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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  f i ber  opt i cs dat a t r ansmi ssi on 
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

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ther e ar e t wo ways t he desi gner  can r equi r e 
t he submi ssi on of  dat a concer ni ng f i ber  opt i c 
equi pment .   The most  common way i s t hr ough t he use 
of  submi t t al s.   However ,  t he Feder al  Acqui s i t i on 
Regul at i ons appl y speci al  const r ai nt s on some t ypes 
of  t echni cal  dat a t hat  f al l  under  t he Dat a 
Requi r ement s Cl ause.   Gener al l y,  t he t echni cal  dat a 
associ at ed wi t h f i ber  opt i c dat a t r ansmi ssi on 
syst ems do not  f al l  under  t he speci al  Dat a 
Requi r ement s Cl ause.   However ,  i f  ot her  syst ems such 
as EMCS,  UMCS,  I DS,  ESS,  and CCTV,  i nt er connect ed by 
FO syst ems do f al l  wi t hi n t he speci al  cat egor y,  t he 
associ at ed FO t echni cal  dat a shoul d be acqui r ed i n 
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t he same manner .   Ther ef or e,  i f  some syst ems used 
wi t h t hi s speci f i cat i on f al l  under  t he speci al  Dat a 
Requi r ement s Cl ause,  use sub- par agr aph a.  bel ow f or  
gui dance.

a.   The acqui s i t i on of  al l  t echni cal  dat a,  dat a 
bases and comput er  sof t war e i t ems t hat  ar e 
i dent i f i ed her ei n wi l l  be accompl i shed st r i ct l y i n 
accor dance wi t h t he Feder al  Acqui s i t i on Regul at i on 
( FAR)  and t he Depar t ment  of  Def ense Feder al  
Acqui s i t i on Regul at i on Suppl ement  ( DOD FARS) .   Those 
r egul at i ons,  as wel l  as t he Ar my and Ar myCor ps of  
Engi neer s i mpl ement at i ons t her eof ,  shoul d al so be 
consul t ed t o ensur e t hat  a del i ver y of  cr i t i cal  
i t ems of  t echni cal  dat a i s not  i nadver t ent l y l ost .   
Speci f i cal l y,  t he Ri ght s i n Techni cal  Dat a 
Non- commer ci al ,  DOD FARS 52. 227- 7013,  and DOD FARS 
52. 227- 7031 [ Reser ved] ,  as wel l  as any r equi s i t e 
sof t war e l i censi ng agr eement s wi l l  be made a par t  of  
t he CONTRACT CLAUSES or  SPECI AL CONTRACT 
REQUI REMENTS of  t he cont r act .   I n addi t i on,  t he 
appr opr i at e DD For m 1423,  Cont r act  Dat a Requi r ement s 
Li st ,  wi l l  be f i l l ed out  f or  each di st i nct  
del i ver abl e i t em and made a par t  of  t he cont r act .   
Wher e necessar y,  a DD For m 1664,  Dat a I t em 
Descr i pt i on,  shal l  be used t o expl ai n and mor e f ul l y 
i dent i f y t he dat a i t ems l i s t ed on t he DD For m 1423.   
I t  i s  t o be not ed t hat  al l  of  t hese cl auses and 
f or ms ar e r equi r ed t o assur e t he del i ver y of  t he 
dat a i n quest i on and t hat  such dat a i s obt ai ned wi t h 
t he r equi s i t e r i ght s t o use by t he Gover nment .   
I ncl ude wi t h t he r equest  f or  pr oposal s a compl et ed 
DD For m 1423,  Cont r act  Dat a Requi r ement s Li st .   Thi s 
f or m i s essent i al  t o obt ai n del i ver y of  al l  
document at i on.   Each del i ver abl e wi l l  be c l ear l y 
speci f i ed,  bot h descr i pt i on and quant i t y bei ng 
r equi r ed.

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

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 
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 
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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.

ELECTRONI C COMPONENTS I NDUSTRY ASSOCI ATI ON ( ECI A)

ECI A EI A/ ECA 310- E ( 2005)  Cabi net s,  Racks,  Panel s,  and 
Associ at ed Equi pment

ELECTRONI C I NDUSTRI ES ALLI ANCE ( EI A)

ANSI / TI A- 455- 80C ( 2003)  FOTP- 80  -  I EC 60793- 1- 144 Opt i cal  
f i br es Par t  1- 44:  Measur ement  Met hods and 
Test  Pr ocedur es -  Cut - of f  Wavel engt h

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 EEE C62. 41. 1 ( 2002;  R 2008)  Gui de on t he Sur ges 
Envi r onment  i n Low- Vol t age ( 1000 V and 
Less)  AC Power  Ci r cui t s

I EEE C62. 41. 2 ( 2002)  Recommended Pr act i ce on 
Char act er i zat i on of  Sur ges i n Low- Vol t age 
( 1000 V and Less)  AC Power  Ci r cui t s

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)

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

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

TI A- 232 ( 1997f ;  R 2012)  I nt er f ace Bet ween Dat a 
Ter mi nal  Equi pment  and Dat a 
Ci r cui t - Ter mi nat i ng Equi pment  Empl oyi ng 
Ser i al  Bi nar y Dat a I nt er change

TI A- 455- 13 ( 1996a;  R 2012)  FOTP- 13 Vi sual  and 
Mechani cal  I nspect i on of  Fi ber  Opt i c 
Component s,  Devi ces,  and Assembl i es

TI A- 455- 58 ( 2001b)  FOTP- 58 Cor e Di amet er  Measur ement  
of  Gr aded- I ndex Opt i cal  Fi ber s

TI A- 455- 78- B ( 2020c)  FOTP- 78 Opt i cal  Fi br es -  Par t  
1- 40:   Measur ement  Met hods and Test  
Pr ocedur es -  At t enuat i on

TI A- 455- 82 ( 2020c)  FOTP- 82 Fl ui d Penet r at i on Test  f or  
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Fl ui d- Bl ocked Fi ber  Opt i c Cabl e

TI A- 455- 91 ( 1986;  R 1996)  FOTP- 91 Fi ber  Opt i c Cabl e 
Twi st - Bend Test

TI A- 455- 104 ( 2016b)  St andar d f or  FOTP- 104 Fi ber  Opt i c 
Cabl e Cycl i c Fl exi ng Test

TI A- 455- 177 ( 2020c)  FOTP- 177 I EC- 60793- 1- 43:  
Measur ement  Met hods and Test  Pr ocedur es -  
Numer i cal  Aper t ur e

TI A- 485 ( 1998a;  R 2012)  El ect r i cal  Char act er i st i cs 
of  Gener at or s and Recei ver s f or  Use i n 
Bal anced Di gi t al  Mul t i poi nt  Syst ems

TI A- 606 ( 2021d)  Admi ni st r at i on St andar d f or  
Tel ecommuni cat i ons I nf r ast r uct ur e

TI A/ EI A- 455- 25 ( 2016d)  FOTP- 25 I mpact  Test i ng of  Opt i cal  
Fi ber  Cabl es

TI A/ EI A- 455- 41 ( 1993a;  R 2013)  FOTP- 41 Compr essi ve 
Loadi ng Resi st ance of  Fi ber  Opt i c Cabl es

TI A/ EI A- 455- 81 ( 2000b)  FOTP- 81 Compound Fl ow ( Dr i p)  Test  
f or  Fi l l ed Fi ber  Opt i c Cabl e

TI A/ EI A- 455- 88 ( 2001)  FOTP- 88 Fi ber  Opt i c Cabl e Bend Test

TI A/ EI A- 455- 171 ( 2001a)  FOTP- 171 -  At t enuat i on by 
Subst i t ut i on Measur ement  f or  Shor t - Lengt h 
Mul t i mode Gr aded- I ndex and Si ngl e- Mode 
Opt i cal  Fi ber  Cabl e Assembl i es

TI A/ EI A- 455- 204 ( 2000)  St andar d f or  Measur ement  of  
Bandwi dt h on Mul t i mode Fi ber

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

47 CFR 15 Radi o Fr equency Devi ces

UNDERWRI TERS LABORATORI ES ( UL)

UL 1666 ( 2007;  Repr i nt  Sep 2021)  UL St andar d f or  
Saf et y Test  f or  Fl ame Pr opagat i on Hei ght  
of  El ect r i cal  and Opt i cal - Fi ber  Cabl es 
I nst al l ed Ver t i cal l y i n Shaf t s

1. 2   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 

SECTI ON 27 21 10. 00 40  Page 7



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- 02 Shop Dr awi ngs

Fi ber  Opt i c Syst em;  G[ ,  [ ____] ]

I nst al l at i on;  G[ ,  [ ____] ]

SD- 03 Pr oduct  Dat a

Fi ber  Opt i c Syst em;  G[ ,  [ ____] ]

Spar e Par t s;  G[ ,  [ ____] ]

Encl osur es;  G[ ,  [ ____] ]

Dat a Tr ansmi ssi on Conver t er s;  G[ ,  [ ____] ]

SD- 06 Test  Repor t s

Test  Pr ocedur es and Repor t s

Power  At t enuat i on Test

Anal og Vi deo Si gnal  Test
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Di gi t al  Vi deo Si gnal  Test

Opt i cal  Ti me Domai n Ref l ect omet er  Test s

SD- 07 Cer t i f i cat es

Fi ber  Opt i c Syst em

Opt i c Cabl e Assembl i es

Label i ng For mat

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

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

Manuf act ur er ' s Recommendat i ons

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i ng I nst r uct i ons

1. 3   MAI NTENANCE MATERI AL SUBMI TTALS

1. 3. 1   Spar e Par t s

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  
speci f i ed and f ur ni shed,  af t er  appr oval  of  det ai l  dr awi ngs not  l at er  t han 
[ _____]  mont hs pr i or  t o t he dat e of  benef i c i al  occupancy.   I ncl ude a l i s t  
of  par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces and sour ce of  suppl y,  and 
a l i s t  of  t he par t s r ecommended by t he manuf act ur er  t o be r epl aced af t er  
[ 1 year ]  [ 3 year s]  of  ser vi ce.

PART 2   PRODUCTS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Al l  of  t he pr oduct s l i s t ed i n t hi s sect i on 
may not  be r equi r ed f or  ever y pr oj ect .   Keep t he 
pr oduct s r equi r ed and del et e t he ot her s.

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

2. 1   SYSTEM DESCRI PTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Show on dr awi ngs t he dat a t r ansmi ssi on medi a 
r equi r ed bet ween each sub- assembl y of  t he syst em or  
syst ems t o be i nt er connect ed.   Gi ve consi der at i on t o 
compl i ance wi t h NEC f or  suppor t s,  r aceways,  et c.

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

Pr ovi de a f i ber  opt i cs ( FO)  dat a t r ansmi ssi on syst em ( DTS) .   The dat a 
t r ansmi ssi on syst em consi st s of  FO t r ansmi ssi on medi a,  t r ansmi t t er  and 
r ecei ver  modul es,  modems,  t r anscei ver  modul es,  r epeat er s,  cabl e and power  
l i ne sur ge pr ot ect i on,  t er mi nal  devi ces ( such as connect or s,  pat ch panel s 
and br eakout  boxes)  and power  suppl i es f or  oper at i ng act i ve component s.   
I nt er connect  t he dat a t r ansmi ssi on syst em syst em component s as shown.   
Cer t i f y t hat  comput i ng devi ces compl y wi t h t he r equi r ement s f or  Cl ass A 
comput i ng devi ces and ar e l abel ed as set  f or t h i n 47 CFR 15.
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2. 1. 1   Envi r onment al  Requi r ement s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  equi pment  and cabl e t emper at ur e r at i ng 
wi t hi n ambi ent  t emper at ur e condi t i ons at  pr oj ect  
l ocat i on.   St at e addi t i onal  r equi r ement s when 
ambi ent  condi t i ons ar e mor e ext r eme t han 
manuf act ur er s '  equi pment  r at i ngs ( e. g. ,  conf or mal  
coat i ng f or  100 per cent  r el at i ve humi di t y or  
condensi ng at mospher es,  encl osur e heat er s or  
encl osur e cool er s. )

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

Rat e equi pment  and cabl e used i ndoor s f or  cont i nuous oper at i on under  
ambi ent  envi r onment al  condi t i ons of  0 t o 50 degr ees C 32 t o 122 degr ees F 
dr y bul b and 10 t o 95 per cent  r el at i ve humi di t y,  non- condensi ng.   Rat e 
equi pment  and cabl es f or  cont i nuous out door  oper at i on under  ambi ent  
envi r onment al  condi t i ons of  [ mi nus 40]  [ mi nus [ _____] ]  t o pl us [ 75]  
[ _____]  degr ees C [ mi nus 40]  [ mi nus [ _____] ]  t o pl us [ 166]  [ _____]  and 
humi di t y of  up t o 100 per cent  condensi ng or  as nor mal l y encount er ed f or  
t he i nst al l ed l ocat i on.   Rat e al l  equi pment  and cabl e f or  cont i nuous 
oper at i on under  t he ambi ent  envi r onment al  t emper at ur e,  pr essur e,  humi di t y,  
and vi br at i on condi t i ons speci f i ed or  nor mal l y encount er ed f or  t he 
i nst al l ed l ocat i on.   I nst al l  cabl es i n duct s,  pl enums,  and ot her  
ai r - handl i ng spaces per  NFPA 70.   Ensur e cabl es i nst al l ed i n pl enums ar e 
pl enum- r at ed cabl es l i s t ed f or  t he use.   Ensur e cabl es i nst al l ed i n r i ser s 
ar e r i ser - r at ed cabl es l i s t ed f or  t he use,  unl ess t he i nst al l ed cabl e i s 
i dent i f i ed as a per mi t t ed subst i t ut i on f or  t he r equi r ed r i ser - r at ed cabl e 
t ype.

2. 1. 2   Hazar dous Envi r onment

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Show hazar dous ( c l assi f i ed)  envi r onment  
ar ea( s) ,  t ype of  hazar d( s) ,  and hazar d 
c l assi f i cat i on ( Cl ass I ,  I I ,  or  I I I ,  or  
combi nat i ons;  Di v i s i ons 1 or  2;  Gr oups A,  B,  C,  D,  
E,  F,  or  G or  combi nat i ons;  and oper at i ng 
t emper at ur es)  on t he dr awi ngs.   Whenever  possi bl e,  
avoi d pl acement  of  t he FO DTS equi pment  and cabl es 
wi t hi n t he hazar dous l ocat i on t o r educe i nst al l at i on 
cost s,  and t o s i mpl i f y mai nt enance.

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

Rat e t he syst em component s and wi r i ng l ocat ed i n ar eas wher e f i r e or  
expl osi on hazar ds may exi st  wi t h t he pr oper  Cl asses,  Di v i s i ons,  and 
Gr oups.  Al so r at e t he component s and wi r i ng f or  t he oper at i ng 
t emper at ur es.   I nst al l  accor di ng t o Chapt er  5 of  NFPA 70 and as shown.

2. 1. 3   El ect r i cal  Requi r ement s

Oper at e t he equi pment  f r om a vol t age sour ce as shown,  pl us or  mi nus 10 
per cent ,  and 60 Hz,  pl us or  mi nus 2 per cent .

2. 1. 4   I nput  Li ne Sur ge Pr ot ect i on

Pr ot ect  i nput s and out put s agai nst  sur ges i nduced on wi r i ng and cabl es 
i ncl udi ng wi r i ng and cabl es i nst al l ed out door s.   For  component s r equi r i ng 
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pr ot ect i on,  sel ect  sur ge pr ot ect i on devi ces based on vol t ages and cur r ent  
r at i ngs of  component s t o be pr ot ect ed.   Pr ot ect  communi cat i ons equi pment  
agai nst  sur ges i nduced on any communi cat i ons c i r cui t .   I nst al l  sur ge 
pr ot ect i on c i r cui t s at  each end of  cabl es and conduct or s ( except  
non- conduct i ve FO cabl es whi ch ser ve as communi cat i ons c i r cui t s f r om 
consol es t o f i el d equi pment  and bet ween f i el d equi pment ) .   Fur ni sh 
pr ot ect i on at  equi pment .   I nst al l  addi t i onal  t r i pl e el ect r ode gas sur ge 
pr ot ect or s r at ed f or  t he appl i cat i on on each conduct i ve wi r e l i ne and 
coaxi al  c i r cui t  wi t hi n 1 met er  3- f eet  of  t he bui l di ng cabl e ent r ance.   Do 
not  use f uses f or  sur ge pr ot ect i on.   Test  t he i nput s and out put s i n bot h 
nor mal  mode and common mode usi ng t he f ol l owi ng t wo wavef or ms:

a.   A 10 mi cr osecond r i se t i me by 1000 mi cr osecond pul se wi dt h wavef or m 
wi t h a peak vol t age of  1500 vol t s and a peak cur r ent  of  60 amper es.

b.   An 8 mi cr osecond r i se t i me by 20 mi cr osecond pul se wi dt h wavef or m wi t h 
a peak vol t age of  1000 vol t s and a peak cur r ent  of  500 amper es.

2. 1. 5   Power  Li ne Sur ge Pr ot ect i on

Pr ot ect  equi pment  connect ed t o AC ci r cui t s f r om power  l i ne sur ges.   Sel ect  
sur ge pr ot ect i on devi ces based on vol t ages and cur r ent  r at i ngs of  
component s t o be pr ot ect ed.  Pr ovi de equi pment  t hat  meet s t he r equi r ement s 
of  I EEE C62. 41. 1 and I EEE C62. 41. 2.   Do not  use f uses f or  sur ge pr ot ect i on.

2. 2   COMPONENTS

2. 2. 1   FO Modems

Sel ect  FO modems t o meet  FO syst em r equi r ement s.   Ensur e t he modems al l ow 
f ul l  dupl ex,  asynchr onous,  poi nt - t o- poi nt  di gi t al  communi cat i on f or  t he 
syst em bei ng i nst al l ed.

2. 2. 1. 1   FO Modem Oper at i ng Wavel engt h

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Sel ect  t he r equi r ed oper at i ng wavel engt h:  
Typi cal l y 850 and 1300 wavel engt hs ar e used wi t h 
mul t i mode f i ber s and 1300 and 1550 wavel engt hs ar e 
used wi t h s i ngl e- mode f i ber s.   Gener al l y,  l onger  
wavel engt hs shoul d be used f or  cabl e l engt hs over  3 
km ( 1. 75 mi l es)  because l onger  wavel engt hs exhi bi t  
l ess at t enuat i on t han shor t er  wavel engt hs.   Dense 
Wave Di vi s i on Mul t i pl exi ng ( DWDM)  and Coar se Wave 
Di vi s i on Mul t i pl exi ng ( CWDM)  t r ansmi t t er s use 
mul t i pl e wavel engt hs;  t he f l ux budget  shoul d be 
based on t he wavel engt h wi t h t he gr eat est  
at t enuat i on.

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

Cent er  t he oper at i ng wavel engt h on [ 850]  [ 1300]  [ 1550]  nanomet er s ( nm) .

2. 2. 1. 2   FO Modem I nput s and Out put s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Mat ch t he i nput  and out put  conf i gur at i ons t o 
t he equi pment  t o be i nt er connect ed.   Make sur e dat a 
r at e of  t he FO modem exceeds t he dat a r at e of  t he 
devi ces ser ved.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de FO modems t hat  accept  i nput s and pr ovi de out put s compat i bl e wi t h [
TI A- 232]  [ TI A- 485]  [ 20 mA cur r ent  l oop]  [ T1]  [ 10 Base- F] .   Di gi t al  dat a 
r at es t hr ough each l i nk ar e [ 9. 6 KBPS]  [ 19. 2 KBPS]  [ 38. 4 KBPS]  [ 1. 54 MBPS]  
[ 10 MBPS] .

2. 2. 2   FO Tr ansmi t t er  And Recei ver  Modul es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ther e ar e sever al  ways f i ber  opt i c 
t r ansmi t t er s and r ecei ver s can be i mpl ement ed such 
as:

a.   The t r ansmi t t er  and r ecei ver  can be mount ed on a 
l ogi c boar d.   The t r ansmi t t er  and r ecei ver  ar e t hen 
an i nt egr al  par t  of  t he syst em at  t he l ogi c l evel .

b.   The t r ansmi t t er  and r ecei ver  can be i ndi v i dual  
modul es whi ch ar e mount ed ext er nal  t o t he l ogi c 
boar ds.   They can be power ed by t hei r  own power  
suppl i es and can communi cat e wi t h t he ser i al  dat a 
por t s of  t he l ogi c boar ds at  l ogi c l evel s.

c.   The f i ber  opt i cs t r ansmi t t er  and r ecei ver  can be 
combi ned wi t h i nt er f ace and cont r ol  l ogi c t o f or m a 
f i ber  opt i c modem.   The syst em f i el d equi pment  can 
t hus communi cat e wi t h t he modem over  a EI A 232- F 
ser i al  dat a por t .

Det er mi ne wher e FO communi cat i on devi ces ar e 
l ocat ed.   I n many syst ems,  FO t r ansmi t t er s and 
r ecei ver s or  modems ar e l ocat ed i n t he f i el d 
equi pment  encl osur es of  t he syst ems bei ng suppor t ed 
by t he FO syst em.   Of t en,  t hese FO devi ces ar e 
physi cal l y mount ed on ci r cui t  car ds or  modul es.   I n 
ot her  cases,  FO devi ces ar e i nst al l ed i n separ at e 
encl osur es pr ovi ded wi t h t he FO syst em.   Thi s i s 
of t en t he case f or  FO r epeat er s and act i ve st ar  
uni t s.

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

Ensur e FO t r ansmi t t er / r ecei ver  pai r s have si gnal - t o- noi se power  r at i o of  
40 dB or  bet t er  af t er  phot o det ect i on at  t he r ecei ver .   Tr ansmi t t er  power  
out put  and r ecei ver  sensi t i v i t y cannot  dr i f t  mor e t han pl us or  mi nus 2 dB 
over  t hei r  oper at i onal  l i f e.

2. 2. 2. 1   Anal og FO Tr ansmi t t er  and Recei ver  Modul es

Ensur e FO t r ansmi t t er / r ecei ver  pai r s used t o pass anal og vi deo si gnal s 
accept  i nput s and pr ovi de out put s t hat  have a bandwi dt h of  6 MHz or  
gr eat er .

2. 2. 2. 2   Di gi t al  FO Tr ansmi t t er  and Recei ver  Modul es

Ensur e FO t r ansmi t t er / r ecei ver  pai r s used t o pass di gi t al  s i gnal s accept  
i nput s and pr ovi de out put s compat i bl e wi t h [ TI A- 232]  [ TI A- 485]  [ 20 mA 
cur r ent  l oop]  [ T1]  [ 10 Base- F] .   Di gi t al  dat a r at es t hr ough each l i nk ar e 
[ 9. 6 KBPS]  [ 19. 2 KBPS]  [ 38. 4 KBPS]  [ 1. 54 MBPS]  [ 10 MBPS] .   House FO 
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t r ansmi t t er  and r ecei ver  modul es [ i n f i el d equi pment  encl osur es wher e 
possi bl e]  [ i n new encl osur es]  [ as shown] .   Pr ovi de FO t r ansmi t t er  and 
r ecei ver  modul es compat i bl e wi t h each ot her ,  t he FO cabl e,  and connect or s.

2. 2. 2. 3   FO Tr ansmi t t er  Modul e

Pr ovi de a FO t r ansmi t t er  modul e t hat  accept s el ect r oni c s i gnal s and 
modul at es a l i ght  sour ce.   Coupl e t he l i ght  sour ce i nt o an FO cabl e.   
Cent er  t he oper at i ng wavel engt h on [ 850]  [ 1300]  [ 1550]  [ 850 and 1300]  
[ 1300 and 1550]  nanomet er s.

2. 2. 2. 4   FO Recei ver  Modul e

Ensur e t he FO r ecei ver  modul e r ecei ves l i ght  f r om t he FO cabl e and 
conver t s t hi s l i ght  i nt o an el ect r oni c s i gnal  i dent i cal  t o t he el ect r oni c 
s i gnal  appl i ed t o t he FO t r ansmi t t er  modul e.   Ensur e t he oper at i ng 
wavel engt h i s t he same as t he t r ansmi t t er .

2. 2. 3   FO Di gi t al  Repeat er s

Use FO di gi t al  r epeat er s t o ext end t he r ange of  t he FO dat a t r ansmi ssi on 
syst em when necessar y t o meet  t he r equi r ement s of  par agr aph SYSTEM 
REQUI REMENTS.   For  s i mpl ex c i r cui t s,  t he r epeat er  consi st s of  an FO 
r ecei ver  connect ed t o an FO t r ansmi t t er .   For  Dupl ex c i r cui t s,  t he 
r epeat er  consi st s of  a pai r  of  FO r ecei ver s t hat  ar e connect ed t o a pai r  
of  FO t r ansmi t t er s.   The FO r ecei ver s r ecei ve t he opt i cal  s i gnal  and dr i ve 
t he t r ansmi t t er s.   The t r ansmi t t er s r egener at e t he opt i cal  s i gnal  at  t he 
t r ansmi ssi on r at e speci f i ed.   Ensur e t he FO r epeat er  i s mechani cal l y and 
opt i cal l y compat i bl e wi t h t he r emai nder  of  t he FO syst em.

2. 2. 4   FO Anal og Repeat er s

Use FO anal og r epeat er s t o ext end t he r ange of  t he FO dat a t r ansmi ssi on 
syst em when necessar y t o meet  t he r equi r ement s of  par agr aph SYSTEM 
REQUI REMENTS.   For  s i mpl ex c i r cui t s,  t he r epeat er  consi st s of  an FO 
r ecei ver  connect ed t o an FO t r ansmi t t er .   For  dupl ex c i r cui t s,  t he 
r epeat er  consi st s of  a pai r  of  FO r ecei ver s t hat  ar e connect ed t o a pai r  
of  FO t r ansmi t t er s.   The FO r ecei ver s r ecei ves t he opt i cal  s i gnal  and 
dr i ve t he t r ansmi t t er s.   Ensur e t he FO r epeat er  i s mechani cal l y and 
opt i cal l y compat i bl e wi t h t he r emai nder  of  t he FO syst em.

2. 2. 5   Tr anscei ver s f or  Vi deo Appl i cat i ons

Pr ovi de FO Tr anscei ver s t hat  al l ow bi - di r ect i onal  s i gnal  t r ansmi ssi on on a 
s i ngl e f i ber .   The oper at i ng wavel engt h i n one di r ect i on i s 1300/ 850 
nanomet er s,  whi l e i n t he opposi t e di r ect i on,  850/ 1300 nanomet er s.   
Cr osst al k at t enuat i on bet ween channel s i s 40 dB or  gr eat er .   Sel ect  FO 
t r anscei ver s t o mat ch or  exceed t he hi ghest  dat a r at e of  at t ached i nput  
devi ces.   Ensur e t he FO t r anscei ver  i s mechani cal l y and opt i cal l y 
compat i bl e wi t h t he r emai nder  of  t he FO syst em.

2. 2. 6   Tr anscei ver s f or  Lan Appl i cat i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Use t he t r anscei ver s f or  ESS or  UMCS syst ems 
whi ch use a LAN t opol ogy f or  communi cat i on.

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

Pr ovi de t r anscei ver s f or  FO LAN appl i cat i ons t hat  ar e act i ve uni t s,  and 
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compat i bl e wi t h t he LAN car ds,  modems and r epeat er s used i n t he syst em.   
Pr ovi de i ndi cat or s f or  power ,  col l i s i on det ect i on,  r ecei ve,  t r ansmi t ,  and 
st at us.   Der i ve power  f or  t r anscei ver s f r om t he At t achment  Uni t  I nt er f ace 
( AUI )  por t  of  LAN equi pment  or  f r om a dedi cat ed power  suppl y.   Ensur e 
t r anscei ver  l oss char act er i st i cs ar e l ess t han 1. 0 db.   Pr ovi de l ow l oss 
connect or s t hat  ar e compat i bl e wi t h LAN equi pment .   I ncl ude ci r cui t r y so 
when a devi ce i s di sconnect ed,  ot her  devi ces on t he LAN cont i nue t o 
oper at e wi t hout  any di sr upt i on.

2. 2. 7   FO Swi t ches

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Show FO swi t ches and desi gnat e l at chi ng or  
nonl at chi ng on cont r act  dr awi ngs.

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

Pr ovi de si ngl e pol e,  doubl e t hr ow FO swi t ches wi t h swi t chi ng speed l ess 
t han 15 mi l l i seconds,  and i nser t i on l oss l ess t han 1. 5 dB.   Pr ovi de 
cr osst al k at t enuat i on bet ween FO out put s at  40 dB or  gr eat er .   FO swi t ches 
ar e l at chi ng or  nonl at chi ng,  as shown.

2. 2. 8   FO Spl i t t er / Combi ner

For  FO spl i t t er / combi ner  uni t s,  pr ovi de f ul l - dupl ex communi cat i ons i n a 
mul t i - poi nt  conf i gur at i on.   Ensur e each uni t  has one i nput  por t  modul e and 
up t o f our  out put  por t  modul es.   Ensur e FO spl i t t er / combi ner  uni t s ar e 
mechani cal l y and opt i cal l y compat i bl e wi t h t he r emai nder  of  t he FO 
syst em.   The spl i t t er / combi ner  al l ows a mi xed conf i gur at i on of  por t  modul e 
oper at i ng wavel engt hs and si ngl e- mode or  mul t i mode FO cabl es.   Ensur e each 
por t  modul e has a separ at e FO cabl e i nput  and out put .   Connect  por t  
modul es usi ng an el ect r oni c dat a bus.   Por t  modul e FO t r ansmi t t er s 
r egener at e t he opt i cal  s i gnal  at  t he t r ansmi ssi on r at e speci f i ed.   Rack 
mount  por t  modul es i n a 483 mm 19- i nch r ack compl yi ng wi t h 
ECI A EI A/ ECA 310- E.   Ensur e t he t ot al  pr opagat i on del ay t hr ough t he 
spl i t t er / combi ner  i s l ess t han 100 nanoseconds.

2. 2. 9   Fi ber  Opt i c Di gi t al  Repeat er s ( FODR)

FODRs combi ne t he f eat ur es speci f i ed f or  Fi ber  Opt i c Di gi t al  Repeat er s and 
Local  Ar ea Net wor k ( LAN)  t r anscei ver s.   FODRs r egener at e t he opt i cal  
s i gnal  at  t he t r ansmi ssi on r at e speci f i ed.   Ensur e t he FODRs ar e 
mechani cal l y and opt i cal l y compat i bl e wi t h t he r emai nder  of  t he Fi ber  
Opt i c Syst em.   Ensur e FODRs r est or e t he opt i cal  s i gnal s ampl i t ude,  t i mi ng 
and wavef or m and pr ovi de an el ect r i cal  i nt er f ace t o t he t r ansmi ssi on 
medi a.   Ensur e t he el ect r i cal  i nt er f ace i s i dent i cal  t o al l  ot her  net wor k 
i nt er f aces as speci f i ed.

Submi t  a manuf act ur er ' s cer t i f i cat e of  t he Fi ber  Opt i c Syst em i ndi cat i ng 
compl i ance wi t h t r ansmi ssi on and r el i abi l i t y  r equi r ement s.   Wher e 
equi pment  or  mat er i al s ar e speci f i ed t o conf or m t o t he st andar ds or  
publ i cat i ons and r equi r ement s of  CFR,  ANSI , I EEE,  NEMA,  NFPA,  EI A,  or  UL,  
f ur ni sh cer t i f i cat es at t est i ng t hat  t he i t ems i dent i f i ed conf or m t o t he 
speci f i ed r equi r ement s.

2. 2. 10   Dat a Tr ansmi ssi on Conver t er

Use dat a t r ansmi ssi on conver t er s t o connect  equi pment  usi ng TI A- 485 dat a 
t r ansmi ssi on when necessar y and as shown.   I nst al l  conver t er s t hat  oper at e 
f ul l  dupl ex and suppor t  t wo wi r e c i r cui t s at  speeds up t o 2 megabyt es per  
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second and have a bui l t  i n 120 Ohm t er mi nat i ng r esi st or .   Ensur e 
conver t er s ar e mechani cal l y,  el ect r i cal l y,  and opt i cal l y compat i bl e wi t h 
t he syst em.

2. 2. 11   Encl osur es

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  al l  FO devi ces ar e l ocat ed i n encl osur es 
of  ot her  syst ems,  t he par agr aph ENCLOSURES can be 
del et ed.   Ot her wi se,  par agr aph ENCLOSURES r emai n and 
encl osur e l ocat i ons ar e shown on t he dr awi ngs.

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

Ensur e encl osur es conf or m t o t he r equi r ement s of  NEMA 250 f or  t he t ypes 
speci f i ed.   Use t he manuf act ur er ' s st andar d f i ni sh col or ,  unl ess ot her wi se 
i ndi cat ed.   Repai r  and r ef i ni sh damaged sur f aces usi ng or i gi nal  t ype 
f i ni sh.

2. 2. 11. 1   I nt er i or

Ensur e t he encl osur es i nst al l ed i ndoor s meet  t he r equi r ement s of  NEMA 250 
Type 12 or  as shown.

2. 2. 11. 2   Ext er i or

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  ext er i or  appl i cat i ons wher e cor r osi ve 
envi r onment s exi st ,  speci f y Type 4X.   Type 4X 
met al l i c  encl osur es shoul d be used f or  secur i t y 
appl i cat i ons wher e physi cal  har deni ng i s r equi r ed.

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

Ensur e encl osur es i nst al l ed out door s meet  t he r equi r ement s of  NEMA 250 
Type 4 unl ess ot her wi se speci f i ed or  shown.

2. 2. 11. 3   Cor r osi ve Envi r onment

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Show cor r osi ve l ocat i ons on t he dr awi ngs.

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

For  encl osur es i n a cor r osi ve envi r onment ,  meet  t he r equi r ement s of  
NEMA 250,  Type 4X.

2. 2. 11. 4   Hazar dous Envi r onment

For  encl osur es i nst al l ed i n a hazar dous envi r onment ,  meet  t he r equi r ement s 
as speci f i ed i n par agr aph ENVI RONMENTAL REQUI REMENTS.

2. 2. 12   Tamper  and Physi cal  Pr ot ect i on Pr ovi s i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Tamper  and physi cal  pr ot ect i on pr ovi s i ons ar e 
onl y r equi r ed f or  FO syst em appl i cat i ons i nvol v i ng 
secur i t y syst ems such as I DS,  ESS or  CCTV.   Thi s 
r equi r ement  shoul d be del et ed f or  al l  ot her  
appl i cat i ons.   Gener al l y,  secur i t y scr ews ar e 
pr ef er r ed over  t ack wel di ng or  br azi ng because t he 
encl osur e sur f ace pr ot ect i on i s not  damaged.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Pr ovi de encl osur es and f i t t i ngs of  ever y descr i pt i on havi ng hi nged door s 
or  r emovabl e cover s t hat  cont ai n t he FO ci r cui t s,  connect i ons,  spl i ces,  or  
power  suppl i es,  wi t h cover - oper at ed,  cor r osi on- r esi st ant  t amper  swi t ches,  
ar r anged t o i ni t i at e an al ar m si gnal  when t he door  or  cover  i s moved.   
Mechani cal l y mount  t amper  swi t ches t o maxi mi ze t he def eat  t i me when 
encl osur e cover s ar e opened or  r emoved.   Ensur e t he encl osur e and t he 
t amper  swi t ch f unct i on t oget her  t o not  al l ow di r ect  l i ne of  s i ght  t o any 
i nt er nal  component s and t amper i ng wi t h t he swi t ch or  t he c i r cui t s bef or e 
t he swi t ch act i vat es.

Ensur e t amper  swi t ches ar e i naccessi bl e unt i l  t he swi t ch i s act i vat ed;  
have mount i ng har dwar e conceal ed so t hat  t he l ocat i on of  t he swi t ch cannot  
be obser ved f r om t he ext er i or  of  t he encl osur e;  ar e connect ed t o c i r cui t s 
whi ch ar e under  el ect r i cal  super vi s i on at  al l  t i mes,  i r r espect i ve of  t he 
pr ot ect i on mode i n whi ch t he ci r cui t  i s  oper at i ng;  ar e spr i ng- l oaded and 
hel d i n t he c l osed posi t i on by t he door  cover ;  and ar e wi r ed so t hat  t hey 
br eak t he ci r cui t  when t he door  or  cover  i s di st ur bed.

Ensur e t amper  swi t ches l ocat ed i n encl osur es whi ch open t o make r out i ne 
mai nt enance adj ust ment s t o t he syst em and t o ser vi ce t he power  suppl i es 
ar e push/ pul l - set ,  aut omat i c r eset  t ype.

2. 2. 12. 1   Encl osur e Cover s

Cover s of  pul l  and j unct i on boxes pr ovi ded t o f aci l i t at e i nst al l at i on of  
t he syst em need not  be pr ovi ded wi t h t amper  swi t ches i f  t hey cont ai n no 
spl i ces,  connect i ons or  power  suppl i es,  but  ar e pr ot ect ed by [ secur i t y 
scr ews]  [ t ack wel di ng or  br azi ng]  t o hol d t he cover s i n pl ace.   Af f i x  z i nc 
l abel s t o such boxes i ndi cat i ng t hey cont ai n no connect i ons.   Do not  
i ndi cat e wi t h t hese l abel s t hat  t he box i s par t  of  a secur i t y syst em.   
Cl ean and r epai r  damage t o t he encl osur e or  i t s cover ' s sur f ace pr ot ect i on 
usi ng t he same t ype of  sur f ace pr ot ect i on as t he or i gi nal  encl osur e.   
Secur e t he condui t  encl osur es const r uct ed of  f i ber gl ass wi t h t amper  pr oof  
secur i t y ser ver s.

2. 2. 12. 2   Condui t - Encl osur e Connect i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Tamper  and physi cal  pr ot ect i on pr ovi s i ons ar e 
onl y r equi r ed f or  FO syst em appl i cat i ons i nvol v i ng 
secur i t y syst ems such as I DS,  ESS,  or  CCTV.   Del et e 
t hi s r equi r ement  f or  al l  ot her  appl i cat i ons.

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

Pr ot ect  condui t  encl osur e connect i ons by t ack wel di ng or  br azi ng t he 
condui t  t o t he encl osur e.   Appl y t ack wel di ng or  br azi ng i n addi t i on t o 
st andar d condui t - encl osur e connect i on met hods as descr i bed i n NFPA 70.   
Cl ean and r epai r  any damage t o t he encl osur e or  i t s cover ' s sur f ace 
pr ot ect i on usi ng t he same t ype of  sur f ace pr ot ect i on as t he or i gi nal  
encl osur e.   Secur e condui t  encl osur es const r uct ed of  f i ber gl ass wi t h 
t amper  pr oof  secur i t y scr ews.

2. 2. 12. 3   Locks and Key- Lock- Oper at ed Swi t ches

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ei t her  r ound key or  convent i onal  key t ype 
l ocks as def i ned i n t hi s speci f i cat i on ar e 
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accept abl e.   Sel ect i on shoul d be based on har dwar e 
avai l abi l i t y  at  t he t i me of  desi gn and t he 
r equi r ement  f or  mat chi ng l ocks cur r ent l y i n use at  
t he s i t e.   I f  t he l ocks do not  have t o be mat ched t o 
l ocks i n use at  t he s i t e,  and t he desi gner  has no 
pr ef er ence as t o l ock t ype,  al l  br acket s may be 
r emoved.

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

a.   Locks

When l ocks ar e r equi r ed,  i nst al l  UL l i s t ed l ocks on syst em encl osur es f or  
mai nt enance pur poses,  [ r ound key t ype,  wi t h t hr ee dual ,  one mushr oom,  and 
t hr ee pl ai n pi n t umbl er s]  [ or ]  [ convent i onal  key t ype l ock havi ng a 
combi nat i on of  f i ve cyl i nder  pi n and f i ve- poi nt  t hr ee posi t i on s i de bar ] .  
St amp keys U. S.  GOVT.  DO NOT DUP.   Ar r ange t he l ocks so t hat  t he key can 
onl y be wi t hdr awn when i n t he l ocked posi t i on.   Key al l  mai nt enance l ocks 
al i ke and f ur ni sh onl y t wo keys f or  al l  of  t hese l ocks.

b.   Key- Lock- Oper at ed Swi t ches

I nst al l  UL l i s t ed key- l ock- oper at ed swi t ches when l ocks ar e r equi r ed t o be 
i nst al l ed on syst em component s,  [ wi t h t hr ee dual ,  one mushr oom,  and t hr ee 
pl ai n pi n t umbl er s, ]  [ or ]  [ convent i onal  key t ype l ock havi ng a combi nat i on 
of  f i ve cyl i nder  pi n and f i ve- poi nt  t hr ee posi t i on s i de bar ] .   St amp keys 
U. S.  GOVT.  DO NOT DUP.   Pr ovi de t wo posi t i on key- l ock- oper at ed swi t ches,  
wi t h t he key r emovabl e i n ei t her  posi t i on.   Key al l  key- l ock- oper at ed 
swi t ches di f f er ent l y and f ur ni sh onl y t wo keys f or  each key- l ock- oper at ed 
swi t ch.

2. 2. 13   Opt i cal  Fi ber s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   FO syst ems use one or  t wo f i ber s f or  each 
f ul l  dupl ex FO l i nk.   I n t he t wo- f i ber  l i nks dat a 
f l ows onl y i n one di r ect i on i n each f i ber .   DWM and 
CWM syst ems of t en use one f i ber  f or  each f ul l  dupl ex 
FO l i nk i n whi ch di f f er i ng wavel engt hs t r avel  i n 
opposi t e di r ect i ons on one f i ber .   I n some cases,  
such as sendi ng sync and r ecei v i ng v i deo f r om l ong 
di st ances,  bi - di r ect i onal  t r ansmi ssi on on one f i ber  
i s desi r ed.   Shor t er  wavel engt hs gener al l y have 
gr eat er  at t enuat i on;  l oss budget s shoul d be based on 
t he wavel engt h wi t h t he gr eat er  at t enuat i on.

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

2. 2. 13. 1   Gener al

Coat  opt i cal  f i ber s wi t h a sui t abl e mat er i al  t o pr eser ve t he i nt r i nsi c 
st r engt h of  t he gl ass.   The out si de di amet er  of  t he gl ass- cl added f i ber  i s 
nomi nal l y 125 mi cr ons,  and concent r i c wi t h t he f i ber  cor e.   Ensur e opt i cal  
f i ber s meet  TI A- 455- 78- B,  and TI A- 455- 177.

2. 2. 13. 2   50 Mi cr on Mul t i mode Fi ber s

Use conduct or s t hat  ar e mul t i mode,  gr aded i ndex,  sol i d gl ass wavegui des 
wi t h a nomi nal  cor e di amet er  of  50 mi cr ons.   Ensur e t he f i ber  has 
t r ansmi ssi on wi ndows cent er ed at  850 and 1300 nanomet er  wavel engt hs,  wi t h 
a numer i cal  aper t ur e mi ni mum of  0. 20.   The at t enuat i on at  850 nanomet er s 
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i s  3. 5 dB/ Km or  l ess.   The at t enuat i on at  1300 nanomet er s i s 1. 5 dB/ Km or  
l ess.   For  bot h t r ansmi ssi on wi ndows,  t he mi ni mum bandwi dt h i s 500 
MHz- Km.   Cer t i f y t he f i ber s t o meet  TI A/ EI A- 455- 204 and TI A- 455- 58.

2. 2. 13. 3   62. 5 Mi cr on Mul t i mode Fi ber s

Use conduct or s t hat  ar e mul t i mode,  gr aded i ndex,  sol i d gl ass wavegui des 
wi t h a nomi nal  cor e di amet er  of  62. 5 mi cr ons.   Ensur e t he f i ber  has 
t r ansmi ssi on wi ndows cent er ed at  850 and 1300 nanomet er  wavel engt hs,  wi t h 
a numer i cal  aper t ur e mi ni mum of  0. 275.   The at t enuat i on at  850 nanomet er s 
i s 3. 5 dB/ Km or  l ess.   The at t enuat i on at  1300 nanomet er s i s 1. 5 dB/ Km or  
l ess.   The mi ni mum bandwi dt h i s 160 MHz- Km at  850 nanomet er s and 500 
MHz- Km at  1300 nanomet er s.   Cer t i f y FO cabl e t o meet  TI A/ EI A- 455- 204 and 
TI A- 455- 58.

2. 2. 13. 4   8. 3 Mi cr on Si ngl e- Mode Fi ber s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Si ngl e- mode FO DTS of f er  l ar ger  bandwi dt h,  
and l ess at t enuat i on,  usual l y at  gr eat er  syst em cost  
t han mul t i mode FO DTS.   Onl y use si ngl e- mode FO DTS 
when t he desi gner  det er mi nes t hat  l ar ge bandwi dt h or  
l ow at t enuat i on l i nks war r ant  t he s i ngl e- mode FO DTS.

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

Use conduct or s t hat  ar e s i ngl e- mode,  sol i d gl ass wavegui des wi t h a nomi nal  
cor e di amet er  of  8. 3 mi cr ons.   Ensur e t he f i ber  has a t r ansmi ssi on wi ndows 
cent er ed at  1310 and 1550 nanomet er  wavel engt hs wi t h a numer i cal  aper t ur e 
mi ni mum of  0. 10.   The at t enuat i on f or  i nsi de cabl e at  1310 and 1550 
nanomet er s i s 1. 0 dB/ Km or  l ess.   The at t enuat i on f or  out si de cabl e at  
1310 and 1550 nanomet er s i s 0. 5 dB/ Km or  l ess.   Cer t i f y t he f i ber s t o meet  
ANSI / TI A- 455- 80C.

2. 2. 14   Cr oss- Connect s

2. 2. 14. 1   Pat ch Panel s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Show cr oss- connect  or  i nt er connect  
conf i gur at i on on t he dr awi ngs.

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

I nst al l  pat ch panel s as a compl et e syst em of  component s by a s i ngl e 
manuf act ur er ;  pr ovi de t er mi nat i on,  spl i ce st or age,  r out i ng,  r adi us 
l i mi t i ng,  cabl e f ast eni ng,  st or age,  and cr oss- connect i on.   Ensur e pat ch 
panel  connect or s and coupl er s ar e t he same t ype and conf i gur at i on as used 
el sewher e i n t he syst em.   Pat ch panel s ar e [ a 480 mm 19- i nch r ack mount  
t ype]  [ wal l  mount ed]  [ as shown] .

2. 2. 14. 2   Pat ch Cor ds

Pr ovi de pat ch cor d cabl e assembl i es consi st i ng of  f act or y 
connect or - t er mi nat ed f l exi bl e opt i cal  f i ber  cabl e wi t h connect or s of  t he 
same t ype as used el sewher e i n t he syst em.   Opt i cal  f i ber  i s t he same t ype 
as used el sewher e i n t he syst em.   I nst al l  pat ch cor ds as compl et e 
assembl i es f r om manuf act ur er ' s st andar d pr oduct s.
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2. 3   SYSTEM REQUI REMENTS

2. 3. 1   Si gnal  Tr ansmi ssi on Code For mat

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Di f f er ent  FO syst ems may use di f f er ent  
modul at i on met hods and codes.   For  exampl e,  t he 
di gi t al  s i gnal  may t ur n t he l i ght  sour ce on or  of f ,  
i t  may use f r equency shi f t  keyi ng,  or  i t  may cause 
t he i nt ensi t y t o shi f t  bet ween t wo pr eset  l evel s.   
Li kewi se,  t he code can be t he si mpl e NRZ ( non- r et ur n 
t o zer o) ,  or  i t  can be t he mor e compl ex and 
ef f i c i ent  RZ ( r et ur n t o zer o)  code,  such as t he 
Manchest er  code.   The modul at i on met hod can be 
i mpor t ant  t o bandwi dt h l i mi t ed syst ems si nce some 
met hods r equi r ed t wi ce t he bandwi dt h of  ot her  
met hods f or  t r ansmi t t i ng t he same dat a.

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

Ensur e FO equi pment  uses t he same t r ansmi ssi on code f or mat  f r om t he 
begi nni ng of  a c i r cui t  t o t he end of  t hat  c i r cui t .   Di f f er ent  t r ansmi ssi on 
code f or mat s may be used f or  di f f er ent  c i r cui t s as r equi r ed t o 
i nt er connect  suppor t ed equi pment .

2. 3. 2   Fl ux Budget / Gai n Mar gi n

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The f l ux budget  cal cul at i ons f or  each FO l i nk 
ar e used t o det er mi ne i f  t he gai n mar gi n desi gned 
i nt o t he l i nk i s l ar ge enough t o al l ow f or  spl i c i ng 
of  br oken f i ber s and agi ng ef f ect s.   The f l ux budget  
i s t he power  di f f er ence bet ween t he t r ansmi t t er  
out put  power  and t he r ecei ver  i nput  power  f or  a 
gi ven bi t  er r or  r at e.

Thi s power  i s usual l y measur ed i n dBm ( i . e.  
r ef er enced t o 1 mi l l i wat t )  and i s an absol ut e 
measur ement .   LED t r ansmi t t er  out put  power  i s 
t ypi cal l y bet ween - 10 and - 18 dBm.   Posi t i ve 
I nt r i nsi c Negat i ve ( PI N)  r ecei ver s wi t h 
pr e- ampl i f i er s have a power  i nput  t ypi cal l y bet ween 
- 24 and - 37 dBm.   Usi ng t he f l ux budget ,  t he l i nk 
desi gner  can det er mi ne t he t ot al  l osses t he syst em 
l i nks can have and st i l l  wor k pr oper l y.

The f l ux budget  i s di v i ded i nt o component s.   The 
component s ar e t he r eal  l osses i n t he syst em and t he 
gai n mar gi n.   The r eal  l osses consi st  of  al l  t he 
syst em l osses such as cabl e at t enuat i on,  coupl i ng 
and spl i c i ng l osses.   The gai n mar gi n i s a r eser ve 
f or  f ut ur e l osses,  such as agi ng and f ut ur e 
spl i ces.   Syst em l osses and t he gai n mar gi n ar e 
usual l y measur ed i n dB and ar e a r el at i ve 
measur ement .

The r ecei ver  dynami c r ange i s t he r ange of  i nput  
power  t hat  can be successf ul l y det ect ed by t he 
r ecei ver  ( al so r ef er r ed t o as t he maxi mum and 
mi ni mum opt i cal  i nput  power ) .   The var i abl es t hat  
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can i nf l uence t he f l ux budget  i ncl ude changi ng t he 
t r ansmi t t er  power  out put ,  t he r ecei ver  sensi t i v i t y,  
t he i mposed si gnal  wavel engt h and syst em l osses.   
Al l ow 3 dB f or  agi ng and 3 dB f or  each cabl e r epai r  
f or  a t ot al  mar gi n of  not  l ess t han 6 dB.  Di f f er ent  
wavel engt hs exhi bi t  di f f er ent  cabl e at t enuat i on;  
t hus f or  l i nks t hat  use WDM or  DWDM,  t he f l ux budget  
shoul d be det er mi ned usi ng t he cabl e at t enuat i on and 
connect or  l osses f or  t he wavel engt h wi t h gr eat er  
l oss ( whi ch i s usual l y t he shor t er  wavel engt h) .

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

Pr ovi de FO l i nks wi t h a mi ni mum gai n mar gi n of  6 dB.   The f l ux budget  i s 
t he di f f er ence bet ween t he t r ansmi t t er  out put  power  and t he r ecei ver  i nput  
power  r equi r ed f or  s i gnal  di scr i mi nat i on when bot h ar e expr essed i n dBm.   
Ensur e t he f l ux budget  i s equal  t o t he sum of  l osses ( such as i nser t i on 
l osses,  connect or  and spl i ce l osses,  and t r ansmi ssi on l osses)  pl us t he 
gai n mar gi n.   When a r epeat er  or  ot her  s i gnal  r egener at i ng devi ce i s 
i nser t ed t o ext end t he l engt h of  an FO ci r cui t ,  bot h t he c i r cui t  bet ween 
t he t r ansmi t t er  and t he r epeat er - r ecei ver ,  and t he ci r cui t  bet ween t he 
r epeat er - t r ansmi t t er  and t he r ecei ver  ar e consi der ed i ndependent  FO l i nks 
f or  gai n mar gi n cal cul at i ons.

2. 3. 3   Recei ver  Dynami c Range

Ensur e t he dynami c r ange of  r ecei ver s i s l ar ge enough t o accommodat e bot h 
t he wor st - case,  mi ni mum r ecei ver  f l ux densi t y,  and t he maxi mum possi bl e 
r ecei ver  f l ux densi t y,  wi t h a r ange of  at  l east  15 dB.   Wher e r equi r ed,  
use opt i cal  at t enuat or s t o f or ce t he FO l i nk power  t o f al l  wi t hi n t he 
r ecei ver  dynami c r ange.

2. 4   ACCESSORI ES

2. 4. 1   FO Connect or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Avai l abl e FO connect or  t ypes i ncl ude,  but  ar e 
not  l i mi t ed t o,  FC,  SC,  Dupl ex SE ( 568SC) ,  ST,  
Dupl ex ST,  LC,  Dupl ex LC,  ESCON,  FDDI ,  and MT- RJ.   
Equi pment  manuf act ur er s may of f er  bot h a 
manuf act ur er ' s st andar d t er mi nat i on connect or  t ype 
and al so an opt i onal  t er mi nat i on connect or  t ype or  
t ypes as avai l abl e on a speci f i c  equi pment  
component .   Wher eas some equi pment  may onl y be 
avai l abl e wi t h one t er mi nat i on connect or  t ype ( as an 
exampl e,  one manuf act ur er  of f er s a choi ce of  ei t her  
ST,  SC,  or  FC connect or s on a speci f i c  FO 
t r anscei ver ) .

For  equi pment  addi t i ons t o exi st i ng i nst al l at i on,  
t he i nst al l ed base of  l egacy syst ems may suggest  use 
of  a cer t ai n t ype of  connect or  be cont i nued and t o 
be used f or  new equi pment .   Al t er nat i vel y,  use of  
hybr i d adapt er s or  hybr i d cabl es,  al l ows t he use of  
cabl es wi t h di f f er ent  connect or  t ypes on opposi t e 
cabl e ends t o per mi t  t he cabl e connect or s t o be 
compat i bl e wi t h t he equi pment  t er mi nat i on 
connect or s.   Connect or s wi t h a pul l - pr oof  f eat ur e 
ar e pr ef er abl e,  especi al l y f or  pat ch cor ds.
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Nomi nal  and maxi mum connect or  pai r  l osses var y by 
connect or  t ype,  by manuf act ur er ,  and by cabl e t ype 
( e. g. ,  mul t i mode or  s i ngl e mode) .   Nomi nal  connect or  
pai r  l oss of  0. 3 dB,  and maxi mum connect or  pai r  l oss 
of  0. 5 dB ar e common f or  ol der  t ypes of  FO 
connect or s.   Smal l  f or m f act or  t ypes and newer  
connect or  t ypes may of f er  smal l er  nomi nal  and 
smal l er  maxi mum l oss val ue.

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

Use f i el d i nst al l abl e,  sel f - al i gni ng and cent er i ng FO connect or s.   Mat ch 
FO connect or s wi t h t he f i ber  cor e and cl addi ng di amet er s.   Pr ovi de FO 
cabl e connect or s at  f i el d equi pment  [ of  t he t ype t o mat ch t he f i el d 
equi pment  connect or s]  [ of  t ype [ _____] ]  [ as shown] .   Pr ovi de FO connect or s 
at  t er mi nal  head end equi pment  [ of  t he t ype t o mat ch t er mi nal  head 
equi pment  connect or s]  [ of  t ype [ _____] ]  [ as shown] .   Connect or  i nser t i on 
l oss i s nomi nal l y 0. 3 dB and maxi mum l oss l ess t han 0. 7 dB.

2. 4. 2   Mechani cal  Spl i ces

Mechani cal  spl i ces ar e sui t abl e f or  i nst al l at i on i n t he f i el d.   Ext er nal  
power  sour ces ar e not  r equi r ed t o compl et e a mechani cal  spl i ce.   Use 
sel f - al i gni ng mechani cal  spl i ces f or  opt i mum si gnal  coupl i ng.   Do not  use 
mechani cal  spl i ces f or  ext er i or  appl i cat i ons wher e t hey may be bur i ed 
under gr ound or  l aced t o aer i al  messenger  cabl es.   Mechani cal  spl i ces may 
be used f or  i nt er i or  l ocat i ons and wi t hi n encl osur es.   Pr ot ect  t he spl i ced 
f i ber s f r om moi st ur e and pr event  physi cal  damage wi t h spl i ce c l osur es.   
Use t he spl i ce c l osur e t o pr ovi de st r ai n r el i ef  f or  t he cabl e and t he 
f i ber s at  t he spl i ce poi nt s.

2. 4. 3   Fusi on Spl i ces

Use a por t abl e,  f ul l y  aut omat i c,  and compact  f usi on spl i cer ,  sui t abl e f or  
f usi on spl i c i ng al l  t ypes of  t el ecommuni cat i on gr ade opt i cal  f i ber s and 
i ndi v i dual  f i ber s as wel l  as cabl es cont ai ni ng mul t i pl e opt i cal  f i ber s.   
Ensur e t he f usi on spl i cer  i s capabl e of  oper at i on under  var i ous 
envi r onment al  condi t i ons ( e. g. ,  t emper at ur e,  humi di t y,  al t i t ude,  et c. )  f or  
al l  t ypes of  opt i cal  cabl e depl oyment s.   St ar t  t he aut omat i c spl i c i ng 
pr ocess by pr essi ng one but t on and can be i nt er r upt ed at  any t i me.   
Al t er nat i vel y,  make avai l abl e semi - aut omat i c ( st ep- by- st ep)  or  manual  
spl i c i ng by menu sel ect i on.   Conduct  communi cat i on wi t h t he f usi on spl i cer  
t hr ough a l anguage unspeci f i c  keyboar d wi t h uni ver sal  symbol s and di spl ay 
t he di al ogue wi t h t he spl i cer  on t he devi ce scr een.

2. 4. 4   Condui t ,  Fi t t i ngs And Encl osur es

Ensur e condui t ,  f i t t i ngs,  and encl osur es ar e as speci f i ed i n Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM,  and as shown.

2. 4. 5   Fan- Out  Ki t s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Pr ovi de f an- out  k i t s ( al so r ef er r ed t o as 
pr ovi di ng buf f er  t ube f an- out  k i t s,  or  f ur cat i ng 
har nesses,  or  f ur cat i on k i t s,  or  i nst al l i ng 
f ur cat i ng t ubes)  f or  t er mi nat i ng al l  l oose- t ube 
opt i cal  f i ber s ( i . e. ,  opt i cal  f i ber s wi t h 250 mi cr on 
out si de di amet er )  and addi t i onal l y i ncor por at e 
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st r ai n r el i ef  i f  t he connect or i zat i on i s not  
cont ai ned wi t hi n a pat ch panel .   Fan- out  k i t s wi t h 
f ur cat i ng t ubes ar e t ypi cal l y not  used f or  
t i ght - buf f er ed ( e. g. ,  900 mi cr on out si de di amet er )  
opt i cal  f i ber s whi ch have t he connect or i zat i on 
cont ai ned wi t hi n a pat ch panel .   Fan- out  k i t s wi t h 
st r ai n r el i ef  f ur cat i ng t ubes ar e appr opr i at e f or  
f i el d connect or i zat i on of  t i ght - buf f er ed opt i cal  
f i ber s when t he t er mi nat i on i s not  cont ai ned wi t hi n 
a pat ch panel .

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

For  al l  l oose- t ube opt i cal  f i ber s,  f ur ni sh and i nst al l  f an- out  k i t s usi ng 
f ur cat i ng t ubes f or  connect or i zat i on.   I ncor por at e st r ai n r el i ef  f or  
l oose- t ube opt i cal  f i ber  f ur cat i ng t ubes i f  t he connect or i zat i on i s not  
cont ai ned wi t hi n a pr ot ect i ve encl osur e such as a pat ch panel .   For  
t i ght - buf f er ed opt i cal  f i ber s,  f ur ni sh and i nst al l  f an- out  k i t s usi ng 
f ur cat i ng t ubes and whi ch i ncor por at e st r ai n r el i ef ,  i f  t he 
connect or i zat i on i s not  cont ai ned wi t hi n a pr ot ect i ve encl osur e such as a 
pat ch panel .   Fur cat i ng t ubes r equi r ed t o i ncor por at e st r ai n r el i ef  al so 
pr ovi de i ncr eased pul l out  pr ot ect i on.   Tubes ar e compr i sed of  an i nner  
t ube,  sur r ounded by a l ayer  of  nonconduct i ve st r engt h member s,  t hen 
sur r ounded by an encl osi ng out er  j acket  l ayer .   [ Col or  code f an- out  k i t s 
t o mat ch t he i ndust r y f i ber  col or  scheme. ]  Lengt h of  f ur cat i ng t ube i s 
[ 610]  [ 915]  mm [ 24]  [ 36] - i nches mi ni mum when i nst al l at i on i s compl et e.   
Rat e f an- out  k i t s f or  t he ambi ent  condi t i ons of  t he l ocat i on as speci f i ed 
i n par agr aph ENVI RONMENTAL REQUI REMENTS.   Pr ovi de t er mi nat i ons f or  each 
f i ber ,  r egar dl ess whet her  f i ber  i s act i ve or  spar e.

2. 5   CABLE CONSTRUCTI ON

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Ei t her  t i ght - buf f er  or  l oose- t ube cabl e 
const r uct i on can be used.   The l oose t ube 
const r uct i on i s mor e appr opr i at e wher e t he cabl e i s 
subj ect  t o t her mal  expansi on.   Thi s woul d i ncl ude 
out door  aer i al  and l ong di st ance r uns over  1 Km 0. 62 
mi l e.   I n mul t i st or y bui l di ngs or  l ocat i ons wher e 
t he cabl e i s i nst al l ed ver t i cal l y and does not  
exper i ence si gni f i cant  t emper at ur e var i at i ons,  use 
t i ght - buf f er  cabl es.

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

2. 5. 1   Gener al

Ensur e t he cabl e cont ai ns a mi ni mum of  t wo FO f i ber s f or  each l i nk 
c i r cui t .   The number  of  f i ber s i n each cabl e i s [ _____]  [ as shown] .   
Pr ot ect  each f i ber  by a pr ot ect i ve t ube.   Ensur e cabl es have a j acket ed 
st r engt h member ,  and an ext er i or  j acket .   Ensur e cabl e and f i ber  
pr ot ect i ve cover i ng ar e f r ee f r om hol es,  spl i t s,  bl i s t er s,  and ot her  
i mper f ect i ons.   I nsul at i on and j acket i ng mat er i al  f or  i nt er i or  cabl es 
cannot  cont ai n any pol yvi nyl  chl or i de ( PVC)  compounds.   Use a cover i ng 
t hat  i s f l ame r et ar dant ,  moi st ur e r esi st ant ,  non- nut r i ent  t o f ungus,  
ul t r avi ol et  l i ght  r esi st ant  as speci f i ed,  and nont oxi c.   Do not  t r ansmi t  
mechani cal  st r ess pr esent  i n cabl e t o t he opt i cal  f i ber s.   Ensur e st r engt h 
member s ar e non- met al l i c  and an i nt egr al  par t  of  t he cabl e const r uct i on.   
Ensur e t he combi ned st r engt h of  al l  t he st r engt h member s i s suf f i c i ent  t o 
suppor t  t he st r ess of  i nst al l at i on and t o pr ot ect  t he cabl e i n ser vi ce.   
For  ext er i or  cabl es,  sel ect  a mi ni mum st or age t emper at ur e r ange of  mi nus 
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40 t o pl us 75 degr ees C mi nus 104 t o pl us 167 degr ees F.   A mi ni mum 
st or age t emper at ur e of  mi nus 10 t o pl us 75 degr ees C pl us 14 t o pl us 167 
degr ees F i s r equi r ed f or  i nt er i or  cabl es.   Ensur e al l  opt i cal  f i ber  
cabl es and al l  opt i cal  f i ber  r aceways f ur ni shed meet  t he r equi r ement  of  
NFPA 70.   Appl y a f l oodi ng compound i nt o t he i nt er i or  of  t he f i ber  t ubes,  
i nt o t he i nt er st i t i al  spaces bet ween t he t ubes,  t o t he cor e cover i ng,  and 
bet ween t he cor e cover i ng and j acket  of  al l  cabl e t o be i nst al l ed 
aer i al l y ,  under gr ound,  and i n l ocat i ons suscept i bl e t o moi st ur e.   Ensur e 
f l ooded cabl es compl y wi t h TI A/ EI A- 455- 81 and TI A- 455- 82.   Pr ovi de cabl es 
f r om t he same manuf act ur er ,  of  t he same cabl e t ype,  of  t he same si ze,  and 
of  t he same opt i cal  char act er i st i cs.   Ensur e each f i ber  and pr ot ect i ve 
cover i ngs i s cont i nuous wi t h no f act or y spl i ces.   Cer t i f y by t he 
manuf act ur er ,  opt i c cabl e assembl i es,  i ncl udi ng j acket i ng and f i ber s,  t o 
have a mi ni mum l i f e of  30 year s.   Ensur e cabl es meet  UL 1666.   Cer t i f y FO 
cabl e t o meet  t he f ol l owi ng:   TI A- 455- 13,  TI A/ EI A- 455- 25,  TI A/ EI A- 455- 41,  
TI A- 455- 177,  TI A- 455- 78- B,  TI A/ EI A- 455- 88,  TI A- 455- 91,  TI A- 455- 104,  and 
TI A/ EI A- 455- 171.

2. 5. 2   Ext er i or  Cabl e

2. 5. 2. 1   Aer i al  Cabl e

Sur r ound t he opt i cal  f i ber s by a t ube buf f er ,  cont ai ned i n a channel  or  
ot her wi se l oosel y packaged t o pr ovi de cl ear ance bet ween t he f i ber s and 
i nsi de of  t he cont ai ner ,  and ext r uded f r om a mat er i al  havi ng a coef f i c i ent  
of  f r i c t i on suf f i c i ent l y l ow t o al l ow t he f i ber  f r ee movement .   Sel ect  
cabl e wi t h t he f ol l owi ng char act er i st i cs:

a.   Cabl e out er  j acket :   Medi um densi t y pol yet hyl ene mat er i al  cont ai ni ng 
at  l east  2. 6 per cent  car bon bl ack wi t h onl y bl ack pi gment  added f or  
addi t i onal  col or i ng.

b.   Tensi l e st r engt h:   Wi t hst and an i nst al l at i on t ensi l e l oad of  not  l ess 
t han 2700 Newt ons 608 pounds and not  l ess t han 600 Newt ons 135 pounds 
cont i nuous t ensi l e l oad.

c.   I mpact  and Cr ush r esi st ance:   Wi t hst and an i mpact  of  3 Newt on- met er s 
1. 7 l bs/ i n as a mi ni mum,  and have a cr ush r esi st ance of  220 Newt ons 
per  squar e cent i met er  317 psi  as a mi ni mum.

2. 5. 2. 2   Duct  Cabl e

Sur r ound t he opt i cal  f i ber s by a t ube buf f er ,  cont ai ned i n a channel  or  
ot her wi se l oosel y packaged t o pr ovi de cl ear ance bet ween t he f i ber s and 
i nsi de of  t he cont ai ner ,  and ext r uded f r om a mat er i al  havi ng a coef f i c i ent  
of  f r i c t i on suf f i c i ent l y l ow t o al l ow t he f i ber  f r ee movement .   Sel ect  
cabl e wi t h t he f ol l owi ng char act er i st i cs:

a.   Cabl e out er  j acket :   Medi um densi t y pol yet hyl ene mat er i al  wi t h or ange 
pi gment  added f or  ease of  i dent i f i cat i on.

b.   Tensi l e st r engt h:   Wi t hst and an i nst al l at i on t ensi l e l oad of  not  l ess 
t han 2700 Newt ons 608 pounds and not  l ess t han 600 Newt ons 135 pounds 
cont i nuous t ensi l e l oad.

c.   I mpact  and Cr ush r esi st ance:   Wi t hst and an i mpact  of  3 Newt on- met er s 
1. 7 l bs/ i n as a mi ni mum,  and have a cr ush r esi st ance of  220 Newt ons 
per  squar e cent i met er  317 psi  as a mi ni mum.
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2. 5. 2. 3   Di r ect  Bur i al  Cabl e

Sur r ound t he opt i cal  f i ber s by a t ube buf f er ,  cont ai ned i n a channel  or  
ot her wi se l oosel y packaged t o pr ovi de cl ear ance bet ween t he f i ber s and 
i nsi de of  t he cont ai ner ,  and ext r uded f r om a mat er i al  havi ng a coef f i c i ent  
of  f r i c t i on suf f i c i ent l y l ow t o al l ow t he f i ber  f r ee movement .   Sel ect  
cabl e wi t h t he f ol l owi ng char act er i st i cs:

a.   Cabl e out er  j acket :   Medi um densi t y pol yet hyl ene mat er i al  cont ai ni ng 
at  l east  2. 6 per cent  car bon bl ack wi t h onl y bl ack pi gment  added f or  
addi t i onal  col or i ng.

b.   Tensi l e st r engt h:   Wi t hst and an i nst al l at i on t ensi l e l oad of  not  l ess 
t han 2700 Newt ons 608 pounds and not  l ess t han 600 Newt ons 135 pounds 
cont i nuous t ensi l e l oad.

c.   I mpact  and Cr ush r esi st ance:   Wi t hst and an i mpact  of  3 Newt on- met er s 
1. 7 l bs/ i n as a mi ni mum,  and have a cr ush r esi st ance of  220 Newt ons 
per  squar e cent i met er  317 psi  as a mi ni mum.

Pr ot ect  di r ect  bur i al  cabl e wi t h pl ast i c coat ed st eel  ar mor .   Appl y t he 
pl ast i c coat ed st eel  ar mor  l ongi t udi nal l y di r ect l y over  an i nner  j acket  
and have an over l ap of  5 mm 0. 20- i nch mi ni mum.   Sel ect  ar mor i ng mat er i al s 
t hat  pr ovi de cor r osi on pr ot ect i on f r om l ocal  envi r onment al / soi l  condi t i ons 
over  t he pr oj ect ed l i f e of  t he cabl e.

2. 5. 3   I nt er i or  Cabl e

Loose buf f er  t ube cabl e const r uct i on i s such t hat  t he opt i cal  f i ber s ar e 
sur r ounded by a t ube buf f er ,  and cont ai ned i n a channel  or  ot her wi se 
l oosel y packaged t o pr ovi de cl ear ance bet ween t he f i ber s and t he i nsi de of  
t he cont ai ner  al l owi ng f or  t her mal  expansi ons wi t hout  const r ai ni ng t he 
f i ber .   Ext r ude t he pr ot ect i ve cont ai ner  f r om a mat er i al  havi ng a 
coef f i c i ent  of  f r i c t i on suf f i c i ent l y l ow t o al l ow t he f i ber  f r ee 
movement .   Use f l uor ocopol ymer  ( FCP)  f or  t he cabl e out er  j acket ,  whi ch 
compl i es wi t h NFPA 70 f or  opt i cal  f i ber  nonconduct i ve pl enum ( OFNP)  
appl i cat i ons.   Do not  exceed t he manuf act ur er s '  r ecommended val ues f or  
t ensi l e st r engt h,  i mpact  r esi st ance,  and cr ush r esi st ance.   I nsul at i on and 
j acket i ng cabl e mat er i al  cannot  cont ai n any pol yvi nyl  chl or i de ( PVC)  
compounds.

For  t i ght  buf f er  t ube cabl e const r uct i on,  use ext r usi on of  pl ast i c over  
each cl added f i ber ,  wi t h an out er  j acket  of  FCP,  whi ch compl i es wi t h 
NFPA 70 f or  opt i cal  f i ber  nonconduct i ve r i ser  ( OFNR)  r equi r ement s f or  
r i ser  cabl es and ver t i cal  shaf t  i nst al l at i ons.   Cover  opt i cal  f i ber s i n 
near  cont act  wi t h an ext r usi on t ube and an i nt er medi at e sof t  buf f er  t o 
al l ow f or  t he t her mal  expansi ons and mi nor  pr essur es.   Do not  exceed 
manuf act ur er s '  r ecommended val ues f or  t ensi l e st r engt h,  i mpact  r esi st ance,  
and cr ush r esi st ance.   I nsul at i on and j acket i ng cabl e mat er i al  cannot  
cont ai n any pol yvi nyl  chl or i de ( PVC)  compounds.

2. 5. 4   Pi gt ai l  Cabl es

Use f l exi bl e f i ber  pi gt ai l  cabl es f or  connect i ons t o equi pment  havi ng t he 
same physi cal  and oper at i onal  char act er i st i cs as t he par ent  cabl e.   Ensur e 
t he cabl e j acket  i s FCP,  whi ch compl i es wi t h NFPA 70 f or  OFNP 
appl i cat i ons.   Maxi mum dB l oss f or  pi gt ai l  cabl e i s 3. 5 dB/ km at  850 
nanomet er s,  and 1. 0 dB/ km at  1300 nanomet er s,  and [ _____]  dB/ Km at  1550 
nanomet er s.
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PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  syst em component s and appur t enances i n accor dance wi t h t he 
manuf act ur er ' s i nst r uct i ons and as shown.   Pr ovi de i nt er connect i ons,  
ser vi ces,  and adj ust ment s r equi r ed f or  a compl et e and oper abl e dat a 
t r ansmi ssi on syst em.

Wher e i nst al l at i on pr ocedur es,  or  any par t  t her eof ,  ar e r equi r ed t o be i n 
accor dance wi t h t he manuf act ur er ' s r ecommendat i ons of  t he mat er i al  bei ng 
i nst al l ed,  submi t  pr i nt ed copi es of  t hese r ecommendat i ons pr i or  t o 
i nst al l at i on.   I nst al l at i on of  t he i t em i s not  al l owed t o pr oceed unt i l  
t he r ecommendat i ons ar e r ecei ved and appr oved.

3. 1. 1   I nt er i or  Wor k

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   DTS cabl e shoul d not  be used f or ,  or  r out ed 
t hr ough,  Sensi t i ve Compar t ment ed I nf or mat i on 
Faci l i t i es ( SCI Fs) .   The desi gner  wi l l  not  show any 
DTS cabl e r out ed t hr ough a SCI F.   The desi gner  
shoul d check DCI D 1/ 21 f or  f ur t her  di r ect i on.

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

I nst al l  condui t s,  t ubi ng and cabl e t r ays f or  i nt er i or  FO cabl e as 
speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM and as shown.   
Ensur e cabl e i nst al l at i on and appl i cat i ons meet  t he r equi r ement s of  NFPA 70,  
Ar t i c l e 770.   Pr oper l y suppor t  and secur e cabl es not  i nst al l ed i n condui t s 
or  wi r eways.   I f  i nst al l ed i n pl enums or  ot her  spaces used f or  
envi r onment al  ai r ,  compl y wi t h NFPA 70 r equi r ement s f or  t hi s t ype of  
i nst al l at i on.

3. 1. 2   Ext er i or  Wor k,  Aer i al

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Aer i al  cabl e shoul d be i nst al l ed on exi st i ng 
pol es wher e hei ght ,  c l ear ance,  and st r uct ur e l oadi ng 
al l ow addi t i on of  cabl es.   Wher e t hi s i s not  
possi bl e,  show r equi r ement s f or  new pol es on 
dr awi ngs.   I nst al l at i ons wi l l  compl y wi t h I EEE C2 
f or  Gr ade B const r uct i on and NFPA 70.   Coor di nat e 
wi t h f aci l i t y  per sonnel  f or  gr ound cl ear ance and 
est abl i sh c l ear ances t o be shown on t he dr awi ngs.

Ver i f y l ocal  el ect r i cal  i nst al l at i on r equi r ement s t o 
det er mi ne i f  new gr oundi ng conduct or s and el ect r odes 
ar e r equi r ed at  each messenger  cabl e gr ound 
connect i on and sel ect  t he f i r st ,  or  second,  or  bot h 
br acket ed ent r i es as det er mi ned t o be necessar y.

Common l ashi ng machi nes pr ovi de 1 t ur n per  380 
l i near  mm ( 1 t ur n per  15 l i near  i nches)  i n a s i ngl e 
pass,  whi ch i s accept abl e f or  l ocat i ons wher e 
l oadi ng due t o weat her  condi t i ons i s moder at e.   
Ot her  l ocat i ons may r equi r e mul t i pl e passes wi t h t he 
l ashi ng machi ne.

SECTI ON 27 21 10. 00 40  Page 25



Per cent  val ues st at ed bel ow f or  messenger  r at ed 
br eaki ng st r engt h ar e based upon over l oad f act or s 
t hat  appl y t o Gr ade B const r uct i on.   I f  t he aer i al  
el ect r i cal  di st r i but i on syst em const r uct i on i s a 
l esser  gr ade ( e. g. ,  Gr ade C,  Gr ade N,  or  not  gr aded)  
pr ovi de di f f er i ng val ues i n accor dance wi t h NESC and 
act ual  r equi r ement s.

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

Except  as ot her wi se speci f i ed,  i nst al l  pol es and associ at ed aer i al  
har dwar e f or  an over head FO cabl e syst em as speci f i ed i n Sect i on 33 71 01 
OVERHEAD TRANSMI SSI ON AND DI STRI BUTI ON,  as speci f i ed her ei n,  and as shown.

a.   Fur ni sh and i nst al l  a messenger  syst em meet i ng t he r equi r ement s of  
I EEE C2 t o suppor t  aer i al  cabl es.   The messenger  syst em i ncl udes al l  
messenger  suppor t  and at t achment  har dwar e and appur t enances needed t o 
i nst al l  t he messenger .   Ensur e messenger  t ensi on due t o combi ned i ce 
and wi nd l oadi ng on t he messenger  wi t h suppor t ed cabl es does not  
exceed 60 per cent  of  t he messenger  r at ed br eaki ng st r engt h.   Messenger  
t ensi on due t o ext r eme wi nd l oadi ng on t he messenger  wi t h suppor t ed 
cabl es cannot  exceed 80 per cent  of  t he messenger  r at ed br eaki ng 
st r engt h.   Pr ovi de messenger  suppor t  and at t achment  har dwar e wi t h a 
r at ed st r engt h not  l ess t han t he messenger  r at ed br eaki ng st r engt h.   
Si ze al l  messenger  suppor t  and at t achment  har dwar e and appur t enances 
t o exceed t he r at ed br eaki ng st r engt h of  t he messenger  cabl e.   Use 
gal vani zed zi nc coat ed st eel  or  al umi num cl ad st eel  messenger  cabl es.

b.   Gr ound t he messenger  cabl es at  al l  cor ner s,  dead ends,  at  t he ent r ance 
t o each f aci l i t y ,  and at  i nt er val s not  exceedi ng 305 met er s 1000- f eet .   
[ Pr ovi de new gr oundi ng conduct or s and el ect r odes at  each gr ound 
connect i on. ]  [ Wher e gr oundi ng connect i ons ar e made i n t he v i c i ni t y of  
exi st i ng gr oundi ng conduct or s and el ect r odes,  t he gr oundi ng connect i on 
may be made by a bol t ed or  wel ded connect i on t o t he exi st i ng gr oundi ng 
conduct or . ]

c.   For  aer i al  FO cabl es,  meet  t he hor i zont al ,  ver t i cal  and cl i mbi ng space 
cl ear ances pr escr i bed i n I EEE C2 and t hose of  t he i nst al l at i on.

d.   Pr ovi de t r ansi t i ons f r om aer i al  cabl e t o under gr ound cabl e as 
speci f i ed i n Sect i on 33 71 01 OVERHEAD TRANSMI SSI ON AND DI STRI BUTI ON 
and as shown.

e.   Make aer i al  cabl e spl i ces wi t hi n 1 met er  3- f eet  of  a pol e and pl aced 
i nsi de a wat er t i ght  encl osur e.   For m dr i p l oops at  t he cabl e ent r ance 
t o t he encl osur e.   Pl ace l ashi ng cl amps wi t hi n 300 mm 12- i nches of  t he 
encl osur e.

f .   For m l oops i n t he aer i al  cabl es at  poi nt s of  connect i on and at  pol es 
t o pr event  damage f r om t her mal  st r ess and wi nd l oadi ng.   Pr ot ect  t he 
communi cat i ons cabl e f r om chaf i ng and physi cal  damage wi t h t he use of  
spi r al  cut  t ubi ng and PVC t ape,  or  pl ast i c s l eeves.   The gr ound 
cl ear ance of  i nst al l ed cabl i ng i s as shown.

g.   Ver t i cal l y r un cabl e and when possi bl e use gr avi t y t o assi st  i n cabl e 
pul l i ng.   Pul l  cabl e f r om t op of  r un t o bot t om of  r un.  Hand pul l  
cabl e,  i f  possi bl e.   I f  machi ne assi st ance i s r equi r ed,  moni t or  
t ensi on usi ng dynamomet er s or  l oad- cel l  i nst r ument s and do not  exceed 
speci f i ed cabl e t ensi on l i mi t s.   Af t er  i nst al l at i on,  r el i eve t he 
ver t i cal  t ensi on on t he cabl e at  maxi mum i nt er val s of  30 met er s 100-  
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f eet  usi ng a spl i t  suppor t  gr i p.

h.   Wi nd l ashi ng wi r e t i ght l y ar ound bot h t he communi cat i on cabl e and t he 
messenger  cabl e by machi ne met hods.   Ensur e t he l ashi ng wi r e has a 
mi ni mum of  1 t ur n per  380 l i near  mm1 t ur n per  15 l i near  i nches and not  
l ess t han t he number  of  t ur ns per  uni t  l engt h t hat  i s r ecommended by 
t he cabl e manuf act ur er  f or  t he di st ance bet ween cabl e suppor t  poi nt s 
and t he combi ned i ce and wi nd l oadi ng and ext r eme wi nd l oadi ng 
speci f i ed or  nor mal l y encount er ed l oadi ng f or  t he i nst al l ed l ocat i on.   
Pl ace l ashi ng cl amps at  al l  pol es and spl i ces.

i .   Pr ovi de sof t  dr awn copper  gr ound conduct or s not  smal l er  t han No.  6 
AWG,  havi ng a cur r ent  capaci t y of  at  l east  20 per cent  of  t hat  of  t he 
messenger  t o whi ch i t  i s  connect ed.   Connect  t he gr ound conduct or  t o a 
copper  or  copper  c l ad st eel  gr ound r od not  l ess t han 19. 1 mm 3/ 4- i nch 
i n di amet er  wi t h a l engt h as needed t o achi eve t he speci f i ed gr ound 
r esi st ance.   Af t er  i nst al l at i on i s compl et ed,  t he t op of  t he gr ound 
r od i s appr oxi mat el y 300 mm 1- f oot )  bel ow f i ni shed gr ade.   Pr ot ect  t he 
gr ound conduct or  wi t h hal f - r ound wood,  pl ast i c,  or  f i ber  mol di ng f r om 
t he gr ound t o a poi nt  at  l east  2. 4 m 8- f eet  above t he gr ound.   Measur e 
gr ound r esi st ance i n nor mal l y dr y condi t i ons,  not  l ess t han 48 hour s 
af t er  a r ai nf al l ,  and t he t ot al  gr ound r esi st ance i s not  t o exceed 
[ 25]  [ _____]  ohms.

3. 1. 3   Ext er i or  Wor k Under gr ound

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   For  UMCS ESS or  I DS pr oj ect s,  pr ovi de 
t r ansi t i on det ai l s i n t he dr awi ngs based on t he 
det ai l s shown i n UMCS/ EMCS or  I DS Typi cal  Dr awi ngs 
and/ or  St andar ds i nst al l at i on Det ai l s.

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

Except  as ot her wi se speci f i ed,  i nst al l  condui t s,  duct s,  and manhol es f or  
under gr ound FO cabl e syst ems as speci f i ed i n Sect i on 33 71 02 UNDERGROUND 
ELECTRI CAL DI STRI BUTI ON and as shown.

a.   Mi ni mum bur i al  dept h f or  cabl e i s 760 mm 30- i nches,  but  not  l ess t han 
t he dept h of  t he f r ost  l i ne.   Bur i al  dept h speci f i ed t akes pr ecedence 
over  any r equi r ement s speci f i ed el sewher e.

b.   Wher e di r ect  bur i al  cabl e passes under  s i dewal ks,  r oads,  or  ot her  
paved ar eas,  pl ace t he cabl e i n a 25 mm 1- i nch zi nc- coat ed r i gi d 
condui t  or  l ar ger  as r equi r ed t o l i mi t  condui t  f i l l  t o 80 per cent  or  
l ess.

c.   Pl ace bur i ed cabl es bel ow a pl ast i c war ni ng t ape bur i ed i n t he same 
t r ench or  s l ot .   Pl ace t he war ni ng t ape 300 mm 12- i nches above t he 
cabl e.   Cont i nuousl y i mpr i nt  t he war ni ng t ape wi t h t he wor ds " WARNI NG 
-  COMMUNI CATI ONS CABLE BELOW"  at  not  mor e t han 1. 2 m 48- i nch 
i nt er val s.   Use war ni ng t ape t hat  i s aci d and al kal i  r esi st ant  
pol yet hyl ene f i l m,  76. 2 mm 3- i nches wi de wi t h a mi ni mum t hi ckness of  
0. 1 mm 0. 004- i nch,  wi t h a mi ni mum st r engt h of  12066 kPa 1750 psi  
l engt hwi se and 10342 kPa 1500 psi  cr osswi se.

d.   Tr ansi t i ons f r om under gr ound cabl e t o aer i al  cabl e ar e as shown.

e.   For  cabl es i nst al l ed i n duct s and condui t ,  use a cabl e l ubr i cant  
compat i bl e wi t h t he cabl e sheat hi ng mat er i al  on al l  cabl es pul l ed.   
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At t ach pul l i ng f i x t ur es t o t he cabl e st r engt h member s.   I f  i ndi r ect  
at t achment s ar e used,  mat ch t he gr i p di amet er  and l engt h t o t he cabl e 
di amet er  and char act er i st i cs.   I f  an i ndi r ect  at t achment  i s used on 
cabl es havi ng onl y cent r al  st r engt h member s,  r educe t he pul l i ng f or ces 
t o ensur e t hat  t he f i ber s ar e not  damaged f r om f or ces bei ng 
t r ansmi t t ed t o t he st r engt h member .   Dur i ng pul l i ng,  cont i nuousl y 
moni t or  t he cabl e pul l  l i ne t ensi on usi ng dynamomet er s or  l oad- cel l  
i nst r ument s.   Do not  exceed t he maxi mum t ensi on speci f i ed by t he cabl e 
manuf act ur er .   Ensur e t he mechani cal  st r ess pl aced upon t he cabl e 
dur i ng i nst al l at i on i s such t hat  t he cabl e i s not  t wi st ed or  
st r et ched.   Use a cabl e f eeder  gui de bet ween t he cabl e r eel  and t he 
f ace of  t he duct  or  condui t  t o pr ot ect  t he cabl e and gui de i t  i nt o t he 
duct  or  condui t  as i t  i s  un- spool ed f r om t he r eel .   As t he cabl e i s 
un- spool ed f r om t he r eel ,  i nspect  i t  f or  j acket  def ect s or  damage.   Do 
not  k i nk or  cr ush t he cabl e.   Do not  exceed t he mi ni mum bend r adi us of  
t he cabl e dur i ng i nst al l at i on.   Hand f eed and gui de cabl e t hr ough each 
manhol e and appl y addi t i onal  l ubr i cant  at  al l  i nt er medi at e manhol es.   
When pr act i cabl e,  use t he cent er  pul l i ng t echni que t o l ower  pul l i ng 
t ensi on.   That  i s,  pul l  t he cabl e f r om t he cent er  poi nt  of  t he cabl e 
r un t owar ds t he end t er mi nat i on poi nt s.   The met hod may r equi r e t he 
cabl e t o be pul l ed i n successi ve pul l s.   I f  t he cabl e i s pul l ed out  of  
a j unct i on box or  manhol e,  pr ot ect  t he cabl e f r om di r t  and moi st ur e by 
l ayi ng t he cabl e on a gr ound cover i ng.

3. 1. 4   Ser vi ce Loops

Ensur e each FO cabl e has ser vi ce l oops of  not  l ess t han 3 met er s 9. 8- f eet  
i n l engt h at  each end.   House t he ser vi ce l oops i n a ser vi ce l oop 
encl osur e.

3. 1. 5   Met al l i c  Sheat h Gr oundi ng

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Di r ect  bur i al  cabl es wi t h met al l i c  sheat h ar e 
not  i nst al l ed when t r ansmi ssi on of  el ect r omagnet i c 
i nt er f er ence ( EMI )  or  r adi o f r equency i nt er f er ence 
( RFI )  t hr ough t he met al l i c  sheat h i s a consi der at i on.

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

Gr ound t he FO cabl e wi t h met al l i c  sheat h t hat  ent er  bui l di ngs at  a poi nt  
as c l ose as pr act i vabl e t o t he bui l di ng poi nt  of  ent r ance.   Ensur e FO 
cabl e wi t h met al l i c  sheat h r out ed i n t he t r ench wi t h a power  cabl e has t he 
met al l i c  sheat h gr ounded at  t he cabl e t er mi nat i on poi nt s.

3. 1. 6   Spl i ces

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Maxi mum spl i ce l oss val ues per  
ANSI / TI A/ EI A- 568B ar e 0. 3 dB f or  f usi on spl i ces,  and 
0. 3 dB f or  mechani cal  spl i ces.   These maxi mum l oss 
val ues ar e consi der ed l ar ger  l oss val ues t han can be 
pr ovi ded by many manuf act ur er s and i nst al l er s.   The 
desi gner  wi l l  speci f y l esser  l oss val ues when t he 
desi gn and l i nk l oss budget  r equi r e l esser  val ues.

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

3. 1. 6. 1   Gener al

No spl i ces ar e per mi t t ed unl ess t he l engt h of  cabl e bei ng i nst al l ed 
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exceeds t he maxi mum st andar d cabl e l engt h avai l abl e f r om a manuf act ur er  or  
unl ess FO pi gt ai l s ar e used t o connect  t r ansmi t t er s,  r ecei ver s,  or  ot her  
syst em component s f or  t er mi nat i ons t o t he f i ber .   Make spl i ces usi ng t he 
met hod r ecommended by t he cabl e manuf act ur er .   Pl ace spl i ces i n a spl i ce 
encl osur e and encapsul at e wi t h an epoxy,  ul t r avi ol et  l i ght  cur ed spl i ce 
encapsul ant  or  ot her wi se pr ot ect ed agai nst  i nf i l t r at i on of  moi st ur e or  
cont ami nant s.   Fi el d t est  FO spl i ces at  t he t i me of  spl i c i ng.   Ensur e 
f usi on spl i ces have a nomi nal  spl i ce l oss of  [ 0. 15]  [ _____]  dB f or  
mul t i mode and f or  s i ngl e mode cabl e f usi on spl i ces and a maxi mum f usi on 
spl i ce l oss not  mor e t han 0. 3 dB l oss.

3. 1. 6. 2   Mechani cal  Spl i ces

I nst al l  mechani cal  spl i ces wi t h a nomi nal  spl i ce l oss of  [ 0. 15]  [ _____]  dB 
f or  mul t i mode f i ber  mechani cal  spl i ces and [ 0. 2]  [ _____]  dB f or  s i ngl e 
mode f i ber  mechani cal  spl i ces wi t h a maxi mum mechani cal  spl i ce l oss not  
mor e t han [ 0. 3]  [ _____]  dB l oss f or  mul t i mode and si ngl e mode f i ber  
mechani cal  spl i ces.   I nst al l  no mor e t han 1 spl i ce per  km 0. 62 mi l e i n any 
of  t he FO cabl es excl udi ng t er mi nat i ons.   Locat e f i el d spl i ces i n cabl e 
boxes.   Pr ovi de suf f i c i ent  cabl e i n each spl i c i ng l ocat i on t o pr oper l y 
r ack and spl i ce t he cabl es,  and t o pr ovi de ext r a cabl e f or  addi t i onal  
spl i ces.   Pr ot ect  cabl e ends wi t h end caps except  dur i ng act ual  spl i c i ng.   
Dur i ng t he spl i c i ng oper at i ons,  pr ovi de means t o pr ot ect  t he unspl i ced 
por t i ons of  t he cabl e and i t s f i ber s f r om t he i nt r usi on of  moi st ur e and 
ot her  f or ei gn mat t er .

3. 1. 7   Connect or s

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Maxi mum connect or  pai r  l osses per  
ANSI / TI A/ EI A- 568B ar e pr ovi ded i n t he f i r st  
br acket ed ent r y and ar e consi der ed l ar ger  t han 
connect or  pai r  l osses t hat  can be achi eved by many 
manuf act ur er s and i nst al l er s.   Speci f y l esser  l oss 
val ues when t he desi gn and l i nk l oss budget  r equi r es 
l esser  val ues.   Conf i r m wi t h t wo manuf act ur er s 
mi ni mum,  t hat  t he l esser  connect or  pai r  l oss val ue 
can be achi eved f or  t he connect or  t ype and f i ber  
( i . e. ,  mul t i mode or  s i ngl e mode)  t ype.

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

Pr i or  t o and dur i ng i nst al l at i on of  connect or s,  per f or m appr opr i at e 
c l eani ng t o ensur e t hat  any cont ami nant  par t i cul at es l ar ger  t han 0. 06 
mi cr on i n s i ze ar e r emoved.   Connect or s ar e as speci f i ed i n par agr aph FO 
CONNECTORS.   Connect or s or  spl i ces whi ch l eave r esi due on t he connect or  
f er r ul e or  opt i cal  connect or  " l ens" ,  ar e not  per mi t t ed.   Ensur e f i ber s at  
each end of  t he cabl e have j umper s or  pi gt ai l s i nst al l ed of  not  l ess t han 
1 met er  3 f eet  i n l engt h.   For  f i ber s at  bot h ends of  t he cabl e,  have 
connect or s i nst al l ed on t he j umper s.   Ensur e t he mat ed connect or  pai r  l oss 
does not  exceed [ 0. 7]  [ _____]  dB.   The pul l  st r engt h bet ween t he connect or  
and t he at t ached f i ber  cannot  be l ess t han 22. 7 kg 50 pounds.

3. 1. 8   I dent i f i cat i on and Label i ng

Pr ovi de i dent i f i cat i on t ags or  l abel s f or  each cabl e.   For  mar ker s,  t ags 
and l abel s,  use i ndel i bl e i nk or  et chi ng whi ch does not  f ade i n sunl i ght ,  
or  i n bur i ed or  under gr ound appl i cat i ons.   Use mar ker s,  t ags,  and l abel s 
t hat  do not  become br i t t l e or  det er i or at e f or  a per i od of  20 year s due t o 
moi st ur e,  sunl i ght ,  soi l  mi ner al s,  chemi cal s or  ot her  envi r onment al  
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el ement s.   Label  al l  t er mi nat i on bl ocks and panel s wi t h cabl e number  or  
pai r  i dent i f i er  f or  cabl es i n accor dance wi t h TI A- 606 and as speci f i ed on 
dr awi ngs.   I dent i f y t he l abel i ng f or mat  and pr ovi de a compl et e r ecor d t o 
t he Gover nment  wi t h t he f i nal  document at i on.   I dent i f y each cabl e wi t h 
t ype of  s i gnal  bei ng car r i ed and t er mi nat i on poi nt s.

3. 1. 9   Encl osur e Si z i ng and Cabl e

Si ze t er mi nat i on encl osur es t o accommodat e t he FO equi pment  t o be 
i nst al l ed.   Si z i ng i ncl udes suf f i c i ent  space f or  ser vi ce l oops t o be 
pr ovi ded and t o accommodat e a neat  l ayout  of  equi pment  and t he bend r adi i  
of  f i ber s and cabl es t er mi nat ed i nsi de t he encl osur e.

3. 1. 10   Encl osur e Penet r at i ons

I nst al l  encl osur e penet r at i ons f r om t he bot t om.   Seal  penet r at i ons wi t h 
r ubber  s i l i cone seal ant  t o pr ecl ude t he ent r y of  wat er .   I nt er nal l y seal  
condui t s r i s i ng f r om under gr ound.

3. 2   FI ELD QUALI TY CONTROL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  t he t i t l e of  t he appr opr i at e syst em 
speci f i cat i on ( such as UMCS,  I DS,  ESS or  CCTV) .

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

3. 2. 1   Gener al

Pr ovi de per sonnel ,  equi pment ,  i nst r ument at i on,  and suppl i es necessar y t o 
per f or m t est i ng.

3. 2. 2   Fi el d Test

Ver i f y t he compl et e oper at i on of  t he dat a t r ansmi ssi on syst em i n 
conj unct i on wi t h f i el d t est i ng associ at ed wi t h syst ems suppor t ed by t he 
f i ber  opt i c dat a t r ansmi ssi on syst em as speci f i ed i n Sect i on [ _____]  pr i or  
t o f or mal  accept ance t est i ng.   I ncl ude a f l ux densi t y t est  i n f i el d 
t est s.   Per f or m t hese t est s on each l i nk and r epeat ed f r om t he opposi t e 
end of  each l i nk.

3. 2. 2. 1   Opt i cal  Ti me Domai n Ref l ect omet er  Test s

Per f or m opt i cal  t i me domai n r ef l ect omet er  t est s usi ng t he FO t est  
pr ocedur es of  TI A- 455- 78- B.   Per f or m an opt i cal  t i me domai n r ef l ect omet er  
t est  on al l  f i ber s of  t he FO cabl e on t he r eel  pr i or  t o i nst al l at i on.   
Cal i br at e t he opt i cal  t i me domai n r ef l ect omet er  t o show anomal i es of  0. 2 
dB as a mi ni mum.   Fur ni sh phot ogr aphs of  t he t r aces t o t he Gover nment .   
Per f or m an opt i cal  t i me domai n r ef l ect omet er  t est  on al l  f i ber s of  t he FO 
cabl e af t er  i t  i s  i nst al l ed.   Cal i br at e t he opt i cal  t i me domai n 
r ef l ect omet er  t o show anomal i es of  0. 2 dB as a mi ni mum.   I f  t he opt i cal  
t i me domai n r ef l ect omet er  t est  r esul t s show anomal i es gr eat er  t han 1 dB,  
t he FO cabl e segment  i s unaccept abl e t o t he Gover nment .   Repl ace t he 
unsat i sf act or y segment s of  cabl e wi t h a new segment  of  cabl e.   Then t est  
t he new segment  of  cabl e t o demonst r at e accept abi l i t y .   Fur ni sh 
phot ogr aphs of  t he t r aces t o t he Gover nment  f or  each l i nk.

3. 2. 2. 2   Power  At t enuat i on Test

Per f or m power  at t enuat i on t est  at  each l i ght  wavel engt h of  t he t r ansmi t t er  
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t o be used on t he ci r cui t  bei ng t est ed.   Measur e t he f l ux at  t he FO 
r ecei ver  end and compar e t o t he f l ux i nj ect ed at  t he t r ansmi t t er  end.   Add 
a j umper  at  each end of  t he c i r cui t  under  t est  so t hat  end connect or  l oss 
i s val i dat ed.   Rot at i onal  opt i mi zat i on of  t he connect or s i s not  
per mi t t ed.   I f  t he c i r cui t  l oss exceeds t he cal cul at ed ci r cui t  l oss by 
mor e t han 2 dB,  t he c i r cui t  i s  unsat i sf act or y.   Exami ne t he ci r cui t  t o 
det er mi ne t he pr obl em.   Not i f y t he Gover nment  of  t he pr obl em and pr opose 
pr ocedur es t o el i mi nat e t he pr obl em.   Pr epar e and submi t  a r epor t  
document i ng t he r esul t s of  t he t est .

3. 2. 2. 3   Gai n Mar gi n Test

Test  and ver i f y t hat  each ci r cui t  has a gai n mar gi n whi ch exceeds t he 
ci r cui t  l oss by at  l east  t he mi ni mum gai n mar gi n speci f i ed i n par agr aph 
FLUX BUDGET/ GAI N MARGI N.

3. 2. 2. 4   Anal og Vi deo Si gnal  Test

Test  anal og vi deo ci r cui t s.   Ensur e t he moni t or  or  aut omat ed t est  set  i s  
st abl e.   I f  t he r esul t  i s  unsat i sf act or y,  exami ne t he ci r cui t  t o det er mi ne 
t he pr obl em.   Not i f y t he Gover nment  of  t he pr obl em and of  t he pr ocedur es 
pr oposed t o el i mi nat e t he pr obl em.   Pr epar e and submi t  a r epor t  
document i ng t he r esul t s of  t he t est .

3. 2. 2. 5   Di gi t al  Vi deo Si gnal  Test

Test  di gi t al  v i deo ci r cui t s.   Ensur e t he moni t or  or  aut omat ed t est  set  i s  
st abl e.   I f  t he r esul t  i s  unsat i sf act or y,  exami ne t he ci r cui t  t o det er mi ne 
t he pr obl em.   Not i f y t he Gover nment  of  t he pr obl em and of  t he pr ocedur es 
pr oposed t o el i mi nat e t he pr obl em.   Pr epar e and submi t  a r epor t  
document i ng t he r esul t s of  t he t est .

3. 2. 2. 6   Per f or mance Ver i f i cat i on Test  and Endur ance Test

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s r equi r ement  per t ai ns onl y t o UMCS,  I DS,  
ESS and CCTV pr oj ect s.

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

Test  t he FO dat a t r ansmi ssi on syst em as a par t  of  t he compl et ed [ UMCS]  
[ I DS]  [ ESS]  [ CCTV]  [ _____]  dur i ng t he Per f or mance Ver i f i cat i on Test  and 
Endur ance Test .

3. 3   CLOSEOUT ACTI VI TI ES

3. 3. 1   Del i ver y of  Techni cal  Dat a

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  t he Sect i on t i t l e of  t he appr opr i at e 
addi t i onal  speci f i cat i ons:   Sect i on 28 10 05 
ELECTRONI C SECURI TY SYSTEMS ( ESS) ;  Sect i on 25 10 10 
UTI LI TY MONI TORI NG AND CONTROL SYSTEM ( UMCS)  FRONT 
END AND I NTEGRATI ON.

For  UMCS,  I DS,  ESS and si mi l ar  syst ems r equi r i ng 
head- end comput er s and sof t war e,  use t he par agr aph 
DELI VERY OF TECHNI CAL DATA and del et e par agr aph 
SUBMI TTALS.   I n no case wi l l  bot h par agr aphs be 
r et ai ned.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

Del i ver y comput er  sof t war e and t echni cal  dat a ( i ncl udi ng t echni cal  dat a 
whi ch r el at es t o comput er  sof t war e) ,  whi ch ar e speci f i cal l y i dent i f i ed i n 
t hi s speci f i cat i on st r i ct l y i n accor dance wi t h t he CONTRACT CLAUSES,  
SPECI AL CONTRACT REQUI REMENTS,  and i n accor dance wi t h t he Cont r act  Dat a 
Requi r ement s Li st  ( CDRL) ,  DD For m 1423,  whi ch i s at t ached t o and t her eby 
made a par t  of  t hi s cont r act .   I dent i f y by r ef er ence al l  dat a del i ver ed t o 
t he par t i cul ar  speci f i cat i on par agr aph agai nst  whi ch i t  i s  f ur ni shed.   I f  
t he dat a t r ansmi ssi on syst em ( DTS)  i s bei ng i nst al l ed i n conj unct i on wi t h 
anot her  syst em such as an i nt r usi on det ect i on syst em,  el ect r oni c SECURI TY 
syst em,  c l osed ci r cui t  t el evi s i on syst em,  or  ut i l i t y  moni t or i ng and 
cont r ol  syst em,  submi t  t he Techni cal  Dat a Packages as par t  of  t he 
Techni cal  Dat a Package f or  Sect i on [ _____] ;  submi t  [ _____]  har d copi es and 
[ _____]  el ect r oni c copi es ( DC- ROM or  DVD- R)  of  t he Techni cal  Dat a 
Package( s) .

3. 3. 1. 1   Gr oup I  Techni cal  Dat a Package

3. 3. 1. 1. 1   Syst em Dr awi ngs

I ncl ude t he f ol l owi ng i nf or mat i on:

a.   Communi cat i ons syst em bl ock di agr am.

b.   FO r ecei ver s,  t r ansmi t t er s,  t r anscei ver s,  mul t i pl exer s,  and FO modem 
i nst al l at i on,  bl ock di agr ams,  and wi r i ng and cabl i ng di agr ams.

c.   FO r ecei ver s,  t r ansmi t t er s,  t r anscei ver s,  mul t i pl exer s,  and FO modem 
physi cal  l ayout  and schemat i cs.

d.   Det ai l s of  i nt er f aces wi t h ot her  syst ems.

e.   Det ai l s of  connect i ons t o power  sour ces,  i ncl udi ng gr oundi ng.

f .   Det ai l s of  sur ge pr ot ect i on devi ce i nst al l at i ons.

g.   Det ai l s of  cabl e spl i c i ng and connect or  i nst al l at i ons.

h.   Det ai l s of  aer i al  cabl e and messenger  i nst al l at i on on pol es,  cabl e 
ent r ance t o bui l di ngs,  and t er mi nat i on i nsi de encl osur es.

i .   Det ai l s of  under gr ound cabl e and duct  i nst al l at i on,  cabl e ent r ance 
i nt o bui l di ngs,  and t er mi nat i ons i nsi de encl osur es.

Show on t he dr awi ngs t he pr oposed l ayout  and anchor age of  equi pment ,  
appur t enances,  and equi pment  r el at i onshi p t o ot her  par t s of  t he wor k 
i ncl udi ng cl ear ance f or  mai nt enance and oper at i ons.   Show t he pr oposed 
conf i gur at i on on t he dr awi ngs,  i ncl udi ng l ocat i on,  t ype and t er mi nat i on of  
bot h i nt er i or  and ext er i or  FO and showi ng t he l ocat i on,  duct  and i nner  
duct  ar r angement ,  and f i ber  assi gnment .   Show t he ac power  consumpt i on and 
heat  di ssi pat i on under  bot h nor mal  and maxi mum oper at i ng condi t i ons.

3. 3. 1. 1. 2   Equi pment  Dat a

Del i ver  a compl et e dat a package f or  al l  mat er i al ,  i ncl udi ng f i el d and 
syst em equi pment .
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3. 3. 1. 1. 3   Dat a Tr ansmi ssi on Syst em Descr i pt i on and Anal yses

I ncl ude i n t he dat a package a compl et e syst em descr i pt i on,  and anal yses 
and cal cul at i ons used i n s i z i ng equi pment  r equi r ed by t hese 
speci f i cat i ons.   Descr i pt i ons and cal cul at i ons show how t he equi pment  
oper at es as a syst em t o meet  t he speci f i ed per f or mance.   The dat a package 
i ncl udes t he f ol l owi ng:

a.   FO r ecei ver s,  t r ansmi t t er s,  t r anscei ver s,  mul t i pl exer s,  FO modem 
t r ansmi t  and r ecei ve l evel s,  and l osses i n deci bel s ( dB)  on each 
communi cat i on l i nk.

b.   Di gi t al  t r ansmi t t er  and r ecei ver  communi cat i on speed and pr ot ocol  
descr i pt i on.

c.   Anal og si gnal  t r ansmi ssi on met hod and bandwi dt h of  t he t r ansmi t t er  and 
r ecei ver .

d.   Dat a t r ansmi ssi on syst em expansi on capabi l i t y  and met hod of  
i mpl ement at i on.

e.   FO syst em si gnal - t o- noi se r at i o cal cul at i on f or  each communi cat i on 
l i nk.

f .   Fl ux- budget  and gai n mar gi n cal cul at i on f or  each communi cat i on l i nk.

3. 3. 1. 1. 4   Syst em Over al l  Rel i abi l i t y  Cal cul at i ons

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  t he sect i on t hat  descr i bes t he syst em 
conf i gur at i on.

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

The dat a package i ncl udes manuf act ur er s '  r el i abi l i t y  dat a and cal cul at i ons 
r equi r ed t o show compl i ance wi t h t he speci f i ed r el i abi l i t y .   Base t he 
cal cul at i ons on t he conf i gur at i on speci f i ed i n Sect i on [ _____] ,  and as 
shown on dr awi ngs.

3. 3. 1. 1. 5   Cer t i f i cat i ons

I ncl ude t he speci f i ed manuf act ur er s '  cer t i f i cat i ons wi t h t he dat a package.

3. 3. 1. 1. 6   Key Cont r ol  Pl an

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The desi gner  wi l l  speci f y t he Sect i on i n 
whi ch a key cont r ol  pl an i s f ound,  when t hi s 
speci f i cat i on i s used wi t h I DS,  ESS,  or  CCTV:    
Sect i on 28 10 05 ELECTRONI C SECURI TY SYSTEMS ( ESS) ;  
Sect i on 25 10 10 UTI LI TY MONI TORI NG AND CONTROL 
SYSTEM ( UMCS)  FRONT END AND I NTEGRATI ON.

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

3. 3. 1. 2   Gr oup I I  Techni cal  Dat a Package

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I f  t he desi gner  has speci f i ed s i t e condi t i on 
i nvest i gat i on i n ot her  sect i ons,  t he f i r st  br acket ed 
sent ence,  wi t h t he pr oper  sect i on number  i nser t ed,  
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may be subst i t ut ed i n l i eu of  t he second set  of  
br acket ed sent ences.

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

[ The Gr oup I I  t echni cal  dat a package i s speci f i ed i n Sect i on [ _____] . ]  
[ Ver i f y t hat  s i t e condi t i ons ar e i n agr eement  wi t h t he desi gn package.   
Submi t  a r epor t  t o t he Gover nment  document i ng changes t o t he s i t e,  or  
di f f er i ng condi t i ons t hat  af f ect  per f or mance of  t he syst em t o be 
i nst al l ed.   For  t hose changes or  condi t i ons whi ch af f ect  syst em 
i nst al l at i on or  per f or mance,  pr ovi de speci f i cat i on ( wi t h t he r epor t ) ,  or  
wr i t t en f unct i onal  r equi r ement s t o suppor t  t he f i ndi ngs,  and a cost  
est i mat e t o cor r ect  t he def i c i ency pr ovi ded wi t h t he r epor t .   Do not  
cor r ect  any def i c i ency wi t hout  wr i t t en per mi ssi on f r om t he Gover nment . ]

3. 3. 1. 3   Gr oup I I I  Techni cal  Dat a Package

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  sect i on number  and t i t l e f or  t he UMCS,  
I DS,  ESS or  CCTV speci f i cat i ons.

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

Pr epar e t est  pr ocedur es and r epor t s f or  t he f act or y t est  i n accor dance 
wi t h Sect i on [ _____]  and t hi s speci f i cat i on.   The t est  pr ocedur es descr i be 
t he appl i cabl e t est s t o be per f or med,  and ot her  per t i nent  i nf or mat i on such 
as speci al i zed t est  equi pment  r equi r ed,  l engt h of  t est ,  and l ocat i on of  
t he t est .   The pr ocedur es expl ai n i n det ai l ,  st ep- by- st ep act i ons and 
expect ed r esul t s t o demonst r at e compl i ance wi t h t he r equi r ement s of  t hi s 
speci f i cat i on,  and t he met hods f or  s i mul at i ng t he necessar y condi t i ons of  
oper at i on t o demonst r at e per f or mance of  t he syst em.   The t est  r epor t  
descr i bes t he r esul t s of  t est i ng t o i ncl ude t he dat e,  t i me,  l ocat i on and 
syst em component  desi gnat i ons of  mat er i al  and equi pment  t est ed.   Recor d 
t est i ng act i on whet her  successf ul  or  not .   Descr i be r easons f or  
t er mi nat i on of  t est i ng.   I ncl ude t est i ng wor k sheet s,  pr i nt out s,  st r i p 
char t s,  osci l l oscope or  opt i cal  t i me domai n r ef l ect omet er  ( OTDR)  
pr i nt out s/ phot ogr aphs,  r aw and anal yzed dat a,  and t est i ng concl usi ons i n 
t he r epor t .   Del i ver  t he f act or y t est  pr ocedur es t o t he Gover nment  f or  
appr oval .   Af t er  r ecei v i ng wr i t t en appr oval  of  t he t est  pr ocedur es,  
schedul e t he f act or y t est .   Pr ovi de wr i t t en not i ce of  t he t est  t o t he 
Gover nment  at  l east  2 weeks pr i or  t o t he schedul ed st ar t .   Del i ver  t he 
f i nal  t est  r epor t s i n bookl et  f or m wi t hi n 15 days af t er  compl et i on of  t he 
t est .

3. 3. 1. 4   Gr oup I V Techni cal  Dat a Package

3. 3. 1. 4. 1   Per f or mance Ver i f i cat i on and Endur ance Test i ng Dat a

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   I nser t  sect i on number  and t i t l e f or  t he UMCS,  
I DS,  ESS or  CCTV speci f i cat i on.

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

Pr epar e pr ocedur es and r epor t s f or  t he per f or mance ver i f i cat i on t est  and 
endur ance t est .   Pr epar e t est  pr ocedur es i n accor dance wi t h Sect i on 
[ _____]  and t hi s speci f i cat i on.   Per f or m t est i ng on an i nst al l ed syst em as 
appr oved by t he Gover nment .   Wher e r equi r ed and appr oved by t he 
Gover nment ,  s i mul at e condi t i ons of  oper at i on t o demonst r at e t he 
per f or mance of  t he syst em.   The t est  pl an descr i bes t he appl i cabl e t est s 
t o be per f or med,  ot her  per t i nent  i nf or mat i on such as speci al i zed t est  
equi pment  r equi r ed,  l engt h of  per f or mance ver i f i cat i on t est  and endur ance 

SECTI ON 27 21 10. 00 40  Page 34



t est ,  and l ocat i on of  t he per f or mance ver i f i cat i on t est  and endur ance 
t est .   The pr ocedur es expl ai n i n det ai l ,  st ep- by- st ep act i ons and expect ed 
r esul t s t o demonst r at e compl i ance wi t h t he r equi r ement s of  t hi s 
speci f i cat i on,  and t he met hods f or  s i mul at i ng t he necessar y condi t i ons of  
oper at i on t o demonst r at e per f or mance of  t he syst em.   The t est  r epor t  
descr i bes t he r esul t s of  t est i ng t o i ncl ude t he dat e,  t i me,  l ocat i on and 
syst em component  desi gnat i ons of  mat er i al  and equi pment  t est ed.   Recor d 
t est i ng act i on whet her  successf ul  or  not .   Recor d r easons f or  t er mi nat i on 
of  t est i ng f or  any r eason i n t he r epor t .   I ncl ude t est i ng wor k sheet s,  
pr i nt out s,  st r i p char t s,  osci l l oscope or  OTDR pr i nt out s/ phot ogr aphs,  r aw 
dat a,  anal yzed dat a and t est i ng concl usi ons i n t he r epor t .   Del i ver  t he 
per f or mance ver i f i cat i on t est  and endur ance t est  pr ocedur es t o t he 
Gover nment  f or  r evi ew and appr oval .   Af t er  r ecei pt  of  wr i t t en appr oval  of  
t est  pr ocedur es,  schedul e t he per f or mance ver i f i cat i on and endur ance 
t est s.   Pr ovi de wr i t t en not i ce of  t he per f or mance ver i f i cat i on t est  and 
t he endur ance t est  t o t he Gover nment  at  l east  2 weeks pr i or  t o t he 
schedul ed st ar t  of  t he t est .   Del i ver  t he f i nal  per f or mance t est  and 
endur ance t est  r epor t  30 days af t er  compl et i on of  t est i ng.

3. 3. 1. 4. 2   Oper at i on and Mai nt enance Dat a

Del i ver  a dr af t  copy of  t he oper at i on and mai nt enance dat a,  i n manual  
f or mat ,  as speci f i ed f or  t he Gr oup V t echni cal  dat a package,  t o t he 
Gover nment  pr i or  t o begi nni ng t he per f or mance ver i f i cat i on t est  f or  use 
dur i ng s i t e t est i ng.

3. 3. 1. 4. 3   Tr ai ni ng Dat a

Del i ver  l esson pl ans and t r ai ni ng manual s,  i ncl udi ng t he t ype of  t r ai ni ng 
pr ovi ded,  wi t h a l i s t  of  r ef er ence mat er i al  f or  appr oval  by t he Gover nment  
pr i or  t o st ar t i ng any t r ai ni ng.

3. 3. 1. 5   Gr oup V Techni cal  Dat a Package

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Speci f y t he cor r ect  number  of  manual s on DD 
For m 1423.   Adj ust  t he quant i t i es bel ow t o f i l l  
speci al  l ocal  r equi r ement s.   Coor di nat e O&M manual  
r equi r ement s wi t h t hose of  t he per f or mi ng di st r i ct .

Gener al l y,  FO syst ems do not  i ncl ude cont r ol s or  
f unct i ons under  t he cont r ol  of  syst em oper at or s.   
Ther ef or e,  an oper at or ' s manual  i s not  needed.   
I ncl ude an oper at or ' s manual  i f  such cont r ol s ar e 
pr ovi ded.

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

The Gr oup V package consi st s of  t he oper at i on and mai nt enance dat a,  i n 
manual  f or mat .   Del i ver  f i nal  copi es of  t he manual s [ bound i n har dback,  
l oose- l eaf  bi nder s, ] [ and ] [ el ect r oi c f or mat ]  t o t he Gover nment  wi t hi n 30 
days af t er  compl et i ng t he endur ance t est .   Updat e t he dr af t  copy used 
dur i ng s i t e t est i ng wi t h any changes r equi r ed pr i or  t o f i nal  del i ver y of  
t he manual s.   I dent i f y each manual ' s cont ent s on t he cover .   I ncl ude wi t h 
t he manual s,  t he names,  addr esses,  and t el ephone number s of  each 
subcont r act or  i nst al l i ng t he equi pment  and syst ems,  and of  t he near est  
ser vi ce r epr esent at i ve f or  each i t em of  equi pment  and each syst em.   Ensur e 
t he manual s have a t abl e of  cont ent s and t ab sheet s.   Pl ace t ab sheet s at  
t he begi nni ng of  each chapt er  or  sect i on and at  t he begi nni ng of  each 
appendi x.   The f i nal  copi es del i ver ed af t er  compl et i on of  t he endur ance 
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t est  i ncl ude al l  modi f i cat i ons made dur i ng i nst al l at i on,  checkout ,  and 
accept ance.   Ensur e t he del i ver ed manual s i ncl ude:

a.   Funct i onal  Desi gn Manual :   [ t wo]  [ _____]  copi es [ _____]  har d copi es 
[ 1]  [ _____]  CD- ROM( s) .

b.   Har dwar e Manual :   [ t wo]  [ _____]  copi es [ _____]  har d copi es [ 1]  [ _____]  
CD- ROM( s) .

c.   Mai nt enance Manual s:   [ t wo]  [ _____]  copi es.   [ _____]  har d copi es [ 1]  
[ _____]  CD- ROM( s) .

d.   Oper at or ' s Manual :   [ s i x]  [ _____]  copi es [ _____]  har d copi es [ 1]  
[ _____]  CD- ROM( s) .

3. 3. 1. 5. 1   Funct i onal  Desi gn Manual

The f unct i onal  desi gn manual  i dent i f i es t he oper at i onal  r equi r ement s f or  
t he dat a t r ansmi ssi on syst em and expl ai n t he t heor y of  oper at i on,  desi gn 
phi l osophy,  and speci f i c  f unct i ons.   I ncl ude a descr i pt i on of  har dwar e 
f unct i ons,  i nt er f aces,  and r equi r ement s f or  al l  syst em oper at i ng modes.

3. 3. 1. 5. 2   Har dwar e Manual

Fur ni sh a manual  descr i bi ng al l  equi pment  and devi ces speci f i ed and under  
PART 2 PRODUCTS.   I ncl ude t he f ol l owi ng i nf or mat i on:

a.   Gener al  descr i pt i on and speci f i cat i ons.

b.   I nst al l at i on and checkout  pr ocedur es.

c.   Equi pment  el ect r i cal  schemat i cs and l ayout  dr awi ngs.

d.   Dat a t r ansmi ssi on syst ems schemat i cs.

e.   Al i gnment  and cal i br at i on pr ocedur es.

f .   Manuf act ur er ' s r epai r  par t s l i s t  i ndi cat i ng sour ces of  suppl y.

g.   I nt er f ace def i ni t i on.

3. 3. 1. 5. 3   Mai nt enance Manual

I ncl ude t he mai nt enance descr i pt i ons f or  al l  equi pment  i ncl udi ng 
i nspect i on,  per i odi c pr event at i ve mai nt enance,  f aul t  di agnosi s,  and r epai r  
or  r epl acement  of  def ect i ve component s.

3. 3. 1. 5. 4   Oper at or ' s Manual

Ensur e t he oper at or ' s manual  f ul l y  expl ai ns pr ocedur es and i nst r uct i ons 
f or  oper at i on of  t he syst em.   Thi s i ncl udes an oper at or ' s manual  f or  any 
FO syst ems i n whi ch syst em oper at or s cont r ol  any f unct i on of  t he syst em.

3. 3. 1. 6   Gr oup VI  Techni cal  Dat a Package

The Gr oup VI  Techni cal  Dat a Package consi st s of  t he as- bui l t  dr awi ngs 
r evi sed t o i ncl ude syst em r evi s i ons and modi f i cat i ons.   Del i ver  copi es of  
t he updat ed as- bui l t  dr awi ngs t o t he Gover nment  f ol l owi ng appr oval  of  t he 
PVT and endur ance t est .
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3. 3. 2   Tr ai ni ng

Conduct  a t r ai ni ng cour se f or  desi gnat ed per sonnel  i n t he mai nt enance of  
t he FO syst em.   Or i ent  t he t r ai ni ng t o t he speci f i c  syst em bei ng i nst al l ed 
under  t hi s speci f i cat i on.   Fur ni sh al l  t r ai ni ng mat er i al s and suppl i es.

3. 3. 2. 1   Syst em Mai nt enance Tr ai ni ng Cour se

Pr ovi de [ s i x]  [ _____]  copi es of  oper at i ng i nst r uct i ons out l i ni ng t he 
st ep- by- st ep pr ocedur es r equi r ed f or  syst em oper at i on i ncl udi ng 
descr i pt i on of  each subsyst em i n i t s oper at i ng mode.   I nst r uct i ons 
i ncl udes t he manuf act ur er ' s name,  ser vi ce manual ,  par t s l i s t ,  and a br i ef  
descr i pt i on of  equi pment ,  component s,  and t hei r  basi c oper at i ng f eat ur es.   
Pr ovi de [ s i x]  [ _____]  copi es of  t he mai nt enance i nst r uct i ons l i s t i ng 
r egul ar  mai nt enance pr ocedur es,  possi bl e syst em f ai l ur es,  a 
t r oubl eshoot i ng gui de f or  r epai r s,  and si mpl i f i ed di agr ams f or  t he syst em 
as i nst al l ed.   A v i deo descr i bi ng oper at i ng and mai nt enance i nst r uct i ons 
may be i ncl uded.

Pr ovi de a syst em mai nt enance cour se t aught  at  t he pr oj ect  s i t e af t er  
compl et i on of  t he endur ance t est  f or  a per i od of  1 t r ai ni ng day.   A 
maxi mum of  f i ve per sonnel  desi gnat ed by t he Gover nment  wi l l  at t end t he 
cour se.   A t r ai ni ng day consi st s of  8 hour s of  c l assr oom or  l ab 
i nst r uct i on,  i ncl udi ng t wo 15 mi nut e br eaks and excl udi ng l uncht i me dur i ng 
t he dayt i me shi f t  i n ef f ect  at  t he f aci l i t y .   Tr ai ni ng i ncl udes:

a.   Physi cal  l ayout  of  t he syst em and each pi ece of  har dwar e.

b.   Tr oubl eshoot i ng and di agnost i cs pr ocedur es.

c.   Repai r  i nst r uct i ons.

d.   Pr event at i ve mai nt enance pr ocedur es and schedul es.

e.   Cal i br at i on pr ocedur es.

        - -  End of  Sect i on - -
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