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1. SCOPE

1.1 This standard descri bes approved nethods for splicing
pl astic insul ated copper and fiber optic cables. Typical
applications of these nethods include aerial, buried, and
under ground spli ces.

1.2 Copies of the Anerican National Standard Institute/ National
Fire Protection Association (ANSI/NFPA) 70, National Electrical
Code (NEC), referenced in this standard, can be obtained from
NFPA, Batterymarch Park, Quincy, Massachusetts 02269, tel ephone
nunmber 1 (800) 344-3555.

1.3 Copies of the American National Standard Institute/lnstitute
of Electrical and Electronics Engineers, Inc. (ANSI/IEEE),
National Electrical Safety Code (NESC), referenced in this
standard, can be obtained from | EEE Service Center, 455 Hoes
Lane, Piscataway, New Jersey 08854, tel ephone nunber 1 (800)
678-4333.

2. GENERAL

2.1 Only Rural Uilities Service (RUS) accepted filled cable and
splicing materials shall be used on outside plant projects
fi nanced by RUS.

2.2 The installation instructions provided by the manufacturer
of splicing materials shall be followed except where those
instructions conflict wwth the procedures specified in this

st andar d.

2.3 Precautions shall be taken to prevent the ingress of

noi sture and ot her contam nants during all phases of the splicing
installation. Wen an unconpl eted splice nust be |eft

unattended, it shall be sealed to prevent the ingress of noisture
and ot her contam nants.

2.4 Mnor sheath damage during construction may be repaired if
the repair is conpleted imedi ately and is approved by the
borrower's resident project representative. M nor damage is
typically repaired by:

2.4.1 Scuffing the cable sheath associated with the damaged
ar ea;

2.4.2 Applying several layers of DR tape over the scuffed and
damaged ar ea;

2.4.3 Applying several layers of plastic tape over the DR tape;
and
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2.4.4 |f damage is severe enough to rupture the cable shield, a
splice closure shall be installed.

2.5 Al splice cases installed on RUS toll trunk and feeder
cables shall be filled, whether aerial, buried, or underground.

3. SPLICING CONSIDERATIONS FOR COPPER CABLES

3.1 Preconstruction Testing: It is desirable that each reel of
cabl e be tested for grounds, opens, shorts, crosses, and shield
continuity before the cable is installed. However, manufacturer
supplied test results are acceptable. All cable pairs shall be
free fromelectrical defects.

3.2 Handling Precautions: The cable manufacturer's instructions
concerning pulling tension and bendi ng radius shall be observed.
Unl ess the cable manufacturer's recommendation is nore stringent,
t he m ni num bendi ng radius shall be 10 tines the cable dianeter
for copper cables and 20 tines the cable dianeter for fiber optic
cabl es.

3.3 Cable Sheath Removal:

3.3.1 The length of cable sheath to be renoved shall be
governed by the type of splicing hardware used. Follow the
splice case manufacturer's recommendations. For pedestals or

| arge pair count splice housings, consider renoving enough cable
sheath to allow the conductors to extend to the top of the
pedestal and then hang downward to approximately 15 centineters
(cm (6 inches (in.)) above the basepl ate.

3.3.2 Caution shall be exercised to avoid damagi ng the conduct or
i nsul ati on when cutting through the cable shield and renoving the
shield. Sharp edges and burrs shall be renoved fromthe cut end

of the shield.

3.4 Shield Bonding and Grounding: For personnel safety, the
shields of the cables to be spliced shall be bonded together and
grounded before splicing activities are started. (See Paragraphs
7.2, and 7.5.1 through 7.5.3 of this standard for final bonding
and groundi ng provisions.)

3.5 Binder Group ldentification:

3.5.1 Color coded plastic tie waps shall be placed | oosely
around each bi nder group of the cables before splicing operations
are attenpted. The tie waps shall be installed as near the
cabl e sheath as practicable and shall conformto the sanme col or
designations as the binder ribbons. Twi sted wire pigtails shal
not be used to identify binder groups due to potenti al
transm ssi on degradati on.
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3.5.2 The standard insulation color code used to identify
i ndi vidual cable pairs within 25-pair binder groups shall be as
shown in Table 1:

TABLE 1
Cable Pair ldentification Wthin Bi nder G oups
Col or
Pai r No. Tip R ng
1 White Bl ue
2 Wi te Orange
3 Wi te G een
4 White Br own
5 Wi te Slate
6 Red Bl ue
7 Red Orange
8 Red G een
9 Red Br own
10 Red Slate
11 Bl ack Bl ue
12 Bl ack Orange
13 Bl ack G een
14 Bl ack Br own
15 Bl ack Slate
16 Yel | ow Bl ue
17 Yel | ow Orange
18 Yel | ow G een
19 Yel | ow Br own
20 Yel | ow Slate
21 Vi ol et Bl ue
22 Vi ol et Orange
23 Vi ol et G een
24 Vi ol et Br own
25 Vi ol et Slate

3.5.3 The standard bi nder ribbon color code used to designate
25-pair binder groups within 600-pair super units shall be as
shown in Table 2:
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3.5.5 Service pairs in screened cabl es shal
accordance with Table 4:

Page 10
TABLE 2
Cabl e Bi nder Goup ldentification
G oup No. Col or of Bindi ngs G oup Pair Count
1 Whi t e- Bl ue 1-25
2 Wi t e- Or ange 26-50
3 Wi t e- G een 51-75
4 Whi t e- Br own 76-100
5 Whi te-Sl ate 101-125
6 Red- Bl ue 126- 150
7 Red- Or ange 151-175
8 Red- G een 176- 200
9 Red- Br own 201- 225
10 Red- Sl at e 226- 250
11 Bl ack- Bl ue 251- 275
12 Bl ack- Orange 276- 300
13 Bl ack- G- een 301- 325
14 Bl ack- Br own 326- 350
15 Bl ack- Sl at e 351- 375
16 Yel | ow Bl ue 376-400
17 Yel | ow Or ange 401- 425
18 Yel | ow- G een 426- 450
19 Yel | ow Br own 451- 475
20 Yel | ow Sl at e 476- 500
21 Vi ol et - Bl ue 501-525
22 Vi ol et - Or ange 526- 550
23 Vi ol et - G een 551-575
24 Vi ol et - Br own 576- 600
3.5.4 Super unit binder groups shall be identified in accordance
wth Table 3:
TABLE 3
Super-Unit Bi nder Colors
Pai r Numbers Bi nder Col or
1- 600 Wi te
601- 1200 Red
1201- 1800 Bl ack
1801- 2400 Yel | ow
2401- 3000 Vi ol et
3001- 3600 Bl ue
3601-4200 Orange
4201- 4800 G een
4801- 5400 Br own
5401- 6000 Slate

be identified in
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TABLE 4
Screened Cable Service Pair ldentification
Col or
Service Pair No. Tip Ri ng
1 Wi te Red
2 Wi te Bl ack
3 Wi te Yel | ow
4 Wi te Vi ol et
5 Red Bl ack
6 Red Yel | ow
7 Red Vi ol et
8 Bl ack Yel | ow
9 Bl ack Vi ol et
3.6 Cleaning Conductors: It is not necessary to renove the
filling conpound Trom cabl e conductors before splicing. However,

it is permssible to wi pe individual conductors with clean paper
towels or clean cloth rags. No cleaning chemcals, etc., shal

be used. Caution shall be exercised to maintain individual cable
pair and binder group identity. Binder group identity shall be
mai nt ai ned by using color coded plastic tie waps. |ndividual
pair identification shall be maintained by carefully tw sting

t oget her the two conductors of each pair.

3.7 Expanded Plastic Insulated Conductor (PIC) Precautions:
Solid PIC and expanded (foam or toamskin) PIC are spliced in the
same manner, using the sane tools and materials and, in general,
shoul d be treated the sanme. However, the insulation on expanded
PICis much nore fragile than solid PIC. Tw sting or form ng
expanded PIC into extrenely conpact splice bundles and applying
excessi ve anounts of tension when tightening tie waps causes
shiners and, thus shall be avoi ded.

3.8 Splice Connectors:

3.8.1 Only RUS accepted filled splice connectors shall be used
on outside plant projects financed by RUS.

3.8.2 Specialized connectors are available for splicing
operations such as butt splices, in line splices, bridge taps,

cl earing and capping, and nmultiple pair splicing operations. The
splice connector manufacturer's reconmendati ons shall be foll owed
concerni ng connector selection and use.

3.8.3 Caution shall be exercised to maintain conductor and pair
associ ation both during and after splicing operations.
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3.8.4 Splicing operations that involve pairs containing working
services shall utilize splice connectors that permt splicing
Wi thout the interruption of service.

3.9 Piecing Out Conductors: Conductors may be pieced-out to
provi de additional slack or to repair damaged conductors.
However, the conductors shall be pieced-out with conductors
havi ng the same gauge and type and col or of insulation. The
conductors used for piecing-out shall be from cabl es having
RUS accept ance.

3.10 Splice Organization: Spliced pair bundles shall be
arranged 1n firmlay-ups with m ni num conductor tension in
accordance with the hardware manufacturer's instructions.

3.11 Binder Tape: Perforated nonhygroscopi c and nonw cki ng
bi nder tape should be applied to splices housed in filled splice

cases. The binder tape allows the flow of filling conmpound while
hol ding the splice bundles near the center of the splice case to
al | ow adequate coverage of filling conpound.

3.12 Cable Ta?s: Cabl es shall be identified by a tag indicating
t he cabl e manufacturer’'s nanme, cable size, date of placenent, and

generic route information. Information susceptible to changes
caused by future cable throws and rearrangenents should not be
i ncluded. Tags on load coil stubs shall include the serial

nunber of the coil case, the manufacturer's name, and the
i nduct ance val ue.

3.13 Screened Cable: Screened PIC cable is spliced in the sanme
manner as nonscreened PIC cable. However, special considerations
are necessary due to differences in the cable design. The
transmt and receive bundl es of the cable shall be separated and
one of the bundles shall be wapped with shielding material in
accordance wth the cable manufacturer's recommendati ons. \When
acceptable to the cable manufacturer, it is permssible to use
either the scrap screening tape renoved fromthe cable during the
sheat h openi ng process provided the screening tape is edge coated
or new pressure sensitive alumnumfoil tape over polyethyl ene

t ape.

3.14 Service Wire Connections:

3.14.1 Buried service wires may be spliced directly to cable
conductors inside pedestals using the sane techni ques required
for branch cables. Buried service wires nay al so be term nated
on term nal bl ocks inside pedestals in areas where high service
order activity or fixed count cable adm nistration policies
require termnal bl ocks. However, only RUS accepted term nal

bl ock equi pped with grease or gel filled term nations to provide
noi sture and corrosion resistance shall be used.
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3.14.2 Only filled term nal bl ocks having RUS acceptance shal
be used on aerial service wire connections.

3.15 Copper Cable Testing: Copper cable testing shall be
performed 1 n accordance wth RUS Bulletin 345-63, RUS Standard
for Acceptance Tests and Measurenents of Tel ephone Pl ant, PC- 4.

3.16 Cable Acceptance: Installed cable shall be tested and pass
the inventory and acceptance testing specified in the Tel ephone
System Construction Contract (Labor and Materials), RUS Form 515.
The tests and inspections shall be w tnessed by the borrower's
resident project representative. Al conductors shall be free
from grounds, shorts, crosses, splits, and opens.

4. SPLICE ARRANGEMENTS FOR COPPER CABLES

4.1 Service Distribution Closures:

4.1.1 Ready access closures permt cable splicing activities and
the installation of filled termnnal blocks for service wire
connections in the sane closure. Ready access designs shal

al l ow service technicians direct access to the cable core as well
as the term nal bl ock

4.1.2 Fixed count termnals shall restrict service technician
access to the cable core. Predeterm ned cable pairs shall be
spliced to the termnal |eads or stub cable in advance of service
assi gnnents.

4.2 Aerial Splices: Aerial splice cases accommbdate straight
splices, branch splices, load coils, and service distribution
termnals. Aerial splicing arrangenents having nore than 4
cables spliced in the sane splice case are not recommended. Stub
cabling to a second splice case to avoid a congested splice is
accept abl e.

4.3 Buried Splices:

4.3.1 Direct buried splice cases accommpdate straight splices,
branch splices, and load coils. D rect buried splices shall be
filled and shall be used only when above ground splicing inside
pedestal s is not practicable.

4.3.2 A treated plank or equivalent shall be placed 15 cm

(6 in.) above the buried splice case to prevent damage to the
splice case fromfuture digging. Were a firmbase for burying
the splice cannot be obtained, a treated plank or equival ent
shal | be placed beneath the splice case.

4.3.3 Each buried splice shall be identified for future
| ocating. One nmethod of marking the splice point is the use of a
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war ni ng sign. Another nmethod is the burying of an electronic
| ocati ng devi ce.

4.4 BD-Type Pedestals:

4.4.1 BDtype pedestals are housings primarily intended to
house, organize, and protect cable term nations incorporating
splice connectors, ground lugs, and |load coils. Activities
typically performed in pedestals are cable splicing, shield
bondi ng and groundi ng, |oading, and connection of subscri ber
service drops.

4.4.2 Recommended splice capacities for BD-type pedestals are
shown in Table 5. However, |arger size pedestals are perm ssible
if service requirenents dictate their usefulness. Table 5 is as
fol | ows:

TABLE 5
Splice Capacities for BD Type Pedestals

Maxi mum Load Splice
Maxi mum Strai ght Splice Pair Pair Capacity Using
Capacity Using Single Pair Single Pair Connectors
Pedest al Connectors or Miultiple Pair or Multiple Pair Splice

Type Spl i ce Modul es Modul es (See Note 1)
BD3, BD3A 100 Pair 50 Pair
BD4, BD4A 200 Pair 100 Pair
BD5, BD5A 600 Pair 300 Pair
BD7 1200 Pair 600 Pair
BD14, BD14A 100 Pair 50 Pair
BD15, BD15A 400 Pair 200 Pair
BD16, BDI16A 600 Pair 300 Pair

Note 1: This table refers to load coil cases that are to be

direct buried with stub cables extending into the pedestal for
splicing. Requirenments involving individual coil arrangenents
i nsi de the pedestal nust be engi neered on a case-by-case basis.

4.4.3 Special distribution pedestals having a divider plate for
mounting filled termnal blocks are available. D stribution
pedestal s are al so equi pped with service wire channels for
installation of buried service wires without disturbing the
cabling and gravel inside the base of the pedestal. Distribution
pedestal s are recommended in | ocations where the connection of
service wires is required.

4.5 Large Pair Count Splice Housings: Large pair count splice
housi ngs are recomrended Tor areas not suitable for manhol es.
The reconmmended capacities are shown in Table 6:
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TABLE 6
Splice Capacities for Large Pair Count Housi ngs

Maxi mum Load Splice
Pair Capacity Using
Maxi mum Strai ght Splice Pair Single Pair Connectors
Capacity Using Single Pair or Multiple Pair
Housi ng Connectors or Multiple Pair Spl i ce Modul es

Type Spl i ce Modul es (See Note 1)
BD 6000 6, 000 Pair 3,000 Pair
BD 8000 8,000 Pair 4,000 Pair
BD 10000 10, 000 Pair 5,000 Pair

4.6 Pedestal Restricted Access Inserts: Restricted access
inserts may be used to protect splices susceptible to unnecessary
handl i ng where subsequent work activities are required or
expected to occur after splices have been conpleted. Restricted
access inserts also provide noisture protection in areas
susceptible to tenporary flooding. A typical restricted access
insert is shown in Figure 1

4.7 Serving Area Interface (SAl) Systems: SAl systens provide
the cross-connect pol nt between feeder and distribution cables.
Connection of feeder to distribution pairs is acconplished by
pl aci ng junpers between connecting blocks. Only RUS accepted
connecting bl ocks having grease or gel filled termnations to
provi de noi sture and corrosion resistance shall be used.

4.8 Buried Cable Splicing Arrangements: Typical buried cable
splicing arrangenents are 1llustrated in Figures 2 through 5.

4.9 Underground Splices (Manholes): Underground splice cases
accommodat e stralght splices, branch splices, and | oad coils.
Under ground splices shall be filled.

4.10 Central Office Tip Cable Splices:

4.10.1 Filled cable or filled splices are not recomrended for
use in central offices, except in cable vault |ocations. Qutside
pl ant cabl e sheath and cable filling conpound are susceptible to
fire and wll support conbustion. Fire, snoke, and gases
generated by these materials during burning are detrinental to

t el ephone swi tchi ng equi pnment.

4.10.2 Tip cables should be spliced in a cable vault. However,
as a last resort, tip cables may be spliced inside a central



Bulletin 1753F-401(PC-2)
Page 16

office if flame retardant splice cases or a nonconbusti bl e
central office splice housing is used to contain the splice.

4.10.3 Splices inside the central office shall be nmade as cl ose
as practical to the point where the outside plant cables enter
the building. Except in cable vault |ocations, outside plant
cables within the central office shall be wapped with fireproof
tape or enclosed in nonconbustible conduit.

5. SPICING CONSIDERATIONS FOR FIBER OPTIC CABLES

5.1 Connection Characteristics: Splicing efficiency between
optical tibers 1s a function of light |oss across the fiber
junctions neasured in decibels (dB). A loss of 0.2 dBin a
splice corresponds to a light transm ssion efficiency of
approxi mately 95.5 percent.

5.2 Fiber Core Alignment: Fiber splicing techniques shall be
conducted 1 n such a manner that the cores of the fibers to be
spliced will be aligned as perfectly as possible to all ow nmaxi mum
light transm ssion fromone fiber to the next. Wthout proper

alignment, light will leave the fiber core and travel through the
fiber cladding. Light outside the fiber core is not a usable
light signal. Core msalignnent is illustrated in Figure 6.

5.3 Splice Loss:

5.3.1 Splice |loss can also be caused by fiber defects such as
noni dentical core dianeters, cores not in center of the fiber,
and noncircul ar cores. Such defects are depicted in Figure 7.

5.3.2 Undesirable splice |osses are caused by poor splicing
techni ques including splicing irregularities such as inproper
cleaves and dirty splices. Typical cleave problens are
illustrated in Figure 8.

5.4 Handling Precautions: The follow ng precautions shall be
observed:

5.4.1 Avoid damagi ng the cable during handling operations prior
to splicing. Mnor damage nmay change the transm ssion
characteristics of the fibers to the extent that the cable
section will have to be repl aced;

5.4.2 The cable manufacturer's recomendati ons concer ni ng
pulling tension shall be observed. The maxi mum pulling tension
for nost fiber optic cable is 2669 new ons (600 pound-force);

5.4.3 The cable manufacturer's reconmendati ons concer ni ng
bendi ng radi us shall be observed. Unless the cable
manuf acturer's recomendation is nore stringent, the m nimum
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bendi ng radius for fiber optic cable shall be 20 tines the cable
di anet er;

5.4.4 The cable manufacturer's reconmmendati ons concerni ng buffer

t ube bendi ng radius shall be observed. Unless the cable

manuf acturer's recomendation is nore stringent, the m nimum

bendi ng radius for buffer tubes is usually between 38 mllineters
(1.5in.) and 76 Mmm (3.0 in.). The bending Iimtations on

buffer tubes are intended to prevent kinking. Buffer tube

ki nki ng may cause excessive optical |oss or fiber breakage; and

5.4.5 Handle unprotected glass fibers carefully to avoid
i ntroducing flaws such as scratched or broken fibers.

5.5 Personnel Safety: The follow ng safety precautions shall be
observed:

5.5.1 Safety glasses shall be worn when handling gl ass fibers;

5.5.2 Never view open-ended fibers with the naked eye or a
magni fyi ng device. Inproper viewng of a fiber end that is
transmtting light may cause irreparabl e eye damage; and

5.5.3 Dispose of bare scrap fibers by using the sticky side of a
pi ece of tape to pick up and discard | oose fiber ends. Fiber
scraps easily penetrate the skin and are difficult to renove.

5.6 Equipment Requirements:

5.6.1 Fiber optic splices shall be nade in areas where
tenperature, humdity, and cleanliness can be controlled. Both
fusi on and nmechani cal splicing techniques may require a splicing
vehicl e equipped with a work station that will allow

envi ronnental control.

5.6.2 Both fusion and nechanical splicing techniques are
permtted on RUS financed projects. Wen using the mechani cal
splicing technique, only RUS accepted nechanical fiber optic
splice connectors can be used.

5.6.3 Fusion splicing machines shall be kept in proper working
condition. Regular maintenance in accordance with the nachine
manuf acturer's recomendati ons shall be observed.

5.6.4 Mechanical splicing tools shall be in conformance wth the
t ool manufacturer's recomendati ons.

5.6.5 An optical tine donmain reflectoneter (OIDR) shall be used
for testing splices. The OIDR shall be stationed at the centra
of fice or launch point for testing individual splices as they are
made and for end-to-end signature tests for the fiber optic |ink.
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5.6.6 An optical power neter shall be used for end-to-end cable
acceptance tests.

5.6.7 A prerequisite for the successful conpletion of a fiber
optic splicing endeavor is the presence of a talk circuit between
the splicing technician in the splicing vehicle and the operator
of the OTDR in the central office. The splicing technician and

t he OTDR operator shall have access to conmunications with each
other to informeach other as to:

a. \Wich splices neet the | oss objectives;

b. The sequence in which buffer tubes and fibers are to be
sel ected for subsequent splicing operations; and

c. The timng required for the performance of OIDR testing
to prevent making an OIDR test at the sanme tinme a splice
i s being fused.

5.7 Cable Preparation:

5.7.1 The engineering work prints shall prescribe the cable

sl ack needed at splice points to reach the work station inside
the splicing vehicle. Consideration should be given to the sl ack
required for future maintenance activity as well as initial
construction activities. The required slack may be different for
each splice point, depending on the site logistics. However, the
required slack is seldomless than 15 neters (50 feet). The
anmount of slack actually used shall be recorded for each splice
point to assist future maintenance and restoration efforts.

5.7.2 The splice case manufacturer's recommendati ons concer ni ng
t he amount of cable sheath to be renoved shall be followed to
facilitate splicing operations. The length of the sheath opening
shall be identified wwth a wap of plastic tape.

5.7.3 If the cable contains a rip cord, the cable jacket shal
be ring cut approximately 15 cm (6 in.) fromthe end and the

15 cm (6 in.) of cable jacket shall be renoved to expose the rip
cord. The rip cord shall be used to slit the jacket to the tape
mar K.

5.7.4 |1f the cable does not contain rip cord, the cable jacket
shall be slit using a sheath splitter. No cuts shall be nade
into the cable core nor shall the buffer tubes be damaged.

5.7.5 If the cable contains an arnor sheath, the outer jacket
shal |l be opened along the slit and the jacket shall be renoved
exposing the arnor sheath. The arnor shall be separated at the
seam and pulled fromthe cable exposing the inner jacket. The
arnor shall be renoved nmaking all owances for a shield bond
connector. The inner sheath shall be slit using a sheath
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splitter or rip cord. The cable core shall not be damaged nor
shall there be any danmage to the buffer tubes. The jacket shal
be peel ed back and cut at the end of the slit. The exposed

buf fer tubes shall not be cut, kinked, or bent.

5.7.6 After the cable sheath has been renoved, the binder tape
shall be renoved fromthe cable. The cable shall not be crushed
or def or ned.

5.7.7 The buffer tubes shall be unstranded one at a time. The
buf fer tubes shall not be kinked.

5.7.8 If the cable is equipped with a strength nenber, the
strength nenber shall be cut to the I ength recomended by the
splice case manufacturer

5.7.9 Each buffer tube shall be inspected for kinks, cuts, and
flat spots. |If damage is detected, an additional |ength of cable
j acket shall be renoved and all of the buffer tubes shall be cut
of f at the point of damage.

5.7.10 The cable preparation sequence shall be repeated for the
ot her cabl e end.

5.8 Shield Bonding and Grounding: For personnel safety, the
shields and netallic strength nenbers of the cables to be spliced
shal | be bonded together and grounded before splicing activities
are started. (See Paragraphs 7.4, and 7.5.1 through 7.5.3 of
this standard for final bonding and groundi ng provisions.)

5.9 Fiber Optic Color Code: The standard fiber optic color code
for butfter tubes and i1 ndividual fibers shall be as shown in
Tabl e 7.

TABLE 7
Fi ber and Buffer Tube ldentification

Buf f er Tube
and Fi ber No. Col or

Bl ue
Orange
G een
Br own
Slate
White
Red

Bl ack
Yel | ow
10 Vi ol et
11 Rose
12 Aqua
13 Bl ue/ Bl ack Tracer

OCO~NOUITRAWNPE
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14 Orange/ Bl ack Tracer
15 G een/ Bl ack Tracer
16 Brown/ Bl ack Tracer
17 Sl at e/ Bl ack Tracer
18 VWhi t e/ Bl ack Tracer
19 Red/ Bl ack Tracer
20 Bl ack/ Yel | ow Tr acer
21 Yel | ow Bl ack Tracer
22 Vi ol et/ Bl ack Tracer
23 Rose/ Bl ack Tracer
24 Aqua/ Bl ack Tracer

5.10 Buffer Tube Removal:

5.10.1 The splice case manufacturer's recomendation shall be
foll owed concerning the total |length of buffer tube to be
removed. ldentify the length to be renoved with plastic tape.

5.10.2 Experinent with a scrap buffer tube to determ ne the
cutting tool adjustnent required to ring cut a buffer tube
wi t hout damagi ng the fibers.

5.10.3 Buffer tubes shall be renoved by carefully ring cutting
and renoving approximately 15 to 46 cm (6 to 18 in.) of buffer
tube at a tinme. The process shall be repeated until the required
| ength of buffer tube has been renoved, including the tape
identification marker.

5.11 Coated Fiber Cleaning:

5.11.1 Each coated fiber shall be cleaned. The cable

manuf acturer's recomendati ons shall be followed concerning the
solvent required to clean the coated fibers. Reagent grade

i sopropyl alcohol is a comonly used cl eani ng sol vent.

5.11.2 A tissue or cotton ball shall be soaked in the
recommended cl eani ng solvent and the coated fibers shall be
carefully wi ped one at a tine using a clean tissue or cotton bal
for each coated fiber. Caution shall be exercised to avoid
removi ng the col oring agent fromthe fiber coating.

5.12 Fiber Coating Removal:

5.12.1 Fiber coatings shall be renoved. |In accordance with the
splicing method used, the splice case manufacturer's
recommendati on shall be followed concerning the I ength of fiber
coating to be renoved.

5.12.2 The recommended | ength of fiber coating shall be renoved
only on the two fibers to be spliced. Fiber coating renoval
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shall be perfornmed on a one-fiber-at-a-tine basis as each splice
IS prepared.

5.13 Bare Fiber Cleaning: After the fiber coating has been
removed, the bare fibers shall be cleaned prior to splicing.
Each fiber shall be wiped with a clean tissue or cotton bal
soaked with the cl eaning solvent reconmended by the cable

manuf acturer. The bare fiber shall be w ped one tine to mnim ze
fi ber damage. Aggressive w ping of bare fiber shall be avoid as
it lowers the fiber tensile strength.

5.14 Fiber Cleaving: Ceaving tools shall be clean and have
sharp cutting edges to mnimze fiber scratches and inproper

cl eave angles. Ceaving tools that are recomended by the

manuf acturer of the splicing systemshall be used.

5.15 Cleaved Fiber Handling: The cl eaved and cl eaned fi ber
shall not be allowed to touch other objects and shall be inserted
into the splicing device.

5.16 Completion of the Splice:

5.16.1 1In accordance with the nethod of splicing selected by the
borrower, the splice shall be conpleted by either fusing the
splice or by applying the nechani cal connector.

5.16.2 Each spliced fiber shall be routed through the organizer
tray one at a time as splices are conpleted. The fibers shall be
organi zed one at a tinme to prevent tangled spliced fibers. The
splice case manufacturer's recommendati on shall be foll owed
concerning the splice tray sel ection

5.17 Fiber Optic Testing: Fiber optic testing shall be
performed 1 n accordance with RUS Bulletin 345-63, RUS Standard
For Acceptance Tests and Measurenents of Tel ephone Plant, PC- 4.

5.18 Cable Acceptance: Installed cable shall be tested and pass
the inventory and acceptance testing specified in the Tel ephone
System Construction Contract (Labor and Materials), RUS Form 515.
The tests and inspections shall be w tnessed by the borrower's
resi dent project representative.

6. SPLICE ARRANGEMENTS FOR FIBER OPTIC CABLES

6.1 Aerial Splices: Cable slack at aerial splices shall be
stored elther on the nessenger strand, on the pole, or inside a
pedestal at the base of the pole. A typical arrangenent for the
storage of cable slack at aerial splices is shown in Figure 9.

6.2 Buried Splices: Buried splices shall be installed in
handhol es to accommodate the splice case and the required
splicing slack. An alternative to the handhole is a pedestal
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specifically designed for fiber optic splice cases. Typical
arrangenents for buried cable splices are shown in Figures 10
and 11.

6.3 Underground Manhole Splices: Underground splices shall be
stored 1 n nanhol es on cabl e hooks and racks fastened to the
manhol e wall. The cable slack shall be stored on cabl e hooks and
racks as shown in Figure 12.

6.4 Central Office Cable Entrance:

6.4.1 Filled cable or filled splices are not recomended for use
inside the central offices except in cable vault |ocations.
Qutside plant cable sheath and cable filling conpound are
susceptible to fire and wll support conbustion. Fire, snoke,
and gases generated by these materials during burning are
detrinmental to tel ephone sw tching equipment.

6.4.2 As a first choice, the outside plant fiber optic cable
shall be spliced to an all-dielectric fire retardant cable in a
cable vault with the all-dielectric cable extending into the
central office and termnated inside a fiber patch panel

6.4.3 As a second choice, the outside plant cable nmay be spliced
inside the central office if a flane retardant fiber optic splice
case or a nonconbustible central office splice housing equipped
Wi th organizer trays is used to contain the splice.

6.4.4 In cases referenced in Paragraphs 6.4.2 and 6.4.3 of this
standard, as a mninumthe fire retardant all-dielectric cable
used to provide the connection between the cable entrance splice
and the fiber patch panel shall be |listed as Communi cation Riser
Cable (Type CWR) in accordance with Sections 800-50 and 800-51(b)
of the 1993 National Electrical Code.

6.4.5 Splices inside the central office shall be nmade as cl ose
as practicable to the point where the outside plant cables enter
the building. Except in cable vault |ocations, outside plant
cables within the central office shall be wapped with fireproof
tape or enclosed in nonconbustible conduit.

7. BONDING AND GROUNDING FIBER OPTIC CABLE, COPPER CABLE, AND
COPPER SERVICE WIRE

7.1 Bonding: Bonding is electrically connecting two or nore
metallic 1tenms of tel ephone hardware to maintain a conmon

el ectrical potential. Bonding may involve connections to another
utility.
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7.2 Copper Cable Shield Bond Connections:

7.2.1 Cable shields shall be bonded at each splice |ocation.
Only RUS accepted cable shield bond connectors shall be used to
provi de bondi ng and groundi ng connections to netallic cable
shields. The shield bond connector manufacturer's instructions
shall be followed concerning installation and use.

7.2.2 Shield bonding conductors shall be either stranded or

brai ded tinned copper wire equivalent to a mninmum No. 6 Anerican
Wre Gauge (AW and shall be RUS accepted. The conductor
connections shall be tinned or of a conpatible binetallic design
to avoid corrosion problens associated with dissimlar netals.
The nunber of shield bond connectors required per pair size and
gauge shall be as shown in Table 8:

TABLE 8
Shi el d Bond Connectors Per Pair Size and Gauge

Pair Size and Gauge No. of Shield

19 AWG 22 AWG 24 AWG 26 AWG Bond Connectors
0- 25 0-100 0- 150 0- 200 1
50- 100 150- 300 200- 400 300- 600 2
150- 200 400- 600 600- 900 900- 1500 3
300- 600 900- 1200 1200- 2100 1800- 3600 4

7.2.3 It is permssible to strap across the shield bond
connectors of several cables with a single I ength of braided
wire. However, both ends of the braid shall be term nated on the
pedestal ground bracket to provide a bonding |oop. Shield bond
connection nmethods for individual cables are shown in Figures 13
t hrough 15, and the bondi ng of several cables inside a pedestal
usi ng the bonding loop is shown in Figure 16.

7.3 Buried Service Wire Shield Bond Connections: Buried service
wire shields shall be connected to the pedestal bondi ng and
groundi ng system Typical buried service wire installations are
shown in Figures 17 and 18. 1In addition to the nethods
referenced in Figures 17 and 18, the shields of buried service
wires may al so be connected to the pedestal bondi ng and groundi ng
system usi ng buried service wire bonding harnesses |listed on Page
3.3.1, Item"gs-b," of RUS Bulletin 17551-100. RUS Bulletin
17551 -100 may be purchased fromthe Superintendent of Docunents,
U S. Governnent Printing O fice, Washington, DC 20402. \When

t hose harnesses are used they shall be installed in accordance
with the manufacturer's instructions.

7.4 Fiber Optic Cable Bond Connections:
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7.4.1 The cable shield and netallic strength nenbers shall be
bonded at each splice location. Only RUS accepted fiber optic
cabl e shield bond connectors shall be used to provide bondi ng
connections to the netallic cable shields. The shield bond
connector manufacturer's instructions shall be foll owed
concerning installation and use.

7.4.2 Shield bonding conductors shall be either stranded or

brai ded tinned copper wire equivalent to a mnimum No. 6 AWG and

shal | be RUS accepted. The conductor connections shall be tinned
or of a conpatible binetallic design to avoid corrosion problens

associated with dissimlar netals.

7.5 Grounding:

7.5.1 Gounding is electrically connecting netallic tel ephone
hardware to a National Electrical Safety Code (NESC) acceptable
groundi ng el ectrode. Acceptable grounding el ectrodes are defined
in the Rul e 99A of the NESC.

7.5.2 The conductor used for grounding netallic tel ephone
hardware shall be a m nimum No. 6 AWG solid, bare copper
conduct or.

7.5.3 For copper and fiber optic cable plant, all cable shields,
all nmetallic strength nmenbers, and all netallic hardware shal
be:

7.5.3.1 Gounded at each splice location to a driven groundi ng
el ectrode (ground rod) of:

a. At least 1.5 neters (5 feet) in length where the | ocal
frost level is normally less than 0.30 neters (1 foot)
deep; or

b. At least 2.44 neters (8 feet) in I ength where the |ocal
frost level is normally 0.30 neters (1 foot) or deeper;
and

7.5.3.2 Bonded to a nmulti-grounded power system neutral when the
splice is within 1.8 neters (6 feet) of access to the grounding
system of the nulti-grounded neutral system Bonding to the

mul ti-grounded neutral of a parallel power line may help to

m nimze tel ephone interference on | ong exposures wth copper
cable plant. Consideration, thus, should be given to conpleting
such bonds, at least four (4) tinmes each mle, when splices are
greater than 1.8 neters (6 feet) but less than 4.6 neters

(15 feet) fromaccess to the nulti-grounded neutral.

7.6 Bonding and Grounding Splice Cases:
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7.6.1 Splice cases are equi pped with bondi ng and groundi ng
devices to ensure that cable shields and netallic strength
menbers maintain electrical continuity during and after cable
splicing operations. The splice case manufacturer's
recommendati ons shall be foll owed concerning the bondi ng and
groundi ng procedures. Conductors used for bonding shall be
ei ther stranded or braided tinned copper wire equivalent to 6
AWG.  Conductors used for grounding shall be a solid, bare,
copper wire equivalent to mnimm No. 6 AWG

7.6.2 Buried splice cases installed in either handhol es or
pedestal s shall be grounded such that the cable shield grounds
are attached to a common ground connection that wll allow the
lifting of a ground on the cable shield in either direction to
permt efficient cable |locating procedures. As a first choice,
buri ed groundi ng conductor(s) shall be bare. However, if two or
nmore groundi ng conductors are buried in the sane trench, they
shall be insulated to avoid shorts when a locating tone is
appl i ed.

7.6.3 A typical bonding and grounding nmethod for fiber optic
splices is shown in Figure 19.

7.7 Bonding and Grounding Central Office Cable Entrances: The
RUS Tel ecomruni cat1 ons Engi neering and Construction Mnual

(TE&CM Section 810 provides bondi ng and groundi ng gui dance for
central office cable entrances. Splicing operations shall not be
attenpted before all netallic cable shield and strength nenbers
are bonded and grounded.
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FIGURE 1
PEDESTAL RESTRICTED ACCESS INSERT
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FIGURE 2
SERVICE WIRE CONNECTION TO BURIED CABLE

| __—— Wire Connectors for
Splicing Drop

ﬁ \\
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Plastic Tie
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- Cable Sheath Removed

Service Wire

Cable | ~— Pedestal

Note: See Figures 13 through 16 for cable tags, tie wraps,
and bonding and grounding details.
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FIGURE 3
TYPICAL SPLICE USING SINGLE PAIR CONNECTORS

4 )

- Splice Support
Bar

Splice Bundles

Splice Housing —=t

Single Pair Splice
Connectors

Note: Cable tags, bonding and grounding details, and plastic
tie wraps have been omitted for clarity. See Figures
15 through 16 for cable tags, tie wraps, and bonding
and grounding details.
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FIGURE 4
LARGE SPLICE USING MULTIPLE PAIR CONNECTORS

Splice Bundles —

\Splice

Support Bar

Multiple Pair

Splice ——==
Connectors

Housing

Note: Cable tags, bonding and grounding details, and plastic
tie wraps have been omitted for clarity. See Figures
135 through 16 for cable tags, tie wraps, and bonding
and grounding details.
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FIGURE 5

LARGE SPLICE USING MULTIPLE PAIR CONNECTORS
MOUNTED ON ORGANIZER RACKS
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Note: Cable tags, bonding and grounding details, and plastic
tie wraps have been omitted for clarity. See Figures 13
through 16 for cable tags, tie wraps, and bonding and
and grounding details.
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FIGURE 6
CORE MISALIGNMENT
Light Loss Due To Splice Cladding —
2% -
== =
o«
Splice
Core

— Light Entering Fiber



Bulletin 1753F-401(PC-2)
FIGURES
Page 32

FIGURE 7
SPLICE LOSS CAUSED BY FIBER MANUFACTURE

Different Core Diameters
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FIGURE 8
IMPROPER CLEAVES VERSUS PROPER CLEAVE
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FIGURE 9
AERIAL SPLICE STORED INSIDE PEDESTAL

-

\(\ Fiber Optic
Cable
U—-Guard —+
Pedestal
Splice Case

Fiber Optic Cable Slack

Note: See Figure 11 for details concerning storage of splice
case inside pedestal.
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FIGURE 10
BURIED SPLICE STORED INSIDE HANDHOLE

Handhole

Splice Case

Note: Ground wires omitted for clarity. See Figure 19 for
bonding and grounding details.
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FIGURE 11
BURIED SPLICE STORED INSIDE PEDESTAL HOUSING
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Telco Grounding Electrode
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FIGURE 12
MANHOLE SPLICE STORAGE
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FIGURE 13
BONDING AND GROUNDING CABLES INSIDE PEDESTALS

—— Shield Bond Connector
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FIGURE 14

BONDING AND GROUNDING OF LARGE CABLES INSIDE PEDESTALS
USING MULTIPLE SHIELD BOND CONNECTORS AND HARNESS WIRES

— Shield Bond Connector

L 0.6 cm (0.25 in.
S [ ( )

—
T s Three Half—Lapped Layers
* |7 Of Vinyl Tape
B cm
(2.5 in.)
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Bonding Harness Wire

7 6 AWG Ground
Wire To Telco Ground
Rod Or Electric
/ t Power MGN
Tie

Top Of Ground Line Cover Plate
Wrap
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Tag

Note: The maximum number of harness wires that can be installed on each stud of
the ground bracket shuall be in accordance with the muanufacturer’s instructions.
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FIGURE 15

ALTERNATIVE METHOD OF BONDING AND GROUNDING LARGE CABLES
IN PEDESTALS USING MULTIPLE SHIELD BOND CONNECTORS AND
6 AWG WIRE BRAID
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FIGURE 16

ALTERNATIVE METHOD OF BONDING AND GROUNDING SEVERAL
CABLES IN PEDESTALS USING SHIELD BOND CONNECTORS
AND 6 AWG WIRE BRAID LOOP
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FIGURE 17
CROUNDING SERVICE WIRE SHIELDS USING SERVICE WIRE CLAMP
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Note: Provide a loop in service drops to allow for movement
of the drops without damage to the grounding
connection.



FIGURE 18

ALTERNATIVE METHOD OF GROUNDING BURIED

Bulletin 1753F-401(PC—2)

SERVICE WIRES INSIDE PEDESTALS

lﬁ Housing Ground Bracket

oﬂo QW

o AWG Tinned
Braid Equipped With
Factory Installed Eyelets

Buried Service Wires

Q

~

FIGURES
Page 43

o

Equipped With Shield

Bond Connectors




Bulletin 1753F-401(PC-2)

FIGURES
Page 44

FIGURE 19
BONDING AND GROUNDING BURIED FIBER OFPTIC SPLICES
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