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L. GENEKAL

L.1 This section is intended to provide REA borrowers, consulting engineers, contractors, and
other interested parties with technical information for use in the design and constructiqn

of KEA borrowers' telephone systems. It relates in particular to the considerations involved in
the layout and recommended arrangements of plastic-sheathed plastic-insulated serial and buried

cuble. In general, the practices are also applicable to buried wire and aerisl multipeir dis-
tribution wire. )

1.2 The information is for use in preparing telephone system specifications, maps, end cable
plant circuit schematics for projects using plastic cesble facilities. The mtt.arial herein
supplements TE & CM 205, "Preparation of an Area Coverage Design,” and TE & CM 210, 'Telel'::hone
System Design Criteria, Engineering Time Periods." REA TE & CM 629, "Cable Plant Layout, ' pre-
sents technical information and recommendations concerning the use and arrangement of lead cable
facilities.

1.3 The average size of paired cables has significantly increased due to subscriber grovwth and
upgrading. Concurrent greater central office equipment capability, supplemented by ele;;
tronic devices where necessary, permits the widespread use of fine gauge cables. Bura;ed facili-
ties have largely eliminated costly pole line construction. The result is a reduced "circuit
mile" cost. Loop plant facilities can be sized and located judiciously without severe cost L
penalties. Under appropfiate conditions "dedicated" circuit facilities are feasible and wil
provide operational advantages.

"
1.k In recent years, cable plant layouts have been influenced by the use of "even count (a1
plastic-insulated conductor (PIC) cables. This type of cable contains no extre pairls abl

guaranteed); and permits a number system such as 1-25, 101-150, 201-300, etc., in which al t;aat e
pairs are included. Pairs are identified by color-coded insulation according to a patte{n et 1
is standurd throughout the industry. Random or deviation test splicing -fo:'c; minimizing 'e' ec ricals
unbalances is not ordinerily needed. Splicing is facilitated by unsealed ready-access” termina
which can be placed on aerial plant where needed. Any pair in the entire cross section of the
cable is accessible. Cable pairs can also be made fully available in buried plant temina]i.
housings. Upgrading of subscriber service has also been helpful. One- and two-party serv Cei-
are more flexible than four- or eight-party aend help to improve plant efficiency. These dewﬁe
opments have led to flexibility never before attainable. The need for a camplicated multipf ng
and overlapping arrangement with repeated appearances of the same cable pairs in a number o
terminals has been largely eliminated.

2. DEFINITIONS v '
2.1 Working pairs are pairs in subscriber or trunk service or vhich provide special circuits.

The terms spare pair and dead pair used herein have different meanings. A spgre-E‘i;:bis a
pair designed and made available for service in terminals in a prescribed arrangement sul e
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for future needs. A desd pair is a feeder cable pair which is not 'ltcod '
from a distribution brench cable to a feeder cable. JFor exsaple, 1,:’ my "m.t;‘::'c:g’ dz

in a cable beyond the last subscriber for tranmission improvement or a peir cut desd to avoid

increasing the size of a feeder cable. A desd pair is therefore a e
disconnected from the central office. . wnented pair electrically

2.2 The word terminal used herein includes ready-access enclosures for
housings for buried plant. serial cable and terminal

2.3 Cable fill expresses in percentage the ratio of the mmber of pairs actually in use (pro-

o vIdIng service) at a given time in & cable to the total number of pairs contained in the
cable. o

2.4 Maximum cable fill expresses in percentage the ratio of pairs in service

a cable which may be safely and economically used vlthou?uﬁ.cul 1ntertetr:nze°t:}t§°11;;: e
quality of service. In REA criteria, the five-year design fill is the established cbjective. It
is less than 100 percent because of cable pairs vhich are unavailable at specific locations due
to standard cable size or arrangement, pairs reserved for station fluctuations, possible inopera-
tive conductors, and any pairs provided for maintenance or for forecast variation among small

subscriber groups. Recommendations for the mumber of spare circuits to include are given in REA
TE & CM 210.

2.5 In cable design the term multipling has been used to indicate the repeated appearance of

the sume cable pairse at more than one location. It was more broadly applied to any arrange-
ment of cable pair termination even though no actusl repetition occurred. Thus, in the procedure
of assigning cable pair counts to cables or terminals, these cables or terminals were said to
"multiple"” each other. The group’ of pairs in any cable or terminal was generally called the
multiple, although the term pair count (sométimes abbreviated to merely count) is perhaps prefer-
uble. Tnis namenclature formerly referred particularly to paper-insulated cable which used stub
type or other limited size sealed terminale. '

2.6 A never term now in general use for plastic-insulated cable facilities associated with the
ready-access type terminal enclosure (or housings for buried plant) is known as home count.

2.61 The hume count is the engineering application and grouping of specified cable pairs for
efficient utilization of the cable capacity and to provide for growth, rearrangement, and
maximum quality of service to the subscribers.

2.62 The hape count identifies selected pair complements on & preplanned basis to sérve apecific

locations either along a cable route or near its end. The concept requires the engineer
to set forth zones of usage or service areas for the various cable camplements. Although the home
count is epecified, it need not be campletely terminated.

2.7 Feeder cable is a length of a particular size cable facility which (a) serves no subscribers
along its path, (b) has no bridge taps, (c) has no junctions, and (d) has only those termi-
nals or pedestals required for essential splicing such as those for reel ends or loading require-
ments. A feeder cable is ifutended to provide service to subscribers beyond its far end by asso-
clation with distribution cables connected to its terminating point, or it may function as a
through trunk. In large systems feeder cables may diverge into two or more "branch" feeders.

2.8 Distribution cables indicate cables on which distribution teminals or pedestals are
installed and ulong which subscribers receive service from these cables. Some "distribu-
tion" cables may actually have some feeder as well as distribution pairs in the same sheath.

3. PRELIMINARY CONSIDERATIONS

3.1 ‘The jreparstion of a cable plant layout 1nc1udesl verifying and checking conformance to the
arca covcrage design (ACD) as to cable routes and sizes and selection of the facilities
besed on transmission and signalling limits (supervision, ringing, snd disling) for subscriber
circuits and trunks ascertaining requirements for load coils, long line adapters, repeaters, and
other devices. The various requirements are treated in detail in other REA TE & CM sectlons,
REA Form 511, and in equipment specifications.

3.2 The cable layout for the system plans and specificaticus begins with ACD meps (corrected to
{ndicate the current location of subscribers and their anticipated grades of service)

revised according to latest subscriber sigunup information. These maps should be made suitable
for the use of staking crews--they will show all subscribers to be served and all cable and line
facilities as planned in the ACD. The plant is then lukod" and cable plant circuit schematics,
as staked, are prepared. The schematics and the "as staked” system maps became part of the Plans
and Specifications. (The preliminary cable design prepared for an ACD may require some modifica-
tion during the staking of the plant.) .
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4. CABLE GAUGE

4.1 Cable gauge selection should adhere to the mrea coverage design criteria. Fine gauge cables
should be used to the fullest extent practicable. When combinations of two gauges such as

2k and 22 gauge are used in subscriber loops, the finer of the gauges in such combinations will be
Placed at the central office end of the cable layout. The location of the change of gauge will

vary depending on the overall circuit length and the most economical matching arrangement of
standard cebles to meet the service requirements.

h.2 REA TE & CM L2k, "Design of Two-Wire Subscriber Loop Plant," sets forth the various loop
resistance limits and detailed transmission requirements for subscriber circuits. Mix-

tures of gauges and types of facilities, temperature effects on aerial plant, some types of

inductive loading, and multiparty arrangements tend to reduce transmission limits. Transmission

is better for buried plant because it is not subjected to large variations in circuit resistance
due to wide changes in temperature.

L.3 The use of 19-gauge facilities should be confined to the smallest sizes due to the cost
differential that is imposed. Existing facilities are often composed of coarse gauge
cables, and the layout of new cables should take advantage of this existing transmission cap-

ability. Existing open wire circuits may be used at the ends of loops if noise characteristics
and maintenance costs are satisfactory.

4.4 A1l loops in cable over 18 kilofeet require load coils; however, transmission on loaded
cable places certain limitations on cable plant arrangement. Load points must be located
according to a particular pattern. (Sec TE & CM Secticn 424.)

5. CABLE SIZE SELECTION AND LAYOUT PRINCIPLES

5.01 The cable sizes in the layout should conform to the area coverage design. REA TE & CM 210
sets forth recammended standard sizing procedures for cable facilities for the five-year
design period. The selected cable sizes (based on the number of pairs designated for subscriber
circuits plus a recommended number of spares) should be as indicated.

5.011 The proper number of spare pairs for each standard sizes of cable end wire is an important
factor in sizing facilities in the cable layout. It is intended that cable plant provide
a suitable number of spare pairs (including those that can be provided without meking it necessary
to increase the size of the feeder cable) between the distribution cable and the MDF. Distribu-
tion cable pairs that are not spliced into the feeder (as two 18-pair distribution cables converg-
ing into a 25-pair feeder) will be made dead (capped) at the junction point.

5.012 No spure pair in one branch cable ordinarily should be bridged to a spare in another
branch ceble although the engineer may find it advantageous to bridge pairs actually
assigned to multiparty subscribers. :

5.02 In base rate areas where all one-party or one- and two-party services are offered, speclal
attention should be given to the proper provision of spare cable pairs to fulfill the need

for flexibility in the more concentrated subscriber distribution pattern. (See REA TE & CM 210,
paragraph 3.) ‘

5.03 Station movement which takes place whether or not overall increase in subscriber numbers
is realized may also be a contributing factor in requiring spare pairs, particularly in
base rate areas or other specific localities. Resort areas or places such as construction sites
or traller parks may evidence such subscriber fluctuation characteristics. Relocations of exist~
ing subscribers from one vicinity to another may release pairs at the old locations and require
pairs at the new locations. Some of the movement will tend to cancel as a subscriber may move in
wh.ere another has vacated.
5 Ob Tuc probable error in sizing small distribution cables is considerably greater than that
for large feeder cables. For this reason the extra pairs in distribution-cables should be
proportionately larger. Extra pairs in distribution cables reduce the average utilization of the
distribution cables, but a degree of flexibility is provided which (1) gives an adequate margin
for unexpected circuit requirements in the terminating cables which are relatively costly to rein-
force and (2) improves feeder cable usage and efficiency. Thus, the somewhat higher cost for
incremental larger size of distribution cable facilities is partially compensated by the increased
efficiency of the feeders to which they connect.

5.05 Bridging of the cable pair terminations at the central office MDF 1s a means of furnishing
and maintaining the specific grades of multiparty subscriber service requested. In
exchange plant design, bridging of lines at cutover and subsequent operating rearrangements can be
performed satisfactorily at the central office if kept within prescribed limits. Although more
initial circuitry may be required by this plan as compared to the five-year forecast by subscribers
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and grades of service, substantial operating economies can be realized. If cable pairs to the
{ndividual establisiments are available, party line associstions can be manipulated as desired.
The disadventages of using additional cable and posaible bridge-tap isolators must be weighed
against the ability to upgrade or disconnect subscriber service fram the central office and the
advanteges of maintaining proper £111s on party lines. Tnere will be a definite saving in CCE
line equipment, but the cost of bringing outside plant circuits all the way into the CO for
bridging will rapidly become too high for loops beyond the nomal base rate area. Procedures for
bridging ceble pairs and transmiséion limitations are described in more deteil in REA TE & CM L2k.

5.06 Factors Affecting Diminishing Points in Cable Sizes.

5.061 The normal layout of a cable route from a central office requires the division of the

route into a number of distinct sections as the cable sizes get smaller. The number of
sections and location of the reduction {diminishing size) points will depend upon the expected
locations and pattern of distribution of the subscribers.

5.062 Where possible, the service areas shculd be chosen so that the locations for reducing
ceble sizes will be at junctions of branch cables. This will avold extra splicing vhich
may cost more than extending a larger size cable for a short distance.

5.063 Construction considerations may requlre some ad justment in cable lengths and sizes. A run
of a particular size cable can often be varied in length to scme extent to eliminate
splices, provide more flexibility, and take advantage of the economy of using standard reel
lergths of czble. Short lengths are usually more expensive due to increased splicing costs. Use
of two or more central office entrance cables will eliminate the need for a short plece of large’
cable instead of combining them into, one entrance cable. A cable plan should meke as much use
as possible of standard reel lengths of 2,000 feet or more. The minimum length for changing small
cable sizes on a lead should not bve less than 1,000 feet.

5.07 Dlstribution cables are relatively small (usually less than 50 pairs), and msy be quite

long in low density areas. A single cable with a feeder and a distribution complement may
initially serve several ultimate distribution areas. In such cases the service areas may be
designed for subsequent "jivision" to provide adequate distribution facilities for growth in each
area for a first five-year period. "pivision” can be accomplished by a second "relief" cable
picking up the distant end of the original cable 1t parallels and reinforces. "Feeder" pairs then
become available for m3istribution” use in the original cable. Many rural cables, especially long
rural leads of small size, are as much feeder type as they are distribution cables.

5.08 1In the usual case where & cable must serve subscribers along its route as well as connect

to cable extensions serving additional subscribers, two cables might be considered in the
original design. One might be an existing cable with a new one to be added. A wider selection
of size and gauge combinations is made possible with two cables over what can be provided using
one standard size csble. The number of pairs in a dual cable plan can be made closer to the
actual requirement. It is not advantageous to be forced to provide extra pairs in portions of the
cable layout that are not needed to meet the subscriber forecast but are due to limitationse in
sizes of standard cables. Two cables also permit closer adherence to transmission objectives.
Unnecessary use of coarse gauge facilities in a staendard size single cable provides higher trans-
mission levels than are needed or warranted for the substantial extra cost involved.

5.09 It may be preferable in a two-cable plan for one of the cebles to be a feeder cable as
defined in parasgraph 2.8. This cable would not be brought into terminals along its route
except at the load ing point intervals and at reel splices. This would permit the use of smaller
size terminal housings in buried plant for the intermediate subscriber services, and would save
cable by not having to loop the feeder cable in and out of the various intermediate service ter-
minals. It would also reduce the number of exposures of unsheathed cable pairs.

5.091 A loaded feeder cable needs to be brought into only four terminals in the 18-kilofoot
distance from the central office. In an average subseriver distribution, it is likely
that there would be a total of 18 or more terminal housings. The length of cable saved should
amount to 500 to 1,000 feet. These savings are on the basis that the parallel distributicn cable
is not subjected to loading as it would need to be if it extended more than 18 kilofeet. Addi-
tional savings in cable are possible if buried cable splices are uged. With buried splices on
one-party systems, there will be no appearances in the feeder sections of the cable. Appearances
will commence in the service or "home count” area. '

5.092 Disadvantages of the dual arrangement are (1) two separate cables may not be as econom-
jcal as one, (2) different 1ocation of most of the load points must be established for
theé feeder cable, and (3) access for maintenance is diminished and locating trouble spots may be
somewhat more difficult without terminal appearances at the several convenient locations. If two
similar cables are placed in close proximity along a route, a suitable means should be provided
to subsequently identify either of them to preclu'de later problems in fault location or service
connections. :

N
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5.093 It is possible to utilize a camposite cahle for the feeder cable Pplacing the conductors
in the same sheath as the distribution facilities if loading proved to be necessary on -
both cable cmplenentn.A This might offer an advantage in annual maintenance.

5.0931 Composite cables with two gauges of conductor under'cne sheath are available in certain

sizes and patterns. They may offer advantages in certain design situations. Very short
lengths or unusual cambinations of composites should not be used as long delivery periods and
excessive costs will likely result.

5.10 In situations where right-of-way is available and particularly where the highway right-
of-vay is vide, the engineer should study the possible advantages and economy of placing
separate cables along both sides of the roadway to provide service to establishments on either
slde to reduce expensive road crossings. Such crossings usually require special trenching or
pipe pushing. It should not be overlooked that the method may double the problems of relocation
caused by road widening operatione which often affect both sides of the road. It also means two
separate leads to meintain vhenever any type of excavating is done by other than telephone

campany personnel. It may also complicate the choice of location for a future reinforcing facil-
ity if one should be required.

6. CABLE PAIR ACCESSIBILITY

6.01 Service assignments should be determined from a review of the existing end five-year
circuit requirements. The allocation of distribution cable complements should correspond
to subscriber locations and be divided in conformance with natural boundaries. The home count

for each distribution section should include as many pairs as necessary subject to the con-
straints that are discussed below.

6.011 1t is no longer necessary to give careful consideration to exact terminal locations.
The terminals that are required for subscriber service needs can be specifically located
at the time of staking. :

6.02 Home counts grouping the pair counts of the distribution cables should be reasonably flex-
ible to minimize early changes. The total pairs in the distribution facilities will often -
exceed those in the feeder. It is preferable to assign clear pair counts until the feeder is

allocated. It is not desirable to overlap the count of the individual distribution facilities
with its preceding cable. .

6.021 Pair counts of the distribution facilities which may be affected by reinforcing cables

may be multipled according to a contemplated reinforcing pattern. Allocation of counts
within distribution cables should be designated with eventual feeder reinforcement considered.
Planning for reinforcement is increasingly important for buried plant. In growth situations it
becomes necessary to increase the distribution capability. Feeder cable sizing does not usually
include the entire distribution pair counts. The points of relief for future feeder cables
should be established in the design before the assigrment of counts. The cable sections can be
manipulated 80 that minimum rearrangement will be required for future reinforcement unless the
actual growth pattern is extremely different from the ACS prediction. .

6.03 1In selecting and assigning hame counts to specific distribution sectors the engineer-
will find it necessary in most cases to make certain restrictions concérning the pairs
that require loading or other special devices, that might have special service requirements, or
are intended for a specific purpose at another location. Examples are (1) pairs that should not
be selected for subscriber service between load coil points because of the transmission impair-
ment and (2) bridge taps that should be kept within specified limitations.

6.031 The approximate location of load coil points should be determined, as this will have an

effect on the availability of pairs to serve specific establishments. Spare pairs
allocated to specific distribution areas should not be loaded initially. If carrier channels
are later added, it will not be necessary to remove the load coils.

6.032 Toll, EAS, and some types of special service circuits require exclusive use of cable
pairs. It 1s essential that such circuits be properly treated in the layout.

6.033 Design consideration is now given to buried splices, buried loeding points, and buried

"distribution points. When these are used, there will be a minimum number of above-
ground eppearance in the buried plant cable layout. Where accessibility is essential, distribu-
tion points should be kept aboveground.



REA TE & CM 628

6.0 Every pair in s cable passing through & ready-access enclosure or terminal housing is
potentielly available at that point for service comnection, but random essignmsut of pairs
in these teminals is objectionable. Random assignments can disorgenize the cable peir groups
and complicate the search for a desired pesir due to cutting the color-coded group binder threads.
Ranion sssignaent also makes it more difficult to identify and locate available pairs snd may
require testing to ascertain the group and count sequence of circuits for future needs. . Cable
records should be established for the proper assigmment of the facilities.

6.041 Ready-access enclosures or teminal housings serving s particular cluster of establish-

ments should be assigned & hame count within one 25-pair group. It is intended that all
assignments for these particular establishments normally should be restricted to pairs in this
count. For exsmple, in & 100-peir cable having a count of 1 to 100, yairs T6 to 100 can be
assigned as the home count for a series of terminals along s specific subscriber service area and
s different count assigned to another series of terminals serving-a pecond area. On a SO-pair

csble vith 25 feeder pairs ‘pairs 1-25) the hame count for distribution pairs can be 26 to 35, 36
to 50, or similar consecutive pair counts.

6.05 The configuration of plastic-insulated cables reccmmended in REA specifications PE-22 and

PE-23 for "Fully Color-Coded, Polyethylene-Insulated, Polyethylene-Jacketed Telephone
Cables,” makes it most suitable for low count groups of pairs (units) to be sssigned nearest the
central portion of cables of SO pairs or larger sizes. These pairs are more difficult to bring
out for service termination than pairs in the outer layers of the cable. Therefore, the home
counts for enclosures on cables of 50 pairs and larger preferably should not include the low
count pairs until the cuter groups are ass ned. (See Figure 1.) Important comsiderations asso-
ciated with the assignment of counts are (1) to maintain individual pair color identification
wherever possible--color code continuity is maintained in reel end splices so that each cable
pair is identifiable within the sheath, (2) tc assign the low counts at the extremity--pair No. 1
iz blue and white under blue and white binder--the initial low counts should first be assigned to
the trunk complement 1t any, (3) to avoid assigning counts on a randam basis between binder
groups in the same cable, end (4) to avoid split (non-consecutively-numbered) counts.

6.06 In s cable extending from the MDF, the pairs are numbered from 1 up to the maximum number
of pairs in the cable which may be 100, 200, etc. Iu & cable plant layout vhere a large

cable is to be spliced to a smaller cable at the diminishing point and this smaller cable in turn*
diminishes, the lowest numbered pairs at the main frame should be carried straight through to the
longest cable. Such a situation might consist of a 200-pair cable at thé central office dimin-
ishing progressively to 100-pair, then to 50-pair, and so on down to a 6-pair facility. Thie
will keep the color of pairs unifom from end to end for the six pairs. Cable pairs of branch
cebles should also be spliced color to color wherever practical. .However, splicing color to
color cannot always be maintained in one- to eighteen-pair facilities such as prevail in many
REA rurel systems. The blue-white pair in the smaller facility should be connected to the lovest
number available in its connecting cable.

6.07 Distribution cable pairs preferably should be spliced to cunsecutively-numbered pairs in
the feeder cable. For example, pairs in a 25-pair distribution cable should be spliced
to pairs consecutively pumbered in a 200-pair feeder cable. It should seldam be necessary to
splice distribution csble to a split or non-consecutive count in e feeder cable.
6.08 The complete count in a particular section of a cambination (teeder-dutribltion) cable
would normally not be included in the home count. Ordinarily, feeder pairs in such cables
would not be available for subscriber assigmment.

6.09 . The hame count specified by the engineer should be such that nuigmént of subscribers can
- be made without further concern for bridge taps or load coils. None or little overlapping
of pair counts in successive terminals is necessary where one-party service is involved.

6.091 The hame counts assigned to & group of ready-access enclos' res and terminal housings

should be such that where subscribers for multiparty servi.e are scattered, sufficient
pairs will appear in enough enclosures to pemit ready assoclation of parties to particular cir-
cuits keeping in mind the bridge tap 1imitations which may be controlling. Examples of rursl
distribution cable layouts with hame counts shown for the various numbers of enclosures are
included in the figures attached. Where party 1ine associations are prevalent, the enclosures or
housings should provide flexibility in pair assignments by having the same pairs appear in several
enclosures. New station installations in this type layout seldom should require transfers of
other existing stations fram one pair to another.

6.092 Assignment of cable pairs may be affected by serial open wire plant to which the cable

pairs are connected. High £i11s on party lines can be attainable due to the serial wire
being accessible at all points for termination. Aerial wire also permits much longer end sec-
tions. Usually, however, the localities vhere this type of plant is in use are slow growing
with lov subscriber density. If proper subscriber assignments are not made initially, the result
will be a loss in cable plant operating efficlency (]:ow operational fill that will not be likely
to be alleviated by increases in the number of stations).

6
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6.10 Sufficient above-ground appearsnces for distribution points should be provided on buried

cable and buried wire for the expected growth to avoid having to dig out the cable or wire
and install terminal housings at a later dste. Temminal housings are normally required along the
route at the following locations: (a) at junctions with lateral cable runs and ppssible future
runs; (b) at aerial inserts if it is necessary to splice the cable; (c) at cable inductive load»
ing points; (4) at points vhere bridge tap isolators (BTI) are necessary; (e) at locations withinm
reasonsble service distance to all potential subscribers;. (f) at points where voice frequency
repeater, carrier repeater, or carrier terminal apparatus are to be located; (g) at any addi-
tional points along cable routes to insure that the distance between appearances does not exceed
5,000 feet; and (h) at cable size diminishing points for splicing. Additional terminal housings
are not required for building-out capacitors because they can be placed in the same housings as
the load coils. It is expected that load point terminal housings will be specified to include
room for BTI and building-out capacitors (BOC). As direct burial esplice cases are becaming aveil-
able, they may be used at many of the above locations.

6.11 The requirement for ready-access enclosures or terminal housings for subscridber connections
' 18 determined by the number and location of subscribers to be served. In many instances,
the econamy of establishing additional terminal locations as compared to paralleling the cable
vith drop wire or buriled wire for short distances must be determined. The decision to place or
anit an enclosure or terminal housing should be based primarily on the comparative costs (or
annual charges) for the extra terminsl versus the incremental length of service wire to the
nearest available terminal. Up to 350 feet of one-phAir paralleling aerial drop wire can be
placed about as economically as a ready-access enclosure. When tree conditions are bad, the use
of drop wire in pole-to-pole spans should be restricted. Up to 600 feet of buried wire may be
Justified instead of placing a BD 2 type terminal housing. Factors such as plowing and trenching
conditions and availability of equipment to do this work may be important. Other types of temi-
nals might increase or decrease this limiting distance. The installation of a terminal or buried

splice is preferable unless placing the service wire parallel to the distribution cable results
in a definite saving.

6.12 Those pairs that are to be "working" pairs and the spare pairs provided in a branch cable

should be spliced to available feeder cable pairs. Any additional distribution cable
pairs are "dead" pairs and should be capped appropriastely but not grounded. Generally nonworking
pairs will be kept spliced from distribution into feeder cable circuits.

6.13 Plastic-insulated aerial cable is ccmparable- to open wire and "multipair distribution
wire" as to flexibility because a ready-access enclosure can be added where and when
needed to provide service to new subscribers. '

6.14 All subscriver circuit assignments should be entered on the appropriate facility record
sheet.

6.15 The cable schematic or map should indicate all new and retained cable by route, sections,
sizes, and types. The number and the assignment of the counts of the pairs should be

shown. Pair count assignment should be determined for both existing and proposed counts for

exlisting cable. Assigned pairs, spare and extra pairs, and pairs to be cyt dead should be noted.

6.151 All loading coil locations, type of loading, number of load coils, BTI's, and count of
the pairs to be loaded should be indicated. :

6.152 All carrier repeater and terminal locations and the count of paii‘s to be used for carrier
frequency circuits should be indicated.

6.153 Suitable notes should denote cable throw, half taps, split counts, tie cables, rearrange-
ment of existing cables, and any other data pertinent to the layout.

T. "DEDICATED" CABLE PLANT

7.1 The need for a rigld number of repeated appearances of individual cable pairs and prede-

termined connections of certain cable pairs has been greatly reduced with the advent of
plastic cable facilities and less party-line subscriber service requirements.  These circum-
stances plus the lack of pair availability and costly operating aspects of multipled cable plant
has led to the introduction by some telephone companies of "dedicated” cable plant design. Dedi- .
cated plant developed as a result of the technological advances in cable and terminals in recent
years and the changing pattern in .subscriber demands for service. The trend toward l-party and
graded service is reducing the need for multipled plant.

7.2 In the design of dedicated plant, a cable pair is connected fram the central office to each

residential and small business location as demand develops. Once connected, the cable pair
remains permanently connected. It is "dedicated" to that location. Party-line subscribers are
bridged, and the proper number of subscribers per line maintained at the main frame using bridge
tap isolators. :
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7.21 In the dedicated plant concept, distribution cables having installation costs high in
relation to their materials cost, due to the small nuwber of pairs they contain, are
sized to include all foreseeable requirements. [Feeder cables are sized to be large enough for
a suitable time period vhich is dependent on the rate of subscriber growth and cable gauge
requirements. Part of the feeder cable pairs are preallocated to specific distribution require-
wents at the time of the feeder cable installation with no multipling. The balance of the pairs
are kept available as spares in the feeder cable and assigned as the need arises. '

7.3 The primary objectives of dedicated plant are to reduce annual operating expenses and to
increase plant efficiency by simplifying assigmment procedures; minimizing plant rearrange-

ments such as transfers of cable pairs, central office jumpers, and station drop wires; and
reducing the time required and the cost of discomnecting 4nd reconnecting service since this can
be done at the central office. If the subscriber set is left in place on disconnect, a new sub-
scriber may be given service without a visit to the location. Service installations can also be
made more rapidly. Requirements for post cutover circuit rearrangement and reassigmnment are
reduced. Reliability of service is improved due to less handling of outside plant facilitiles.
There is less need for extensive revision and correction of plent records.

T.31 Loop transmission will be improved due to the eventual elimination of bridge tap multiples

and substantially all long end sections. Transmission criteria are met when the original
assignment of the cable pair is made. With a cable pair dedicated to each establishmeant, future
assignment of pairs for subscriber service does not require special engineering in connection
with transmission levels, loading, bridge taps, or other parameters.

T.4% In order for dedicated plant to be econamically feasihble in any given area, the savings in
operating expense obviously must clearly exceed the annual charges on any additional ini-

tial investment required. This tends to restrict application of dedlicated plant to medium and
high density areas. Subscriber growth rates and the ratio of served to unserved establistments
(saturation) are also important considerations. Because of the relatively low subscriber den-
sity, party line development, and long subscriber loops that characterize the operating ereas of :
some REA borrowers, the use of dedicated plant will be too costly as a general practice, although
it may be suitable for use in base rate areas or small one-party exchange areas. Even under
favorable circumstances, dedication of the longer loops is not economically feasible because (1)
a significant number of extra ceble pairs may be involved and (2) if two-party bridging is
expected to be accomplished at the main frame of the central office, it will require separate
pairs to each station with no cammon portion.

8. CABLE REINFORCEMENT PRACTICES
8.1 The service requirements of new subscribersand the upgrading of service for existing sub-
seribers will inevitably fill many cables to capacity. This creates a need for reinforce-
ment of the affected facilities at some particular time. A decision must be made as to when and
how the most economlcal expansion can be provided. The best approach for ascertaining the opti-
mum method for reinforcing is to develop several alternate methods and analyze the labor and
materials cost to obtain the basis for the engineering selection.

8.2 Maximum usage must be made of the latest materials and techniques in designing plant for
reinforcement purposes. Using acceptable new products and techniques results in economies
and flexibility not attainable a few years ago. Central office equipment is more versatile and
has increased signaling limits. New types of self-regulating solid state carrier and repeaters
are being perfected. Transmission criteria have been updated to reflect g.,eater ranges and
capability of modern apparatus. Techniques have been established to effectively share special
equipment that must be provided for long loop operation.

8.3 It is important to avoid frequent reinforcing. Aqding extra capacity to meet unpredicted

growth must usually be done on a piecemeal basis and becomes unnecessarily expensive. To
avoid this in the initial desigu, the cables must be properly sized according to the ACS sub-
seriber indications and the rate of growth that is forecast.

8.4 If unusually rapid growth in en ares is forecast by the ACS, most all of which is potential
and dependent on the construction of new dwellings, 1t is advisable not to overs'.ze the

the initial cebles. Planned reinforcement of cables larger than 100 pair may be more econamical
than providing a single large cable initially in the design. Reinforcement may be conteuplated
by means of a second cable to be extended from the central office to a carefully selected point
along the initial cable. The reinforcing future cable will not need to have terminations enroute
except at reel-end splices and loading coil locations. If the expected growth fails to materi-
alize or is delayed, a substential investment in idle pairs in the initial cable may be deferred
or perhaps avoided entirely. :
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8.41 Carrier or line concentrator reinforcement may also be made a planned part of the original
design for meeting selected portions of the future subscriber growth. The extent of the
fixed physical plant can be reduced. Subsequent carrier additions can be matched to the growth

requirements. The cost of this equipment can be deferred or saved if the growth does not develop
as expected.

8.5 Methods to consider for cable relief are:
(a) Older types of existing cables may be replaced by new ones--usually larger.

(o) Existing cables may be paralleled by a new facility--aerial or buried as suitable. Due to
improved construction methods, direct buried cable costs often campare favorably with aerial
facilities even where pole lines exist.

{c) New feeder cables may be placed along the same or alternate routes to effect "division" of
the service requirements.

(d) New types of subscriber carrier equipment are also economical and flexible as relief meas-
ures for many expansion situations. See RBA TE & CM 911, "Station Carrier," and REA
TE & CM 905, "Cable Carrier Systems and Carrier Freguency Transmission through Cable."
Line concentrators may also be useful and econamical for such applications. See REA
T & CM 3L0, "Use of Line Concentrators.”

8.6 The majority of outside plant of KEA borrowers' systems is still aerial although the pro-
portion of buried facilities nac been steadily increasing since 1960. The continued utili-
zation of serviceable existing aerial cable for subscriber service on long loops may make it
practicel to reinforce ty burying a supplemental feeder cable. This will reduce the length of

the new cable requirements, and often will allow the use of finer gauges than if the entire rein-
forcement were buried.

8.7 Buried facilities may be reinforced using the same or different routings. Earlier place-
ment of buried plunt was often near the ditches adjolning highways. In such situations,

reinforcing leads can be added on private right-of-way at a safe plowing distance from the
original facility. Another way of supplementing buried plant is to use the same right-of-way
making aboveground terminal appearances only where necessary to terminate the conductors for
carrying out the service reinforcement. The reinforcing facility must be placed carefully so as
not to dumage the original lead. Another method of supplementing is to use the opposite side of
the roadway from the original lead, setting new terminal housings wherever necessary. This
method minimizes the need for numerous roadway crossings and provides improved accessibility to
the subscriber leocations.

8.8 Wnen designing cable routes to relleve existing cables, the relief should be provided by
extending the new count of pairs in the supplemental cable to a selected cable junction
rather than providing a series of new terminals along the route and making & "throw." This
method sometimes requires longer runs of new cable, but the additional cost may be offset by the
saving in termiral housings and the ease in making the conversion.

8.81 No simple rule can be given as to when a cable should be reinforced or }eplaced by a
larger facility. The cost of removal is likely to exceed the salvage value of existing

aerial plant. If the existing cable has many terminals in the section to be paralleled or
replaced, the cost of new terminals on a new cable and the subsequent transfer of drop wires to
the nev terminals will be a significant expense that might be avoided or reduced by placing &
parallel cable. It is usually cheaper to install new terminals on a new cable than to transfer
0ld terminals to a new cable. Old type terminals of limited (10, 11, 16, or 26 pairs) size on
paper-insulated, lead-sheathed cable may be replaced by ready-access type having lead sheath and
plastic-insulated conductor sealed stubs. Cross connecting terminals {crosshoxes) can sametimes
be used advantageously.

8.9 Proper cable record revisions are required when making changes in cable plant. Changes in
the records may be reguired by such plant changes as:

(a) trensfer of terminals fram one cable to another parallel relief cable

(v) 'transfer to subscriber services from existing terminals to new terminals on the same or
aifferent cable

(c) transferring a distritution or branch cable fram one feeder to a different one--this is
called a "cable throw."

(d) changing the pair count of a branch or distribution cable from one count.in the associated
fecder cable to another count in the same cable

9
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(e) transfer of subscriber services from an existing open wire or RDW line to a cable which is
intended a8 a replacement '

(f) regrouping or reassignment of subscriber services for upgreding

8.91 A typical form vhich can be made locally is illustrated in REA TE & CM 128, "cutsheet."

This form has column headings suitable for use for the subscriber transfer records or
"cut" listed above.

8.92 When making major changes in cable plant, it is recommended that e cable and central

: office facility record system be prepared and utilized such as described in TE & CM 116,
"Plant Engineering and Records System.” ‘ .

9. ILLUSTRATIVE LAYOUT EXAMPLES |

9.01 Figure 1 indicates a pattern of spare pair distribution. The arrangement should be
such as to obtain maximum use of the facilities. A suitable complement of spare pairs

should be allocated to the various distribution areas. Attentiom should be given to the dis-

tribution of extra pairs that are obtained along & lead as a result of standard cable sizing.

9.02 Figure 2 shows a typical configuration of PIC cable in the sheath and the related pair
counts into terminals along the lead.

9.03 Figure 3 illustrates a nonloaded distribution cable arrangement resulting in suitable
sizing of the feeder cables.. As many feeder pairs should be spliced through to the MDF
as possible as long as to do so causes no increase in feeder cable size.

9.04 Figure 4 1llustrates & 25-pair nonloaded combination feeder distribution cable serving
two 6-pair and one 12-psir distribution cables. This is an exception to the situation
where the feeder capacity 1s less than the distribution cables. '

9.05 Figure 5 illustrates the use of a T5-pair feeder distribution nonloaded cable feeding
one 25-pair distribution cable and one 50-pair. distribution cable with a complement of
the distribution pairs bridged.

9.06 Figure 6 1s an illustration of a T5-pair feeder cable serving an 18-pair distribution
cable and a 50-pair feeder distribution cable which in turn serves an 18-pair and a
25-pair distribution cable. Spare pairs are established for each section.

9.07 Figure T shows a loaded cable pattern. It is intended that the hame counts avoid sub-
scriber assignment between load coils and segregate the nonloaded circuits. Spare
pairs are kept clear of loading where carrier may be added in the future.

9.08 If additional circuits are necessary to provide service to a new residential develop-
ment, a plan of alternate routing such as shown by Figures 8 and 9 may be advantageous.
Methods such as this can save considerable cable compared to placing supplemental cable along
the same route of the existing feeder cable. :

9.09 Cost data is essential to assist in determining the optimum cable selection for a.

particular application. In dealing with cables up to 200 pair, comparisons show that
the incremental cost of obtaining extra cable pairs diminishes considerebly as the cable sizes
grow larger. The next larger size of the same type can provide extra pairs at a lower price.
per pair than the per pair cost of the smaller of the two cable facilities. The reduced
eircuit mile costs of the next larger size cables indicate the importance of a sound sub-
seriber forecast. It is evident that the cost to reinforce a 6-pair facility with another
6-pair facility in a short time period is much more € sive than to provide a 12-pair ini-
tially. This is true of other small sizes as well. npredicted growth demanding relief
within & short period creates penalties in plant costs.

9.10 It should not be construed that extra pairs should be placed in plant indiscriminately
or unnecessarily as a substitute for proper design or without regard for the area
coverage design information. It is not desirable in any layout to include excess -plant on
many leasds as a contingency for "possible” growth.

10
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REINFORCEMENT BY ALTERNATE ROUTE
(HOUSING DEVELOPMENT)
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PIAN 1 PLAN 2

In Plan 1, a 100-pair feeder cable is required .to serve four 25-pair dis-
tribution cables that are planned for a projected housing development. 1In
view of the uncertainty of sufficient financing for the housing construc-
tion, Plan 2 is also prepared. In this case, the 25-pair cables within
the development are reduced to 12-pair and are served initially by a 50-
pair feeder. If the forecasted growth is sustained, a second feeder can
be installed using an alternate routing. The 12-pair distribution cables
are cut at midpoint and served by the second feeder. This gives essen-
tially the same number of circuits in the development.

Plan 1 | Plan 2 2
BJ 100-24 2 mi. @ $3,850 = $ 7,700 BJ 5o-ah 2mi. @ $2,420 = $ 4,840
BJ 25-24 L mi. @ $1,780 = 120 BJ 12-24 L4 mi. @ $1,265 = 060
900

Optional:

BY 50-24 2 mi. @ $2,420 = $ 4,840
Figure 9



