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NOTE: This gui de specification covers the
requi renents for requirenents for fiber optic cable
systems.

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

Renmove information and requirements not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmmended changes for
this gui de specification are wel cone and shoul d be
submitted as a Criteria Change Request (CCR).
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PART 1
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GENERAL

1.1 REFERENCES

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

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

pl ace the reference in the Reference Article. Also
use the Reference Wzard's Check Reference feature
to update the issue dates.
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Ref erences not used in the text will automatically
be deleted fromthis section of the project

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

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

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

ASTM | NTERNATI ONAL ( ASTM

ASTM C338 (1993; R 2013) Standard Test Met hod
Sof teni ng Poi nt of d ass

ASTM D4976 (2012a) Standard Specification for
Pol yet hyl ene Pl astics Mol di ng and
Extrusi on Materials
ELECTRONI C | NDUSTRI ES ALLI ANCE (ElI A)
ANSI/TIA-455-80C (2003) FOTP-80 - |EC 60793-1-144 Opti cal
fibres Part 1-44: Measurenent Methods and
Test Procedures - Cut-off Wavel ength

TI A/ El A 455-41-A (1993a; R 2001) FOTP-41 - Conpressive
Loadi ng Resi stance of Fiber Optic Cables

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

| EEE C2 (2017; Errata 1-2 2017; INT 1 2017)
National Electrical Safety Code

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

| CEA S-87-640 (2016) Optical Fiber Qutside Plant
Conmmuni cati ons Cable; 4th Edition

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMVA)

NENVA 250 (2014) Enclosures for Electrical Equiprent
(1000 Vol ts Maxi mun)

NEMA RN 1 (2005; R 2013) Pol yvinyl-Chloride (PVQ
External |y Coated Gal vani zed Rigid Steel
Conduit and Internmedi ate Metal Conduit

NEMA TC 2 (2013) Standard for Electrical Polyvinyl
Chl oride (PVC) Conduit

NEMA TC 3 (2016) Polyvinyl Chloride (PVC) Fittings
for Use Wth Rigid PVC Conduit and Tubi ng

NEVMA TC 6 & 8 (2013) Standard for Polyvinyl Chloride
(PVC) Plastic Utilities Duct for
Underground Installations

NEMA TC 9 (2004) Standard for Fittings for Polyvinyl

SECTI ON 27 13 23.00 40 Page 5



Chloride (PVC) Plastic UWilities Duct for
Underground Installation

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

NFPA 70

(2017; ERTA 1-2 2017; TIA 17-1; TIA 17-2;
TIA 17-3; TIA 17-4; TIA 17-5; TIA 17-6;
TIA 17-7; TIA 17-8; TIA 17-9; TIA 17-10;
TIA 17-11; TIA 17-12; TIA 17-13; TIA
17-14) National Electrical Code

TELECOVMUNI CATI ONS | NDUSTRY ASSOCI ATI ON (Tl A)

El A/ TI A 455- 165A

TIA-455-104

TIA-455-175

TIA-455-177

TIA-455-33

TIA-455-78-B

TIA-455-82

TIA-472D000

TIA-526-14

TIA-526-7

TIA-568-C.1

TIA-568-C.3

TIA-569

(1993) Standard for Mde-Field D aneter
Measur enment by Near-Field Scanni ng
Technique

(2016b) Standard for FOTP-104 Fiber Optic
Cabl e Cyclic Flexing Test

(2003b) FOTP-175 | EC-60793-1-42:
Measur enent Met hods and Test Procedures —
Chronatic Di spersion

(2003b) FOTP-177 | EC-60793-1-43:
Measur enent Met hods and Test Procedures -
Nureri cal Aperture

(2005b; R 2013) Optical Cable Tensile
Loadi ng and Bendi ng Test

(2002) FOTP-78 Optical Fibres - Part
1-40: Measurenment Methods and Test
Procedures - Attenuation

(1992b) FOTP-82 Fluid Penetration Test for
Fl ui d- Bl ocked Fi ber Optic Cable

(2007b) Fiber Optic Comuni cations Cabl e
for CQutside Plant Use

(2015c) OFSTP-14A Optical Power Loss
Measurenents of Installed Miltinode Fiber
Cabl e Pl ant

(2015a) OFSTP-7 Measurenent of Optical
Power Loss of Installed Single-Mde Fiber
Cabl e Pl ant

(2009; Add 2 2011; Add 1 2012) Conmerci al
Bui | di ng Tel econmuni cati ons Cabling
Standard

(2008; Add 1 2011) Optical Fiber Cabling
Conponents Standard

(2015d) Conmercial Building Standard for
Tel econmuni cati ons Pat hways and Spaces
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TIA-590 (1997a) Standard for Physical Location and
Protection of Bel ow G ound Fi ber Optic
Cabl e Pl ant

TIA-758 (2012b) Custoner-Owned Qutside Pl ant
Tel ecommuni cati ons Infrastructure Standard

TIA/EIA-455 (1998b) Standard Test Procedure for Fiber
Optic Fibers, Cables, Transducers,
Sensors, Connecting and Termninating
Devi ces, and Ot her Fiber Optic Conponents

TIA/EIA-455-25 (2016d) FOTP-25 Inpact Testing of Optical
Fi ber Cabl es
TIA/EIA-455-81 (2000b) FOTP-81 Conpound Flow (Drip) Test

for Filled Fiber Optic Cable

TIA/EIA-472DAAA (1993) Detail Specification for Al
Dielectric Fiber Optic Comunications
Cabl e for CQutside Plant Use Containing
Class la 62.5 Um Core Di aneter/ 125 um
C addi ng Di aneter/ 250 um Coating D aneter

Fiber(s).

TIA/EIA-4750000-C (1996) Ceneric Specifications for Fiber
Optic Connectors (ANSI)

TIA/EIA-598 (2014D; Add 2 2018) Optical Fiber Cable
Col or Codi ng

TIA/EIA-604-3 (2004b; R 2014) Fi ber Optic Connector

Intermateability Standard (FOCIS), Type SC
and SC- APC, FCCl S-3

U S. DEPARTMENT OF AGRI CULTURE (USDA)

RUS Bul | 1753F-601 (1994) Specifications for Filled Fiber
Optic Cabl es (PE-90)

U. S. DEPARTMENT OF DEFENSE ( DOD)

MIL-STD-188-176 (1996; Notice 1) Standardized Profile for
Asynchronous Transfer Mde (ATM

MIL-STD-2042 (2002; Rev B; Notice 1 2007) Fiber Optic
Cabl e Topol ogy Installation Standard
Met hods for Naval Ships
U. S. GENERAL SERVI CES ADM NI STRATI ON ( GSA)

FED-STD-595 (Rev C, Notice 1) Colors Used in
Gover nment Procur enent

.2 DEFINITIONS
Ref erences in this section to cable refer to fiber optic ("FO') cable.

Fi ber optic cable consists of optical fibers, strength nenber[s], and
jacketing. Associated conponents include optical fiber connectors, optical
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patch panels, term nal bay cabinets, and splice closures as indicated.

.3 ADM NI STRATI VE REQUI REMENTS

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

NOTE: If Section 26 00 00.00 20 BASI C ELECTRI CAL
MATERI ALS AND METHODS is not included in the project
specification, applicable requirenments therefrom
shoul d be inserted and the follow ng paragraph
deleted.

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

Section 26 00 00.00 20 BASI C ELECTRI CAL MATERI ALS AND METHODS applies to
work specified in this section

. 3.1 Pre-Installation Meetings

Wthin [30] [__ ] cal endar days after [date of award] [date of receipt by
hi m of notice of award], submt for the approval of the Contracting Oficer
[six (6)] [___ ] copies of outline drawi ngs of all equipnent to be

furni shed under this contract, together with pre-construction and
installation drawi ngs and docunents. Ensure draw ngs show t he genera
arrangenent and overal |l dinensions of the cable installation, control
centers, space requirenents, details of any hidden fl oor supports or
ceiling systens and provisions for conduits for external cables. Submt
the followi ng for review and approval

a. Fiber Optic System Contract Draw ngs
b. Detailed Shop Draw ngs

c. Qualifications

d. Quality Assurance Pl an

Subnmit a quality assurance plan for fiber optic cable systens consisting of
detail ed procedures defining nmethods to ensure conpliance to contract

drawi ngs and specifications by drawi ng control, inspection and procurenent
records, and test plan showi ng when and how each systemw |l be tested,
material testing, and certification records. Submit test plan to the

Techni cal Representative for approval at |east [30] |
prior to the start of testing.

] cal endar days

Submit manufacturer's product data for the following itens. Ensure data
includes a complete list of parts, special tools, and supplies with current
unit prices and source of supply:.

a. Optical Fibers

b. Fiber Optic Cable Design

c. Splice Oganizers

d. Pre-Connected Cable Assenbly

e. Fiber Optic Terninal Cabinets

f. Optical Patch Panel Assenblies
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g. Fiber Optic Media Types

h. Fiber Optic Terminations and Connectors

i. Fiber Optic Enclosures

j. Fiber Optic Cable Installer and Splicer Qualifications
k. Manufacturer's Qualifications

I. Fiber Optic SystemlInstructions

.4 SUBMITTALS

*kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkkkhkhhkhhkhkkkkkkkkkik

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

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

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

t he project.

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

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

Use the "S" Cassification only in SD-11 C oseout
Subnmittals. An "S" following a subnmittal item

i ndi cates that the submittal is required for the
Sustai nability eNotebook to fulfill federally

mandat ed sustai nabl e requirenents in accordance with
Section 01 33 29 SUSTAI NABI LI TY REPORTI NG

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

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

Governnment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are [for Contractor Quality Control
approval . ][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the submttal for
the Governnment.] Submittals with an "S" are for inclusion in the
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Sustai nability eNotebook, in conformance to Section 01 33 29 SUSTAI NABI LI TY
REPORTI NG. Submit the following in accordance with Section 01 33 00
SUBM TTAL PROCEDURES
SD-01 Preconstruction Submttals
Qualifications[; ¢, [___ 111
Quality Assurance Plan[; ¢, [___ 111
SD- 02 Shop Drawi ngs
Fi ber Optic System Contract Drawings[; ¢, [____ 111
Detailed Shop Drawings[; ¢, [___ 11]
Record (As-Built) Drawings[; ¢, [___ 111
SD- 03 Product Data
Optical Fibers[; C[, [___ 111
Fiber Optic Cable Design[; ¢, [___ 111
Splice Oganizers[; ¢, [____11]
Pre- Connected Cable Assenbly[; G, [___ 111
Fiber Optic Terminal Cabinets[; ¢, [___ 111
Optical Patch Panel Assenmblies[; G, [__ 11]
Fiber Optic Media Types[; ¢, [___ 111
Fi ber Optic Term nations and Connectors[; ¢, [___ ]]]
Fiber Optic Enclosures[; ¢, [___ 111
SD-06 Test Reports
Factory Test Certificates[; ¢, [____111
Single and Milti-Mde OTDR Test[; G, [___ 111
End-to-End Attenuation Tests[; C[, [___ 1]]
End-t o- End Bandwi dth Tests[; C¢[, [__ 111
Fiber Optic Factory Test Plan[; ¢, [___ 111
Fiber Optic Field Tests Plan[; ¢, [___11]
SD-07 Certificates

Fiber Optic Cable Installer and Splicer Qualifications[; (,
(|

Manufacturer's Qualifications[; ¢, | 111
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SD- 08 Manufacturer's Instructions
Fi ber Optic SystemlInstructions[; C[, [___ 111
1.5 QUALI TY CONTRCL
1.5.1 Fi ber Optic Cable Installer and Splicer Qualifications

Provi de technicians installing FO nedia, splices and performng system
tests who are certified and trained in accordance with an approved

manuf acturers training program with a mninumof 3 years FO experience in
installing equivalent FO systens. Subnit data for approval to the [ ]
Contracting Officer. Submt FO technician qualifications for approval 30
days before splices are to be nade on the cable. Certification includes
the training, and experience of the individual on specific type and
classification of FO nmedia to be provided under this contract.

Contracting officer may require each person who is to performfiber optic
cable splicing to performa mni numof one acceptable sanple splice and
term nation. Do not incorporate sanple splices and term nations in the job.

1.5.2 Qual ity Assurance Pl an

Prepare a quality assurance plan which provides a detailed outline of all
testing to be acconplished, addresses whether claddi ng nodes have been
stripped prior to testing, source wavel ength (peak), spectral w dth ful

wi dt h/ hal f maxi rum (FWHM), node structure, fiber end preparation, and
bandwi dt h measurenments of fiber Iinks both greater and less than 1
kilonmeter. Quality assurance plan includes, as a mninum a schedul e of
when tests will be perforned relative to installation mlestones, specific
test procedure that will be used, a list of test equipnent that will be
used i ncludi ng manufacturer, nodel nunber, range, resolution accuracy and
conformance to the specified requirenents.

1.5.3 Manufacturer's Qualifications

Ensure FO nedi a manufacturer has a mininmumof 3 years experience in the
manuf acturi ng, assenbly, and factory testing of FO nedia which conply with
RUS Bull 1753F-601. Ensure manufacturer provides a |list of custoners with
3 years of maintenance | ogs docunenting experience wi th governnent
customers.

1.5.4 Fi ber Optic Factory Test Plan
Prepare and provide to the Government for review a test plan for factory

and field tests of the FO nedia. Provide factory Optical Tinme Domain
Ref | ect oneter (OTDR) test data as part of the test report. Provide a list

of factory test equiprment. Include a FOIlink performance test plan
Subnmit the plan at least [30][__ ] days prior to tests for governnent
approval. Refer to TIA-569 for performance neasurenent criteria. Conduct

tests at all operating bandw dths. Provide cal cul ations for optical power
budget and bandwi dth as required by RUS Bull 1753F-601 using test method
TIA-455-78-B or TIA/EIA-455 . Submit test plans and reports to the
Governnent for review and approval

1.5.5 Fi ber Optic Field Tests Plan

Prepare and provide technicians and test equipnment for field tests of FO
medi a. Conduct OTDR reel tests at the job site prior to installation
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Perform OTDR and end to end tests of all installed nmedia. Conduct tests on
singl e nmode fiber in accordance with TIA-526-7 for single node fiber and
El A Tl A/ El A-526- 14A for multi node fiber.

.6 DELI VERY, STCORAGE, AND HANDLI NG

Ship media to job site on factory reels in | ] m[ ]-ft lengths or in
factory cartons. Provide a reel drumradius no smaller than the m ninmm
bend radi us recommended by the manufacturer for the media. Wnd cable on
the reel so that unw nding can be done w thout kinking the cable. Provide
2 neters 6 1/2-feet pigtails of cable at each end of the reel readily
accessible for testing. Attach a permanent |abel on each reel show ng

| ength, nedia, identification nunber, and date of manufacture. Provide

wat er resistant |abel and ink on the labels. Apply end seals to each end
of the media after testing and before terminating to prevent noisture from
entering the cable while stored at the job site. Ensure reels are suitable
for outside storage conditions when tenperature ranges from m nus 40
degrees Cto plus 65 degrees Cminus 40 degrees F to plus 150 degrees F,
with relative humdity fromzero to 100 percent. Store equi pnent, other
than FO nedia, delivered and placed in storage with protection from

weat her, humidity and tenperature variation, dirt and dust, or other
contaminants.

LT PRQOJECT/ SI TE CONDI Tl ONS

Ensure that the buried cable is fed through the plow into the ground at
zero tension. Do not allow tension to develop in the cable.

Whenever the plow is stopped, unreel sufficient cable to guard agai nst
sudden jerks when the plowis started.

Exercise caution to ensure that the plowis not backed up while the bl ade
is in the ground. Cable can be severely damaged by the pl ow backing up
even a slight amount. During the plow ng operation, the plow may strike a
buri ed object or rock that would stop the equi pment and necessitate renoval
of the plow fromthe ground. Wen this occurs, renove the plow carefully
wi t hout backing up. Wien it is necessary to back the plow, uncover the
cabl e a sufficient distance back fromthe plow for inspection by the
Contracting Oficer to deternmine if there is any damage. |Inmediately
report any damage to the Contracting Officer. Repair or replace danages as
directed by the Contracting Oficer

PART 2 PRODUCTS

2.

1 SYSTEM DESCRI PTI ON

Provide fiber optic cables for the duct in the existing cable duct and
manhol e system and/or directly buried to the facility. Provide
nodi fi cations as design located within the fiber optic termnal in existing
facility buil dings.

Provi de installation nmethods and procedures for installing the FO nedia and
pat hway system Include nethods and procedures for installing FO nedia,

pat hway, splices, and associated hardware. Submt installation procedures
and equi pnent list to the Contracting Oficer

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhkkkkkkkkkkkkkkhkhhkhkkkkkkkkkkkkhkhhkhhkkkkkkkkkkk

NOTE: Verify design draw ngs provide physica
| ocation details for aerial poles, underground nedia
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routes, naintenance hol es, handhol es, ducts, duct
banks, pathways, cable narkers, and rel ated
hardware. Show t el ecomuni cations roomns, closets,
and backboards on draw ngs. Provide a

t el econmuni cati ons nedi a schedul e on the draw ngs
with FO pair, counts, nedia |length and pat hway

| ength. Designer should performpathway fill, (max
40 percent), and nedia tension calculations for all
runs. Ensure materials are listed as RUS certified
for the application
http://www.usda.gov/rus/telecom/materials/material.htm

Ensure design drawi ngs provide details for
installation of the FO cable in accordance with
EIA/TIA-590.

*

kkkkkkkkkkkkkkkkkkkkkkkkkhkhhhkkkkkkkkkkkkhhhhkhkhkkkkkkkkkk

Provi de detailed drawings for the fiber optic cable and pathway system
Provide single line schematic details of the fiber optic and pat hway nedi a,
splices,

and associ ated construction materi al s.
AUTOCAD. DXF or comnpatible format.

Ensure drawings are in
Provi de Regi stered Conmuni cati ons

Di stribution Designer (RCDD) approved draw ngs of the fiber optic system
I nclude drawing details of fiber optic term nations in equi pnent roons.

Show fi nal

i nnerduct arrangenent,

configuration, including location, fiber pair count, pathway

and pat hway assignnent of outside plant.[ Verify FO

systemis conpatible with MIL-STD-188-176 .][ Design Pier FO systens for
conpatibility with MIL-STD-2042 and NAVSEA dr awi ngs. ]

1L
1L

Verify FO nedia neets all

1

1.

Fi ber Optic Cabl e Design

1 Fi ber Optic Media Types

TIA-568-C.3

performance requirenments of TIA-568-C.1

and the physical requirenments of |CEA S-87-640 and TIA/EIA-598

*%

*%

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

NOTE: Specify requirenents for Fiber Optic nedia
fromthe foll owi ng sel ections:

Fi ber Optic Media Type:
(single node) (multi node) (hybrid)

Fi ber Count: [12][24][48][ ][216]

Media Optic Characteristics:

Fi ber core dianmeter: [50]mf [62.5]mf or [ ]snf
Bandwi dt h 850nm mHz/ km [500] 50,m [160] 62.5 m
Bandwi dt h 1300nm nHz/km  [500] 50, m  [500] 62. 5 m
Attenuation 850nmdB: [2.5]50,m [3.0]62.5m
Attenuation 1300nm dB: [0.8]50,m [0.7]62.5m

Bendi ng Radius mm [30]50,m [30]62.6,m [30]snf

a.

Mul ti

*
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Mode Fi ber Medi a

Provide FO nmedia with outer sheath jacket,[ strength menber,]
wat er bl ocking material,[ optional steel shield,] core tube, and core
fibers as installed in a permanent underground pathway system as shown on
the construction drawings. Provide FO nedia with an all glass, graded
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index material with a nonminal core dianeter of [62.5][__ ] mcrons.
Provide a cladding material for the fiber which is conpatible with the
core. Center nedia transm ssion wi ndow at 850 and 1300 nanoneter

wavel engths, with attenuation at 1300 nanometers less than [2.0][___] dB
per kilometer, and m ni num bandw dth of 500 nHz- Km

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

NOTE: Specify the nunber of fiber strands. The

m ni mum nunber of fiber to a facility or building is
12 plus 25 percent spare capacity. Specify |oose
tube or tight tube design. |In general gelatin
filled nedia should be used unless tight tube is
required to interface with custoner term na

equi prent. The | oose tube construction is nore
appropriate where nmedia is subject to nunerous bends
al ong the cable route. This includes aerial and

| ong di stance runs (over one Km. Tight tube design
may be used for exterior direct burial in ducts

bel ow the frost line. For Navy projects the
preferred underground installation is within a

pat hway system conpliant with El A/ Tl A-569. Ensure
direct burial installations conply with

El A/ TI A-590. Media for Defense Informati on System
Agency (DI SA) equi pnent connection should conply
with M| -Std-188-176.
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b. Single Mdde Fiber Media

Provi de FO single nbde nedia with outer sheath jacket,[ strength nenber,]
ripcords, water blocking material,[ optional steel shield,] core tube, and
core fibers as installed in a permanent underground pat hway system as shown
on the construction drawings. Provide nmedia with all glass, dual w ndow,
graded index material with a core diameter of [___ ][8.7] microns. Coat
fiber with a cladding material which is concentric with the core. Ensure
fiber cladding dianmeter is a nomnal 125 nmicrons, and nedia has a

transm ssion wi ndow centered at 1300 and 1550 nanoneter wavel engt hs.
Attenuation at 1550 nanoneters is less than 0.5 dB per kilonmeter. Verify
FO medi a conplies with TIA/EIA-472DAAA ,and TIA-758 .

.1.1.2 Cabl e Length

Ensure cable is manufactured continuous with no factory splices.
.1.1.3 Construction

a. Nunber of Fibers Per Tube Per Cable

36-fiber cable and 72-fiber cable are required as foll ows:

(1) Provide 36-fiber cable containing nultinode and single node
fibers, with cable core configuration conprised of six |oose
buffer tubes, each containing six fibers. Color code six fibers
in each | oose buffer tube using the first colors of the standard
Munsel | col or code, Blue, Orange, Green, Brown, Slate, and Wite
Col or code | oose buffer tubes using the standard Munsell col or

code, Blue, Orange, Green, Brown and Slate. Ensure sixth buffer
tube is Pink. Consider single node fibers last in configuration
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(2) Provide 72-fiber cable containing multinmode and single node
fibers, with cable core configuration conprised of 12 | oose buffer
tubes, each containing six fibers. Color code six fibers in each
| oose buffer tube using the first colors of the standard Minsel
color code, Blue, Orange, Green, Brown, Slate and White. Color
code | oose buffer tubes using the standard Miunsell col or code,

Bl ue, Orange, Green, Brown, Slate, Red, Black, Yellow and
Violet. Ensure eleventh and twelfth buffer tubes are Blue/Wite
and Orange/ Wiite, respectively. Consider single node fibers |ast
in configuration.

b. Inner Jacket

Locate buffer tubes concentrically around the cable central core nenber and
covered with a pol yethylene inner jacket. Ensure inner jacket is [high]

[ medi unj density polyethylene in accordance with ASTM D4976. Fill space
bet ween the buffer tubes and inner jacket with a gel conpound to prevent
air, noisture, or water intrusion in the inner jacket.

c. Pulling Strength Menber
Use a ranmid type material as pulling strength nmenbers in the cable to

provide pulling strength of at |east [1800] [ ] newton [400] [__ ]
pounds for the cable during installation

d. Cable Quter Jacket

Apply black [high] [rmediun density, high-nolecular weight, polyethylene
materials in accordance with ASTM D4976 |ongitudinally over all the inner

j acket and sheathing strength nenber to formthe cabl e outer jacket.

Ensure outer jacket is snooth, concentric, non-nutrient to fungus, and free
fromholes, splits, blisters, or other inperfections. Overall outside
cabl e di aneter cannot exceed [19] | ] millimeter [0.75] |

e. Metallic Arnor

Provide a netallic arnmor shield for direct buried cable for additiona
tensile strength, rodent protection, and high crush and noisture
resistance. Provide netallic arnoring of metallic tube or stee
corrugation-coated with anti-corrosion material, sealed at the |ongitudina
overlap.

1.2 Cabl e Identification Synbol
First of three lines on the ID synbol enploy 5 characters.

First and second characters, fromleft to right, denotes the nunber of
active optical fibers in the cable.

Third character is a sl ash.

Fourth and fifth characters denote optical transm ssion wi ndows which the
optical fiber can support. These wi ndows are defined herein as foll ows:

a. Fourth character is an "A" or an "O." The "A" denotes a wi ndow at a
wavel engt h of 850 nanoneters (nn) with an attenuation of 4 dB/kil oneter
(km) and a bandwi dth of 800 MHz-km Use an "O' character if these
requi renments are not net.
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b. Fifth character is a "B" or an "O." The "B" denotes a w ndow at a
wavel engt h of 1,300 nanoneter (nm) with an attenuation of 1.0 dB/ km and
a bandwi dth of 1,000 MHz-km Use an "O' character if these
requi renments are not net.

Two lower lines of the cable ID synbol indicate nulti-node or single node
fibers, the cable nunmber and the fiber count:

Example:
72/0B Identifies the nunber of optical fibers
(72) and the optical transm ssion w ndow
(OB - See preceding paragraph)
FMD5 : 61-120 Identifies Multi-Mdde Fiber Cable 05 with
MM Fi bers 61 through 120.
FSO5 : 13-24 Identifies Single Mde Fiber Cable 05 with
SM Fi bers 13 through 24.
2.1.3 Tenper ature Environnent

Provide fiber optical cable conpliant with the nechani cal performance
requirenents herein while used in duct applications where the tenperature
varies fromminus 8 degrees Cto plus 38 degrees C 17.6 degrees F to 100 F.
Ensure optical perfornmance degradation is less than [five] [__ ] percent
of the optical performance requirenents in the tenperature range of m nus
20 degrees Cto plus 60 degrees C 4 degrees F to 140 degrees F. Do not
damage fiber optical cable in storage where the tenperature may vary from
m nus 40 degrees Cto plus 65 degrees C 40 degrees F to 149 degrees F.

.1.4 Splice Conpatibility Test

When the material of the optic fiber is different from Cornings' O ass Code
No. 1517 for mnulti-node graded index fiber and No. 1528 for single-node
fiber, performand docunment the Splice Conpatibility Test with Vendor as
follows:

a. Select fiber sanples froma mninmmof [3] | ] different production
lots of the fiber type proposed for the job.

b. Fabricate and nmeasure a mini num of [10] [ ] fusion splices using
fiber fromthe different production lots and a sanple of Corning fiber
Cl ass Code No. 1517 and No. 1528, supplied by the Governnent.

c. Measure fusion splices using an Optical Tine Donain Reflectoneter
(OTDR) operating in the region of 1250 through 1350 nm Ensure the
insertion loss of the fusion splice equals the average of two OTDR
nmeasurenents, one taken with the OIDR installed on the Corning fiber
and the other with the OTDR installed on the vendor's fiber. Verify
Vendor's fiber and the Corning fiber are each a minimumof 1 Kmin
| engt h throughout the testing.

d. Consider vendor's fiber conpatible with the Corning fiber if the
maxi mum splice insertion loss of each of [10] [____ ] fusion splices
tested nmeasures less than 0.2 dB

Al'l ow a maxi mum of three retries on any one splice to obtain a | oss of
0.2 dB or |ess.
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Perform these tests under Governnent supervision.
.2 EQUIPMENT
2.1 Repl acerment Cabl e

Provide not less than a 0.5 kiloneter reel of each size and type of the
manuf acturer's furnished cable in addition to cable sections indicated.

Del i ver replacenent cable reels to the Governnment as directed by the
Contracting Oficer.

.2.2 Splice Organizers

Provi de fusion spliced single node or multi-node fibers with a protective
sl eeve covering, stored in an organizer with a mninumof 450 mllinmeter
18-inches spare coiled buffer tubing. Ensure single node fibers are
spliced last in the splice tray.

Conplete a [72] [___ ] fiber splice in an outer closure. O ganizer
assenbly, with one tray containing [12] [__ ] fusion splices each
requires [five] [ ] extra trays, to formthe section conplete in the
i nner closure.

Fill space between the inner and outer closures with encapsul ating fl uid.
Factory drill end plates to fit the cable(s) outer dianeter.

. 2.3 Pre- Connect ed Cabl e Assenbly

Provide factory assenbl ed pre-connectorized cable assenbly to interface
with the patch panel bul khead feed-through receptacle. Provide dust caps
for all termnated fibers

Ensure nmulti-node fiber optic cable assenbly is conprised of a single fiber
connector, termnated on [three (3)] [__ ] nmeter length of single fiber
mul ti-nmode cable. Verify single fiber cable contains a buffered optica
fiber the same as that provided in the nmulti-fiber cable.

Ensure single fiber optic cable assenbly is conprised of a single fiber
connector termnated on the [three (3)] [___ ] nmeter length of single
fiber, single node cable. Single fiber cable contains a buffered optica
fiber, the sane as that provided in the nulti-fiber cable. Ensure return
| oss for single mobde connectors is a mininmumof [minus 30dB] [

Provi de connector/cable interface on both the single and nulti-node cable
assenblies able to withstand a tensile force of [110] [__ ] newton [25]
[ ] pounds without detrimental affects on the connector |oss
characteristics.

Verify each connectorized cable assenbly has a loss of |ess than or equa
to [0.5 dB] [

. 2.4 Optical Patch Panel Assenblies
Provide all cable ternminations in optical patch panel assenblies, with

pat ch panel assenblies of the pre-assenbled chassis type with associated
rack-mounti ng hardware
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To facilitate the transition between outside plant cable and the
preconnectori zed cabl e assenblies, ensure the fibers are [fusion]

[ mechani cal] spliced and housed in a splice tray. Position splice tray in
the optical patch panel assenbly as indicated. Ensure splice attenuation
does not exceed [0.2] | ] db. Cover splice with a protective sl eeve.

2.2.5 Fi ber Optic Term nal Cabinets

Provide front recess only FOT cabinets. Cabinet's frame consists of
vertical and horizontal tubular alum numextrusions with a mninum wall

thi ckness of [3.81] | ] milinmeter [.150] [__ ]-inches. Ensure front
to rear alum numextruded corners are at least [3.18] [__ ] mllineter
[.125) [__ ]-inches thick, and rear door, top panel, and side panels are
a mninmnumof [1.3] [ ] millimeter [18] [ ]-gage steel. Provide
cabinet with [1.9] [ ] millimeter [14] [__ ] gage steel, [7.14]
[ ] milimeter [.281] [__ ] inches punched panel /chassis nmounting
rails permitting recessed installation of equipnment. Place cable entry and
exit holes as indicated. Verify dinensions of cabinet and associ at ed

cabi net hardware are as indicated.

Provi de gray col or cabinet in accordance with FED-STD-595 .
2.2.6 Fi ber Optic Encl osures

Provide netallic enclosures for fiber optic data transm ssion equi pnent.
NEMA 250, type 4 enclosure. Protect the spliced fibers frommoisture and
physi cal damage. Splice closure provides strain relief for the cable and
the fibers at splice points. Provide full docunentation citing conformance
to structural paraneters.

2.2.7 Fi ber Optic Term nations And Connectors
FO connectors to conply with TIA/EIA-4750000-C and TIA/EIA-604-3

2.2.8 Fi ber Optic Pat hway System
Provi de an FO pat hway system i ncluding raceway conduit, duct system and
mai nt enance nmanhol es and handhol es as shown on the drawi ngs. Provide
pat hway materials conpliant with TIA-569 , and the foll ow ng comrerci al
standards for construction materials, NEMA RN 1 (PVC), NEMA TC 2 (PVQ),
NEMA TC 3 (PVC), NEMA TC 6 & 8, and NEMA TC 9.

2.2.8.1 Conduit
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NOTE: Delete the follow ng paragraph and specify
the specific conduit requirenents for small projects
in this section.

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

[ Provide conduit as specified in Section 33 71 02 UNDERGROUND ELECTRI CAL
DISTRIBUTION.

12.2.9 FO Medi a Tags

Provide stainless steel, 41.25 nmm 1 5/8-inches in dianmeter 1.58 nmm
1/16-inch thick, and circular in shape.
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2.2.10 Buried Warning and ldentification Tape

Provi de color, type and depth of tape as specified in paragraph "Buried
Warning and ldentification Tape" in Section 31 00 00 EARTHWORK. Ensure FO
media is marked and protected as required by TIA-590

2.2.11 Groundi ng Braid

Provide | ow el ectrical inpedance connections grounding braid fromfl at
tin-plated copper for dependabl e shield bonding.

2.3 MATERIALS

Verify all materials used within a given cable are conpatible with al
other materials used in the sane cabl e when such materials cone into
intimate contact. Ensure all cable conponents used have no adverse affect
on optical transmission or on the nmechanical integrity characteristics of
the fiber placed in the cable, and all materials used are non-toxic,
non-corrosive, and present no dermal hazard.

M ni mum required material conponents applied to fiber optic cable
construction are: central core nmenber, color-coded optical fiber

col or-coded | oose tube buffer with gel-filling, gel-filling around | oose
tube, inner jacket, pulling strength nenbers, and outer jacket. Variations
in sequence and construction structural conponents will be considered when
necessary.

2.3.1 Central Core Menber

Include a central core nmenber to serve as a cable core foundation to reduce
strain on the fibers but not to serve as a pulling strength nenber. Ensure
material of the central core nenber is non-netallic.

2.3.2 Optical Fibers

Provide two types of optical fibers, single-node fiber and multi-node
fiber, within the cable as foll ows:

a. Provide Single-Mde (SM fiber of equivalent [step] [graded] index
optical glass, with a fiber core dianmeter of approximtely 8.7
mcroneter. Cladding dianmeter is 125 plus or minus 3 mcroneter wth
core cladding offset less than 1 nmicroneter. Ensure mininmumtensile
strength of the fiber after primary protective coating is greater than
350, 000 kil opascal 50, 000 psi .

b. Provide nulti--Mde (MW fiber of the [graded] [step] index optica
glass type, with a core dianeter of [50] [62.5] plus or mnus 3
mcroneters. Cadding dianeter is 125 plus or mnus 3 mcroneters.
Ensure the core-cladding offset is less than 3 mcroneter, and the
mnimmtensile strength of the fiber after prinmary protective coating
is greater than 350, 000 kil opascal 50, 000 psi .

Softening point of the optical fiber clad material is 1630 degrees C plus
or mnus 50 degrees C in accordance with ASTM C338, or the optical fiber
nmeets the requirenents in paragraph SPLI CE COWATI BI LI TY TEST

2.3.3 Fi ber Primary Protective Coating

Coat optical fiber with suitable material to preserve the intrinsic high
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tensile strength of the glass fiber. Ensure outside dianeter of the coated
optical fiber is 250 (plus or nminus 15) mcroneter. Provide coating
material which is readily renovabl e, mechanically or chenically, wthout
damagi ng the optical fibers when the renoval is desired.

.3.4 Optical Fiber Col or-Code Coating

Coat primary protective coated SMand MM fibers wth a color-code coating
for individual fiber identification. Maxinmum outside dianeter of
col or-code coated fiber is |less than 300 nicroneter.

.3.5 Loose Tube Buffering

Surround col or-code coated fiber[s] with a | oose tube buffering for
protection from external nechanical and environmental influences. Fill
interior of the tube with a suitable gel-fitting conpound to prevent water
m gration. Color code |oose tube buffering for the tube identification.
Ensure material of the buffering tube is [PVC] [nylar] [nylon] [__ ].

.3.6 Colorants

Verify color concentrates or inks used to color code the optical fibers and
the | cose buffer tube are not susceptible to mgration and chenica
reaction with gel filling conpound.

.3.7 Filling Conpound

Ensure inner jacket interior and | oose tube buffer cavity contains a

gel -type filling conpound, of suitable viscosity so that it protects the
optical fibers against the ingress of water and/or soluble chenicals, and
not flow at the tenperature of up to 65 degrees C 149 degrees F. Verify
gel filling conpound is electrically non-conducting, inert gel-type,

wat er pr oof conpound, non-toxic, with no dermal hazards, and conpatible
chemically and nmechanically with all cable conponents and associated splice
hardware nmaterials to which it may nake contact. Ensure gel filling
conmpound is renovabl e, as required, using commercially avail abl e products
under field-type conditions.

.4 TESTS, | NSPECTI ONS, AND VERI FI CATI ONS
4.1 Factory FO Quality Contro

Provide conduit factory quality tests of FO nedia as required by TIA-472D000 .
4.2 Factory Test Certificates

Provide fiber optical cable conplying with the followi ng optical and
mechani cal test requirenents.

.4.2.1 Optical Perfornmance

a. Milti-Mde Fibers in the Cable

Verify optical attenuation of each optical fiber in the cable (reeled) is
no greater than 1.0 dB/Km at 1300 plus or minus 50 nmoptical spectrum

wi ndow. Measure attenuation on conpleted cable reel length, and normalized
linearly to 1 Km

Verify bandwi dth at minus 3 dB optical power of each optical fiber in the
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cable (reeled) is a bandwidth I ength product, ganma equals 1, greater than
1 GHz-Km at 1300 plus or minus 50 nmoptical spectrum w ndow.

Verify nunerical aperture of each optical fiber is 0.2 plus or minus 0.015
at 1300 nmoptical spectrumw ndow. Ensure nethod of nunerical aperture
measurenent is in accordance with TIA-455-177 , at central wavel ength 1300
nmnomnal. Wen this requirenent is not net, apply the fusion splice
conpatibility test.

b. Single-Mde Fibers in the Cable

Verify optical attenuation of each optical fiber in the cable (reeled) is
no greater than 0.5 dB/Kmat 1300 plus or mnus 50 nmoptical spectrum

wi ndow. Measure attenuation on conpleted cable reel |ength, and normalized
linearly to 1 Km Ensure measurenment nmethod is in accordance with
TIA-455-78-B , at central wavel ength 1300 nm nomi nal .

Verify pul se dispersion of each optical fiber in the cable (reeled) is no
greater than 3.5 picosecond/ nmKmw thin the enissive region of 1285-1330
nm Ensure neasurenent nmethod is in accordance with TIA-455-175

Verify node field dianeter at 1300 nmoptical spectrumw ndowis within 10
plus or minus 1 micronmeter. Ensure neasurenent nmethod is in accordance
with  EI A/ TI A 455-165A at central wavel ength 1300 nm nomnal. Wen this
requirenent is not nmet, apply the fusion splice conpatibility test.

Verify cut-off wavel ength for 1300 nmoptical spectrumw ndow is wthin
1200 plus or minus 70 nm Ensure nmeasurement nmethod is in accordance with
ANSI/TIA-455-80C

.4.2.2 Mechani cal Perfornance

a. M ni mum Bend Radi us

Provi de cabl e which withstands bending to a mininumradius of [10] [__ ]
times the cable outer dianeter without tensile |oad applied, and of [20]
[ ] times the cable outer dianmeter with maxinumtensil e | oad applied

(during installation), wthout danage to cabl e conponents or degradation of
the optical fiber perfornmance at roomtenperature.

b. Tensile Strength

Provide fiber optical cable which withstands a pull force of at |east

[ 1800] newtons [400 pounds] [__ ] to be applied to the pulling strength
menber during the installation, and a tensile |oad of at |east [300]
[ ] newtons during operation w thout incurring any damage or detri nment
to fiber optical cable and optical performance. Ensure tensile strength
test is in accordance w th TIA-455-33

c. Flexing or Bending Cycles

Provide fiber optical cable which withstands at least [20] [__ ] bendi ng
cycles at mininmum bend radi us without danage to the fiber optic cable
conmponents or degrading optical performance. Ensure cyclic flexing test is
in accordance with TIA-455-104

d. Crush Resistance

Provi de mini mum crush resistance of the fiber optical cable greater than
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650 newton/centineter (cm w thout danage to cabl e conmponents or degrading
optical performance. Ensure crush resistance test is in accordance with
TI A/ EI A 455-41- A,

e. Inpact Resistance

Provide fiber optical cable capable of withstanding [20] [__ ] inpacts,
at five nemton-neters force, wthout damage to cabl e conponents, or
degradation of optical performance. Ensure inpact resistance test is in
accordance with TIA/EIA-455-25

f. Gel Filling Compound Drip Test

Test optical cable for the ability of the gel filling conpound in the
interior of the inner jacket and | oose tube buffer to resist flow at the
tenperature range of mnus 40 degrees C to 60 degrees C in accordance with
TIA/EIA-455-81

g. Fluid Penetration

Provi de optical cable capable of preventing the entry and axial migration
of pressurized water when subjected to fluid penetration testing in
accordance wi th TIA-455-82

2.4.3 Factory Reel Test

Test 100 percent OTDR test of FO nedia at the factory prior to shipment in
accordance with TIA-568-C.1  and TIA-568-C.3 . Use TIA-526-7 for single node
fiber and EIA TI A El A-526-14A Method B for nulti node fiber measurenents.
Calibrate OIDR to show anomalies of 0.2 dB mininmum Provide digitized or
phot ographic traces to the Contracting Oficer.

PART 3 EXECUTI ON
3.1 INSTALLATION

Install and test the FO nedia in accordance with contract draw ngs,
specifications, | EEE C2, NFPA 70, and TIA-590 . Provide all necessary
power, utility services, technicians, test equipnment, calibration equi prent
as required to performreel and final acceptance tests of the nedia.

Repl ace all nmedia which fails the factory or reel tests or final acceptance
field tests and re-test at the contractors expense.

3.1.1 Fi ber Splices
Splices are not permitted unless shown on the construction draw ngs.

Field test splices within 24 hours after splice installation. Test splices
to denonstrate a maxinum 0.2 dB | oss. Provide a mninumof 2 nmeters 6
1/2-feet for routing and testing nmedia. Provide [fusion] [mechanical] type
outside plant fiber splices along the fiber route. Make all splice
measurenents at 1300 nm plus or nminus 5 nm Munt all splices in trays.
Do not increase nunber of splices.

Protect nedia ends of unspliced FO nedia during splicing operations. Cover
completed splice with a protective sleeve heat shrink type to restore the
protective properties of the fiber coating and buffering. Deviations to
the splice, location and pulling plan will be pernmitted, upon approval by
the Contracting Oficer, at no additional cost to the Governnent.
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Ensure all fiber colors are continuous fromend to end. No swi tching or
staggering of color scheme within the cable at splice points is allowed.
Splice fibers in order with nulti-node fibers identified first and single
nmode fibers at the end.

Bring cables out of the manhole in a controlled environnent to performthe
fiber fusion splice operation. Conplete splice by returning the cable to
the manhol e such that the excess cable does not inpede future entrance and
utilization. Secure cable at regular intervals.

.1.2 Contract or Damage

Promptly repair indicated utility and comunications lines or systens
damaged during site preparation and construction. Wen Contractor is
advised in witing of the location of a non-indicated |ine or system such
notice provides that portion of the line or systemw th "indicated" status
in determining liability for damages. |In every event, immediately notify
the Contracting Oficer of damage

.1.3 Buri ed Cabl e
.1.3.1 Location
NOTE: Buried cable installation refers to the

pl acenent of cables directly in the ground without
protection other than their own outer coverage
(jackets). The overall buried cable installation
may i ncl ude manhol es and hand hol es, for splicing,
term nating and pull -through purposes.

3.1.3.3
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Verify location of the cable splice overlaps as indicated. Ensure that all

cable ends are sufficiently | ong before cutting.
.1.3.2 Fi el d Staking

When staking the cable plow or trench line, place stakes at |east every 30
meter 100-feet in level country and nore frequently in rolling country or
in dense vegetation, so that the construction force can sight at |east two
successive stakes at all tines. Stakes should be placed at changes in
direction. The beginning and end of all turns should be staked clearly.
Where existing buried cable is encountered within [600] [__ ] mllimeter
(2] ]-feet of the proposed line, decrease the distance between stakes
toamninumof [3] [__ [10] [ ]-feet. Vhen possible, stakes
shoul d project above the vegetation along the Iine. Wen a road or other
crossings are involved, stakes should be placed at both extrenes of the
right-of-way.

A stake, with the appropriate nunber or explanation noted on it, should be
used to show the | ocation of each caution point, such as underground
utility crossings and culverts; mscellaneous points, such as physica

cable protection; and buried cable warning sign | ocations.

Met hod of Cabl e Pl acenent
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NOTE:

*kkk
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Met hod used in placing the cable will
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*
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on the exact location of the route, obstructions
encountered, soil conditions, and topography of the
route. Method which best suits the local conditions
and whi ch produces the [ east anpunt of disturbance
or danmmge to existing utilities and surroundi ng
areas should be used. Under certain conditions,
conbi nati ons of placing nethods may be advant ageous.
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Pl ace a warning tape above all direct buried cable.

Ensure depth of buried cable in soil nmeasured fromthe top of the cable to
the surface of the ground is a minimumof [800] [ ] mllinmeter [30]
[ ]-inches. Wen existing utilities are crossed, use hand excavation
at a distance of no less than [1.3] | ] meter [four] [
each side of the utility.

a. Open Trench Method
(1) Ensure trench is free of all rock and debris.

(2) Pull cable fromcable reel truck or dolly and place in the trench
by hand.

(3) Place cable in trench as soon as practical and backfil
i medi ately to avoid cave-in, and ensure safe operationa
conditions.

(4) Provide inspection closely behind the cable reel dolly and ensure
that the cable lies flat on the trench bottom and is placed at
the required m ni num dept h.

(5) Pull cable by hand on each end simultaneously, to renove excess

sl ack, prior to backfilling.
(6) Backfill trench in [150] [ ] millimeter [siXx] ]-inch
lifts to ensure proper fill. Conpact each backfill lift with hand

tanp tools. Hand tanp first lift prior to placing the cable.
b. Direct Plow Method
(1) Ensure plow is clear of any obstruction which may damage cabl e and
that all rollers on the tractor and on the plowturn freely and
are properly | ocated.

(2) Hand feed cable off the reel at all tinmes to ensure that no damage
is done to the cable due to excess tension

(3) Cosely inspect the cable for any blem sh or damage, and ensure a
free and continuous flow of the cable fromthe reel to the plow
Ensure that the cable is plowed at the minimumrequired depth.

3.1.3.4 Compaction

NOTE: The foll owi ng nethod of conpaction is
reconmended: Run the tractor track or tire along
and i nmedi ately adjacent to both sides of the plow
slot; fill in any ground depressions which may
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develop with earth to forma nound over the center

of the plow slot; and then run the tractor tire over
the center slot. Different soil conditions may
warrant that other nethods of conpaction be enpl oyed.

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

Conpact the plow slot followi ng the plowing or trenching of wire or cable.
1.4 Under ground Cabl e

Provi de inner duct assignment of individual cables as indicated. Do not
pl ace cables in ducts other than those specified.

Exerci se adequate care when handling and storing reels of cable to prevent
damage to the cable. Do not install cable with dents, flat spots, or other
sheath distortions.

.1.4.1 Securing Cabl e

I medi ately after cable placenent, attach a pernanent identification tag as
indicated to visible cable sections. Check cables to ensure that the
mar ki ngs are intact.

Support and secure cabl es and equi pnent as indicated. Were the specific
met hod of support is not shown, use supports and fasteners to secure cables
and equi pnent in position. Provide nmetallic supports and fasteners with a
corrosion resistant finish. Rout all cables along the interior sides of
manholes.

Provide two or nore cabl e hooks per nmanhol e.
Use cl anps and straps as necessary to properly secure the cable.
.1.4.2 Bending

Use caution when bending cable to avoid kinks or other damage to the
sheath. Bend radius is as large as possible with a m ninum of [250]
[ ] millimeter [10] [___ ]-inches. Increase mininumradi us when
necessary to neet cable manufacturer's reconmendation. Do not rest cables
agai nst any sharp edges.

Pull and splice cable in the nmanner and at the |ocations shown.
.1.4.3 Pulling

Attach pulling lines to both cable ends when cable is destined for
bi-directional pull, and fitted with factory-installed pulling eyes. Pul
cabl es not equipped with a pulling eye using a pulling line attached to the
cable end by neans of a cable grip. Do not use core hitches.

Locate and align cable reels so that the cable is paid out fromthe top of
the reel into the duct or conduit in a long, snmooth bend wi thout tw sting.
Do not pull cable fromthe bottomof the reel. Use a cable feeder guide of
proper dinensions at the nouth to guide the cable into the duct or conduit.

Set up rigging at the pulling end so that the pulling Iine and cable exit
on a line parallel with the duct or conduit to prevent either fromrubbing
agai nst the edge or nmouth. Do not pull cable ends around sheave wheel s.
When the sheave or pulley cannot be positioned to obtain sufficient cable
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end slack for proper racking and splicing with the pulling |ine attached to
the end of the cable, a split cable grip may be used to obtain the
necessary sl ack

.1.4.4 Lubricant

Use pulling lubricant to minimze pulling tension and prevent sheath damage
when pulling cables into ducts and conduits. Apply lubricant to the cable
sheath with a lubricator. Wen pulling has been conpl eted, w pe the
exposed cabl e ends clean of |ubricant.

Ensure lubricants are conpatible with and intended for use with
pl asti c-sheathed cables. Do not allow soap and grease type |ubricants.

Check all equipnent and the pulling set to minimze interruptions once

pul ling begins. Pull cable without stopping until the required amount of
the cabl e has been placed. Wen the pulling operation is halted before the
pull is conpleted, do not release the tension of the pulling line. Wen
pulling is resuned, overcone the inertia of the cable by increasing the
tension in small steps a few seconds apart until the cable is in notion.
Feed the cable fromthe top of the reel by rotating the reel in the feed
direction at the rate of pull. Do not strip cable off the reel by pulling

.1.4.5 Damage and Def ects

Use a tension nonitoring device to ensure that the nmaxi num pulling tension
that may be applied to the cable to be pulled into a conduit section is not
exceeded. Any danage to the cable due to exceeding the nmaxi mum tension
will require a new cabl e furnished by the Contractor

Carefully inspect cable for sheath defects or other irregularities as it is
paid out formthe reel. Wen defects are detected, stop pulling

i medi ately and repair or replace the cable section at the discretion of
the Contracting Officer. Miintain a system of conmunications between
pulling and feed | ocations so that pulling can be stopped instantly, when
required.

Hand gui de cabl e through internedi ate manhol es and into the next duct
section when meking pull-throughs. Use proper rigging in the intermediate
manhol e to keep the pulling line and cable aligned with the exit duct to
prevent the line or cable fromrubbing agai nst the edge of the duct. Set
up cables in pull-through manhol es and rack before the cable ends in

adj acent nanhol es are set up and racked.

Tie cable ends pulled into manhol es, vaults, or term nal |ocations that are
not to be racked or otherw se pernmanently positioned inmediately, in fixed
positions to prevent danage to the cables and provi de adequat e wor ki ng
space.

.1.4.6 Seal

Seal ducts or innerduct in which cable is placed with urethane foam duct
seal. Insert this material between the cable and the duct or innerduct of
which it is in, between the innerduct and the duct, and in all unused
innerduct, in order to prevent danage to the cable sheath and to prevent
the entrance of dirt or water into the nanhole or vault.

Provi de cables in continuous | engths as required to acconplish the required
installation without splices fromtermnation to term nation, except where
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3.

field splices are specifically shown.

.1.5 Cable Installation in Cable Trays
Do not install comunication cables in the same cable tray with ac power
cables.
Install cables placed in cable trays in a neat and orderly manner and not
crossed or interlaced with other cables except at breakout points.
Individually retain cables in vertical trays with straps at a maxi num of
[1800] [__ ] mllinmeter [6] [__ ]-feet on center
.1.6 Groundi ng Systens
Ground cables at each term nation point or as indicated.
1.7 Direct Burial System
NOTE: Specify the depth of nedia placenent.
Desi gner may specify air blown fiber installed in
new or existing underground duct pending the
approval of the nedia manufacturer. Air blown fiber
installation and construction materials require
approval by the contracting officer
Verify installation is in accordance with TIA-590 . Under railroad tracks,

paved areas, and roadways install cable in conduit encased in concrete.

Sl ope ducts to drain. Excavate trenches by hand or nechani cal trenching
equi prrent. Provide a m ni mum cabl e cover of 610 mm 24-inches bel ow
finished grade. Ensure trenches are not less than 155 mm 6-i nches w de and
in straight Iines between cable markers. Do not use cable plows. Provide
bends in trenches with a radius of not less than [915][
[36]]__ ]-inches. Were two or nore cables are laid parallel in the sane
trench, space laterally at least 75 mm 3-inches apart. Wen rock is
encountered, remove it to a depth of at |east 75 mm 3-inches bel ow the
cable and fill the space with sand or clean earth free fromparticles
larger than 6 mm 1/4-inch. Do not unreel and pull cables into the trench
fromone end. Cable may be unreeled on grade and lifted into position
Provi de color, type and depth of warning tape as specified in Section

31 00 00 EARTHWORK.

.1.7.1 Medi a Pl acenent

a. Separate FO nedia crossing other cables or netal piping fromthe other
cabl es or pipe by not less than [75][ ] mm[3]] ]-inches of
wel | tamped earth. Do not install FO nedia under or above traffic
signal | oops.

b. Provide nmedia in one continuous |ength w thout splices except where
splices are shown on the draw ngs.

c. Do not allow bends in nedia which exceed the manufacturers m ni num
reconmended radii. Do not bend nmedia to a radius less than 10 times
t he outside diameter of the nedia.

d. Leave a horizontal slack of approximately 915 nmm 3 feet in the ground

SECTION 27 13 23.00 40 Page 27



on each end of cable runs, on each side of connection boxes, and at
poi nts where connections are brought above ground. Were cable is
brought above ground, |eave additional slack to nmake necessary
connections.

3.1.7.2 Identification Slabs (Markers)

Provide a marker at each change of direction of the cable, over the ends of
ducts or conduits which are installed under paved areas and roadways and
over each splice. Provide concrete identification markers , approximtely
500 nm 20-i nches square by 150 nm 6-i nches thick and stake nounted warni ngs
nmeeting the requirenments of REA

3.1.8 Under ground Duct s

Construct underground duct as specified in Section 33 71 02 UNDERGROUND
ELECTRI CAL DI STRI BUTI ON. Encase in concrete any ducts under roads, paved
areas, or railroad tracks.

3.1.8.1 Connections to Existing Mintenance Hol es [and Handhol es]

For duct line connections to existing structures, break the structure wal
out to the dinensions required and preserve the steel in the structure
wall. Cut the steel and the duct |ine envel ope.

3.1.8.2 Connections to Concrete Pads

For duct line connections to concrete pads, break an opening in the pad out
to the dinmensions required and preserve the steel in the pad. Cut the
steel and extend it out to tie into the reinforcing of the duct |ine

envel ope. Chip out the opening in the pad to forma key for the duct |ine
envelope.

3.1.8.3 Connections to Existing Ducts

Where connections to existing duct Iines are indicated, excavate the lines
to the maxi numdepth required. Cut off lines and renove | oose concrete
fromthe conduits before new concrete encased ducts are installed. Provide
rei nforced concrete collar, poured nonolithically with the new duct line to
take the shear at the joint of the duct I|ines.

3.1.9 Recondi tioni ng of Surfaces
3.1.9.1 Unpaved Surface Treat ment

Rest ore unpaved surfaces disturbed during the installation of duct or
direct burial cable to their original elevation and condition. Carefully
preserve existing sod and topsoil and replace after the back-filling is
conpl eted. Repl ace damaged sod with sod of quality equal to that renoved
Where the surface is disturbed in a newy seeded area, re-seed the restored
surface with the sane quantity and fornula of seed as that used in the
origi nal seeding.

3.1.9.2 Pavi ng Repairs
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NOTE: Choose one of the follow ng options.
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[ a. Where trenches, pits, or other excavations are made in existing
roadways and in other areas of pavenent where surface treatnent of any kind
exi sts, restore such surface treatnment or pavenent to the same thickness
and to the sanme kind as previously existed. Ensure surface treatnment or
pavenent matches and ties into the adjacent and surroundi ng existing
surfaces.
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NOTE: Insert appropriate Section nunber and title
in the blank bel ow using format per UFC 1-300-02
UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS ( UFGS)
FORVAT STANDARD

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

[ b. Make paving repairs as specified in[___ 1.
13.1.10 Cabl e Pulling

Test duct lines with a mandrel and swab out to renpve foreign materia
before the pulling of FO nedia. Avoid danage to cables in setting up

pul l'ing apparatus or in placing tools or hardware. Do not step on nedia
when entering or |eaving the naintenance holes. Do not place nmedia in
ducts other than those shown without prior witten approval of the
Contracting Officer. Roll cable reels in the direction indicated by the
arrows painted on the reel flanges. Set up nedia reels on the sane side of
the mai ntenance hole as the pathway section in which the nmedia is to be
pl aced. Level the reel and bring into proper alignment with the pathway
section so that the nedia pays off fromthe top of the reel in a long
snmooth bend into the duct without twisting. Do not, under any
circunmstances roll the media off fromthe bottomof the reel. Check the
equi pnent set up prior to beginning the nedia cable pulling to avoid an
interruption once pulling has started. Use a cable feeder guide of

sui tabl e di nensi ons between nmedia reel and face of duct to protect nedia
and guide cable into the duct as it is rolled off the reel. As nediais
rolled off the reel, lubricate and inspect nedia for sheath defects. Wen
defects are noticed, stop pulling operations and notify the Contracting
Oficer to deternmine required corrective action. Stop nedia pulling if
reel binds or does not roll off freely. Rectify cause of binding before
resum ng pulling operations. Provide nedia |ubricants recomended by the
cabl e manufacturer. Provide 1 neter 3.3-feet of spare nedia in all
manhol es and encl osures for final term nation and testing.

3.1.10. 1 FO Medi a Tensi ons

Install FO nmedia as shown on construction drawi ngs. Provide devices to
moni tor media tension during installation. Do not exceed manufacturers
recomended maxi num FO tensi ons and bending radii during installation

3.1.10.2 Pul I i ng Eyes

Equip nmedia 30 mm 1-1/4-inches in diameter and | arger with cable
manufacturer's factory installed pulling-in eyes. Provide nedia with
dianmeter smaller than 30 nm 1-1/4-inches with heat shrinkable type end caps
or seals on cabl e ends when using cable pulling grips. Do not beat rings
to prevent grip fromslipping into the cable sheath. Use a swivel grip of
19 mm 3/4-inch links between pulling-in eyes or grips and pulling strand.
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3.1.10.3 Medi a i n Mai nt enance Manhol es, Handhol es, and Vaults

Do not install nmedia utilizing the shortest route, but route along those
wal I's providing the |ongest route and the maxi num spare cabl e | engths.
Form cables to closely parallel walls, not to interfere with duct
entrances. Support nedia on brackets and cable insulators at a nmaxi mum of
1220 mm 4-feet. |In existing nmaintenance nanhol es, handhol es, and vaults
where new ducts are to be term nated, or where new nedia are to be
installed, nodify the existing installation of nmedia, cable supports, and
grounding as required with cables arranged and supported as specified for
new medi a.

.1.11 Aerial Media
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NOTE: I nclude tensioning and sag data on draw ngs
in tabular form

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

Provide pole installation as specified in Section 33 71 01 OVERHEAD
TRANSM SSI ON AND DI STRI BUTI ON.  \Where physical obstructions make it
necessary to pull distribution wire along the line froma stationary reel
use cable stringing bl ocks to support wire during placing and tensioning
operations. Do not place |adders, cable coils, and other equiprment on or
against the distribution wire. Sag the wire in accordance with the data
shown.

.1.11.1 Aerial FO Medi a

Keep nedia ends sealed at all times using cable end caps. Take nedia from
reel only as it is placed. During placing operations, do not bend in a
radius less than 10 tinmes the outside dianmeter of nedia. Place tenporary
supports sufficiently close together, and properly tension the nedia where
necessary, to prevent excessive bending. |In those instances where
spiraling of nedia is involved, acconplish nounting of enclosures for

pur poses of |oading, splicing, and distribution after the spiraling
operation has been conpl et ed.

.1.12 Grounding

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

NOTE: Designer should verify the existence of
grounding facilities. It is essential that al
grounding facilities, new and existing, conformwith
| EEE C2, NFPA 70, M L-HDBK-419, and M L-STD- 188- 124.
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Ground exposed non current carrying netallic parts of tel ephone equipnent,
medi a sheat hs, nedia splices, and term nals.

.2 FI ELD QUALI TY CONTROL
2.1 Test Requirenents

Ensure test equi pnent used for verifying installation testing is calibrated
by a certified testing conpany within [3] [ ] weeks of use.

SECTI ON 27 13 23.00 40 Page 30



3.2.1.1 Single and Miulti-Mde OTDR Test

Ensure the Optical Tine Donain Reflectoneter (OITDR) conforms to the
foll owi ng mini mum requirenents:

a. Operating wavelengths: [1,300] [___ ] plus or minus 20 nanoneters
b. Attenuation Range (one way): mnimum [215] [_ ] dB at 1,300 nm
c. Attenuation Resolution: [0.01] [___ ] dB

d. Accuracy: plus [0.5] [__] dB

Use OTDRs with digital readout capability and a means of providing a
permanent record in the formof a [strip chart] [photograph] [___ ].

3.2.1.2 End-to- End Attenuati on Tests

An attenuation neasurenent test set consists of an optical power neter and
an optical power source. Provide attenuation neasurenent test set in
accordance with the applicable National Bureau of Standards (NBS) standards
for a stable optical source. Meter may be analog or digital. Include
end-to-end attenuation test reading on the test reference |loss. Ensure
measur enent test set conforms to the follow ng m nimumrequirenents:

a. Operating wavelengths: [1,300] [ ] plus or mnus 10 nanoneters
b. Attenuation Range: at least [30] | ] dB at 1,300 nm
c. Attenuation Resolution: [0.01] [ ] dB

d. Accuracy: The accuracy of the attenuation nmeasurenent test set is plus
or minus [5] [ ] percent.

Ensure optical source is capable of coupling sufficient power into the
fiber so that the light received at the meter is within the neter
del ectability limts.

3.2.1.3 End-t o- End Bandwi dth Tests

Ensure bandwi dth test conforns to the follow ng m nimumrequirenents:

a. Operating wavelengths: [1,300] [___ ] plus or minus 10 nanoneters

b. Bandwidth range: mininmum[1000] [___ ] megahertz

c. Bandwidth Resolution: [1] [____ ] negahertz

d. Accuracy: plus or mnus [0.5] [____ ] negahertz, Measurenment Method:
[ Swept Frequency] [__ 1]

As a mninum test each fiber cable before and after installation for any
faults or attenuations using an Optical Tine Domain Refl ectoneter (OTDR).
Conduct end-to-end attenuation tests after conplete installation.

Clearly state all test equipnent, test procedures, and testing techniques
in the quality assurance plan. Conduct tests in accordance with the
approved Quality Assurance Plan. Ensure all field tests are witnessed by
the Contracting Oficer. Gve Contracting Oficer at least [20] [__ ]
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cal endar days notice prior to perform ng each test.

Provi de each test sheet with a sign-off blank for both Contractor and the
Contracting Officer. Deliver copies of the conpleted test forns and test
results as indicated.

Record sequential cable markings along the cable on the sequential cable
form prior to and after each end of splice point,and subnit for approval

Submit test results on all installed fiber cabling before and after each
pre-connectori zed cabl e assenbly splice is conpl et ed.

Mai ntain an accurate test record during all field tests.
. 2.2 Fi el d Reel Tests

Performthe following tests on FO nedia at the job site before it is
renoved fromthe cable reel. For cables with factory installed pulling
eyes, performthese tests at the factory and submt certified test results
with the media. Perform OIDR tests with nmedia on reels and conpare factory
and field test data.

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

NOTE: The purpose of this test is to assure the
Governnent and the installation contractor that the
nmedi a was not damaged during shipnent.
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.2.2.1 Reel Test Reports

Provide results of reel tests to the Contracting Oficer within [5][___ ]
wor ki ng days before installation is to conmence. Verify results indicate
reel nunber of the nmedia, manufacturer, type and nunber of fiber tested,
and recorded readings in the report. Wen reel tests indicate that the
medi a does not conply with factory reel test reports renove the nedia from
the job site and replace with conpliant nedia.

.2.3 Fi nal Acceptance Tests

Perform end-to-end tests including power nmeter |ight source and OIDR
tests. Perform OTDR neasurenents as required by TIA-568-C.1 and TIA-568-C.3
Test single node fiber in accordance with TIA-526-7 (Optical Power Loss).
Test nmulti node fiber in accordance with TIA-526-14 (Optical Power Loss).

.2.3.1 Test Results
Provide results of final acceptance tests (attenuation tests, OIDR traces,

etc.), to the Contracting O ficer within [5]] ] working days after
conpl etion of tests.

.3 CLOSEQUT ACTI VI TI ES

Submt [
Officer.

] copies of the Record (As-Built) Drawi ngs to the Contracting

-- End of Section --
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