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1. GENERAL 

l.1 This section provides REA borrowers, consulting engineers, and 
other interested parties with information for use ·in the design, 

construction, and operation of REA borrowers' telephone systems. More 
specif'ically this section includes the electrical protection practice·s 
for buried cables and wires having plasti~•inaulated conductors and jackets. 

1 .2 This section replaces Section 816,·Isaue No. 2, dated June 1965, and 
Addendwn-No. 1, dated November 1966. The principal changes included 

in this revision are the elimination ot washer gaps, and the addition of 
gas tube protection for sevare exposures. A·general review and updating 
of the previous information is als.o included. Data previoual.7 included 1n 
the addendum has been updated and incorporated u an intepal part of the 
section. 

2. ELBCTIICAL PROTPX:TION CONSIDERATIONS 

2. 1 PIC Cable and Wire -
o yeth ene sulate con uctor ac e cable wire ave. 

long been recognized as requiring a minimum of electrical protection due 
to their inherent high dielec_tric strength and _quality. With d:l.fticulties 
due to dielectric failure having been reduced to a very m:l.nimal U10unt .through 
the extensive application ot PIC cable and wire, the ren,atn:Lng possible effect 
derived from foreign potentials on the telephone plant is the tusing of the 
r: able. or wire conductors. While finer gauge conductors are ~re susceptible 
to this type ot damage, the economic.advantage in their utilization will 
usually outweigh the higher rate of fusing incidence as compared with coarser 
gauge facilities. 



2.2 ''9fttPl"ote-- Bllried cable. and w:Lre are not noral.l7 &1 / 
nailpt • to · t.NII lipitning eurgea • other cateaon•• ot ( •lide pl.ult, Rovewr, buried p:J.ant mq be aubject-4 to lightning daage 

in OM ,of the tollcnrina vqa1 (1) BJ' direct 1troka1 to tbe ab:l.ald_or stroke• 
to pio,md, whioh arc to the ■hield; (2) bJ' nrpa conducted to the buried · 
pWlt trcm connecting tacilitiea which are struck; (J) 'b7 induction tram 
n~'b1' 1troke1 to ground; and (4.) by QU.l"renta dewloped due to a rise in 
powid potential at stroke point• near grounded station protectors or other 
~d tacilitiea, While the dielectric ot PIC cable wlll vithatmd most 
ot tbl aurps that occur from items 2, 3, and 4 above, direct~ 
at.rote■ v1ll normally cause damage. to the cable, due to the map,1~ of 
current■ 1nwl ved. Hoveftl', 41l'ect strokes to buried cabie occ,r verj" 
~'Ulltl1' and are not. a ~or acNl"ce ot tnmble. There is no t._ible. 
•thocl wJ.thin N&IOD&ble roncad.o bolmda ot protectinc against direct ligbt-
nina nro••· 

2.21 Current surges which reach buried cable from conductors ot connecting 
pl.ant IUch u buried line wire, buried services, or aeri&l. noncable 

type plant, are-uaual.17 confined to the conductors by-the high dielectric 
atrengt~ ot the pl.ut,ic inllUlation on the conductor, and the inner ·jacket. 
~u•ntl7 the expoaed cc:mnectina conductors are ot coarser gauge than the 
INfied o~l• oollductors to which thq cormect. Both ot theae factors. tend 
~o increa1e tile pro'babilit7 ot tu.■1ng the cable candu.ctora. 

2.22 'l'he naioh 11"9ater ue of buried tine 1&'1118 cul• conductors 1n DJQdern 
telephone Q'ltmu bu relUl.ted in conductor~ becOJidq ~pre- ( 

valent than dielectric tailure.. \ 

. 2.23 Loading coil.a meeting W specifications are designed to withstand 
. subatantial lightning surges w1 thout damage. Present deaigns will 

withstand oUJTent surges which approach the tu.sing c~rent ot .28-gauge wire. 
While th:1e 1.s leea than. the .tuaq ~ for 124-cauge cabie, it is large 
enough so that onl.7 a mull percentage ot surges reaching cables will cause 
loading coil damage. Be~ause ot this, gap protection of loading coils in 
buried·plant is not normally- required. In unusual.17 severe lightning damage 
areas, protection tor loading coils can be added at a later date if experi­
onee indicates the need. Where loading coil protection is necessary two 
~-electrode cu tubes in a loncitudlnal ungrounded bJ'-pue conftpration 
nr.A reconnended. 

i.J Power Contact Protection - For the purposes ot this section, cable and 
~ro facilities which are actually buried in the earth are not consid­

ern<i a~1 bl!inr: exposed to power line contacts except those buried in the same 
trunch with pQVer distribution cables. Protective measures are, therefore, 
not rnquirnd tor buried plant except for those which mq be requj.red f'or the 
protection of connecting facilities, subscriber stations, and ~sed aerial 
:inserts as prescribed in practices covering such plant and as supplemented 
herein. Aerial inserts in buried plant are considered as being exposed when 
tho ~ssibility exists that they could be contacted by power line conductors 
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/ operating 1n excea1 ot 300 vol ts to eround. Where joint buried construe-
\ tion 11 inwlved, p-otection maaures should be applied as deacribed in 

Ill pablication "Design and Construction of Joint Buried Plant - Electric 
and Telephone" dated June 1967 and marked "File with TE.& CN-a&o.11 

( 

( 

). APPLICATION OF LIGH'.l'NDlO PROTECTION MEASJIES 

.).1 Dielectric protection of buried plant ia limited to the following 
muu.rea; 

(a) Termination of cable pairs at junctions with 
open wire. 

(b) Oas tube or equivalent arresters at junctions with 
facilities serving severely exposed stations. 

( c) Bonding and grounding of buried wire and cable 
shields. 

J.11 Termination of Cable Pairs at Junctions with Open Wire - Where one 
or more pairs are ext~nded by open wire at the end ot a main cable 

lead, all pairs should be terminated on Wlprotected terminal. blocks. Where 
one or more pairs are extended by open wire at a tap point along the cable, 
P.nough unprotected terminal blocks should be provided to tenninate the pairs 
that are to be extended by open wire. The number of cable pairs tenninated 
should equal the number ot pairs of terminal studs installed. 

J.111 It has been determined by tests that Wlprotected term1nal blocks, 
with nonnally spaced terminal studs equipped with nuts, will break 

down -unJer typical lightning surges at values below the surge dielectric 
strength of buried cable and wire conductors. Effective protection against 
dielectric failure of PIC cable pairs will be provided it all pairs in the 
cable at or within 1/2 mile of an open wire jwiction are ternd.nated on ter­
rni n,1.l blocks. 

J.112 For example, at the deadend or an 18-pair cable which is extended 
by 4 pairs of open wires, three 6-pair terminal blocks should be 

i..n:; tal.led and all 18 pairs should be tenninated on the teminal studs of 
th,, terminal blocks. This limits the difference in potential between any 
c·abl ,_. conductor and every other cable conductor to the voltage breakdown 
od.we(m terminal stud:,. At a two-pm.r open wire branch tap point along the 
c:iL.l,::,, .1, 6-pair tominal. block should be installed and four pairs in addition 
to r.he two open wire pairs should be terminated on the terminal studs • 

. 1.11 J GrP-atcr protection would be provided if branch tap points along the 
cable were protected the same as at deadends; i.e., all pairs termi­

natndu HowevP-r, branch taps along the cable are likely to be shorter and, 
ttu~rcfore, not a.r. r,ood lightning receiving antennas, as longer open wire 
extensions from deadends. Al.so, a J11Uch greater nwnber of cable pairs may 
••:•_:..·. :1t a branch tap point than at a deadend so the cost of applying ternd.nal 

- 3 -
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blocke for protection would be greater. The greater nwnber ot term:I.Jial 
blocka r~uired to tenninate ..U pairs of the cable at branch tap pc4nt• 
along the route in most instances would produce onl7 marginal Saprowanent 
S.n overall lightning protection. ~tional te!'llln&l blocka IIOuld alao 
be objectionable because of the increased number ot leakage paths they 
would produce. 

J.12 Ou Tube or Equivalent Arresters at Junction• 11:l.th Facilities Serving 
Severely Exposed Stations - Tenninal blocks equipped with gas tube 

arresters having 800 volts or greater breakdown and installed in a slrl,.table 
mounting and enclosure are reco111111Bnded at junction■ between buried wire or 
cable and facilities serving stations that are severely' exposed to lightning 
(such as fire towers and radio towers) regardless of the length or type ot 
coMecting facilities. Yellow coded ( 1 O mil) carbon blocks mq be uaed as 
an alternative to·gas tubes. 

3. 1 .3 Bonding and Grounding ot Buried Wire and Cable tields. 

1.131 Complete bonding of shields of buried cable and ld.re to maintain 
electrical continuity of shields -throughout the buried plant and 

its connections to aerial plant, central offices, and subscriber station 
protectors is required. Orounc:\ing of buried cabl~ and wire shields is 
advantageous trom lightning protection considerations under som1 circum­
stances and is disadvantageous under others. Grounding of buried cable 
and wire shields is required under some circwnstances from power contact 
conniderations as discussed herein, and is normally' required at each end 
of a cable in order to make the shield £'unction as a ·noise shield. 

·1. 1 3? With buried plant, to a considerabiy greater ext.ant than in aerial 
plant, grounds on shields·mq conduct stroke currents l:2 the cable 

rather than away from the c·able. Similarly, the connection ot buried shields 
t.0 M:iN grounds~ be disadvantageous from lightning protection considerations 
hecause a relatively large number of surges may be ted into the buried tele­
phone plant from strokes to the aerial power system. 

J. 1 .B Because of tho probability that ~ ground connection mq act as 
a path by which lightning surge currents are conducted !:.2, buried 

plll!1t, no grounds should be placed on buried plant except as required in 
paragraph~ J. 134 and 5, herein, or for noise mitigation. The metal stake 
nr a buried tP.rminal housing is not considered to be a "ground." 

·l. 1 1h The shields of all buried· wires and cables entering a central office 
should be bonded to each ct.her and interconnected with "the central 

cff:i c1~ ,~round bus or grounding conductor. This measure eliminates harmful 
ciift'rrr.nr.e::; of potential between the various cables entering the central 
nffice, Md provides one of the two grounds necessary for a noise shield. 

J. I y; At junction points the shields and support wires of interconnecting 
facilities should be bonded to the netallic shield of the main buried 
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oable or wire. The grounding connector provided ~ terJ!d.nal houinga 
tllould be ueed to facilitate malc1ng these connections •. The eb:l.eld ot 
Nied ·•mce·v1re1 ehould likw.Lee be bonded to the matallic ahield ot 
tM Min oabl• and oonmcted at the 1111becriber end·to the station protector 
pound ternd.nal. . . . 

3.2 Protection of connectine tacUitiee having appreciabl1' lover 
dielectric ltreZJgth than ~t1c•in811lated conductor (PIC) cable 

and w:l.re ie required as tollOlfll 

(a) Arresters at the ~antral office. 

(b) Arresters at junctions with paper-insulated cable. 

( c) Arrttsters at carriur repeaters and terminals. 

3.21 Arresters at the Central Office - Provide main frame arrester pro­
tection on all cable pairs entering the central 0£.ti.ce. 

3.22 Arresters at Junctions with Paper-Insulated Cable - Where aerial 
type station drop w:l.res or aerial wire facilities (all types) are 

comected to buried plant within 1 nd.le of a junction of plastic-to-paper 
cable, the buried.wire or cable pairs serving the station drop wires or 
other aerial wire facilities should be connected to the paper-insulated 
cable through protected cable terminals installed on the aerial cable. The 
cable terminals should be equipped with blue coded arrester gaps (700 volts 
nu breakdown value) for protection of the paper- or p1llp-insul.ated cable. 

3.23 Carrier repeaters and tenninals and mo.st other electronic equipnent used 
on cable pa.trs have low dielectric strength compared with the dielectric 

strength of cable pairs. Such equipnent mst, therefore, be protected in accord­
ance with REA 'l'E & CM-822., "Electrical Protection of Carrier !:quipment. 11 

4. APPLICATION OF IGlE:I CONTACT PROTECTION MF.A.SURES 

4. 1 Aerial Inserts - Aer1.al inserts ma;y consist of strand supported buried 
type cable, aerial type- cab: .. e, or wire supported buried type wire. 

When an aerial insert of any- ty-pe is exposed to power contacts by being joint 
with, crossing under, or otherw:tse subject. to possible contact with power con­
d•1<:tors operating at voltages· in excess of 300 volts to ground., it should be 
c-onsidered as exposed. Support s~rari.ds or wires of exposed aerial inserts 
:.;hou.l d be effectively grounded by connecting to an !DN. If an HlN is not 
available, effective groundir.g by driven electrodes or other means is necess&r7. 
Tha support strand of aerial :lnserts not exceeding 1000 feet in length need be 
grounded at only one -point if the ground is obtained by connecting to an HlN. 
For aerial inserts cx· .. eedi.ng 1 000 feet in length, the support strand should be 
lit facti vely grounded at each end ar.cl at half-c1.l.e intervals. 

- s -
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4 a 12 The couductore of expoaed aerial inserts in buried wire or cable 
J'IIU.8t be i!!!olat~d from. the buried portiona on both sides ot the 

insert in order to maintain the unexposed statua or the buried plant. 
'1'h:11 11 neceus11Hu...-.1 in ordar that tuaeleea-type atation proteotor1 11111' be 
ueed and it ffl.tJ' oo accompl11hed b7 any of the following procedures. 

4. 1 21 If the a cine. ant on b sides of t e erial ~~e~----------...,,.. .... l_er-·n-o-~--------""""'!--d. 
Ew-ied ty[;;e -;".{re""cir the aer '.J,.llllllf-'oUK con-
struction pr~.ct,1 ,~e.r,; fDr a.erl.al 

4.122 If thi~ r::.r,cb1ct::-i:r1;:. oft.he bur:ted plant are larger than 24-gauge 
copJ)e,''.\. th!', pref e1~red construction is to install 24-gauge cable 

as the aerial inRe:rt,. The 24-gauge insert then provides the necessary 
fusing coordina.: .. 1-on .. rl th t,he ccmnected stations on both sides of this 
insert. where the aer:l.al insert extends for more than a few spans, the 
effttct of t.he use of 2L.-gauge on transmission should be checked. 

4 .123 If thf, conductor:~ of both the buried plant and the aerial insert 
EU',; }a.rgor than ::4-gauge, isolation .of the exposed aerial insert 

shmtld be acGornµJ.ished by providing 24-gauge copper f'u.se links bet-ween the 
!\edaJ. insert. and thr:i bur:ted portions of the cable. These fuse links should 
bn n.pplia<i ,_,..;:, 'bot,h and.s of the exposed insert, as shown in Figure 1 • In 
order to rrdr •. :tmJ.zri the cost of isolating aerial inserts, the 24-gauge links 
:.Jhou.ld usually be irtst,allad in terminal housings that are required for other 
purposes at. point~ n,3arest t.o each end of the aerial insert. Color-coded 
2h-~auge le&d~ at least 8 inches long should be spliced in series with each 
conductor o.f t-hG Cl'.Wle between the end of the buried portion of the cable 
and the adJ,:n .. ,t:Lng t1nd of the aerial insert. The color code must be preseJ1ved. 
If :Jubscr:i. br'H'B' serv:i.ces or buried wire branch tap leads are distributed from 
t.ht · buried plant tenninaJ. housings involved, they should be connected to the 
\m,~xposed side of the fuse link. Exposed aerial taps should be connected to 
th, •1.qx1G•Jd :_;i<k c•f' t llr f'use links. Thi~ shields of all cables or wires 
.1.pr,C',1.ri ng :Ln U1,➔ 'ouri ,id pl1mt terminal housings should be bo:ided together 
and grounded to the same ground electrode to which the support strand is 
grounded" .c~ t;:n.:i:'Leal exposed aerial insert is shown in Figure 1. 

4.2 As:riaJ .. Line F .. .xt.ensions - All aerial noncable-type line extensions 
frornbried. plM.t ahouJ.d be connected to the buried wire or cable 

tnrough a w-:i.rc• li.n.k c a.pable of safely fusing at currents less than the 
nmpacity (currf'r.t. carr"Jing capacity in amperes) of the subscriber's service. 
Th,l 24-gouil.e copper leads connected to terminal blocks or 20-gauge bridle 
virea u.ru ad1·qua.te for this purpose. The term "noncable-type circuits" as 
,leod hero refer3 to wire circuit fac~~ities not enclosed in a metallic shield. 
Bu.ried wire :. s classified) for protection purposes, as a "cable type" facility. 

!..21 Where buried plant facilities are extended by exposed aerial wire 
facilities, power contact protection should be applied to the aerial 

facilities in accordance with applicable REA practices. Where the awlicable 
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practice■ require protection devices at the junction with buried plant., 
tM l• S.clmce P'Ound required for the power protection device should 
be .Ui■ecl to pro'Vide additional li1htning protection to the buried plant. 
fld.• ou be acccmpl.:lshed by bond1ng the buried cable or wire shield to the 
11'0\Uldina conductor or ground electrode of the power contact protector. 

4.3 tsal DroGWJJ-e1 Connected to Buried Plant - Where economical.ly­
ei.i!Sie, connection ot aerial drop wires to buried wire or cable 

ahoul.d be avoided in toor ot buried services. · 

4.31 Aerial drop wires exposed to the possibility of contact with electric 
d1stribution facilities operating in excess of 300 volts to ground 

1houl.d be connected to the buried facilities through a 24 AWG copper fuse 
link or a 20 .AWO 30 percent conductivity copper-steel bridle nre. This 
fuae link is required as a protective measure to prevent large fault currents 
from reaching other stationa served by the buried wire or cable. It will 
alao prewnt damage to larger gauge buried facilities. The station being 
served should be protected in accordance with applicable etation protection 
practice■• 

s. OROUHDIHQ or BUJtDD WIRE AND CABLE SHIELDS 

S.1 As previaual.y indicated., grounding of buried wire or cable shields at 
junctions with other types of facilities cannot usual.17 be justified 

101•~ tor lightning protection purposes. However-., because shield grounds 
111'1 'be needed to Jnitigate noise and ala~ because ahield grounds at junctions 
with aerial wire facilities ma_y-be helpful in deenergizing power contacts., 
buried wire and cable shielda should be srounded by connection to a power 
HlN or to a low resistance dri~n rod at junctions with all aeria;t open wire 
and diatribution wire facilities. 

S.12 Except as specified in paragraph 5.1., no grouncl:ing of cable shields 
is required at junctions with other buried plant., aerial drop wires., 

aerial cable., or at other points along the buried cable. 
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Protection at Exposed Aerial Insert in Buried Plant Using Puse Links 
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