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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  r equi r ement s f or  f i ber  opt i c cabl e 
syst ems.

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 
pr esent .

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

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 si 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 
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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  wi l l  aut omat i cal l y 
be 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.

ASTM I NTERNATI ONAL ( ASTM)

ASTM C338 ( 1993;  R 2013)  St andar d Test  Met hod 
Sof t eni ng Poi nt  of  Gl ass

ASTM D4976 ( 2012a)  St andar d Speci f i cat i on f or  
Pol yet hyl ene Pl ast i cs Mol di ng and 
Ext r usi on Mat er i al s

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

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I NSULATED CABLE ENGI NEERS ASSOCI ATI ON ( I CEA)

I CEA S- 87- 640 ( 2023)  Opt i cal  Fi ber  Out si de Pl ant  
Communi cat i ons Cabl e;  4t h Edi t i on

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA RN 1 ( 2005;  R 2013)  Pol yvi nyl - Chl or i de ( PVC)  
Ext er nal l y Coat ed Gal vani zed Ri gi d St eel  
Condui t  and I nt er medi at e Met al  Condui t

NEMA TC 2 ( 2020)  St andar d f or  El ect r i cal  Pol yvi nyl  
Chl or i de ( PVC)  Condui t

NEMA TC 3 ( 2021)  Pol yvi nyl  Chl or i de ( PVC)  Fi t t i ngs 
f or  Use Wi t h Ri gi d PVC Condui t  and Tubi ng

NEMA TC 6 & 8 ( 2020)  St andar d f or  Pol yvi nyl  Chl or i de 
( PVC)  Pl ast i c Ut i l i t i es Duct  f or  
Under gr ound I nst al l at i ons

NEMA TC 9 ( 2020)  St andar d f or  Fi t t i ngs f or  Pol yvi nyl  
Chl or i de ( PVC)  Pl ast i c Ut i l i t i es Duct  f or  
Under gr ound I nst al l at i on

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

NFPA 70 ( 2023;  ERTA 4 2023)  Nat i onal  El ect r i cal  
Code
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SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE AMS- STD- 595A ( 2017)  Col or s used i n Gover nment  
Pr ocur ement

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 472D000 ( 2007b)  Fi ber  Opt i c Communi cat i ons Cabl e 
f or  Out si de Pl ant  Use

TI A- 492CAAB ( 2005)  Det ai l  Speci f i cat i on f or  Cl ass I va 
Di sper si on- Unshi f t ed Si ngl e- Mode Opt i cal  
Fi ber s wi t h Low Wat er  Peak

TI A- 526- 7 ( 2015a;  R 2022)  Measur ement  of  Opt i cal  
Power  Loss of  I nst al l ed Si ngl e- Mode Fi ber  
Cabl e Pl ant ,  Adopt i on of  I EC 61280- 4- 2 
edi t i on 2:   Fi br e- Opt i c Communi cat i ons 
Subsyst em Test  Pr ocedur es -  Par t  4- 2:   
I nst al l ed Cabl e Pl ant  -  Si ngl e- Mode 
At t enuat i on and Opt i cal  Ret ur n Loss 
Measur ement

TI A- 526- 14 ( 2023d)  OFSTP- 14A Opt i cal  Power  Loss 
Measur ement s of  I nst al l ed Mul t i mode Fi ber  
Cabl e Pl ant

TI A- 568. 1 ( 2020e)  Commer ci al  Bui l di ng 
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

TI A- 568. 3 ( 2022e)  Opt i cal  Fi ber  Cabl i ng Component s 
St andar d

TI A- 569 ( 2019e;  Add 1 2022)  Tel ecommuni cat i ons 
Pat hways and Spaces

TI A- 590 ( 1997a)  St andar d f or  Physi cal  Locat i on and 
Pr ot ect i on of  Bel ow Gr ound Fi ber  Opt i c 
Cabl e Pl ant

TI A/ EI A- 598 ( 2014D;  Add 2 2018)  Opt i cal  Fi ber  Cabl e 
Col or  Codi ng

TI A/ EI A- 604- 3 ( 2004b;  R 2014)  Fi ber  Opt i c Connect or  
I nt er mat eabi l i t y  St andar d ( FOCI S) ,  Type SC 
and SC- APC,  FOCI S- 3

U. S.  DEPARTMENT OF AGRI CULTURE ( USDA)

RUS Bul l  1753F- 601a ( 2009)  Mi ni mum Per f or mance Speci f i cat i on 
f or  Fi ber  Opt i c Cabl es ( For  Backbone,  
Feeder  and Di st r i but i on Pl ant )  ( PE- 90a)

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- STD- 2042 ( 2002;  Rev B;  Not i ce 1 2007)  Fi ber  Opt i c 
Cabl e Topol ogy I nst al l at i on St andar d 
Met hods f or  Naval  Shi ps
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1. 2   DEFI NI TI ONS

Ref er ences i n t hi s sect i on t o cabl e r ef er  t o f i ber  opt i c ( " FO" )  cabl e.   
Fi ber  opt i c cabl e consi st s of  opt i cal  f i ber s,  st r engt h member [ s] ,  and 
j acket i ng.   Associ at ed component s i ncl ude opt i cal  f i ber  connect or s,  
opt i cal  pat ch panel s,  t er mi nal  bay cabi net s,  and spl i ce c l osur es as 
i ndi cat ed.

1. 3   ADMI NI STRATI VE REQUI REMENTS

1. 3. 1   Pr e- I nst al l at i on Meet i ngs

Wi t hi n [ 30]  [ _____]  cal endar  days af t er  [ dat e of  awar d]  [ dat e of  r ecei pt  
by hi m of  not i ce of  awar d] ,  submi t  f or  t he appr oval  of  t he Cont r act i ng 
Of f i cer  [ s i x ( 6) ]  [ _____]  copi es of  out l i ne dr awi ngs of  al l  equi pment  t o 
be f ur ni shed under  t hi s cont r act ,  t oget her  wi t h pr e- const r uct i on and 
i nst al l at i on dr awi ngs and document s.   Ensur e dr awi ngs show t he gener al  
ar r angement  and over al l  di mensi ons of  t he cabl e i nst al l at i on,  cont r ol  
cent er s,  space r equi r ement s,  det ai l s of  any hi dden f l oor  suppor t s or  
cei l i ng syst ems and pr ovi s i ons f or  condui t s f or  ext er nal  cabl es.   Submi t  
t he f ol l owi ng f or  r evi ew and appr oval :

a.   Fi ber  Opt i c Syst em Cont r act  Dr awi ngs

b.   Det ai l ed Shop Dr awi ngs

c.   Qual i f i cat i ons

d.   Qual i t y Assur ance Pl an

Submi t  a qual i t y assur ance pl an f or  f i ber  opt i c cabl e syst ems consi st i ng 
of  det ai l ed pr ocedur es def i ni ng met hods t o ensur e compl i ance t o cont r act  
dr awi ngs and speci f i cat i ons by dr awi ng cont r ol ,  i nspect i on and pr ocur ement  
r ecor ds,  and t est  pl an showi ng when and how each syst em wi l l  be t est ed,  
mat er i al  t est i ng,  and cer t i f i cat i on r ecor ds.    Submi t  t est  pl an t o t he 
Techni cal  Repr esent at i ve f or  appr oval  at  l east  [ 30]  [ _____]  cal endar  days 
pr i or  t o t he st ar t  of  t est i ng.

Submi t  manuf act ur er ' s pr oduct  dat a f or  t he f ol l owi ng i t ems.   Ensur e dat a 
i ncl udes a compl et e l i s t  of  par t s,  speci al  t ool s,  and suppl i es wi t h 
cur r ent  uni t  pr i ces and sour ce of  suppl y:

a.   Opt i cal  Fi ber s

b.   Fi ber  Opt i c Cabl e Desi gn

c.   Spl i ce Or gani zer s

d.   Pr e- Connect ed Cabl e Assembl y

e.   Fi ber  Opt i c Ter mi nal  Cabi net s

f .   Opt i cal  Pat ch Panel  Assembl i es

g.   Fi ber  Opt i c Medi a Types

h.   Fi ber  Opt i c Ter mi nat i ons and Connect or s
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i .   Fi ber  Opt i c Encl osur es

j .   Fi ber  Opt i c Cabl e I nst al l er  and Spl i cer  Qual i f i cat i ons

k.   Manuf act ur er ' s Qual i f i cat i ons

1. 4   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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 ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  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 cl assi f i 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  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s 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 ct  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 ct  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.

 The " S"  c l assi f i cat i on i ndi cat es submi t t al s 
r equi r ed as pr oof  of  compl i ance f or  sust ai nabi l i t y  
Gui di ng Pr i nci pl es Val i dat i on or  Thi r d Par t y 
Cer t i f i cat i on and as descr i bed i n Sect i on 01 33 00 
SUBMI TTAL PROCEDURES.

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"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat 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 code f ol l owi ng t he " G"  c l assi f i cat i on i dent i f i es t he of f i ce t hat  
wi l l  r evi ew t he submi t t al  f or  t he Gover nment . ]   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- 01 Pr econst r uct i on Submi t t al s

Qual i f i cat i ons[ ;  G[ ,  [ ____] ] ]

Qual i t y Assur ance Pl an[ ;  G[ ,  [ ____] ] ]

SD- 02 Shop Dr awi ngs
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Fi ber  Opt i c Syst em Cont r act  Dr awi ngs[ ;  G[ ,  [ ____] ] ]

Det ai l ed Shop Dr awi ngs[ ;  G[ ,  [ ____] ] ]

Recor d ( As- Bui l t )  Dr awi ngs[ ;  G[ ,  [ ____] ] ]

SD- 03 Pr oduct  Dat a

Opt i cal  Fi ber s[ ;  G[ ,  [ ____] ] ]

Fi ber  Opt i c Cabl e Desi gn[ ;  G[ ,  [ ____] ] ]

Spl i ce Or gani zer s[ ;  G[ ,  [ ____] ] ]

Pr e- Connect ed Cabl e Assembl y[ ;  G[ ,  [ ____] ] ]

Fi ber  Opt i c Ter mi nal  Cabi net s[ ;  G[ ,  [ ____] ] ]

Opt i cal  Pat ch Panel  Assembl i es[ ;  G[ ,  [ ____] ] ]

Fi ber  Opt i c Medi a Types[ ;  G[ ,  [ ____] ] ]  

Fi ber  Opt i c Ter mi nat i ons and Connect or s[ ;  G[ ,  [ ____] ] ]

Fi ber  Opt i c Encl osur es[ ;  G[ ,  [ ____] ] ]

SD- 06 Test  Repor t s

Si ngl e and Mul t i - Mode OTDR Test [ ;  G[ ,  [ ____] ] ]

Fi ber  Opt i c Fi el d Test s Pl an[ ;  G[ ,  [ ____] ] ]

SD- 07 Cer t i f i cat es

Fi ber  Opt i c Cabl e I nst al l er  and Spl i cer  Qual i f i cat i ons[ ;  G[ ,  
[ ____] ] ]

Manuf act ur er ' s Qual i f i cat i ons[ ;  G[ ,  [ ____] ] ]

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

1. 5   QUALI TY CONTROL

1. 5. 1   Fi ber  Opt i c Cabl e I nst al l er  and Spl i cer  Qual i f i cat i ons

Pr ovi de t echni c i ans i nst al l i ng FO medi a,  spl i ces and per f or mi ng syst em 
t est s who ar e cer t i f i ed and t r ai ned i n accor dance wi t h an appr oved 
manuf act ur er s t r ai ni ng pr ogr am,  wi t h a mi ni mum of  3 year s FO exper i ence i n 
i nst al l i ng equi val ent  FO syst ems.   Submi t  dat a f or  appr oval  t o t he [ ____]  
Cont r act i ng Of f i cer .   Submi t  FO t echni c i an qual i f i cat i ons f or  appr oval  30 
days bef or e spl i ces ar e t o be made on t he cabl e.   Cer t i f i cat i on i ncl udes 
t he t r ai ni ng,  and exper i ence of  t he i ndi v i dual  on speci f i c  t ype and 
cl assi f i cat i on of  FO medi a t o be pr ovi ded under  t hi s cont r act .

1. 5. 2   Qual i t y Assur ance Pl an

Pr epar e a qual i t y assur ance pl an whi ch pr ovi des a det ai l ed out l i ne of  al l  
t est i ng t o be accompl i shed.   Qual i t y assur ance pl an i ncl udes,  as a 
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mi ni mum,  a schedul e of  when t est s wi l l  be per f or med r el at i ve t o 
i nst al l at i on mi l est ones,  speci f i c  t est  pr ocedur e t hat  wi l l  be used,  a l i s t  
of  t est  equi pment  t hat  wi l l  be used i ncl udi ng manuf act ur er ,  model  number ,  
r ange,  r esol ut i on accur acy and conf or mance t o t he speci f i ed r equi r ement s.

1. 5. 3   Manuf act ur er ' s Qual i f i cat i ons

Ensur e FO medi a manuf act ur er  has a mi ni mum of  3 year s exper i ence i n t he 
manuf act ur i ng,  assembl y,  and f act or y t est i ng of  FO medi a whi ch compl y wi t h 
RUS Bul l  1753F- 601a.   Ensur e manuf act ur er  pr ovi des a l i s t  of  cust omer s 
wi t h 3 year s of  mai nt enance l ogs document i ng exper i ence wi t h gover nment  
cust omer s.

1. 5. 4   Fi ber  Opt i c Fi el d Test s Pl an

Pr epar e and pr ovi de t echni c i ans and t est  equi pment  f or  f i el d t est s of  FO 
medi a.   Per f or m OTDR and end t o end t est s of  al l  i nst al l ed medi a.   Conduct  
t est s on si ngl e mode f i ber  i n accor dance wi t h TI A- 526- 7 f or  s i ngl e mode 
f i ber  and TI A- 526- 14 f or  mul t i  mode f i ber .

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Shi p medi a t o j ob s i t e on f act or y r eel s i n [ ____]  m [ ____] - f t  l engt hs or  
i n f act or y car t ons.   Pr ovi de a r eel  dr um r adi us no smal l er  t han t he 
mi ni mum bend r adi us r ecommended by t he manuf act ur er  f or  t he medi a.   At t ach 
a per manent  l abel  on each r eel  showi ng l engt h,  medi a,  i dent i f i cat i on 
number ,  and dat e of  manuf act ur e.   Pr ovi de wat er  r esi st ant  l abel  and i nk on 
t he l abel s.   Appl y end seal s t o each end of  t he medi a t o pr event  moi st ur e 
f r om ent er i ng t he cabl e whi l e st or ed at  t he j ob s i t e.   Ensur e r eel s ar e 
sui t abl e f or  out s i de st or age condi t i ons when t emper at ur e r anges f r om mi nus 
40 degr ees C t o pl us 65 degr ees Cmi nus 40 degr ees F t o pl us 150 degr ees F,  
wi t h r el at i ve humi di t y f r om zer o t o 100 per cent .   St or e equi pment ,  ot her  
t han FO medi a,  del i ver ed and pl aced i n st or age wi t h pr ot ect i on f r om 
weat her ,  humi di t y and t emper at ur e var i at i on,  di r t  and dust ,  or  ot her  
cont ami nant s.

1. 7   PROJECT/ SI TE CONDI TI ONS

Ensur e t hat  t he bur i ed cabl e i s f ed t hr ough t he pl ow i nt o t he gr ound at  
zer o t ensi on.   Do not  al l ow t ensi on t o devel op i n t he cabl e.

Whenever  t he pl ow i s st opped,  unr eel  suf f i c i ent  cabl e t o guar d agai nst  
sudden j er ks when t he pl ow i s st ar t ed.

Exer ci se caut i on t o ensur e t hat  t he pl ow i s not  backed up whi l e t he bl ade 
i s i n t he gr ound.   Cabl e can be sever el y damaged by t he pl ow backi ng up 
even a s l i ght  amount .   Dur i ng t he pl owi ng oper at i on,  t he pl ow may st r i ke a 
bur i ed obj ect  or  r ock t hat  woul d st op t he equi pment  and necessi t at e 
r emoval  of  t he pl ow f r om t he gr ound.   When t hi s occur s,  r emove t he pl ow 
car ef ul l y wi t hout  backi ng up.   When i t  i s  necessar y t o back t he pl ow,  
uncover  t he cabl e a suf f i c i ent  di st ance back f r om t he pl ow f or  i nspect i on 
by t he Cont r act i ng Of f i cer  t o det er mi ne i f  t her e i s any damage.   
I mmedi at el y r epor t  any damage t o t he Cont r act i ng Of f i cer .   Repai r  or  
r epl ace damages as di r ect ed by t he Cont r act i ng Of f i cer .
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PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Pr ovi de f i ber  opt i c cabl es f or  t he duct  i n t he exi st i ng cabl e duct  and 
manhol e syst em and/ or  di r ect l y bur i ed t o t he f aci l i t y .   Pr ovi de 
modi f i cat i ons as desi gn l ocat ed wi t hi n t he f i ber  opt i c t er mi nal  i n 
exi st i ng f aci l i t y  bui l di ngs.

Pr ovi de i nst al l at i on met hods and pr ocedur es f or  i nst al l i ng t he FO medi a 
and pat hway syst em.   I ncl ude met hods and pr ocedur es f or  i nst al l i ng FO 
medi a,  pat hway,  spl i ces,  and associ at ed har dwar e.   Submi t  i nst al l at i on 
pr ocedur es and equi pment  l i s t  t o t he Cont r act i ng Of f i cer .

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ver i f y desi gn dr awi ngs pr ovi de physi cal  
l ocat i on det ai l s f or  aer i al  pol es,  under gr ound medi a 
r out es,  mai nt enance hol es,  handhol es,  duct s,  duct  
banks,  pat hways,  cabl e mar ker s,  and r el at ed 
har dwar e.   Show t el ecommuni cat i ons r ooms,  c l oset s,  
and backboar ds on dr awi ngs.   Pr ovi de a 
t el ecommuni cat i ons medi a schedul e on t he dr awi ngs 
wi t h FO pai r ,  count s,  medi a l engt h and pat hway 
l engt h.   Per f or m pat hway f i l l ,  ( max 40 per cent ) ,  and 
medi a t ensi on cal cul at i ons f or  al l  r uns.   Ensur e 
mat er i al s ar e l i s t ed as RUS cer t i f i ed f or  t he 
appl i cat i on 
ht t p: / / www. usda. gov/ r us/ t el ecom/ mat er i al s/ mat er i al . ht m

Ensur e desi gn dr awi ngs pr ovi de det ai l s f or  
i nst al l at i on of  t he FO cabl e i n accor dance wi t h 
EI A/ TI A- 590.

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

Pr ovi de det ai l ed dr awi ngs f or  t he f i ber  opt i c cabl e and pat hway syst em.   
Pr ovi de si ngl e l i ne schemat i c det ai l s of  t he f i ber  opt i c and pat hway 
medi a,  spl i ces,  and associ at ed const r uct i on mat er i al s.   Ensur e dr awi ngs 
ar e i n AUTOCAD. DXF or  compat i bl e f or mat .   Pr ovi de Regi st er ed 
Communi cat i ons Di st r i but i on Desi gner  ( RCDD)  appr oved dr awi ngs of  t he f i ber  
opt i c syst em.   I ncl ude dr awi ng det ai l s of  f i ber  opt i c t er mi nat i ons i n 
equi pment  r ooms.   Show f i nal  conf i gur at i on,  i ncl udi ng l ocat i on,  f i ber  pai r  
count ,  pat hway i nner duct  ar r angement ,  and pat hway assi gnment  of  out s i de 
pl ant . [   Desi gn Pi er  FO syst ems f or  compat i bi l i t y  wi t h MI L- STD- 2042 and 
NAVSEA dr awi ngs. ]

2. 1. 1   Fi ber  Opt i c Cabl e Desi gn

2. 1. 1. 1   Fi ber  Opt i c Medi a Types

Ver i f y FO medi a meet s al l  per f or mance r equi r ement s of  TI A- 568. 1,  TI A- 568. 3 
and t he physi cal  r equi r ement s of  I CEA S- 87- 640 and TI A/ EI A- 598.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  Speci f y r equi r ement s f or  Fi ber  Opt i c medi a 
f r om t he f ol l owi ng sel ect i ons:

Fi ber  Opt i c Medi a Type:
( s i ngl e mode)  ( mul t i  mode)  ( hybr i d)
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Fi ber  Count :  [ 12] [ 24] [ 48] [   ] [ 216]

Medi a Opt i c Char act er i st i cs:  
Fi ber  cor e di amet er :  [ 50] mmf  [ 62. 5] mmf  or  [   ] smf
Bandwi dt h 850nm mHz/ km:  [ 500] 50um   [ 160]  62. 5um 
Bandwi dt h 1300nm mHz/ km:   [ 500] 50um   [ 500] 62. 5um 
At t enuat i on 850nm dB:  [ 2. 5] 50um   [ 3. 0] 62. 5um 
At t enuat i on 1300nm dB:  [ 0. 8] 50um   [ 0. 7] 62. 5um 
Bendi ng Radi us mm:  [ 30] 50um   [ 30] 62. 6um   [ 30] smf

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

a.   Mul t i  Mode Fi ber  Medi a

Pr ovi de FO medi a wi t h out er  sheat h j acket , [  st r engt h member , ]  r i pcor ds,  
wat er  bl ocki ng mat er i al , [  opt i onal  st eel  shi el d, ]  cor e t ube,  and cor e 
f i ber s as i nst al l ed i n a per manent  under gr ound pat hway syst em as shown on 
t he const r uct i on dr awi ngs.   Pr ovi de FO medi a wi t h an al l  gl ass,  gr aded 
i ndex mat er i al  wi t h a nomi nal  cor e di amet er  of  50 mi cr ons.   Pr ovi de a 
c l addi ng mat er i al  f or  t he f i ber  whi ch i s compat i bl e wi t h t he cor e.   Cent er  
medi a t r ansmi ssi on wi ndow at  850 and 1300 nanomet er  wavel engt hs,  wi t h 
at t enuat i on at  1300 nanomet er s l ess t han or  equal  t o 1. 5 dB per  k i l omet er ,  
and mi ni mum bandwi dt h of  500 mHz- Km.   Ver i f y FO medi a compl i es wi t h 
TI A- 568. 3.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y t he number  of  f i ber  st r ands.   The 
mi ni mum number  of  f i ber  t o a f aci l i t y  or  bui l di ng i s 
12 pl us 25 per cent  spar e capaci t y.   Speci f y l oose 
t ube or  t i ght  t ube desi gn.   I n gener al  use gel at i n 
f i l l ed medi a unl ess t i ght  t ube i s r equi r ed t o 
i nt er f ace wi t h cust omer  t er mi nal  equi pment .   The 
l oose t ube const r uct i on i s mor e appr opr i at e wher e 
medi a i s subj ect  t o numer ous bends al ong t he cabl e 
r out e.   Thi s i ncl udes aer i al  and l ong di st ance r uns 
( over  one Km) .   Ti ght  t ube desi gn may be used f or  
ext er i or  di r ect  bur i al  i n duct s bel ow t he f r ost  
l i ne.   For  Navy pr oj ect s t he pr ef er r ed under gr ound 
i nst al l at i on i s wi t hi n a pat hway syst em compl i ant  
wi t h EI A/ TI A- 569.   Ensur e di r ect  bur i al  
i nst al l at i ons compl y wi t h EI A/ TI A- 590.   Medi a f or  
Def ense I nf or mat i on Syst em Agency ( DI SA)  equi pment  
connect i on shoul d compl y wi t h Mi l - St d- 188- 176.   62. 5 
mi cr on f i ber  shoul d onl y be used f or  passi ve 
ext ensi on of  exi st i ng f i ber  syst ems.   New syst em 
f i ber  connect ed t o el ect r oni cs shoul d be 50 mi cr on.

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

b.   Si ngl e Mode Fi ber  Medi a

Pr ovi de FO si ngl e mode medi a wi t h out er  sheat h j acket , [  st r engt h member , ]  
r i pcor ds,  wat er  bl ocki ng mat er i al , [  opt i onal  st eel  shi el d, ]  cor e t ube,  and 
cor e f i ber s as i nst al l ed i n a per manent  under gr ound pat hway syst em as 
shown on t he const r uct i on dr awi ngs.   Pr ovi de medi a wi t h al l  gl ass,  dual  
wi ndow,  gr aded i ndex mat er i al  wi t h a cor e di amet er  of  [ ____] [ 8. 7]  
mi cr ons.   Coat  f i ber  wi t h a c l addi ng mat er i al  whi ch i s concent r i c wi t h t he 
cor e.   Ensur e f i ber  c l addi ng di amet er  i s a nomi nal  125 mi cr ons,  and medi a 
has a t r ansmi ssi on wi ndow cent er ed at  1300 and 1550 nanomet er  
wavel engt hs.   At t enuat i on at  1550 nanomet er s i s l ess t han 0. 4 dB per  
k i l omet er .   Ver i f y FO medi a compl i es wi t h TI A- 568. 3,  and TI A- 492CAAB ( OS2) .
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2. 1. 1. 2   Cabl e Lengt h

Ensur e cabl e i s manuf act ur ed cont i nuous wi t h no f act or y spl i ces.

2. 1. 1. 3   Const r uct i on

a.   Number  of  Fi ber s Per  Tube Per  Cabl e

36- f i ber  cabl e and 72- f i ber  cabl e ar e r equi r ed as f ol l ows:

( 1)  Pr ovi de 36- f i ber  cabl e cont ai ni ng mul t i mode and si ngl e mode 
f i ber s,  wi t h cabl e cor e conf i gur at i on compr i sed of  s i x l oose 
buf f er  t ubes,  each cont ai ni ng si x f i ber s.   Col or  code si x f i ber s 
i n each l oose buf f er  t ube usi ng t he f i r st  col or s of  t he st andar d 
Munsel l  col or  code,  Bl ue,  Or ange,  Gr een,  Br own,  Sl at e,  and Whi t e.   
Col or  code l oose buf f er  t ubes usi ng t he st andar d Munsel l  col or  
code,  Bl ue,  Or ange,  Gr een,  Br own and Sl at e.   Ensur e s i xt h buf f er  
t ube i s Pi nk.   Consi der  s i ngl e mode f i ber s l ast  i n conf i gur at i on.

( 2)  Pr ovi de 72- f i ber  cabl e cont ai ni ng mul t i mode and si ngl e mode 
f i ber s,  wi t h cabl e cor e conf i gur at i on compr i sed of  12 l oose buf f er  
t ubes,  each cont ai ni ng si x f i ber s.   Col or  code si x f i ber s i n each 
l oose buf f er  t ube usi ng t he f i r st  col or s of  t he st andar d Munsel l  
col or  code,  Bl ue,  Or ange,  Gr een,  Br own,  Sl at e and Whi t e.   Col or  
code l oose buf f er  t ubes usi ng t he st andar d Munsel l  col or  code,  
Bl ue,  Or ange,  Gr een,  Br own,  Sl at e,  Red,  Bl ack,  Yel l ow,  and 
Vi ol et .   Ensur e el event h and t wel f t h buf f er  t ubes ar e Bl ue/ Whi t e 
and Or ange/ Whi t e,  r espect i vel y.   Consi der  s i ngl e mode f i ber s l ast  
i n conf i gur at i on.

b.   I nner  Jacket

Locat e buf f er  t ubes concent r i cal l y ar ound t he cabl e cent r al  cor e member  
and cover ed wi t h a pol yet hyl ene i nner  j acket .   Ensur e i nner  j acket  i s 
[ hi gh]  [ medi um]  densi t y pol yet hyl ene i n accor dance wi t h ASTM D4976.   Fi l l  
space bet ween t he buf f er  t ubes and i nner  j acket  wi t h a gel  compound t o 
pr event  ai r ,  moi st ur e,  or  wat er  i nt r usi on i n t he i nner  j acket .

c.   Pul l i ng St r engt h Member

Use a r ami d t ype mat er i al  as pul l i ng st r engt h member s i n t he cabl e t o 
pr ovi de pul l i ng st r engt h of  at  l east  [ 1800]  [ _____]  newt on [ 400]  [ _____]  
pounds f or  t he cabl e dur i ng i nst al l at i on.

d.   Cabl e Out er  Jacket

Appl y bl ack [ hi gh]  [ medi um]  densi t y,  hi gh- mol ecul ar  wei ght ,  pol yet hyl ene 
mat er i al s i n accor dance wi t h ASTM D4976 l ongi t udi nal l y over  al l  t he i nner  
j acket  and sheat hi ng st r engt h member  t o f or m t he cabl e out er  j acket .   
Ensur e out er  j acket  i s smoot h,  concent r i c,  non- nut r i ent  t o f ungus,  and 
f r ee f r om hol es,  spl i t s,  bl i s t er s,  or  ot her  i mper f ect i ons.   Over al l  
out s i de cabl e di amet er  cannot  exceed [ 19]  [ _____]  mi l l i met er  [ 0. 75]  
[ _____] - i nch.

e.   Met al l i c  Ar mor

Pr ovi de a met al l i c  ar mor  shi el d f or  di r ect  bur i ed cabl e f or  addi t i onal  
t ensi l e st r engt h,  r odent  pr ot ect i on,  and hi gh cr ush and moi st ur e 
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r esi st ance.   Pr ovi de met al l i c  ar mor i ng of  met al l i c  t ube or  st eel  
cor r ugat i on- coat ed wi t h ant i - cor r osi on mat er i al ,  seal ed at  t he 
l ongi t udi nal  over l ap.

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

A si ngl e l i ne of  t he cabl e I D i ndi cat es mul t i - mode or  s i ngl e mode f i ber s,  
t he cabl e number  and t he f i ber  count .   A hybr i d cabl e wi l l  show bot h on 
t he same l i ne.

Exampl e:
FM05 :  61- 120 I dent i f i es Mul t i - Mode Fi ber  Cabl e 05 wi t h 

MM Fi ber s 61 t hr ough 120.

FS05 :  13- 24 I dent i f i es Si ngl e Mode Fi ber  Cabl e 05 wi t h 
SM Fi ber s 13 t hr ough 24.

2. 1. 3   Temper at ur e Envi r onment

Pr ovi de f i ber  opt i cal  cabl e compl i ant  wi t h t he mechani cal  per f or mance 
r equi r ement s her ei n whi l e used i n duct  appl i cat i ons wher e t he t emper at ur e 
var i es f r om mi nus 8 degr ees C t o pl us 38 degr ees C 17. 6 degr ees F t o 100 F.   
Ensur e opt i cal  per f or mance degr adat i on i s l ess t han [ f i ve]  [ _____]  per cent  
of  t he opt i cal  per f or mance r equi r ement s i n t he t emper at ur e r ange of  mi nus 
20 degr ees C t o pl us 60 degr ees C 4 degr ees F t o 140 degr ees F.   Do not  
damage f i ber  opt i cal  cabl e i n st or age wher e t he t emper at ur e may var y f r om 
mi nus 40 degr ees C t o pl us 65 degr ees C 40 degr ees F t o 149 degr ees F.

2. 2   EQUI PMENT

2. 2. 1   Spl i ce Or gani zer s

Pr ovi de f usi on spl i ced si ngl e mode or  mul t i - mode f i ber s wi t h a pr ot ect i ve 
s l eeve cover i ng,  st or ed i n an or gani zer  wi t h a mi ni mum of  450 mi l l i met er  
18- i nches spar e coi l ed buf f er  t ubi ng or  r i bbon.

2. 2. 2   Pr e- Connect ed Cabl e Assembl y

Pr ovi de f act or y assembl ed pr e- connect or i zed cabl e assembl y t o i nt er f ace 
wi t h t he pat ch panel  bul khead f eed- t hr ough r ecept acl e.   Pr ovi de dust  caps 
f or  al l  t er mi nat ed f i ber s.

Ensur e mul t i - mode f i ber  opt i c cabl e assembl y i s compr i sed of  a s i ngl e 
f i ber  connect or ,  t er mi nat ed on [ t hr ee ( 3) ]  [ _____]  met er  l engt h of  s i ngl e 
f i ber ,  mul t i - mode cabl e.   Ver i f y s i ngl e f i ber  cabl e cont ai ns a buf f er ed 
opt i cal  f i ber  t he same as t hat  pr ovi ded i n t he mul t i - f i ber  cabl e.

Ensur e s i ngl e f i ber  opt i c cabl e assembl y i s compr i sed of  a s i ngl e f i ber  
connect or  t er mi nat ed on t he [ t hr ee ( 3) ]  [ _____]  met er  l engt h of  s i ngl e 
f i ber ,  s i ngl e mode cabl e.   Si ngl e f i ber  cabl e cont ai ns a buf f er ed opt i cal  
f i ber ,  t he same as t hat  pr ovi ded i n t he mul t i - f i ber  cabl e.   Ensur e r et ur n 
l oss f or  s i ngl e mode connect or s i s a mi ni mum of  [ mi nus 30dB]  [ _____] .

Pr ovi de connect or / cabl e i nt er f ace on bot h t he s i ngl e and mul t i - mode cabl e 
assembl i es abl e t o wi t hst and a t ensi l e f or ce of  [ 110]  [ _____]  newt on [ 25]  
[ _____]  pounds wi t hout  det r i ment al  ef f ect s on t he connect or  l oss 
char act er i st i cs.
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Ver i f y each connect or i zed cabl e assembl y has a l oss of  l ess t han or  equal  
t o [ 0. 5 dB]  [ _____] .

2. 2. 3   Opt i cal  Pat ch Panel  Assembl i es

Pr ovi de al l  cabl e t er mi nat i ons i n opt i cal  pat ch panel  assembl i es,  wi t h 
pat ch panel  assembl i es of  t he pr e- assembl ed chassi s t ype wi t h associ at ed 
r ack- mount i ng har dwar e.

To f aci l i t at e t he t r ansi t i on bet ween out si de pl ant  cabl e and t he 
pr econnect or i zed cabl e assembl i es,  ensur e t he f i ber s ar e [ f usi on]  
[ mechani cal ]  spl i ced and housed i n a spl i ce t r ay.   Posi t i on spl i ce t r ay i n 
t he opt i cal  pat ch panel  assembl y as i ndi cat ed.   Ensur e spl i ce at t enuat i on 
does not  exceed [ 0. 2]  [ _____]  db.   Cover  spl i ce wi t h a pr ot ect i ve s l eeve.

2. 2. 4   Fi ber  Opt i c Ter mi nal  Cabi net s

Pr ovi de f r ont  r ecess onl y FOT cabi net s.   Cabi net ' s f r ame consi st s of  
ver t i cal  and hor i zont al  t ubul ar  al umi num ext r usi ons wi t h a mi ni mum wal l  
t hi ckness of  [ 3. 81]  [ _____]  mi l l i met er  [ . 150]  [ _____] - i nches.   Ensur e 
f r ont  t o r ear  al umi num ext r uded cor ner s ar e at  l east  [ 3. 18]  [ _____]  
mi l l i met er  [ . 125]  [ _____] - i nches t hi ck,  and r ear  door ,  t op panel ,  and si de 
panel s ar e a mi ni mum of  [ 1. 3]  [ _____]  mi l l i met er  [ 18]  [ _____] - gage st eel .   
Pr ovi de cabi net  wi t h [ 1. 9]  [ _____]  mi l l i met er  [ 14]  [ _____]  gage st eel ,  
[ 7. 14]  [ _____]  mi l l i met er  [ . 281]  [ _____]  i nches punched panel / chassi s 
mount i ng r ai l s per mi t t i ng r ecessed i nst al l at i on of  equi pment .   Pl ace cabl e 
ent r y and exi t  hol es as i ndi cat ed.   Ver i f y di mensi ons of  cabi net  and 
associ at ed cabi net  har dwar e ar e as i ndi cat ed.

Pr ovi de gr ay col or  cabi net  i n accor dance wi t h SAE AMS- STD- 595A.

2. 2. 5   Fi ber  Opt i c Encl osur es

Pr ovi de met al l i c  encl osur es f or  f i ber  opt i c dat a t r ansmi ssi on equi pment .   
NEMA 250,  t ype 4 encl osur e.   Pr ot ect  t he spl i ced f i ber s f r om moi st ur e and 
physi cal  damage.   Spl i ce c l osur e pr ovi des st r ai n r el i ef  f or  t he cabl e and 
t he f i ber s at  spl i ce poi nt s.   Pr ovi de f ul l  document at i on c i t i ng 
conf or mance t o st r uct ur al  par amet er s.

2. 2. 6   Fi ber  Opt i c Ter mi nat i ons And Connect or s

FO connect or s t o compl y wi t h TI A- 568. 3 and TI A/ EI A- 604- 3.

2. 2. 7   Fi ber  Opt i c Pat hway Syst em

Pr ovi de an FO pat hway syst em i ncl udi ng r aceway condui t ,  duct  syst em,  and 
mai nt enance manhol es and handhol es as shown on t he dr awi ngs.   Pr ovi de 
pat hway mat er i al s compl i ant  wi t h TI A- 569,  and t he f ol l owi ng commer ci al  
st andar ds f or  const r uct i on mat er i al s,  NEMA RN 1 ( PVC) ,  NEMA TC 2 ( PVC) ,  
NEMA TC 3 ( PVC) ,  NEMA TC 6 & 8,  and NEMA TC 9.

2. 2. 7. 1   Condui t

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t he f ol l owi ng par agr aph and speci f y 
t he speci f i c  condui t  r equi r ement s f or  smal l  pr oj ect s 
i n t hi s sect i on.

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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[ Pr ovi de condui t  as speci f i ed i n Sect i on 33 71 02 UNDERGROUND ELECTRI CAL 
DI STRI BUTI ON.

] 2. 2. 8   FO Medi a Tags

Pr ovi de st ai nl ess st eel ,  41. 25 mm 1 5/ 8- i nches i n di amet er  1. 58 mm 
1/ 16- i nch t hi ck,  and ci r cul ar  i n shape.

2. 2. 9   Bur i ed War ni ng and I dent i f i cat i on Tape

Pr ovi de col or ,  t ype and dept h of  t ape as speci f i ed i n par agr aph " Bur i ed 
War ni ng and I dent i f i cat i on Tape"  i n Sect i on 31 00 00 EARTHWORK.   Ensur e FO 
medi a i s mar ked and pr ot ect ed as r equi r ed by TI A- 590.  

2. 2. 10   Gr oundi ng Br ai d

Pr ovi de l ow el ect r i cal  i mpedance connect i ons gr oundi ng br ai d f r om f l at  
t i n- pl at ed copper  f or  dependabl e shi el d bondi ng.

2. 3   MATERI ALS

Ver i f y al l  mat er i al s used wi t hi n a gi ven cabl e ar e compat i bl e wi t h al l  
ot her  mat er i al s used i n t he same cabl e when such mat er i al s come i nt o 
i nt i mat e cont act .   Ensur e al l  cabl e component s used have no adver se af f ect  
on opt i cal  t r ansmi ssi on or  on t he mechani cal  i nt egr i t y char act er i st i cs of  
t he f i ber  pl aced i n t he cabl e,  and al l  mat er i al s used ar e non- t oxi c,  
non- cor r osi ve,  and pr esent  no der mal  hazar d.

Mi ni mum r equi r ed mat er i al  component s appl i ed t o f i ber  opt i c cabl e 
const r uct i on ar e:  cent r al  cor e member ,  r i bbon f i ber  bundl e,  col or - coded 
opt i cal  f i ber ,  col or - coded l oose t ube buf f er  wi t h gel - f i l l i ng,  gel - f i l l i ng 
ar ound l oose t ube,  i nner  j acket ,  pul l i ng st r engt h member s,  and out er  
j acket .   Var i at i ons i n sequence and const r uct i on st r uct ur al  component s 
wi l l  be consi der ed when necessar y.

2. 3. 1   Cent r al  Cor e Member

As appl i cabl e,  i ncl ude a cent r al  cor e member  t o ser ve as a cabl e cor e 
f oundat i on t o r educe st r ai n on t he f i ber s but  not  t o ser ve as a pul l i ng 
st r engt h member .   Ensur e mat er i al  of  t he cent r al  cor e member  i s 
non- met al l i c .

2. 3. 2   Opt i cal  Fi ber s

Pr ovi de t wo t ypes of  opt i cal  f i ber s,  s i ngl e- mode f i ber  and mul t i - mode 
f i ber ,  wi t hi n t he cabl e as f ol l ows:

2. 3. 2. 1   Si ngl e- Mode ( SM)  Fi ber

Pr ovi de Si ngl e- Mode ( SM)  f i ber  of  equi val ent  [ st ep]  [ gr aded]  i ndex opt i cal  
gl ass,  wi t h a f i ber  cor e di amet er  of  appr oxi mat el y 8. 7 mi cr omet er .   
Cl addi ng di amet er  i s 125 pl us or  mi nus 3 mi cr omet er  wi t h cor e c l addi ng 
of f set  l ess t han 1 mi cr omet er .   Ensur e mi ni mum t ensi l e st r engt h of  t he 
f i ber  af t er  pr i mar y pr ot ect i ve coat i ng i s gr eat er  t han 350, 000 ki l opascal  
50, 000 psi .

2. 3. 2. 2   Mul t i - Mode ( MM)  Fi ber

Pr ovi de Mul t i - Mode ( MM)  f i ber  of  t he [ gr aded]  [ st ep]  i ndex opt i cal  gl ass 
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t ype,  wi t h a cor e di amet er  of  [ 50]  [ 62. 5]  pl us or  mi nus 3 mi cr omet er s.   
Cl addi ng di amet er  i s 125 pl us or  mi nus 3 mi cr omet er s.  Ensur e t he 
cor e- cl addi ng of f set  i s  l ess t han 3 mi cr omet er ,  and t he mi ni mum t ensi l e 
st r engt h of  t he f i ber  af t er  pr i mar y pr ot ect i ve coat i ng i s gr eat er  t han 
350, 000 ki l opascal  50, 000 psi .

Sof t eni ng poi nt  of  t he opt i cal  f i ber  c l ad mat er i al  i s  1630 degr ees C pl us 
or  mi nus 50 degr ees C i n accor dance wi t h ASTM C338,  or  t he opt i cal  f i ber  
meet s t he r equi r ement s i n par agr aph SPLI CE COMPATI BI LI TY TEST.

2. 3. 3   Fi ber  Pr i mar y Pr ot ect i ve Coat i ng

Coat  opt i cal  f i ber  wi t h sui t abl e mat er i al  t o pr eser ve t he i nt r i nsi c hi gh 
t ensi l e st r engt h of  t he gl ass f i ber .   Ensur e out si de di amet er  of  t he 
coat ed opt i cal  f i ber  i s 250 ( pl us or  mi nus 15)  mi cr omet er .   Pr ovi de 
coat i ng mat er i al  whi ch i s r eadi l y r emovabl e,  mechani cal l y or  chemi cal l y,  
wi t hout  damagi ng t he opt i cal  f i ber s when t he r emoval  i s  desi r ed.

2. 3. 4   Opt i cal  Fi ber  Col or - Code Coat i ng

Coat  pr i mar y pr ot ect i ve coat ed SM and MM f i ber s wi t h a col or - code coat i ng 
f or  i ndi v i dual  f i ber  i dent i f i cat i on.   Maxi mum out si de di amet er  of  
col or - code coat ed f i ber  i s l ess t han 300 mi cr omet er .

2. 3. 5   Loose Tube Buf f er i ng

Sur r ound col or - code coat ed f i ber [ s]  wi t h a l oose t ube buf f er i ng f or  
pr ot ect i on f r om ext er nal  mechani cal  and envi r onment al  i nf l uences.   Fi l l  
i nt er i or  of  t he t ube wi t h a sui t abl e gel - f i t t i ng compound t o pr event  wat er  
mi gr at i on.   Col or  code l oose t ube buf f er i ng f or  t he t ube i dent i f i cat i on.   
Ensur e mat er i al  of  t he buf f er i ng t ube i s [ PVC]  [ myl ar ]  [ nyl on]  [ _____] .

2. 3. 6   Opt i cal  Fi ber  Ri bbons

A r i bbon i s a pl anar  ar r ay of  opt i cal  f i ber s t ypi cal l y wi t h a count  of  12 
or  24 compr i s i ng one uni t  and wi t hi n a cabl e mul t i pl e uni t s shal l  be 
appr opr i at el y i dent i f i ed and const r uct ed,  per  TI A- 472D000.

2. 3. 7   Col or ant s

Ver i f y col or  concent r at es or  i nks used t o col or  code t he opt i cal  f i ber s 
and t he l oose buf f er  t ube ar e not  suscept i bl e t o mi gr at i on and chemi cal  
r eact i on wi t h gel  f i l l i ng compound.

2. 3. 8   Fi l l i ng Compound

Ensur e i nner  j acket  i nt er i or ,  l oose t ube buf f er  or  r i bbon f i ber  bundl e 
cavi t y cont ai ns a gel - t ype f i l l i ng compound,  of  sui t abl e v i scosi t y so t hat  
i t  pr ot ect s t he opt i cal  f i ber s agai nst  t he i ngr ess of  wat er  and/ or  sol ubl e 
chemi cal s,  and not  f l ow at  t he t emper at ur e of  up t o 65 degr ees C 149 
degr ees F.   Ver i f y gel  f i l l i ng compound i s el ect r i cal l y non- conduct i ng,  
i ner t  gel - t ype,  wat er pr oof  compound,  non- t oxi c,  wi t h no der mal  hazar ds,  
and compat i bl e chemi cal l y and mechani cal l y wi t h al l  cabl e component s and 
associ at ed spl i ce har dwar e mat er i al s t o whi ch i t  may make cont act .   Ensur e 
gel  f i l l i ng compound i s r emovabl e,  as r equi r ed,  usi ng commer ci al l y 
avai l abl e pr oduct s under  f i el d- t ype condi t i ons.
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PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  and t est  t he FO medi a i n accor dance wi t h cont r act  dr awi ngs,  
speci f i cat i ons,  [ I EEE C2, ]  NFPA 70,  and TI A- 590.   Pr ovi de al l  necessar y 
power ,  ut i l i t y  ser vi ces,  t echni c i ans,  t est  equi pment ,  cal i br at i on 
equi pment  as r equi r ed t o per f or m f i nal  accept ance t est s of  t he medi a.   
Repl ace medi a whi ch f ai l s t he f i nal  accept ance f i el d t est s and r e- t est  at  
t he cont r act or s expense.   

3. 1. 1   Fi ber  Spl i ces

Spl i ces ar e not  per mi t t ed unl ess shown on t he const r uct i on dr awi ngs.

Test  spl i ces t o demonst r at e a maxi mum 0. 2 dB l oss.   Pr ovi de [ f usi on]  
[ mechani cal ]  t ype out si de pl ant  f i ber  spl i ces al ong t he f i ber  r out e.   Make 
al l  spl i ce measur ement s at  1300 nm,  pl us or  mi nus 5 nm.   Mount  al l  spl i ces 
i n t r ays.   Do not  i ncr ease number  of  spl i ces.

Pr ot ect  medi a ends of  unspl i ced FO medi a dur i ng spl i c i ng oper at i ons.   
Cover  compl et ed spl i ce wi t h a pr ot ect i ve s l eeve heat  shr i nk t ype t o 
r est or e t he pr ot ect i ve pr oper t i es of  t he f i ber  coat i ng and buf f er i ng.   
Devi at i ons t o t he spl i ce,  l ocat i on and pul l i ng pl an wi l l  be per mi t t ed,  
upon appr oval  by t he Cont r act i ng Of f i cer ,  at  no addi t i onal  cost  t o t he 
Gover nment .

Ensur e al l  f i ber  col or s ar e cont i nuous f r om end t o end.   No swi t chi ng or  
st agger i ng of  col or  scheme wi t hi n t he cabl e at  spl i ce poi nt s i s al l owed.   
Spl i ce f i ber s i n or der  wi t h mul t i - mode f i ber s i dent i f i ed f i r st  and si ngl e 
mode f i ber s at  t he end.

Br i ng cabl es out  of  t he manhol e i n a cont r ol l ed envi r onment  t o per f or m t he 
f i ber  f usi on spl i ce oper at i on.   Compl et e spl i ce by r et ur ni ng t he cabl e t o 
t he manhol e such t hat  t he excess cabl e does not  i mpede f ut ur e ent r ance and 
ut i l i zat i on.   Secur e cabl e at  r egul ar  i nt er val s.

3. 1. 2   Cont r act or  Damage

Pr ompt l y r epai r  i ndi cat ed ut i l i t y  and communi cat i ons l i nes or  syst ems 
damaged dur i ng s i t e pr epar at i on and const r uct i on.   When Cont r act or  i s 
advi sed i n wr i t i ng of  t he l ocat i on of  a non- i ndi cat ed l i ne or  syst em,  such 
not i ce pr ovi des t hat  por t i on of  t he l i ne or  syst em wi t h " i ndi cat ed"  st at us 
i n det er mi ni ng l i abi l i t y  f or  damages.   I n ever y event ,  i mmedi at el y not i f y 
t he Cont r act i ng Of f i cer  of  damage.

3. 1. 3   Bur i ed Cabl e and/ or  I nner - Duct  f or  Bl own Fi ber  Opt i c Cabl e

3. 1. 3. 1   Locat i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Bur i ed cabl e i nst al l at i on r ef er s t o t he 
pl acement  of  cabl es di r ect l y i n t he gr ound wi t hout  
pr ot ect i on ot her  t han t hei r  own out er  cover age 
( j acket s) .   The over al l  bur i ed cabl e i nst al l at i on 
may i ncl ude manhol es and hand hol es,  f or  spl i c i ng,  
t er mi nat i ng and pul l - t hr ough pur poses.

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

SECTI ON 27 13 23. 00 40  Page 18



Ver i f y l ocat i on of  t he cabl e spl i ce over l aps as i ndi cat ed.   Ensur e t hat  
al l  cabl e ends ar e suf f i c i ent l y l ong bef or e cut t i ng.

3. 1. 3. 2   Fi el d St aki ng

When st aki ng t he cabl e pl ow or  t r ench l i ne,  pl ace st akes at  l east  ever y 30 
met er  100- f eet  i n l evel  count r y and mor e f r equent l y i n r ol l i ng count r y or  
i n dense veget at i on,  so t hat  t he const r uct i on f or ce can si ght  at  l east  t wo 
successi ve st akes at  al l  t i mes.   Pl ace st akes at  changes i n di r ect i on.   
The begi nni ng and end of  al l  t ur ns shoul d be st aked cl ear l y.   Wher e 
exi st i ng bur i ed cabl e i s encount er ed wi t hi n [ 600]  [ _____]  mi l l i met er  [ 2]  
[ _____] - f eet  of  t he pr oposed l i ne,  decr ease t he di st ance bet ween st akes t o 
a mi ni mum of  [ 3]  [ _____]  met er  [ 10]  [ _____] - f eet .   When possi bl e,  st akes 
shoul d pr oj ect  above t he veget at i on al ong t he l i ne.   When a r oad or  ot her  
cr ossi ngs ar e i nvol ved,  Pl ace st akes at  bot h ext r emes of  t he r i ght - of - way.

A st ake,  wi t h t he appr opr i at e number  or  expl anat i on not ed on i t ,  shoul d be 
used t o show t he l ocat i on of  each caut i on poi nt ,  such as under gr ound 
ut i l i t y  cr ossi ngs and cul ver t s;  mi scel l aneous poi nt s,  such as physi cal  
cabl e pr ot ect i on;  and bur i ed cabl e war ni ng si gn l ocat i ons.

3. 1. 3. 3   Met hod of  Cabl e Pl acement

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Met hod used i n pl aci ng t he cabl e depends on 
t he exact  l ocat i on of  t he r out e,  obst r uct i ons 
encount er ed,  soi l  condi t i ons,  and t opogr aphy of  t he 
r out e.   Use met hod whi ch best  sui t s t he l ocal  
condi t i ons and whi ch pr oduces t he l east  amount  of  
di st ur bance or  damage t o exi st i ng ut i l i t i es and 
sur r oundi ng ar eas shoul d be used.   Under  cer t ai n 
condi t i ons,  combi nat i ons of  pl aci ng met hods may be 
advant ageous.

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

Pl ace a war ni ng t ape above al l  di r ect  bur i ed cabl e and i nner - duct .

Ensur e dept h of  bur i ed cabl e and i nner - duct  i n soi l  measur ed f r om t he t op 
of  t he cabl e or  i nner - duct  t o t he sur f ace of  t he gr ound i s a mi ni mum of  
[ 800]  [ _____]  mi l l i met er  [ 30]  [ _____] - i nches.   When exi st i ng ut i l i t i es ar e 
cr ossed,  use hand excavat i on at  a di st ance of  no l ess t han [ 1. 3]  [ _____]  
met er  [ f our ]  [ _____] - f eet  on each si de of  t he ut i l i t y .

a.   Open Tr ench Met hod

( 1)  Ensur e t r ench i s f r ee of  al l  r ock and debr i s.

( 2)  Pul l  cabl e or  i nner - duct  f r om cabl e r eel  t r uck or  dol l y and pl ace 
i n t he t r ench by hand.

( 3)  Pl ace cabl e or  i nner - duct  i n t r ench as soon as pr act i cal  and 
backf i l l  i mmedi at el y t o avoi d cave- i n,  and ensur e saf e oper at i onal  
condi t i ons.

( 4)  Pr ovi de i nspect i on c l osel y behi nd t he cabl e r eel  dol l y and ensur e 
t hat  t he cabl e or  i nner - duct  l i es f l at  on t he t r ench bot t om,  and 
i s pl aced at  t he r equi r ed mi ni mum dept h.

( 5)  Pul l  cabl e or  i nner - duct  by hand on each end si mul t aneousl y,  t o 
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r emove excess sl ack,  pr i or  t o backf i l l i ng.

( 6)  Backf i l l  t r ench i n [ 150]  [ _____]  mi l l i met er  [ s i x]  [ _____] - i nch 
l i f t s  t o ensur e pr oper  f i l l .   Compact  each backf i l l  l i f t  wi t h hand 
t amp t ool s.   Hand t amp f i r st  l i f t  pr i or  t o pl aci ng t he cabl e.

b.   Di r ect  Pl ow Met hod

( 1)  Ensur e pl ow i s c l ear  of  any obst r uct i on whi ch may damage cabl e or  
i nner - duct  and t hat  al l  r ol l er s on t he t r act or  and on t he pl ow 
t ur n f r eel y and ar e pr oper l y l ocat ed.

( 2)  Hand f eed cabl e or  i nner - duct  of f  t he r eel  at  al l  t i mes t o ensur e 
t hat  no damage i s done t o t he cabl e due t o excess t ensi on.

( 3)  Cl osel y i nspect  t he cabl e or  i nner - duct  f or  any bl emi sh or  damage,  
and ensur e a f r ee and cont i nuous f l ow of  t he cabl e or  i nner - duct  
f r om t he r eel  t o t he pl ow.   Ensur e t hat  t he cabl e or  i nner - duct  i s 
pl owed at  t he mi ni mum r equi r ed dept h.

3. 1. 3. 4   Compact i on

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f ol l owi ng met hod of  compact i on i s 
r ecommended:   Run t he t r act or  t r ack or  t i r e al ong 
and i mmedi at el y adj acent  t o bot h s i des of  t he pl ow 
sl ot ;  f i l l  i n any gr ound depr essi ons whi ch may 
devel op wi t h ear t h t o f or m a mound over  t he cent er  
of  t he pl ow sl ot ;  and t hen r un t he t r act or  t i r e over  
t he cent er  s l ot .   Di f f er ent  soi l  condi t i ons may 
war r ant  t hat  ot her  met hods of  compact i on be empl oyed.

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

Compact  t he pl ow sl ot  f ol l owi ng t he pl owi ng or  t r enchi ng of  wi r e or  cabl e.

3. 1. 4   Under gr ound Cabl e Pul l i ng i n Duct s or  I nner - Duct s

Pr ovi de i nner  duct  assi gnment  of  i ndi v i dual  cabl es as i ndi cat ed.   Do not  
pl ace cabl es i n duct s ot her  t han t hose speci f i ed.

Exer ci se adequat e car e when handl i ng and st or i ng r eel s of  cabl e t o pr event  
damage t o t he cabl e.   Do not  i nst al l  cabl e wi t h dent s,  f l at  spot s,  or  
ot her  sheat h di st or t i ons.

3. 1. 4. 1   Secur i ng Cabl e

I mmedi at el y af t er  cabl e pl acement ,  at t ach a per manent  i dent i f i cat i on t ag 
as i ndi cat ed t o v i s i bl e cabl e sect i ons.   Check cabl es t o ensur e t hat  t he 
mar ki ngs ar e i nt act .

Suppor t  and secur e cabl es and equi pment  as i ndi cat ed.   Wher e t he speci f i c  
met hod of  suppor t  i s  not  shown,  use suppor t s and f ast ener s t o secur e 
cabl es and equi pment  i n posi t i on.   Pr ovi de met al l i c  suppor t s and f ast ener s 
wi t h a cor r osi on r esi st ant  f i ni sh.   Rout  al l  cabl es al ong t he i nt er i or  
s i des of  manhol es.

Pr ovi de t wo or  mor e cabl e hooks per  manhol e.

Use cl amps and st r aps as necessar y t o pr oper l y secur e t he cabl e.
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3. 1. 4. 2   Bendi ng

Use caut i on when bendi ng cabl e t o avoi d k i nks or  ot her  damage t o t he 
sheat h.   Bend r adi us i s as l ar ge as possi bl e wi t h a mi ni mum of  [ 250]  
[ _____]  mi l l i met er   [ 10]  [ _____] - i nches.   I ncr ease mi ni mum r adi us when 
necessar y t o meet  cabl e manuf act ur er ' s r ecommendat i on.   Do not  r est  cabl es 
agai nst  any shar p edges.

Pul l  and spl i ce cabl e i n t he manner  and at  t he l ocat i ons shown.

3. 1. 4. 3   Pul l i ng

At t ach pul l i ng l i nes t o bot h cabl e ends when cabl e i s dest i ned f or  
bi - di r ect i onal  pul l ,  and f i t t ed wi t h f act or y- i nst al l ed pul l i ng eyes.   Pul l  
cabl es not  equi pped wi t h a pul l i ng eye usi ng a pul l i ng l i ne at t ached t o 
t he cabl e end by means of  a cabl e gr i p.   Do not  use cor e hi t ches.

Locat e and al i gn cabl e r eel s so t hat  t he cabl e i s pai d out  f r om t he t op of  
t he r eel  i nt o t he duct  or  condui t  i n a l ong,  smoot h bend wi t hout  
t wi st i ng.   Do not  pul l  cabl e f r om t he bot t om of  t he r eel .   Use a cabl e 
f eeder  gui de of  pr oper  di mensi ons at  t he mout h t o gui de t he cabl e i nt o t he 
duct  or  condui t .

Set  up r i ggi ng at  t he pul l i ng end so t hat  t he pul l i ng l i ne and cabl e exi t  
on a l i ne par al l el  wi t h t he duct  or  condui t  t o pr event  ei t her  f r om r ubbi ng 
agai nst  t he edge or  mout h.   Do not  pul l  cabl e ends ar ound sheave wheel s.   
When t he sheave or  pul l ey cannot  be posi t i oned t o obt ai n suf f i c i ent  cabl e 
end sl ack f or  pr oper  r acki ng and spl i c i ng wi t h t he pul l i ng l i ne at t ached 
t o t he end of  t he cabl e,  a spl i t  cabl e gr i p may be used t o obt ai n t he 
necessar y s l ack.

3. 1. 4. 4   Lubr i cant

Use pul l i ng l ubr i cant  t o mi ni mi ze pul l i ng t ensi on and pr event  sheat h 
damage when pul l i ng cabl es i nt o duct s and condui t s.   Appl y l ubr i cant  t o 
t he cabl e sheat h wi t h a l ubr i cat or .   When pul l i ng has been compl et ed,  wi pe 
t he exposed cabl e ends cl ean of  l ubr i cant .

Ensur e l ubr i cant s ar e compat i bl e wi t h and i nt ended f or  use wi t h 
pl ast i c- sheat hed cabl es.   Do not  al l ow soap and gr ease t ype l ubr i cant s.

Check al l  equi pment  and t he pul l i ng set  t o mi ni mi ze i nt er r upt i ons once 
pul l i ng begi ns.   Pul l  cabl e wi t hout  st oppi ng unt i l  t he r equi r ed amount  of  
t he cabl e has been pl aced.   When t he pul l i ng oper at i on i s hal t ed bef or e 
t he pul l  i s  compl et ed,  do not  r el ease t he t ensi on of  t he pul l i ng l i ne.   
When pul l i ng i s r esumed,  over come t he i ner t i a of  t he cabl e by i ncr easi ng 
t he t ensi on i n smal l  st eps a f ew seconds apar t  unt i l  t he cabl e i s i n 
mot i on.   Feed t he cabl e f r om t he t op of  t he r eel  by r ot at i ng t he r eel  i n 
t he f eed di r ect i on at  t he r at e of  pul l .   Do not  st r i p cabl e of f  t he r eel  
by pul l i ng.

3. 1. 4. 5   Damage and Def ect s

Use a t ensi on moni t or i ng devi ce t o ensur e t hat  t he maxi mum pul l i ng t ensi on 
t hat  may be appl i ed t o t he cabl e t o be pul l ed i nt o a condui t  sect i on i s 
not  exceeded.   Any damage t o t he cabl e due t o exceedi ng t he maxi mum 
t ensi on wi l l  r equi r e a new cabl e f ur ni shed by t he Cont r act or .
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Car ef ul l y i nspect  cabl e f or  sheat h def ect s or  ot her  i r r egul ar i t i es as i t  
i s  pai d out  f or m t he r eel .   When def ect s ar e det ect ed,  st op pul l i ng 
i mmedi at el y and r epai r  or  r epl ace t he cabl e sect i on at  t he di scr et i on of  
t he Cont r act i ng Of f i cer .   Mai nt ai n a syst em of  communi cat i ons bet ween 
pul l i ng and f eed l ocat i ons so t hat  pul l i ng can be st opped i nst ant l y,  when 
r equi r ed.

Hand gui de cabl e t hr ough i nt er medi at e manhol es and i nt o t he next  duct  
sect i on when maki ng pul l - t hr oughs.   Use pr oper  r i ggi ng i n t he i nt er medi at e 
manhol e t o keep t he pul l i ng l i ne and cabl e al i gned wi t h t he exi t  duct  t o 
pr event  t he l i ne or  cabl e f r om r ubbi ng agai nst  t he edge of  t he duct .   Set  
up cabl es i n pul l - t hr ough manhol es and r ack bef or e t he cabl e ends i n 
adj acent  manhol es ar e set  up and r acked.

Ti e cabl e ends pul l ed i nt o manhol es,  vaul t s,  or  t er mi nal  l ocat i ons t hat  
ar e not  t o be r acked or  ot her wi se per manent l y posi t i oned i mmedi at el y,  i n 
f i xed posi t i ons t o pr event  damage t o t he cabl es and pr ovi de adequat e 
wor ki ng space.

3. 1. 4. 6   Seal

Seal  duct s or  i nner duct  i n whi ch cabl e i s pl aced wi t h ur et hane f oam duct  
seal .   I nser t  t hi s mat er i al  bet ween t he cabl e and t he duct  or  i nner duct  of  
whi ch i t  i s  i n,  bet ween t he i nner duct  and t he duct ,  and i n al l  unused 
i nner duct ,  i n or der  t o pr event  damage t o t he cabl e sheat h and t o pr event  
t he ent r ance of  di r t  or  wat er  i nt o t he manhol e or  vaul t .

Pr ovi de cabl es i n cont i nuous l engt hs as r equi r ed t o accompl i sh t he 
r equi r ed i nst al l at i on wi t hout  spl i ces f r om t er mi nat i on t o t er mi nat i on,  
except  wher e f i el d spl i ces ar e speci f i cal l y shown.

3. 1. 5   Under gr ound Ai r - Bl own Fi ber  I nst al l at i on i n I nner - Duct s

The bl owi ng met hod i s pr ef er r ed over  t r adi t i onal  pul l i ng met hod due t o 
savi ngs i n manpower ,  i nst al l at i on t i me and r educed st r ess on t he f i ber  
opt i c cabl e and pr ovi des addi t i onal  pr ot ect i on by t he i nner  duct .  Longer  
r uns can be achi eved bl owi ng,  especi al l y i n r uns wi t h mul t i pl e bends and 
undul at i ons.  Thi s met hod begi ns wi t h pr e- i nst al l ed smoot h- wal l  pl ast i c 
i nner - duct s var yi ng i n s i ze f r om 1,  1. 25,  or  1. 5 i nches i n di amet er  and 
col or .   Cor r ugat ed i nner  duct s ar e not  t o be used f or  bl owi ng.  Smoot h- wal l  
i nner  duct s ar e j oi ned wi t h mechani cal  spl i ces f or  cont i nuous bl owi ng 
oper at i ons.  Ext r a i nner - duct s of  di f f er ent  col or s shoul d be i nst al l ed as 
appl i cabl e f or  f ut ur e use i n di r ect  bur i ed oper at i ons and t o f i l l  exi t i ng 
duct  space bet ween mai nt enance hol es and when r emovi ng l ar ge abandon cabl e 
wi t h a r i sk of  a duct  col l apse.  Fut ur e use i nner - duct s shal l  be 
mechani cal l y spl i ced at  j unct i on poi nt s and t he ends capped t o pr event  
debr i s f r om ent er i ng.  Tr ench or  di r ect  bur y appl i cat i ons shal l  i ncl ude a 
gr ound wi r e f or  f ut ur e l ocat es.

Hi gh- speed ai r  f l ow combi ned wi t h mechani cal  pushi ng i s cal l ed " bl owi ng or  
j et t i ng" .  Compr essed ai r  i s  i nj ect ed i n t he i nner  duct  i nl et  af t er  f ew 
hundr ed f eet  of  cabl e i s pushed i nt o t he duct .  Compr essed ai r  f l ows at  
hi gh speed t hr ough t he i nner  duct  and al ong t he cabl e.  The pushi ng f or ce 
i s appl i ed mai nl y near  t he cabl e i nl et  by a pushi ng devi ce.  St andar d 
opt i cal  f i ber  opt i c cabl es ar e bl own down t he i nner  duct  assi st ed by ai r  
pr essur e,  whi ch pushes and f l oat s t he cabl e al ong t he pat h up t o 6, 000 
f eet  or  mor e.  The pushi ng devi ce,  bet t er  known as t he " Bl owi ng Machi ne"  
basi cal l y capt ur es t he cabl e bet ween t wo bel t s,  sandwi ched and pushed 
f or war d by hydr aul i c or  ai r  assi st ed dr i ve t o cont r ol  t he cabl es f or war d 
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speed as i t ' s  combi ned wi t h hi gh- speed ai r .

Ai r  bl own f i ber  i nst al l at i on equi pment  usual l y i ncl udes t he bl owi ng 
machi ne,  ai r  compr essor ,  wat er  separ at or ,  hydr aul i c pump,  and cabl e spool .  

3. 1. 6   Cabl e I nst al l at i on i n Cabl e Tr ays

Do not  i nst al l  communi cat i on cabl es i n t he same cabl e t r ay wi t h ac power  
cabl es.

I nst al l  cabl es pl aced i n cabl e t r ays i n a neat  and or der l y manner  and not  
cr ossed or  i nt er l aced wi t h ot her  cabl es except  at  br eakout  poi nt s.

I ndi v i dual l y r et ai n cabl es i n ver t i cal  t r ays wi t h st r aps at  a maxi mum of  
[ 1800]  [ _____]  mi l l i met er  [ 6]  [ _____] - f eet  on cent er .

3. 1. 7   Gr oundi ng Syst ems

Gr ound cabl es at  each t er mi nat i on poi nt  or  as i ndi cat ed.

3. 1. 8   Di r ect  Bur i al  Syst em

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y t he dept h of  medi a pl acement .   
Desi gner  may speci f y ai r  bl own f i ber  i nst al l ed i n 
new or  exi st i ng under gr ound duct  pendi ng t he 
appr oval  of  t he medi a manuf act ur er .   Ai r  bl own f i ber  
i nst al l at i on and const r uct i on mat er i al s r equi r e 
appr oval  by t he cont r act i ng of f i cer .

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

Ver i f y i nst al l at i on i s i n accor dance wi t h TI A- 590.   Under  r ai l r oad t r acks,  
paved ar eas,  and r oadways i nst al l  cabl e i n condui t  encased i n concr et e.   
Sl ope duct s t o dr ai n.   Excavat e t r enches by hand or  mechani cal  t r enchi ng 
equi pment .   Pr ovi de a mi ni mum cabl e cover  of  610 mm 24- i nches bel ow 
f i ni shed gr ade.   Ensur e t r enches ar e not  l ess t han 155 mm 6- i nches wi de 
and i n st r ai ght  l i nes bet ween cabl e mar ker s.   Do not  use cabl e pl ows.   
Pr ovi de bends i n t r enches wi t h a r adi us of  not  l ess t han [ 915] [ _____]  mm 
[ 36] [ _____] - i nches.   Wher e t wo or  mor e cabl es ar e l ai d par al l el  i n t he 
same t r ench,  space l at er al l y at  l east  75 mm 3- i nches apar t .   When r ock i s 
encount er ed,  r emove i t  t o a dept h of  at  l east  75 mm 3- i nches bel ow t he 
cabl e and f i l l  t he space wi t h sand or  c l ean ear t h f r ee f r om par t i c l es 
l ar ger  t han 6 mm 1/ 4- i nch.   Do not  unr eel  and pul l  cabl es i nt o t he t r ench 
f r om one end.   Cabl e may be unr eel ed on gr ade and l i f t ed i nt o posi t i on.   
Pr ovi de col or ,  t ype and dept h of  war ni ng t ape as speci f i ed i n Sect i on 
31 00 00 EARTHWORK.

3. 1. 8. 1   Medi a Pl acement

a.   Separ at e FO medi a cr ossi ng ot her  cabl es or  met al  pi pi ng f r om t he ot her  
cabl es or  pi pe by not  l ess t han [ 75] [ _____]  mm [ 3] [ _____] - i nches of  
wel l  t amped ear t h.   Do not  i nst al l  FO medi a under  or  above t r af f i c  
s i gnal  l oops.

b.   Pr ovi de medi a i n one cont i nuous l engt h wi t hout  spl i ces except  wher e 
spl i ces ar e shown on t he dr awi ngs.

c.   Do not  al l ow bends i n medi a whi ch exceed t he manuf act ur er s mi ni mum 
r ecommended r adi i .   Do not  bend medi a t o a r adi us l ess t han 10 t i mes 
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t he out si de di amet er  of  t he medi a.

d.   Leave a hor i zont al  s l ack of  appr oxi mat el y 915 mm 3 f eet  i n t he gr ound 
on each end of  cabl e r uns,  on each si de of  connect i on boxes,  and at  
poi nt s wher e connect i ons ar e br ought  above gr ound.   Wher e cabl e i s 
br ought  above gr ound,  l eave addi t i onal  s l ack t o make necessar y 
connect i ons.

3. 1. 8. 2   I dent i f i cat i on Sl abs ( Mar ker s)

Pr ovi de a mar ker  at  each change of  di r ect i on of  t he cabl e,  over  t he ends 
of  duct s or  condui t s whi ch ar e i nst al l ed under  paved ar eas and r oadways 
and over  each spl i ce.   Pr ovi de concr et e i dent i f i cat i on mar ker s,  
appr oxi mat el y 500 mm 20- i nches squar e by 150 mm 6- i nches t hi ck and st ake 
mount ed war ni ngs meet i ng t he r equi r ement s of  REA.

3. 1. 9   Under gr ound Duct s

Const r uct  under gr ound duct  as speci f i ed i n Sect i on 33 71 02 UNDERGROUND 
ELECTRI CAL DI STRI BUTI ON.   Encase i n concr et e any duct s under  r oads,  paved 
ar eas,  or  r ai l r oad t r acks.

3. 1. 9. 1   Connect i ons t o Exi st i ng Mai nt enance Hol es [ and Handhol es]

For  duct  l i ne connect i ons t o exi st i ng st r uct ur es,  br eak t he st r uct ur e wal l  
out  t o t he di mensi ons r equi r ed and pr eser ve t he st eel  i n t he st r uct ur e 
wal l .   Cut  t he st eel  and t he duct  l i ne envel ope.  

3. 1. 9. 2   Connect i ons t o Concr et e Pads

For  duct  l i ne connect i ons t o concr et e pads,  br eak an openi ng i n t he pad 
out  t o t he di mensi ons r equi r ed and pr eser ve t he st eel  i n t he pad.   Cut  t he 
st eel  and ext end i t  out  t o t i e i nt o t he r ei nf or ci ng of  t he duct  l i ne 
envel ope.   Chi p out  t he openi ng i n t he pad t o f or m a key f or  t he duct  l i ne 
envel ope.

3. 1. 9. 3   Connect i ons t o Exi st i ng Duct s

Wher e connect i ons t o exi st i ng duct  l i nes ar e i ndi cat ed,  excavat e t he l i nes 
t o t he maxi mum dept h r equi r ed.   Cut  of f  l i nes and r emove l oose concr et e 
f r om t he condui t s bef or e new concr et e encased duct s ar e i nst al l ed.   
Pr ovi de r ei nf or ced concr et e col l ar ,  pour ed monol i t hi cal l y wi t h t he new 
duct  l i ne t o t ake t he shear  at  t he j oi nt  of  t he duct  l i nes.

3. 1. 10   Recondi t i oni ng of  Sur f aces

3. 1. 10. 1   Unpaved Sur f ace Tr eat ment

Rest or e unpaved sur f aces di st ur bed dur i ng t he i nst al l at i on of  duct  or  
di r ect  bur i al  cabl e t o t hei r  or i gi nal  el evat i on and condi t i on.   Car ef ul l y 
pr eser ve exi st i ng sod and t opsoi l  and r epl ace af t er  t he back- f i l l i ng i s 
compl et ed.   Repl ace damaged sod wi t h sod of  qual i t y equal  t o t hat  
r emoved.   Wher e t he sur f ace i s di st ur bed i n a newl y seeded ar ea,  r e- seed 
t he r est or ed sur f ace wi t h t he same quant i t y and f or mul a of  seed as t hat  
used i n t he or i gi nal  seedi ng.

3. 1. 10. 2   Pavi ng Repai r s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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NOTE:   Choose one of  t he f ol l owi ng opt i ons.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

[ a.    Wher e t r enches,  pi t s,  or  ot her  excavat i ons ar e made i n exi st i ng 
r oadways and i n ot her  ar eas of  pavement  wher e sur f ace t r eat ment  of  any 
k i nd exi st s,  r est or e such sur f ace t r eat ment  or  pavement  t o t he same 
t hi ckness and t o t he same ki nd as pr evi ousl y exi st ed.   Ensur e sur f ace 
t r eat ment  or  pavement  mat ches and t i es i nt o t he adj acent  and sur r oundi ng 
exi st i ng sur f aces.

]
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

NOTE:   I nser t  appr opr i at e Sect i on number  and t i t l e 
i n t he bl ank bel ow usi ng f or mat  per  UFC 1- 300- 02 
UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS ( UFGS)  
FORMAT STANDARD.

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

[ b.    Make pavi ng r epai r s as speci f i ed i n [ _____] .

] 3. 1. 11   Cabl e Pul l i ng

Test  duct  l i nes wi t h a mandr el  and swab out  t o r emove f or ei gn mat er i al  
bef or e t he pul l i ng of  FO medi a.   Avoi d damage t o cabl es i n set t i ng up 
pul l i ng appar at us or  i n pl aci ng t ool s or  har dwar e.   Do not  st ep on medi a 
when ent er i ng or  l eavi ng t he mai nt enance hol es.   Do not  pl ace medi a i n 
duct s ot her  t han t hose shown wi t hout  pr i or  wr i t t en appr oval  of  t he 
Cont r act i ng Of f i cer .   Rol l  cabl e r eel s i n t he di r ect i on i ndi cat ed by t he 
ar r ows pai nt ed on t he r eel  f l anges.   Set  up medi a r eel s on t he same si de 
of  t he mai nt enance hol e as t he pat hway sect i on i n whi ch t he medi a i s t o be 
pl aced.   Level  t he r eel  and br i ng i nt o pr oper  al i gnment  wi t h t he pat hway 
sect i on so t hat  t he medi a pays of f  f r om t he t op of  t he r eel  i n a l ong 
smoot h bend i nt o t he duct  wi t hout  t wi st i ng.   Do not ,  under  any 
ci r cumst ances r ol l  t he medi a of f  f r om t he bot t om of  t he r eel .   Check t he 
equi pment  set  up pr i or  t o begi nni ng t he medi a cabl e pul l i ng t o avoi d an 
i nt er r upt i on once pul l i ng has st ar t ed.   Use a cabl e f eeder  gui de of  
sui t abl e di mensi ons bet ween medi a r eel  and f ace of  duct  t o pr ot ect  medi a 
and gui de cabl e i nt o t he duct  as i t  i s  r ol l ed of f  t he r eel .   As medi a i s 
r ol l ed of f  t he r eel ,  l ubr i cat e and i nspect  medi a f or  sheat h def ect s.   When 
def ect s ar e not i ced,  st op pul l i ng oper at i ons and not i f y t he Cont r act i ng 
Of f i cer  t o det er mi ne r equi r ed cor r ect i ve act i on.   St op medi a pul l i ng i f  
r eel  bi nds or  does not  r ol l  of f  f r eel y.   Rect i f y cause of  bi ndi ng bef or e 
r esumi ng pul l i ng oper at i ons.   Pr ovi de medi a l ubr i cant s r ecommended by t he 
cabl e manuf act ur er .   Pr ovi de 1 met er  3. 3- f eet  of  spar e medi a i n al l  
manhol es and encl osur es f or  f i nal  t er mi nat i on and t est i ng.

3. 1. 11. 1   FO Medi a Tensi ons

I nst al l  FO medi a as shown on const r uct i on dr awi ngs.   Pr ovi de devi ces t o 
moni t or  medi a t ensi on dur i ng i nst al l at i on.   Do not  exceed manuf act ur er s 
r ecommended maxi mum FO t ensi ons and bendi ng r adi i  dur i ng i nst al l at i on.

3. 1. 11. 2   Pul l i ng Eyes

Equi p medi a 30 mm 1- 1/ 4- i nches i n di amet er  and l ar ger  wi t h cabl e 
manuf act ur er ' s f act or y i nst al l ed pul l i ng- i n eyes.   Pr ovi de medi a wi t h 
di amet er  smal l er  t han 30 mm 1- 1/ 4- i nches wi t h heat  shr i nkabl e t ype end 
caps or  seal s on cabl e ends when usi ng cabl e pul l i ng gr i ps.   Do not  beat  
r i ngs t o pr event  gr i p f r om sl i ppi ng i nt o t he cabl e sheat h.   Use a swi vel  
gr i p of  19 mm 3/ 4- i nch l i nks bet ween pul l i ng- i n eyes or  gr i ps and pul l i ng 
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st r and.

3. 1. 11. 3   Medi a i n Mai nt enance Manhol es,  Handhol es,  and Vaul t s

Do not  i nst al l  medi a ut i l i z i ng t he shor t est  r out e,  but  r out e al ong t hose 
wal l s pr ovi di ng t he l ongest  r out e and t he maxi mum spar e cabl e l engt hs.   
For m cabl es t o c l osel y par al l el  wal l s,  not  t o i nt er f er e wi t h duct  
ent r ances.   Suppor t  medi a on br acket s and cabl e i nsul at or s at  a maxi mum of  
1220 mm 4- f eet .   I n exi st i ng  mai nt enance manhol es,  handhol es,  and vaul t s 
wher e new duct s ar e t o be t er mi nat ed,  or  wher e new medi a ar e t o be 
i nst al l ed,  modi f y t he exi st i ng i nst al l at i on of  medi a,  cabl e suppor t s,  and 
gr oundi ng as r equi r ed wi t h cabl es ar r anged and suppor t ed as speci f i ed f or  
new medi a.

3. 1. 12   Aer i al  Medi a

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I ncl ude t ensi oni ng and sag dat a on dr awi ngs 
i n t abul ar  f or m.

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

Pr ovi de pol e i nst al l at i on as speci f i ed i n Sect i on 33 71 01 OVERHEAD 
TRANSMI SSI ON AND DI STRI BUTI ON.   Wher e physi cal  obst r uct i ons make i t  
necessar y t o pul l  di st r i but i on wi r e al ong t he l i ne f r om a st at i onar y r eel ,  
use cabl e st r i ngi ng bl ocks t o suppor t  wi r e dur i ng pl aci ng and t ensi oni ng 
oper at i ons.   Do not  pl ace l adder s,  cabl e coi l s,  and ot her  equi pment  on or  
agai nst  t he di st r i but i on wi r e.   Sag t he wi r e i n accor dance wi t h t he dat a 
shown.

3. 1. 12. 1   Aer i al  FO Medi a

Keep medi a ends seal ed at  al l  t i mes usi ng cabl e end caps.   Take medi a f r om 
r eel  onl y as i t  i s  pl aced.   Dur i ng pl aci ng oper at i ons,  do not  bend i n a 
r adi us l ess t han 10 t i mes t he out si de di amet er  of  medi a.   Pl ace t empor ar y 
suppor t s suf f i c i ent l y c l ose t oget her ,  and pr oper l y t ensi on t he medi a wher e 
necessar y,  t o pr event  excessi ve bendi ng.   I n t hose i nst ances wher e 
spi r al i ng of  medi a i s i nvol ved,  accompl i sh mount i ng of  encl osur es f or  
pur poses of  l oadi ng,  spl i c i ng,  and di st r i but i on af t er  t he spi r al i ng 
oper at i on has been compl et ed.

3. 1. 13   Gr oundi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ver i f y t he exi st ence of  gr oundi ng 
f aci l i t i es.   I t  i s  essent i al  t hat  al l  gr oundi ng 
f aci l i t i es,  new and exi st i ng,  conf or m wi t h I EEE C2,  
NFPA 70,  MI L- HDBK- 419,  and MI L- STD- 188- 124.

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

Gr ound exposed non cur r ent  car r y i ng met al l i c  par t s of  t el ephone equi pment ,  
medi a sheat hs,  medi a spl i ces,  and t er mi nal s.

3. 2   FI ELD QUALI TY CONTROL

3. 2. 1   Test  Requi r ement s

Ensur e t est  equi pment  used f or  ver i f y i ng i nst al l at i on t est i ng i s 
cal i br at ed by a cer t i f i ed t est i ng company wi t hi n [ 3]  [ _____]  weeks of  use.
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3. 2. 1. 1   Si ngl e and Mul t i - Mode OTDR Test

Ensur e t he Opt i cal  Ti me Domai n Ref l ect omet er  ( OTDR)  conf or ms t o t he 
f ol l owi ng mi ni mum r equi r ement s:

a.   Oper at i ng wavel engt hs:   [ 1, 300]  [ _____]  pl us or  mi nus 20 nanomet er s 
and 1, 550 [ _____]  pl us or  mi nus 10 nanomet er s.

b.   At t enuat i on Range ( one way) :   mi ni mum [ 15]  [ _____]  dB at  1, 300 nm and 
at t enuat i on at  1, 550 nm l ess t han t he at t enuat i on at  1, 300 nm.

c.   Maxi mum Opt i cal  Ret ur n Loss:  [ 30]  [ _____]  dB

d.   At t enuat i on Resol ut i on:   [ 0. 01]  [ _____]  dB

e.   Accur acy:   pl us [ 0. 5]  [ _____]  dB

Use OTDRs wi t h di gi t al  r eadout  capabi l i t y  and a means of  pr ovi di ng a 
per manent  r ecor d i n t he f or m of  a [ st r i p char t ]  [ phot ogr aph]  [ _____] .

As a mi ni mum,  t est  each f i ber  cabl e af t er  i nst al l at i on f or  any f aul t s or  
at t enuat i ons usi ng an Opt i cal  Ti me Domai n Ref l ect omet er  ( OTDR) .

Cl ear l y st at e al l  t est  equi pment ,  t est  pr ocedur es,  and t est i ng t echni ques 
i n t he qual i t y assur ance pl an.   Conduct  t est s i n accor dance wi t h t he 
appr oved Qual i t y Assur ance Pl an.   Ensur e al l  f i el d t est s ar e wi t nessed by 
t he Cont r act i ng Of f i cer .   Gi ve Cont r act i ng Of f i cer  at  l east  [ 20]  [ _____]  
cal endar  days not i ce pr i or  t o per f or mi ng each t est .

Pr ovi de each t est  sheet  wi t h a s i gn- of f  bl ank or  cover  page f or  bot h 
Cont r act or  and t he Cont r act i ng Of f i cer .   Del i ver  copi es of  t he compl et ed 
t est  f or ms and t est  r esul t s as i ndi cat ed.

Recor d sequent i al  cabl e mar ki ngs al ong t he cabl e on t he sequent i al  cabl e 
f or m,  pr i or  t o and af t er  each end of  spl i ce poi nt ,  and submi t  f or  appr oval .

Mai nt ai n an accur at e t est  r ecor d dur i ng al l  f i el d t est s.

3. 2. 2   Fi nal  Accept ance Test s

Per f or m end- t o- end t est s i ncl udi ng power  met er  l i ght  sour ce and OTDR 
t est s.   Per f or m OTDR measur ement s as r equi r ed by TI A- 568. 1 and TI A- 568. 3.   
Test  s i ngl e mode f i ber  i n accor dance wi t h TI A- 526- 7 ( Opt i cal  Power  Loss) .   
Test  mul t i  mode f i ber  i n accor dance wi t h TI A- 526- 14( Opt i cal  Power  Loss) .

3. 2. 2. 1   Test  Resul t s

Pr ovi de r esul t s of  f i nal  accept ance t est s ( OTDR t r aces,  et c. ) ,  t o t he 
Cont r act i ng Of f i cer  wi t hi n [ 5] [ _____]  wor ki ng days af t er  compl et i on of  
t est s.

3. 3   CLOSEOUT ACTI VI TI ES

Submi t  [ _____]  copi es of  t he Recor d ( As- Bui l t )  Dr awi ngs t o t he Cont r act i ng 
Of f i cer .

        - -  End of  Sect i on - -
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