyl ene- i nsul at ed,  PVC- j acket ed,  shi el ded 
cabl e wi t h i nt er l ocked ar mor  t hat  conf or ms t o NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659, NEMA WC 74/ I CEA S- 93- 639 and AEI C C8.

Appl y a c l ose- f i t t i ng,  i nt er l ocked- ar mor  t ape of  [ gal vani zed st eel ]  
[ al umi num]  over  t he j acket .

2. 2. 3. 4   Et hyl ene- Pr opyl ene- Rubber - I nsul at ed wi t h PVC Jacket

**************************************************************************
NOTE:   Speci f y s i ngl e- conduct or ,  
et hyl ene- pr opyl ene- r ubber - i nsul at ed,  PVC- j acket ed,  
shi el ded cabl e f or  6, 900-  and 13, 200/ 13, 800 and 
12, 470- vol t  phase- t o- phase ci r cui t s.

**************************************************************************

Pr ovi de s i ngl e- conduct or  15 kV r at ed  cabl e assembl i es t hat  consi st  of  t he 
f ol l owi ng:   Cl ass B st r anded copper  conduct or s,  an ext r uded semi conduct i ng 
shi el d over  t he conduct or s,  5. 6 mi l l i met er  220 mi l s of  et hyl ene pr opyl ene 
r ubber  i nsul at i on,  an ext r uded or  ot her  appr oved semi conduct i ng shi el d,  a 
0. 130 mi l l i met er  5- mi l  mi ni mum copper  t ape shi el d wr apped hel i cal l y  wi t h a 
mi ni mum [ 12. 5]  [ _____]  per cent  over l ap and a PVC j acket .

Pr ovi de s i ngl e- conduct or ,  et hyl ene- pr opyl ene- i nsul at ed,  PVC- j acket ed,  
shi el ded cabl e t hat  conf or ms t o NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659, 
NEMA WC 74/ I CEA S- 93- 639 and AEI C C8.

2. 2. 4   Si ngl e- Conduct or  Nonshi el ded Cabl es

2. 2. 4. 1   But y l  Rubber  wi t h Neopr ene Jacket

**************************************************************************
NOTE:   Speci f y s i ngl e- conduct or ,  
but y l - r ubber - i nsul at ed,  neopr ene- j acket ed,  
nonshi el ded cabl e f or  2, 400- vol t  phase- t o- gr ound 
ci r cui t s ( 5, 000- vol t  cabl e onl y) .

**************************************************************************

Pr ovi de s i ngl e- conduct or ,  but y l - r ubber - i nsul at ed,  neopr ene- j acket ed,  
nonshi el ded cabl e t hat  conf or ms t o NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659
 and NEMA WC 74/ I CEA S- 93- 639.
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2. 2. 4. 2   Cr oss- Li nked Pol yet hyl ene

**************************************************************************
NOTE:   Speci f y s i ngl e- conduct or ,  cr oss- l i nked 
pol yet hyl ene- i nsul at ed,  nonshi el ded cabl e f or  
2, 400- vol t  phase- t o- gr ound ci r cui t s ( 5, 000- vol t  
cabl e or  l ess) .

**************************************************************************

Pr ovi de s i ngl e- conduct or ,  cr oss- l i nked pol yet hyl ene- i nsul at ed,  nonshi el ded 
cabl e t hat  conf or ms t o NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659,
NEMA WC 74/ I CEA S- 93- 639 and AEI C C8.

2. 2. 4. 3   Et hyl ene- Pr opyl ene- Rubber - I nsul at ed wi t h PVC Jacket

**************************************************************************
NOTE:   Speci f y s i ngl e- conduct or ,  
et hyl ene- pr opyl ene- r ubber - i nsul at ed,  PVC- j acket ed,  
nonshi el ded cabl e f or  2, 400- vol t  phase- t o- gr ound 
ci r cui t s ( 5, 000- vol t  cabl e or  l ess) .

**************************************************************************

Pr ovi de s i ngl e- conduct or ,  et hyl ene- pr opyl ene- r ubber - i nsul at ed,  
PVC- j acket ed,  nonshi el ded cabl e t hat  conf or ms t o NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659, NEMA WC 74/ I CEA S- 93- 639 and AEI C C8.

2. 2. 5   Por t abl e Cabl es

**************************************************************************
NOTE:   Speci f y mul t i pl e- conduct or ,  
but y l - r ubber - i nsul at ed,  neopr ene- j acket ed,  shi el ded 
por t abl e cabl e f or  2, 400- vol t  phase- t o- phase 
ci r cui t s,  6, 900- vol t  phase- t o- phase ungr ounded 
neut r al  c i r cui t s ,  and 13, 200/ 13, 800- vol t  
phase- t o- phase c i r cui t s.

**************************************************************************

Pr ovi de SHD mul t i pl e- conduct or ,  but y l - r ubber - i nsul at ed,  neopr ene- j acket ed,  
shi el ded por t abl e cabl e conf or mi ng t o NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659 and NEMA WC 74/ I CEA S- 93- 639.

2. 2. 6   Cabl e Suppor t s and Fi t t i ngs

[ Pr ovi de cabl e suppor t s,  r el at ed f i t t i ngs,  and accessor i es f or  use i n 
cor r osi ve under gr ound l ocat i ons,  such as manhol es and ut i l i t y  t unnel s,  wi t h 
a f act or y- appl i ed coat i ng of  PVC of  at  l east  [ 0. 51]  [ _____]  mi l l i met er  [ 20]  
[ _____]  mi l s t hi ck.   Pr ovi de PVC coat ed i t ems t hat  have a uni f or m t hi ckness 
and ar e f r ee of  bl i s t er s,  br eaks,  and hol i days.   Pr ovi de PVC compound t hat  
conf or ms t o ASTM D746.

][ Pr ovi de cabl e r acks,  cabl e t r ay suppor t s and r el at ed f i t t i ngs t hat  ar e 
UL- l i s t ed [ st andar d]  [ heavy] - dut y nonmet al l i c  [ gl ass- r ei nf or ced nyl on]  
[polycarbonate].

] 2. 3   COMPONENTS

2. 3. 1   Cabl e I dent i f i cat i on

Pr ovi de cabl es t hat  have a t ape pl aced i mmedi at el y under  t he l ead sheat h or  
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out er  j acket  showi ng t he name of  t he manuf act ur er ,  t he year  i n whi ch t he 
cabl e was manuf act ur ed,  and a uni que number  f or  i dent i f i cat i on pur poses.   
Cl osel y gr oup i nf or mat i on on t he t ape at  300 mi l l i met er  1- f oot  i nt er val s t o 
per mi t  compl et e i dent i f i cat i on.

2. 3. 2   Nonmet al l i c  Jacket

2. 3. 2. 1   I nt er l ock Ar mor ed Cabl e

Pr ovi de a nonmet al l i c ,  cor r osi on- r esi st ant  j acket  over  i nt er l ock- ar mor ed 
cabl e t hat  i s  [ [ t her mopl ast i c bl ack]  [ col or ed]  [ PVC] ]  [ bl ack pol yet hyl ene]  
conf or mi ng t o [ NEMA WC 27500]  [ NEMA WC 70, ANSI / NEMA WC 71/ I CEA S- 96- 659 
and NEMA WC 74/ I CEA S- 93- 639].

2. 3. 2. 2   Lead- Sheat hed Cabl e

Pr ovi de a nonmet al l i c ,  cor r osi on- r esi st ant  j acket  over  l ead- sheat hed cabl e 
t hat  i s  PVC at  l east  [ 2. 8]  [ _____]  mi l l i met er  [ 0. 11]  [ _____]  i nch t hi ck.   
Pr ovi de cover  t hat  f i t s  t i ght l y agai nst  t he l ead sheat h and i s coat ed wi t h 
a s l i pper  compound.

2. 3. 2. 3   Terminations

Pr ovi de pot heads wi t h gr oundi ng t er mi nal s and cast - [ i r on]  [ al umi num]  bel l s 
t hat  ar e r at ed as f ol l ows:

I ndoor  -  15 kV r at i ng,  t o wi t hst and 45 kV ac f or  10 seconds,  mi ni mum

Out door  -  25 kV r at i ng,  t o wi t hst and 60 kV ac f or  10 seconds,  mi ni mum

2. 4   MATERIALS

**************************************************************************
NOTE:  I f  al umi num i s t o be speci f i ed f or  any of  t he 
wi r e pur chased,  r evi se t he par agr aphs accor di ngl y.

Conduct or s f or  wi r e and cabl e may be al umi num or  
copper .   Al umi num conduct or s may be consi der ed f or  
use i n accor dance wi t h NFPA 70,  Ar t i c l e 310. 106.   
When used,  al umi num conduct or  mat er i al  must  be 
AA- 8000 ser i es el ect r i cal  gr ade al umi num al l oy.   The 
desi gner  must  consi der  sever al  f act or s when deci di ng 
t o use al umi num i nst ead of  copper  i ncl udi ng 
compar i sons of  el ect r i cal  pr oper t i es,  mechani cal  
pr oper t i es,  envi r onment al  pr oper t i es speci f i c  t o t he 
i nt ended i nst al l at i on,  r el i abi l i t y ,  and cost .   
Speci f i cat i ons f or  wi r e and cabl e may be wr i t t en t o 
per mi t  ei t her  al umi num or  copper  conduct or s wher e 
al umi num i s sui t abl e f or  t he appl i cat i on,  sui t abl y 
r el i abl e,  and i s  det er mi ned t o be mor e economi cal  
t han copper .

Al umi num conduct or s shoul d be per mi t t ed onl y wher e 
cost  compar i sons show an over al l  savi ngs and af t er  a 
car ef ul  eval uat i on of  t he cor r osi on pr obl ems 
associ at ed wi t h t hei r  use.   They shoul d onl y be 
al l owed wher e i nst al l er s ar e qual i f i ed t o make 
r el i abl e connect i ons wi t h t hem.   Pr oper  wi r e and 
cabl e connect or s must  be sui t abl y r at ed f or  
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i nst al l at i on wi t h t he conduct or  mat er i al  t o whi ch 
t hey ar e appl i ed.   Wi r e and cabl e connect or s used 
wi t h al umi num conduct or s must  be sui t abl y r at ed,  
t er mi nat i on must  be pr epar ed cor r ect l y,  and an 
ant i oxi dant  must  be appl i ed when t he connect or  i s  
i nst al l ed.   Cost s shoul d be compar ed t o bet ween al l  
per t i nent  i t ems such as i nst al l at i on,  condui t ,  t r ay,  
t unnel  and duct  banks,  l i f et i me cost s of  ener gy 
l osses i f  s i gni f i cant ,  and di f f er ences i n 
vent i l at i on needs i f  l osses ar e eval uat ed.   
Conduct or s shoul d have t he r equi r ed cur r ent - car r y i ng 
capaci t i es,  t he r equi r ed shor t  c i r cui t  capaci t i es,  
and shoul d be sat i sf act or y wi t h r espect  t o vol t age 
dr op.   Al umi num conduct or s shoul d be s i zed t o have 
equal  or  l ess r esi st ance t han t he al t er nat e copper  
conduct or s unl ess t he t ot al  cost  compar i son,  
i ncl udi ng l osses,  shows a net  advant age ot her wi se.  
I n such cases wher e t he engi neer i ng cost s t o 
pr oper l y compar e t he use of  t he t wo mat er i al s wi l l  
exceed any possi bl e savi ngs t o be achi eved by 
al umi num,  t he ar bi t r ar y choi ce of  copper  may be t he 
best  pol i cy.

**************************************************************************

2. 4. 1   Conductors

Ensur e t hat  conduct or s conf or m t o t he appl i cabl e r equi r ement s of  NEMA WC 70, 
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639.   Ensur e t hat  
conduct or s ar e sol i d copper  conf or mi ng t o ASTM B3 and t hat  t hey ar e bar e,  
or  t i n-  or  l ead- al l oy- coat ed,  accor di ng t o t he t ype of  i nsul at i on used.   
[ Ensur e t hat  al umi num conduct or s ar e Type AA- 8000 al umi num conduct or s.   Do 
not  use Type 1350 al umi num conduct or s.   Do not  i nt er mi x copper  and al umi num 
conduct or s i n t he same r aceway. ] "

2. 5   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

Pr ovi de cer t i f i cat es showi ng t hat  t he cabl e manuf act ur er  has made t he 
f ol l owi ng f act or y- conduct ed t est s on each shi ppi ng l engt h of  cabl e.   Bef or e 
cabl e i s del i ver ed,  pr ovi de cer t i f i ed copi es of  t est  dat a t hat  shows 
conf or mance wi t h t he r ef er enced st andar ds and i s appr oved.

[ a.   Fl ammabi l i t y

For  cabl es not  t o be encl osed i n met al l i c  condui t ,  t est  f or  f l ammabi l i t y  i n 
accor dance wi t h [ FED-STD-228 ,  Met hod 5221 [ ver t i cal ] ,  [ spar k] ] [ I EEE 383,
20000 wat t  70, 000 Bt u per  hour  per  hour  ver t i cal  t r ay f l ame t est ] .

] [ b.   Mi ni mum Bendi ng Radi us

] PART 3   EXECUTI ON

3. 1   INSTALLATION

I nst al l  medi um- vol t age cabl es i n accor dance wi t h NFPA 70.

I nst al l  cabl e i n under gr ound duct  banks,  i n condui t  above and bel ow gr ade,  
i nsi de bui l di ngs,  by open wi r e met hod,  on i nsul at or  hooks;  on r acks,  i n 
wal l  and cei l i ng- mount ed cabl e t r ays i n ut i l i t y  t unnel s and manhol es,  and 
by di r ect  bur i al .
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Secur e cabl es wi t h heavy- dut y cabl e t i es i n exi st i ng or  new t r ays mount ed 
hor i zont al l y ,  wher e t he cabl e r est s on t he t r ay bot t om.   I nst al l  cabl e t i es 
at  a mi ni mum of  [ 3000]  [ _____]  mi l l i met er  [ 10]  [ _____]  f oot  i nt er val s.

Secur e cabl es wi t h [ PVC- coat ed]  [ met al l i c ]  [ non- met al l i c ]  cabl e c l amps,  
st r aps,  hanger s,  or  ot her  appr oved suppor t i ng devi ces t o t unnel  wal l s,  
cei l i ngs,  and i n new or  exi st i ng cabl e t r ays mount ed ver t i cal l y ,  wher e t he 
t r ay bot t om i s i n a ver t i cal  pl ane.

When f i el d cut s or  ot her  damage occur s t o t he PVC coat i ng,  appl y a l i qui d 
PVC pat ch t o mai nt ai n t he i nt egr i t y of  t he coat i ng.   Af t er  t he i nst al l at i on 
i s compl et e,  per f or m an i nspect i on t o ensur e t hat  t he coat i ng has no voi ds,  
pi nhol es,  or  cut s.

Bef or e i nst al l i ng new ar mor ed cabl e,  ensur e t hat  cabl e t r ays ar e pr oper l y 
secur ed and suppor t ed.   Add new per manent  or  t empor ar y t r ay suppor t  devi ces 
as r equi r ed t o pr ecl ude cabl e t r ay f ai l ur e dur i ng cabl e pul l i ng or  af t er  
cabl e i s i nst al l ed.

Cabl e or  conduct or s of  a pr i mar y di st r i but i on syst em wi l l  be r ej ect ed by 
t he Cont r act i ng Of f i cer  when i nst al l ed openl y i n cabl e t r ays or  openl y 
r acked al ong i nt er i or  wal l s;  i n t he same r aceway or  condui t  wi t h ac or  dc 
cont r ol  c i r cui t s  or  ac power  c i r cui t s oper at i ng at  l ess t han 600 vol t s;  or  
i n a manner  al l owi ng cabl e t o suppor t  i t s  own wei ght .

3. 1. 1   Moi st ur e- Test i ng Bef or e Pul l i ng

Moi st ur e- t est  cabl e t hat  has paper  i nsul at i on bef or e pul l i ng t he cabl e i nt o 
under gr ound duct s.   Ensur e t hat  r adi i  of  bends,  pot heads,  f i t t i ngs,  cabl e 
r i ser s,  and ot her  condi t i ons ar e sui t abl e f or  t he cabl e and conf or m t o t he 
r ecommendat i ons of  t he cabl e manuf act ur er .

3. 1. 2   Pr ot ect i on Dur i ng Spl i c i ng Oper at i ons

Pr ovi de a bl ower  t o f or ce f r esh ai r  i nt o manhol es or  conf i ned ar eas wher e 
f r ee movement  or  c i r cul at i on of  ai r  i s  obst r uct ed.   Have wat er pr oof  
pr ot ect i ve cover i ngs avai l abl e on t he wor k s i t e t o pr ot ect  agai nst  moi st ur e 
whi l e a spl i ce i s bei ng made.   Use pumps t o keep manhol es dr y dur i ng 
spl i c i ng oper at i ons.   Never  make a spl i ce or  t er mi nat i on wi t h t he i nt er i or  
of  a cabl e exposed t o moi st ur e.   Moi st ur e- t est  t he conduct or  i nsul at i on 
paper  bef or e t he spl i ce i s made.   Use a manhol e r i ng at  l east  [ 150]  [ _____]  
mi l l i met er  [ 6]  [ _____]  i nches above gr ound ar ound t he manhol e ent r ance t o 
keep sur f ace wat er  f r om ent er i ng t he manhol e.   Bef or e st ar t i ng t he spl i ce,  
pl ug unused duct s and st op wat er  seepage t hr ough duct s i n use.

3. 1. 3   Duct  Cl eani ng

**************************************************************************
NOTE:   Del et e t he headi ng and t he f ol l owi ng 
par agr aph i f  t he i nst al l at i on of  power  cabl es i s i n 
duct s and manhol es pr ovi ded under  t hi s pr oj ect .  
Pr ovi s i ons f or  duct  c l eani ng ar e adequat el y cover ed 
i n Sect i on 33 71 02 UNDERGROUND ELECTRI CAL 
DISTRIBUTION.

**************************************************************************

Thor oughl y c l ean duct s bef or e i nst al l at i on of  power  cabl es.   Pul l  a 
st andar d f l exi bl e mandr el  t hr ough each duct  t o l oosen par t i c l es of  ear t h,  
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sand,  or  f or ei gn mat er i al  i n t he l i ne.   Use a mandr el  t hat  i s  not  l ess t han 
[ 300]  [ _____]  mi l l i met er  [ 12]  [ _____]  i nches l ong wi t h a di amet er  13 
mi l l i met er  1/ 2 i nch l ess t han t he i nsi de di amet er  of  t he duct .   Then pul l  a 
br ush wi t h st i f f  br i st l es t hr ough each duct  t o r emove t he l oosened 
par t i c l es.   Use a br ush wi t h a di amet er  t hat  i s  t he same as or  s l i ght l y 
l ar ger  t han t he di amet er  of  t he duct .

3. 1. 4   Pul l i ng Cabl es i n Duct s,  Manhol es and Ut i l i t y  Tunnel s

Pul l  medi um- vol t age cabl es i nt o duct s and ut i l i t y  t unnel s wi t h equi pment  
desi gned f or  t hi s pur pose,  i ncl udi ng a power - dr i ven wi nch,  cabl e- f eedi ng 
f l exi bl e t ube gui de,  cabl e gr i ps,  and l ubr i cant s.   Empl oy a suf f i c i ent  
number  of  t r ai ned per sonnel  and equi pment  t o ensur e cor r ect  i nst al l at i on of  
t he cabl e.

Set  up t he cabl e r eel  at  t he s i de of  t he manhol e or  t unnel  hat ch openi ng 
and above t he duct  or  hat ch l evel ,  al l owi ng t he cabl e t o ent er  t hr ough t he 
openi ng wi t hout  r ever se bendi ng.   I nst al l  a f l exi bl e t ube gui de t hr ough t he 
openi ng i n a manner  t hat  pr event s t he cabl e f r om r ubbi ng agai nst  t he edges 
of  st r uct ur al  member s.

Ensur e t hat  t he  pul l i ng f or ce f or  a cabl e gr i p on l ead- sheat hed cabl e does 
not  exceed [ 6700]  [ _____]  newt on per  650 squar e mi l l i met er  [ 1, 500]  [ _____]  
pounds per  squar e i nch of  sheat h cr oss- sect i onal  ar ea.   Use a dynamomet er  
i n t he pul l i ng l i ne t o ensur e t hat  t he pul l i ng f or ce i s not  exceeded.   
Ensur e t hat  t he  pul l i ng f or ce f or  a nonmet al l i c- sheat hed cabl e does not  
exceed t he smal l er  of  4400 newt on 1, 000 pounds or  a val ue comput ed f r om t he 
f ol l owi ng equat i on:

TM = 0. 008 X N X CM

Wher e:   TM = maxi mum al l owabl e pul l i ng t ensi on i n newt on pounds

N = number  of  conduct or s i n t he cabl e

CM = cr oss- sect i onal  ar ea of  each conduct or  i n squar e mi l l i met er  
c i r cul ar  mi l s

Unr eel  cabl e f r om t he t op of  t he r eel .   Car ef ul l y  cont r ol  payout .  At t ach 
cabl e t o be pul l ed t hr ough a swi vel  t o t he mai n pul l i ng wi r e by means of  a 
[ pul l i ng eye]  [ sui t abl e cabl e gr i p per mi t t ed onl y on cabl es l ess t han 60 
met er  200 f eet  l ong and l ess t han 50 mi l l i met er  2 i nches i n di amet er ] .

When pul l i ng smal l  cabl es and shor t  st r ai ght  l engt hs of  heavi er  cabl es, use 
woven- wi r e cabl e gr i ps t o gr i p t he cabl e end.

At t ach pul l i ng eyes t o t he cabl e conduct or s t o pr event  damage t o t he cabl e 
structure.

To pr event  damage t o t he cabl e st r uct ur e,  use pul l i ng eyes and cabl e gr i ps 
t oget her  f or  nonmet al l i c  sheat hed cabl es.

Pr ovi de a mi ni mum bendi ng r adi us i n accor dance wi t h t he f ol l owi ng:
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CABLE TYPE MI NI MUM BENDI NG RADI US MULTI PLI ER TI MES
CABLE DI AMETER

RUBBER-  AND PLASTI C- I NSULATED CABLE WI TH OR 
WI THOUT I NTERLOCKED ARMOR

[ Nonshi el ded cabl es] [8]

[ Shi el ded cabl es wi t h shi el di ng wi r e] [12]

[ Shi el ded cabl es wi t h shi el di ng t ape] [8]

PAPER- I NSULATED AND LEAD-  COVERED CABLES,  
SHI ELDED OR NONSHI ELDED

[ Cabl es wi t hout  ar mor ] [10]

[ Cabl es wi t h wi r e ar mor ] [12]

VARNI SHED- CAMBRI C- I NSULATED CABLES WI TH OR 
WI THOUT LEAD SHEATH,  SHI ELDED OR NONSHI ELDED

[ Cabl es wi t hout  ar mor ] [8]

[ Cabl es wi t h wi r e ar mor ] [12]

Li ber al l y  coat  cabl es wi t h a sui t abl e cabl e- pul l i ng l ubr i cant  as t he cabl e 
ent er s t he t ube gui de or  duct .   Use gr ease and oi l  l ubr i cant s onl y on 
l ead- sheat hed cabl es.   Cover  nonmet al l i c  sheat hed cabl es wi t h wi r e- pul l i ng 
compounds t hat  have no del et er i ous ef f ect s on t he cabl e.   Pr ovi de r ol l er s,  
sheaves,  or  t ube gui des ar ound whi ch t he cabl e i s pul l ed t hat  conf or m t o 
t he mi ni mum bendi ng r adi us of  t he cabl e.

Pul l  cabl es i nt o duct s at  a speed not  t o exceed [ _____]  met er  per  second 
[ 50]  [ _____]  f eet  per  mi nut e and not  i n excess of  maxi mum per mi ssi bl e 
pul l i ng t ensi on speci f i ed by t he cabl e manuf act ur er .   Ensur e t hat  cabl e 
pul l i ng i s done wi t hout  usi ng a vehi c l e.   St op pul l i ng oper at i ons 
i mmedi at el y i f  bi ndi ng or  obst r uct i on i s i ndi cat ed and do not  r esume 
pul l i ng oper at i ons unt i l  such di f f i cul t y i s  cor r ect ed.   Pr ovi de suf f i c i ent  
s l ack f or  t he cabl e t o move f r eel y when t he cabl e expands or  cont r act s.

Use cabl e r acks t o suppor t  cabl es when maki ng cabl e spl i ces i n manhol es or  
ut i l i t y  t unnel s.   Do not  pul l  cabl e spl i ces i n duct s.   Over l ap cabl e ends 
at  t he ends of  a sect i on t o pr ovi de suf f i c i ent  undamaged cabl e f or  
spl i c i ng.   Make cabl es t o be spl i ced i n manhol es or  ut i l i t y  t unnel s over l ap 
t he cent er l i ne of  t he pr oposed j oi nt  by not  l ess t han [ 600]  [ _____]  
mi l l i met er  [ 2]  [ _____]  f eet .

I mmedi at el y seal  cabl es cut  i n t he f i el d t o keep out  moi st ur e.   Seal  
nonl eaded cabl es wi t h r ubber  t ape wr apped down t o [ 75]  [ _____]  mi l l i met er  
[ 3]  [ _____]  i nches f r om t he cabl e end.   Cover - wr ap r ubber  t ape wi t h PVC 
t ape.   Seal  l ead- cover ed cabl es wi t h wi pi ng met al  maki ng a f i r m bond wi t h 
t he end of  t he sheat h or  wi t h a di sk of  l ead f i t t ed over  t he end and wi ped 
t o t he sheat h.

3. 1. 5   Spl i ces and Ter mi nat i ons

Make spl i ces i n manhol es or  t unnel s except  wher e cabl e t er mi nat i ons ar e 
speci f i cal l y  i ndi cat ed.   Expedi t e spl i c i ng and t er mi nat i ng of  cabl es i n 
or der  t o mi ni mi ze exposur e and cabl e det er i or at i on.
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Ter mi nat e cabl es i n pot heads.   Use dr y t er mi nat i ons wi t h medi um- vol t age 
pennant s,  pr ef or med,  and hand- wr apped st r ess cones f or  t er mi nat i ng cabl es.   
I nst al l  pot heads wi t h a means f or  maki ng ext er nal  connect i ons t o t he cabl e 
conduct or s of  [ s i ngl e- ]  [ mul t i pl e- ]  conduct or  cabl es;  pr ot ect i ng t he cabl e 
i nsul at i on agai nst  moi st ur e,  oi l ,  or  ot her  cont ami nant ;  physi cal l y  
pr ot ect i ng and suppor t i ng cabl es;  and mai nt ai ni ng t he i nsul at i on of  t he 
cable.

Fi el d- f abr i cat e pot head t er mi nat i ons f r om t er mi nat i on k i t s suppl i ed by and 
i n accor dance wi t h t he pot head manuf act ur er ' s r ecommendat i ons f or  t he t ype,  
s i ze,  and el ect r i cal  char act er i st i cs of  t he cabl e.

Ensur e t hat  i nst al l at i on i ncl udes bui l t - up or  pr ef abr i cat ed heat  or  col d 
shr i nk st r ess- r el i ef  cones at  t he t er mi nal s of  al l  shi el ded cabl es and at  
t he t er mi nal s of  s i ngl e- conduct or  l ead- cover ed cabl es r at ed 15 kV and 
above,  ungr ounded.

Fi el d- f abr i cat e cabl e spl i ces f r om spl i c i ng k i t s suppl i ed by and i n 
accor dance wi t h t he cabl e manuf act ur er ' s r ecommendat i ons f or  t he t ype,  
s i ze,  and el ect r i cal  char act er i st i cs of  t he cabl e speci f i ed.   Locat e cabl e 
spl i ces i n manhol es mi dway bet ween t he cabl e r acks on t he wal l s of  t he 
manhol es and suppor t ed wi t h cabl e ar ms at  appr oxi mat el y t he same el evat i on 
as t he encl osi ng duct .

I f  cabl e spl i ces i n t he t unnel  ar e not  i nst al l ed i n cabl e t r ays,  i nst al l  
t he cabl e spl i ces on cabl e r acks or  by ot her  appr oved met hods t hat  mi ni mi ze 
physi cal  st r ess on t he spl i ce connect i ons.   Suppor t  spl i ces at  
appr oxi mat el y t he same el evat i on as t he i nst al l ed cabl e except  wher e space 
l i mi t at i ons or  exi st i ng cabl e l engt h l i mi t at i ons make t hi s met hod 
i mpr act i cal  or  i mpossi bl e.

Suppor t  al l  uni ver sal  demount abl e spl i ces i n a manner  t hat  mi ni mi zes 
physi cal  st r ess on t he spl i ce connect i ons.   Suppor t  each cabl e end 
t er mi nat i on usi ng a pai r  of  saddl e suppor t s under  t he cabl e end t er mi nat i on 
or  cabl e wi t h a mi ni mum [ 300]  [ _____]  mi l l i met er  [ 12]  [ _____]  i nches and a 
maxi mum [ 750]  [ _____]  mi l l i met er  [ 30]  [ _____]  i nches separ at i on bet ween t he 
suppor t s.   Secur e t he cabl e end t er mi nat i on and cabl e t o t he suppor t s i n a 
manner  t hat  pr event s movement  of  t er mi nat i on or  cabl e at  t he suppor t .   
I nst al l  saddl e suppor t s on a gal vani zed st eel  f r ami ng channel  t hat  i s  
anchor ed t o t he wal l ,  secur el y f ast ened t o t he cabl e t r ay,  or  i nst al l ed by 
ot her  appr oved met hods.

3. 1. 6   Mul t i pl e- Conduct or  Pot heads

I nst al l  mul t i pl e- conduct or  capnut  pot heads t hat  ar e her met i cal l y  seal ed,  
and sui t abl e f or  t he t ype,  s i ze,  and el ect r i cal  char act er i st i cs of  t he 
cabl e.   I nst al l  pot heads consi st i ng of  bel l s or  bodi es wi t h bel l  [ caps]  
[ l i ds] ,  bushi ng,  cabl e connect or s,  l ugs,  and ent r ance f i t t i ngs.

Pr ovi de pot head bel l s or  bodi es t hat  ar e cast  [ i r on]  [ al umi num]  wi t h 
mount i ng br acket s as r equi r ed,  pi pe pl ugs f or  f i l l i ngs and vent  hol es,  
machi ned- f l anged sur f aces f or  [ bel l  caps]  [ l i ds] ,  and cabl e ent r ance 
f i t t i ngs.   Pr ovi de pot head [ bel l  caps]  [ l i ds]  f or  cabl es up t o [ 130 squar e 
mi l l i met er ]  [ 250 kc mi l s]  [ 250 amper es]  t hat  ar e cast  [ i r on]  [ al umi num] ;  
and f or  cabl es of  l ar ger  s i ze and hi gher  cur r ent  r at i ngs t hat  ar e cast  
[ al umi num]  [ br onze]  [ nonmagnet i c met al  cast i ng] .   Pr ovi de [ bel l  caps]  
[ l i ds]  t hat  have mat chi ng machi ned- f l anged sur f aces f or  seal i ng wi t h gasket  
and cap- scr ew connect i ons.
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I nst al l  bushi ngs t hat  ar e gl azed wet - pr ocess el ect r i cal  por cel ai n 
i nsul at or s,  f act or y- assembl ed,  and her met i cal l y  seal ed t o t he bel l  [ cap]  
[lid].

Pr ovi de cabl e connect or s t hat  ar e hi gh- conduct i v i t y copper ,  accur at el y 
machi ned,  and t hr eaded f or  i nt er nal  and ext er nal  el ect r i cal  connect i ons.   
Ensur e t hat  cr oss- sect i onal  and cont act  ar eas ar e adequat e t o car r y t he 
f ul l - l oad cur r ent  r at i ng of  t he conduct or s.   Pr ovi de sol der  cabl e 
connect or s wi t h a gasket  seal  bet ween t he connect or  and bushi ng.

Pr ovi de cast - br onze wi pi ng- sl eeve cabl e- ent r ance f i t t i ngs f or  l ead- cover ed 
cabl e,  and cast - al umi num posi t i ve- seal ed st uf f i ng boxes f or  nonl ead- cover ed 
cabl es.   Pr ovi de cast - i r on condui t  coupl i ngs and ar mor  base f i t t i ngs.

Thr ee- conduct or  pot heads wi t h a neut r al  st ud and l ug ar e al l owed i n l i eu of  
f our - conduct or  pot heads i n f our - wi r e gr ounded neut r al  syst ems.

Use compl et el y f i l l ed pot heads,  l eavi ng no gaps or  voi ds,  wi t h an 
i nsul at i ng compound sui t abl e f or  t he t ype of  cabl e,  i nsul at i on,  vol t age 
r at i ng,  and ambi ent  oper at i ng t emper at ur es i n accor dance wi t h t he pot head 
manuf act ur er ' s r ecommendat i ons.   Gr ound pot head par t s t hat  do not  car r y 
current.

3. 1. 7   Si ngl e- Conduct or  Pot heads

Use si ngl e- conduct or  pot heads wi t h a her met i cal l y  seal ed capnut .   Ensur e 
t hat  pot heads ar e sui t abl e f or  t he t ype,  s i ze,  and el ect r i cal  
char act er i st i cs of  t he cabl e speci f i ed.   Pr ovi de pot heads t hat  consi st  of  
cast  bodi es,  bushi ngs,  cabl e connect or s,  l ugs,  and ent r ance f i t t i ngs.

Pr ovi de pot head bodi es t hat  ar e met al  cast i ngs wi t h mount i ng br acket s,  when 
r equi r ed,  pi pe pl ugs f or  f i l l i ng and vent  hol es,  and a machi ned- f l anged 
sur f ace f or  cabl e- ent r ance f i t t i ngs.   Use cast - i r on bodi es f or  cabl es up t o 
[ 130 squar e mi l l i met er ]  [ 250 kc mi l s]  [ 250 amper es] ,  and cast  [ al umi num]  
[ br onze]  [ nonmagnet i c met al  cast i ng]  f or  cabl es of  l ar ger  s i ze and hi gher  
cur r ent  r at i ngs.

Ensur e t hat  bushi ngs ar e gl azed wet - pr ocess el ect r i cal  por cel ai n 
i nsul at or s,  f act or y- assembl ed,  and her met i cal l y  seal ed t o t he pot head body.

I nst al l  hi gh- conduct i v i t y copper  cabl e connect or s accur at el y machi ned and 
t hr eaded f or  i nt er nal  and ext er nal  el ect r i cal  connect i ons.   Ensur e adequat e 
cr oss- sect i onal  and cont act  ar eas t o car r y t he f ul l - l oad cur r ent  r at i ng of  
t he conduct or s.   Pr ovi de sol der  t ype cabl e connect or s wi t h gasket  seal  
bet ween t he connect or  and bushi ng.

Compl et el y f i l l  pot heads,  l eavi ng no gaps or  voi ds,  wi t h an i nsul at i ng 
compound sui t abl e f or  t he t ype of  cabl e,  i nsul at i on,  vol t age r at i ng,  and 
ambi ent  oper at i ng t emper at ur es i n accor dance wi t h t he pot head 
manuf act ur er ' s r ecommendat i ons.   Gr ound pot head par t s t hat  do not  car r y 
current.

3. 2   FI ELD QUALI TY CONTROL

**************************************************************************
NOTE:   I f  t he speci f i ed syst em i s  i dent i f i ed as 
cr i t i cal ,  conf i gur ed,  or  mi ssi on- essent i al ,  use 
Sect i on 01 86 26. 07 40  RELI ABI LI TY CENTERED 
ACCEPTANCE FOR ELECTRI CAL SYSTEMS t o est abl i sh 
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pr edi ct i ve and accept ance t est i ng cr i t er i a,  above 
and beyond t hat  l i s t ed bel ow.

**************************************************************************

Per f or m PT&I  t est s and pr ovi de submi t t al s as speci f i ed i n Sect i on 
01 86 26. 07 40 RELI ABI LI TY CENTERED ACCEPTANCE FOR ELECTRI CAL SYSTEMS.

Subj ect  each i nst al l at i on t o di el ect r i c- absor pt i on t est s and medi um- vol t age 
t est s af t er  t he i nst al l at i on of  medi um- vol t age power  cabl es has been 
compl et ed,  i ncl udi ng spl i ces,  j oi nt s,  and t er mi nat i ons,  and bef or e t he 
cabl e i s ener gi zed.

Pr ovi de t est  equi pment ,  l abor ,  and t echni cal  per sonnel  t o per f or m t he 
el ect r i cal  accept ance t est s.

Make ar r angement s t o have t est s wi t nessed and appr oved by t he Cont r act i ng 
Officer.

Compl et el y i sol at e each power - cabl e i nst al l at i on f r om ext r aneous el ect r i cal  
connect i ons at  cabl e t er mi nat i ons and j oi nt s.  Obser ve saf et y pr ecaut i ons.

Fi r st  gi ve each power  cabl e a f ul l  di el ect r i c  absor pt i on t est  wi t h a 
5000- vol t  i nsul at i on- r esi st ance t est  set .   Appl y t he t est  f or  enough t i me 
t o f ul l y  char ge t he cabl e.   Recor d r eadi ngs ever y 15 seconds dur i ng t he 
f i r st  3 mi nut es of  t he t est  and at  1- mi nut e i nt er val s t her eaf t er .   Cont i nue 
t he t est  unt i l  t hr ee equal  r eadi ngs,  1 mi nut e apar t ,  ar e obt ai ned.   Ensur e 
t hat  t he mi ni mum r eadi ng i s 200 megohms at  an ambi ent  t emper at ur e of  20 
degr ees C 68 degr ees F.   Cor r ect  t he r eadi ngs t hat  wer e not  t aken at  68 
degr ees F ambi ent  t emper at ur e.

Upon successf ul  compl et i on of  t he di el ect r i c  absor pt i on t est s,  subj ect  t he 
cabl e t o a di r ect - cur r ent  hi gh- pot ent i al  t est  f or  5 mi nut es appl y i ng t est  
vol t ages i n accor dance wi t h AEI C CS1 and I EEE 400. 2 f or  paper - i mpr egnat ed,  
l ead- cover ed cabl e;  AEI C C8 and I EEE 400. 2 f or  cr oss- l i nked,  
pol yet hyl ene- i nsul at ed cabl e;  and AEI C C8 and I EEE 400. 2 f or  et hyl ene 
pr opyl ene r ubber - i nsul at ed cabl e.

Recor d l eakage cur r ent  r eadi ngs ever y 30 seconds dur i ng t he f i r st  2 mi nut es 
and ever y mi nut e t her eaf t er  f or  t he r emai nder  of  t he t est .   When t he 
l eakage cur r ent  cont i nues t o i ncr ease af t er  t he f i r st  mi nut e,  i mmedi at el y 
t er mi nat e t he t est  and t ake st eps t o f i nd and cor r ect  t he f aul t .   When a 
second t est  becomes necessar y,  r epeat  t hi s t est  pr ocedur e.

Upon sat i sf act or y compl et i on of  t he hi gh- pot ent i al  t est ,  gi ve t he cabl e a 
second di el ect r i c- absor pt i on t est  as bef or e.

Pr ovi de r esul t s of  t he second di el ect r i c- absor pt i on t est  t hat  agr ee wi t h 
t he f i r st  t est  and t hat  i ndi cat e no evi dence t hat  t he cabl e has been 
per manent l y i nj ur ed by t he hi gh- pot ent i al  t est .

Recor d t est  dat a i dent i f y i ng t he cabl e and l ocat i on,  megohm r eadi ngs ver sus 
t i me,  l eakage cur r ent  r eadi ngs ver sus t i me,  and cabl e t emper at ur e ver sus 
time.

Fi nal  accept ance depends upon t he sat i sf act or y per f or mance of  t he cabl e 
under  t est .   Do not  ener gi ze cabl e unt i l  r ecor ded t est  dat a has been 
appr oved by t he Cont r act i ng Of f i cer .   Pr ovi de f i nal  t est  r epor t s of  t he 
di el ect r i c  absor pt i on t est s and medi um- vol t age t est s t o t he Cont r act i ng 
Of f i cer .   Pr ovi de r epor t s wi t h a cover  l et t er / sheet  c l ear l y mar ked wi t h t he 
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syst em name,  dat e,  and t he wor ds " Fi nal  Test  Repor t  -  For war d t o t he 
Syst ems Engi neer / Condi t i on Moni t or i ng Of f i ce/ Pr edi ct i ve Test i ng Gr oup f or  
i ncl usi on i n t he Mai nt enance Dat abase. "

Per f or m r adi ogr aphi c t est s on al l  pot heads at  t he di scr et i on of  t he 
Cont r act i ng Of f i cer  t o det er mi ne i f  voi ds exi st  i n t he pot head.   Rewor k 
unaccept abl e t er mi nat i ons at  no addi t i onal  expense t o t he Gover nment .

3. 3   CLOSEOUT ACTI VI TI ES

Pr ovi de manuf act ur er ' s i nst r uct i ons showi ng t he r ecommended sequence and 
met hod of  i nst al l at i on f or  medi um- vol t age power  cabl es and pot head 
terminations.

        - -  End of  Sect i on - -
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