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1. 1 This section is intended to provide RD borrowers, conaulting 
engineers, contractors and other intere,sted parties with technical 

infonnation for use in the design and construction ot REA financed tele­
phone systems. It discusses electrical. protection Masurea and protection 
devices which are applied to open wire telephone circuits. Because open 
wire circuits have a dielectric strength 1111ch higher than other types ot 
facilities to which they are connected, protection applied to open vi.re 
facilities consists of rooans t,o protect persons and property from the 
effects of electric supply circuits in proximity to the open wire circuits 
and to protect cOMected facilities of lower dielectric strength against 
damaging lightning surges which can be ted tram the open wire to the lower 
dielectric strength facilities. The protection of poles againBt lightning 
is also included 1n this section for convenience. The basic principles of 
protection of telephone plant are included in TE & CM-8O1, "Conditions 
Requiring Electrical Protection." Familiarity with these principles· is 
necessary tor widerstaJlding the specific intonnation provided in this 
section. 

1.2 This aecti.on replaces TE & CM-820, Issue No. 2, dated JW1e 1957. 
'nle principal changes include the provision ot more complete require­

mente to ensure better coordination or power and telephone systems with 
the intent of safeguarding both maintenance personnel and the public from• 
the standpoint of personal safety. 

1 .J Coordination ot power and commnication circuits is not required 
where Grade B construction {See National Electrical Safety Code) 

exists. However, provision ot Grade B construction is more expensive than 
coordination in accordance with this section, and is not, therefore, 
rec0111'18nded. 
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2 .. R:>W!R CX>HTACT ffiOTIX:TORS 

2.1 Power contact protectors serve aa means or achieving coordinated 
electrical. protection or open wire telephone circuits which are 

expoaod to th~ possibility ot contact with electric supply circuits~ 
Toey have two tunctionB in the event or a contact between power and tele­
phone conductoras 

a. To achieve prompt deenergization or the power 
circuit, and 

b. to prevent holdover or subscribers' station 
protector fuses. 

Coordinated electrical. protection exists (1) when the power and telephone 
circuits are so constructed, operated, and maintained that the power 
circuit will be deenergized promptly, both initially and on subsequent 
operntions or power protective equipnent, in the event or a contact with 
telephone plant, and (2) when the voltages and currents impressed on the 
tolephone plant during the period before the power circuit is deenergized 
are limited so aa to avoid fire hazard to telephone stations, and shock 
hazard to personnel who lll8,Y come into contact witJ;i the telephone line. 

2. 2 Power contact protectors consist ot air gap arresters with carbon 
electrodes, connected between each or the telephone conductors and 

ground. "nleae arresters break down at approximately 2000 volts nus. 
Typical current carrying capabilit:, of these protectors is shown on 
Figure 1. 

2. 3 If the time-current characteristic of the power line protect! ve 
devices falls to the left of the curve in Figure 1, and to the left 

of the time-current fusing characteristic of the telephone conductor, 
( Figure 3), this means that the power system will be deenergized before 
the power contact protector is destroyed and before the line wire is fused, 
and coordination is assured. If the power circuit breaker curve falls to 
the right of \he curw in Figura 1, it means that the power contact pro­
tector will be destroyad before the power breakers permanently' deanergize 
the power circuit. If the power circuit breaker curve falls to the right 
of the ti.Jlle current fusing curve tor the telephone conductor, it means 
thc1.t the telephone wire will fuse open before the power line is permanently 
deenergized, with the likelihood that the teleJXlone conductor will remain 
energized indefinitely. All types of line wire found in REA plant (except 
for 104 copper) will have a more sensitive tusing characteristic than the 
power contact protector so that if the power system breaker characteri.etic 
falls to the lett of the line wire curve, coordination with the power con­
tact protector is automatically assured. Appendix A gives illustrative -
~.xamples. 
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2.4 Because the power rault current decreuea vith time due to 
increaae in resistance ot the line vire, th1a tact lll&lt be.taken 

into account in deternd.ning whether coordination ex:lata. PJ.gure 2 · shows 
the relationship between tille and the ratio ot hot to cold resistance for 
109-13S' •tnol telephone win. Frca these curfta, the tiaa required for 
.t\iaing 109-1 JS wire at constant current, mq be derived. (l'i&U" 3) 

2.5 Power contact protectors are used to pronda a low iapedance path 
to ground tor electric supply fault current, in the event ot a 

power contact, and a further function of these protectors is to reduce 
the duty on subscriber station protectors to sate values; therefore, it 
is evident that in their aJPlication the loweat resistance ground con­
nection practicable should be used for proper operation. Thia condition 
can usually be obtaimpd 1r the ground leads of the power contact pro­
tectors are connected to the 1111ltigroundad neutral (l«JN) of an electric 
supply syatem. 

2.6 With other than KlN type electric distribution systems, coordination 
is usually more difficult and may be impracticable to achieve because 

of the absence of a low inapedance path to ground tor power contact pro­
tectors. Unigrounded neutral systems and delta system equipped with 
grounding banks and ground relaying have permanent ground connections at -
aubstationa. The ability to achieve coordinated protection with auch 

· systems in the event of a contact with a telephone circuit is, therefore, 
largely dependent upon the availability of sutt;l.ciently low resistance 
local ground electrodes for ground1ng power contact protectors. The 
max:1.mum permisaible eround resistance can be computed tor each protector 
location. With isolated delta power systama having no ground connection 
at substations, large fault currents will now in a telephone circuit in 
the event ot a contact only under rather special conditions. The pro­
bability ot these conditiona occurring cannot be accurately predicted. 
Deenergization ot isolated delta power systems cannot be controlled by 
the spacing nor the ground resistance of power contact protectors on the 
telephone system. It is, therefore, considered impracticable to achieve 
coordinated electrical protection with an isolated delta power system and 
power contact protectors should not be installed. Where such power systema 
are involved, special care should be taken to avoid confiicts between the 
power and telephone systems and it joint use is contemplated, Grade B con­
struction should be required. 

2.7 Before specifying power contact protectors in a telephone system 
which is exposed to the possibility of contacts with an electric 

distribution system, other than an isolated delta power system, the bor­
rower's engineer ahould investigate the time-current characteristics or 
the fuses, circuit breakers, and other protective devices installed on 
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. the electric supply system and compare them with the time-current 
characteristics of the power contact protectors and with the time­
current fulling characteristic of the line wire involved, to determine 
if coordinated ele~trical protection can be achieved. Figures 1, 2, and 
3 mq be UNd as a rough check to determine if coordination can readily 
be achievad wit.h normal spacing on 109-135 steel line wire. If coordi­
nation does not appear possible with the standard spacing, closer spacing 
of protectors should be considered. Appendix B provides an example of 
syatem analysis for a typical case. 

2. 8 With typical rural electric distribution systems of the MON type 
whose maxiJ!lum fault currents do not exceed about 1500 amperes and 

whose nominal voltage to gr0W1d is between )000 and 15,000 volts, there 
is ueually no problem in obtaining coordinated protection if power contact 
protectors are grounded to the MON and are spaced at proper intervals. 

2. 81 Normally the spacings indicated in subsection J will prevent hold-
over of station fuses, but analysis in accordance with Appendix A 

is desirable to ensure that the reconnended spacing is acceptable in 
specific cues, from the standpoint of holdover. 

) • INSTALLATION OF POWEH CONTACT PROTP'£TORS 

J. 1 General conditions where power contact protectors are required. 

J. 11 Power contact protectors should be installe'd on open wire telephone 
circuits where there are possibilities of contact with electric 

eupply circuits with llhich coordination is practicable. The possibilit;y 
of contact will generally exist at (1) poles which are in joint UBe» (2) 
connicts, and (J) crossings. Power contact protectors should be used 
where multigrounded neutral power systemB operating between 3000 and 
15,000 volts to ground are involved. For multigrounded neutral supply 
systema 'Whose operating voltages are outside the above limits, and for 
other types of electric supply systems which are involved in possible 
contacts, a special study is required by the engineer. 

J.2 Standard Joint use installation 

J.21 The standard installation of power contact protection on open wire 
telephone circuits carried on poles which also carry multigroWldE,d 

neutral electric suppl~ circuits ~e as follows: 

).211 Install standarcill power contact protectors on all open wire 
circuits on the top crossarm of the telephone lead at the poles 

where joint use begins and ends. 

Zl. "Standard" power contact protectors are those having a nominal breakd-:iwn 
value of 2000 volts nns, a time-current curve equal to or be,tter than Figur.'-"· 1 ,, 
and listing in the "List of Materials Acceptable for Use on Telephone Sy'3t~mf; 
of REA Borrowere." 
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\ l. 21 2 lnlltall add1 UOIMll.1 po1Mr c:ont.act protect.or• at interval a u 
detend.Ded by ....:i.,.. u Ul•v•ted :ln Appandic•• A and a •. 

!lie• 8PAC1nc• vUl ...U,. Ille at, lllt.enala ot about 20 ot.. per single 
Una col'dlctoi-., Table I 11•• Wol'IIAtian cm diat.ancea which approxiaate 
20 otwu tor ~ou cond\lotora. 

J.21) Oround Jnt.actor• to \he ..alticroundad MUtral ria a vertical 
pol• p-ound ldr• in w:col'dance vlth J.2J. 

TABLI.I 

Interwal in adls11 Interval in miles 
1ypa cf 
Con.1uct.or 

bet.wen powr contact !rOill crossing 
protectors tor joint equipped 'with power _______________ u_ .. _________ ~2,!!tact protectors 

1~ co~• 
080 l,OI COppci'-CO'Nll-ed at.4Ntl 
,a, "°' "' l'.I • 
128 ltt)J " IO a 
080 ~ " 8' • 

1 ~ .)Cj C. r,! Ill 

126~ • 11 • 

0'}1 Alwdna,..clad 6t.Ml 
102 If 11!1 Ill 

128 1111 ,- Ill 

109 °"1ftfAb,eid Nt.GMtl Orede 8~ 
t{YJ 11 " • 1JS 
1()9 N "' • 190 
1 .34 Of !Ill "" 1 JS 

h.o 
1 .. o 
2.0 
J.o 
o. 7 
' .. o / 
2.0 
o.6 
o.s 
1.0 
o.s 
o .. s 
o.s 
o.8 

2.0 
o.s 
1.0 ,.s 
o.JS 
o.s 
1.0 
o.) 
o.l.i 
o.s 
0.25 
0.2s 
0.25 
o.4 

J. 22 the llltarv1ard 1nst&.Uation ahould be ■pacifi.ed in all instancm, 
\lt<,oN it.MUN 'fld.11 r9,nut in ••tin« tbf, requi:-eJlflBntS for coordi~· 

nated pr.:1t.ctia,-,., lnat.allat.lona vllich do not coaply vith J.21 are r~gnruc•i 
u special wt..-llat.io,1@., Spacial inllt&llati0111s should be specified onlz 
Ybera th• 1J1P9cial. •~ retorncl to :IA J.11 aw.we the need .. 

J .. 2J ec:.Anlilc'l.inta of the 1rounct l•a4a ot power cont.act prote~tors to the 
IQI of~ pawr UM ahCNld be accGl!llliahed by the appropriatfl 

•t.hod tot' thm ,-;01'td.1Unn■ pn,Yllilinc at the pole 1n question as tollcw:u 

) .. 2)1 

~lGt ~ ~dpptld vit.h a 
Wll""t,i.cG\J Jl'Olet gl"C'Wld v:lre llhich 
;UJ ,r.n.~Vlftj)ICt.~t:ll to the Jll."II 

Method 

'!"hat ground leads of the power 
~m1t.act protectors should te 
coontic::t.ed to the vertical pole 
g1t"OO.nd vire by telephone line­
Mn it this has been ag1-eed to 
by the power coq>any. 
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Condition 

Pole not e~uipped 
111th vert.ical pole 
,tronr.,J vi.re 

J.J Lindted Joint Uae Sections 

Method 

If the pole in guest,ion 1.z at t,he 
beginning or end of a j~1.nt, use 
section, a NlO copper gronnd.w.i.re 
should be attached to the pole one 
foot below the telephone w:tr, aup-,, 
port fixture and should be extended 
up the pole .just throup:h the t,~ le•" 
phone working space. A sufficlent. 
length ·or the #10 copper ground wire 
to reach and be connected to t,hr! M.1N 
should be left coiled and t.,p,~d. The 
ground leads of the power con1.,.,,,ct pro-­
tectors should be.connected to t,he 
1/10 ground wire. The connectioR o.f 

· the #1 0 ground wire to the MGN ehou ld 
be made only by a power comp,H\'l line­
man. If the polo in queation is not 
at the beeinn.i.ng ·· nor at the ending of 
a joint use sectio.{l, the location of 
the protector may be shifted one spru1 
in either dir~ction in order to make 
the installation on a pole which,ia 
already equippecl with a vertical pole 
ground wire. 

J.31 There are situations (Figure h) where telephone and power cireuits 
are carried on separate pole lines except for st~ort, joint. use spura 

running from the !11&1.n pole lines to a subscriber's resj.dence. -W1,~e-r~e~~ru~~---'cl1.-c-·1 _____ _ 
31. tuations occur {and coordinated prot,ection is pra.c ticable ''11 t-h the 
standard installa~ion) one power contact pJ:"otector per circ\l:i.t sJwuld be 
installed on the telephone circuits at the loc;ation wher~a the jo:Lnt ust) 
begins. The installation of only one power contact. prot.ector ).')f'r circuH, 
le adequate !or thi.s type of joint use if the resistc,uv.:e of one cunduc-J:.or 
of the joint use spur from the point of croeai.ng to its end does not exceed 
1 0 otna. 'lhe requirements given in ).231 and J. 232 apply also on :.!.1,.31:~:1 l-
::.atiorus or this type. 

3-4 Croeainga 

3~41 Joint pole croaainga vi.th lllll.tigrounded neutral type Eilectd.c t11.rp;p.ty 
circuits - 3-15 kV to ground 
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J.411 Croaeinge of elsctric supply circuits and telephone circuits 
r'110Uld be 1uade on joint poles where pract,icable, u pointed out 

in a.A Tl & CM-001. With proper attention given to the mechanical design 
of a jo:tntly u.eed pole at & crossing, and with power contact protectors . 
installeo, the s:l..t.uation from a et.andpoint of the telephone plant is more 
favorable than at a crossing made on separate poles, s:1.nce the possibility 
of contact is decreased and a good ground connection for the power contact 
protector is usually readily established. 

J.)412 Whllre .ci crol'leh-ig of an electric supply circuit, of the common 
mu.1 t..ig:>:01Jncted neutral typa la made at a jointly used pole, power 

contact prot8ctr.ire ,dwuld be installed at the crossing pole on the circuits 
occupying thG t.op cr~earm of nru.lticircuit opan wire leads or on the 
single cil'--cutt of ~d.'rlgle circuit lead~, except as may be iood.ified by 
).413. 

3 .Li J Pcn~e r· contact protector installations at. joint pols crossings 
vJth Kliil type power lines provide a low ill'lpedsnce path to ground 

for fault. curr-'anto on circuits exposed to power cont.acts for a distance 
on oa.ch s:i.de oft.he crossings. A circuit which ia involved in more than 
one cro~ ,d.ng v.!. th th.19 ear~e power line need not be prov:i.ded with power con­
tact protectorB if 1 t, has a po.,er cootact prot8ct.-0r :tnatalled at an adjacent 
croi,ei.z.g ·td thin iliti i.ntervale specified in Col.mm:1 2 of Table I. The con­
nect.ion of the ground lead of power contact protectors to the MUN discussed 
in 3.2)1 a.nd 3.2)2 applia8 aleio at crossings. 

J.4~' Joint pole cr·oesings with electric supply circuite o.f other than 
the nultigrowided neutral type, J-15 kV to ground or between 

J.l.21 With electric system.is of other than the multig:rou.nded neutral 
... ype, H · 1.9 lllure dif!'icult to provide affect.:lve electr:lcal. pro­

tectJ.on. Conatructlon ;ii~ joint pole crossings~ therefore, i.a _even more 
tmrx:>rtant U1an led.th mu1 tigrounded neutral syst.,em5 since greater reliance 
mu.st be pla<:.'. :jd. on a vold..lng contacts by interposing $t.cuctural plant 
between t.he power and te·!.ephone conductors which mir.ii.m.tzes the probability 
of contact.a. C-OnBideratJons l<lhich would govern whether or not power con­
tact prote,;;tora should be irultall.ed at crossings nth other. than MGN type 
po-w"r ~ytiteme ru·e di_ecusaed below. · 

3.),22 Power contact protectors should be specif'ied at crossings with 
unigrour1d.tid •~ 11 and delta power circuits equipped with grounding 

ba.nlrn a.nd ground r--0l&ying if the special. atucy discussed 1n RU. TK & CM-801 
indicate a th11t coon:i1.n;.;_ted electrical protection is pr11cticable. The engi­
neer i!hould dht~r,srl.ne specifically: (1 ) The method of grounding power con­
tact protec·torei., (2; the lt'UUimuJl'l permissible ground reeietance, and (3) 
-whether or not spec:ial protectors are neEsded. 

·- 7 -
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J .423 Power contact protectoro should not be installed at c,:,;,, c.:._ 
with isolated delta type power syste~s. 

J.4J CroeaingF. with electric supply circuits in excess of 15 kV to 
r.roW'lrl. 

J.4J1 Th" uee of power contact protectors at a crossing will frequentt.r 
make it unnecessary to adopt further precautions even if the 

nominal electric supply circuit line voltage is somewhat 1n excess of · 
1 S,000 volts to ground, provided coordination can be achieved. However, 
,iL crossings where the electric circuit voltage to ground is of the order 
of 25,000 volts or higher, joint pole crossings are not generally r13cot11.­
mended and the borrower I s engineer should detennine what protection 
mea.suros, if any, need be taken. This is the case whether the electric 
c.ircui t ia classified as a transmission circuit or as a distd.bution 
_circuit. In general, the higher the voltage of the electric syate111 the 
le 3 a the probability of a power contact due to the increaBed strength 
and clearances required for the electric system. This is particularly-
true for power transmission systems where the importance of a line from 
the power operating st.andpoint calls for a greater margin of strength in 
design and construction. Specifically the engineer should check the 
general physical condition or the powe; line and its basic strength. If 
these two factors are satisfactory, specific measures of elect,r:i.cal pro­
tection at the crossings are usually unnecessary. If either of these 
factors ie unsatisfactory, a cooperative design should be developed t,ri.t,h 
tho power or~anization to obtain a crossing of adequate mechanical strengtJt 
anrJ :~learances. Alternatives to this would be to consider (1) an undor­
grot.r1d crossinr, or ( 2) a joint pole crossing with electrical protection 
1. r wi investigation of the power syatem fault currents and protective 
,invirn settings indicate there is any practical possibility of obta1ning 
<!loctrical coordination with either standard or special power contact 
,,1·ot, 1ctors on the telephone line. 

l.1111 ,nspan crossings with electrical supply circuits, 3-1.S kV to 
gi·ound or between phases. 

J .J_JJ 1 No effective protection arrangements comparable to joi.nt. polo 
crossings are available ror crossings within spans. Where such 

cros~Jinf~s cannot be a1/oided it vill usually be necessary to rely on 
aduq11ate construction at the crossing. As an alternative, it' may be 
practicable to protect crossings within spans by means of power contact 
protector installations at a nearby point where a common nrultig~onnded 
neutral is available. Other alternatives in cases of within-span croas:!.ngs 
w1 t.h. mu1 tigrounded neutral supply circuits include the installation of' 
P'Ner contact· protectors on one aide of the crossing and connection of 
the protector ground leads to the neutral by means of t1·enching or a tfl.fi.(.,k 
span (Unit PM2B of REA Form 511) depending on local conditlons. A.nothar­
p<>Raible alternative which can be used with ot.her types of supply :1ystoN.1:1, 
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except isolated delta systems, is to install.power contact protectors 
on one. side of the crossing, and ground them locally by means of a ground 
electrode, or electrodes, having a grour,d resistance low enough to insure 
coordinatinn, if t.his can be achieved at a reaeon~le cost. In all cases 
coordinat1 •jfl requires that tho power system circuit breaker characteristics 
shall br) 3Uch that the telephone line wire will not be fused open and the 
power Cl>ntact protector will not be destroyed. 

u. CABLE BUFFER PROTIOCTION 

I, .1 Air gap lightning arresters should be installed on open wire leads 
where required for cable "buffer" protection as outlined in REA 

TE & CK-.. 815. -~ghtnins_ arresters should not be installed on circuits 
on which powei.:_.5:2nta.ct erotectors are installed within one-half m:tle 
of .the cable deadend aB these protectors a.f'ford_!~ghtning protection as 
well as I;?2Wr .. _son.tact protection. · . 

5. DRAINAGE UNITS - THF.OHETICAL CONSIDERATIONS 

S .1 i~s exp1ained in REA TE & CM-801, open wire- telephone circuits in 
joint use with, or in parallel construct.ion with electric supply 

line~ will nave voltages induced in them by both the electric and the 
magnetic fieild,s surroW1ding the power conductQrs.. The voltages due to 
the magnot,ic field under load or fault conditions in most instances are 
not large enough to require mitigative measures. In situations involving 
unusually high fault currents and severe exposures, special protective 
measure a may ~ required and are discussed in REA TE & CM-825. Drainage 
units d:lscussed herein do not provide effective protection against mag­
netically induced voltages. 

S.? 'l'he magnitude of the electrically induced voltage on an untenninated 
open wiris telephone conductor ·having infinite leakage resistance 

depende primarily on the relation1 

V 
T 

,., V p 

C1 

Where 

VT • induced voltage to growid of the telephone conductor, 
Vp • residual voltage (vector sum of the voltage in all 

wires to ground) of the power line, 
C1 .. capacitance per unit length between the power con­

ductors and the telephone conductors, 
c2 '"' capacitance per unit length between the telephone 

conductor and ground. 
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The degree of annoyance, or the extent of surprise shock to· which e. 
lineman could be subjected it he contacted the untermin.Ated telephone 
conductor depends priJDarU7 an the current that could be passed through 
hia body rather than on the voltage. For typical situations this current 
is roughly, 

I • Vp w c1 L wheres 
Vp • residual voltage ot the power line 
w • 2 -,,- x frequency 
C1 • capacitance per unit length between the power conductors 

and the telephone conductor in farads 
L • Length ot the expoaure 

The maenitude of both the. voltage and currents given by the above equations 
represent 1111.Xl.lllWII values and would be reduced somewhat by the parallel 
paths from the telephone conductor to ground provided by divided ringers 
and leakage. 

~-3 As indicated in REA TE & CM-801, the electrically induced voltage 
ma,y be quite high on aeverely exposed lines arid the current which 

could be dralll'l through a contact 11183 be large enough to cause a hazardous 
3urprise shock. A high electrically induced volt~e level on a telephone 
line can also cause (1) dusting of carbon blocks, 1 (2) false ringing of 
ringers, and ()) damage to ringers. These conditions can usually be off­
set by equipping the telephone line with drainaee units. Draina~e units of 
a suitable type should be installed in such quantities as needed to reduce 
the voltage on the line to about So volts and the current which can be 
drawn through a 1500-011111 gro\Dld at any point on the telephone line to 
approximately 0.016 amperes, where practicable to do so. From a practical 
conBideration the current which would be drawn through a 1500-ohm resistor 
ls due in part to the electrically induced voltage and in part to the mag­
nntical ly induced voltage. In this discussion, as previously indicated, 
:it has been a.sSUJQed that the current due to magnetically induced voltage 
1 s ner;ligible. In some instances, however, the currant due to magnetic 
induction may to too large to ignore. All of the following installation 
instructions are based primarily on electrical protection considerations. 
Considerations regardi~ the effect of drainage units on noise are covered 
in RF.A TE & CM-451. 

[; .11 Since the residual voltage of )-phase power distribution lines is 
unusually small, drainage units are not usually necessary on tele­

phone lines which are in joint construction with or are located in close 
proximity to )-phase power" lines operating at voltages up to 15 kV• 
3im1larly, for exposures to power lines of any type operating at voltages 
la:,s than 6900 volts to ground, drainage units are not usually needed on 
telephone circuits if the exposure is less than 15 miles in length. 
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S.5 On J'llll.ticircuit open wire telephone leads, a considerable 81110\lllt 
or mtual.ahielding is provided between the eewral telephone 

conductors. The application ot drainage units to one or two circuits 
on a naulticircuit lead will substantially reduce the wltage induced 
on the wi,J (':iined circuits as well as on the drained circuits. Advantage 
is taken u.f this tact in our installation instructions in the following 
paragraphs which lbd.t the installation ot d.ra.1.nage units.to the top 
crossarm only in all cuaa, and to not more than two· circuits on the 
top arm in the case of joint use with circuits ot 8700 volts or less. 

l;.6 Drninage units of the inductor-capacitor type (Section 6.1) present 
a relatively low loneitudinal impedance to ground for 50 to 70 Hz 

and a relatively hieh impedance acro~s the line at voice frequencies. 
This provides effective drainage without appreciable transmission or 
ri.ngine loss on systems using ringing frequencies of JO Hz or lower. 
At frequenciee within the range of SO to 70 Hz, the impedance of tuned 
drainace units with one line tenninal grounded., as is the case during 
ringing, is somewhat comparable to that of a fairly low impedance ringer. 
The shunting effect of two or more drainage units, to grounded ringers 
re5ponding to selected frequencies within the range of So to 70 Hz, may 
be sufficient to prevent satisfactory ringing on long loops. Ringers 
1n thie frequency range., therefore, should be located as near to the 
central office as practicable and the use of 60 Hz ringers should be 
avoided where possible. Since the iJ'llpedance bf the ground connection 
of the drainage unit is in series with the longitudinal. impedanc.e of the 
W1it, maximum drainage efficiency will be achieved when it is connected 
to a low impedance groW1d electrode. In most instances the lowest impe­
dance ground electrode 1'1hich is readily available is the MON of the 
electric supply line. The gain in drainage efficiency resulting from 
grounding draina~e units to an MGN in lieu of to a ground rod of 100-
to 1 SO-ohms resistance is not large and is offset to some extent by the 
probability that the Wli ts will be destroyed in the event of a power 
contact. However, it is important in some instances to keep the level 
of the induced voltages on the telephone line to a minimum to alleviate 
noise problems. Grounding drainage units to the MON in.all joint use 
npplications is al.so less expensive construction than connecting to ground 
rods. In view of the above, drainage units installed on telephone circuits 
which are carried on joint use KlN electric poles should al.ways be groW1ded 
to the HON via a vertical pole ground wire. 

5.7 At carrier frequencies the insertion loss of present standard 
inductor-capacitor drainage units is very small and~ be neglected. 

6. DflAINAGE UNITS - DESCRIPl'ION AND rnSTALLATION 

6. 1 Drainage units consist usually of inductor-capacitor networks con-· 
nected from each side of the line to ground. With the inductor-

- 11 -
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capacitor tn,e (P.l.gure S) an additional "tumna"- inductor ill Conn&cted 
trom the oenter ot tJa bridged netmrka to graand. Air gap protector 
blocks are nol'llally used to protec;t auch unit■ from high potentials due· 
to li,ehtning or othe'" caw,ea. 

6.21 Joint uae sections leaa than 10 miles in lengths 

6.211 Do !!2!_ install drainage units as part ot initial construction. 
Wait Wltil system ia in operation to determine it drainage 

wrl.ts are necessary. · 

6.212 On llllll.ticircuit leads which require drainage, one drainage unit 
per circuit·ahould be installed on each ot the two circuits on 

the top crossarm, which are su~ject to the greatest exposure. 

6.21) The drainaee unit on each ot the circuits selected should be 
located at approximo.tely the mid-point ot the joint use section. 

6. 21 L The drainage uni ta should be grounded to an ~ 1n accordance 
with 6.224. 

6.22 Joint use sections exceeding 10 miles in lepgt.h1 

6.221 Install inductor-capacitor type drainage units equivalent to the 
Weatem Electric Compan,y's No. 108C as part ot the initial con-

struction. · 

6.222 On lfflllticircuit leads two drainage units per circuit should be 
installed on each of the two circuits on the top crossann, which 

are subjected to the~ greatest exposure. 

6.22J If the joint use section is "I" miles long (where ''X" exceeds 
1 4 miles and does not exceed about 25 miles) the first unit should 

be located at approxinately I/4 mi.lea frOlll the beginning of the joint use 
section. The second unit on each of the two circuits should be located 
approxim~tely JX/4 miles from the beginning of joint use. It the joint 
use section is less than 14 miles, a single drainage unit should be instal­
led at appro:xim3tely the midpoint of the joint use section. 

6.221., The ground tenninals of the drainage units should be connected to 
an MON via a vertical pole ground wire. 

- 12 -
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6.3 ~r.. wire j_oint use vith sin_gle or 11vee" phase power circuits 
wI'!!,J.rii.,!'-t 8700..-15,,opo vol~ to groun<l. 

6.)1 ~t~e i,ections - zero to 10 m.11~~1.~gth 

6.)11 Install one inductor-capacitor type drain~e unit equivalent t..o 
the ~82'tsrn El.ec.trlc I,., No. 108C on each circuit on the top cross­

arm as part of tl1.!...!!,dtial construction. 

A.::i1 2 l-0cate the dra.tnage uni ts at appro.ximately the nrl.dpoint of the 
Joint uae ~wcti(,n a.nd ~~rr:,un<i to the MON as described in 6.J2h. 

6.321 Im,tu.11 inductor .. ,:Rpaclto1· tYJ)C draina+{~ units equivalent to the 
Waatern Rll}ct,ric Company's No. 10dC, ~J~_r.!::,...,£.f tho initial 

cnnstructior.1" 

6.).22 Two druina~ w1iL1;1 p(Jl' circuit should '"J installed on each pair 
on tho top croseann. 

6.)2) If the joL1t utie :JecU.or. j_3 11X 11 m.ill1.S long, (where 11X11 does not 
exceed about 20 ntile.',), the first unit on each circuit should be 

locatBd approxi.mately X/li milbe fro:n the beginning of the joint uae section. 
'rhe aecond uni·~ on ea.ch circuit should be locHted approximately· JX/1J miles 
from tlw beginn.1..ng of the ,joint uae Mction. It. i.s probable that if ''X" 
exceeds about 1 S mil"'B 0:1 singld cir·cuit leadB .• or- 20 mi.lea on multicircui t 
leada, the,,t two dra.t.na~e unit[! oo:· circuh will not provide sufficitmt 
drainage o In m.1ch c8.8ee the proceduro de:::cribed in 60 5 should be .followed. 

6. )2u The i,;:round t,,n-miJ1aln o.f the drain~e uni ta should oo connected to 
the nnlltigrom,ded ne,1t.~.,: of the rx,wer 3ystem via a vert:l.cal pole 

/o;rolllld vin,. 

6.h In all of.' t.ho above :ln·:t,m~es rfl<11dring the installa.t;ion of draina+:e 
unite "a!l part Df the :lnitiRl constr.1ction" the drai.nage unit instal­

:atione t~hould oo m.adt:, and cornplfJtttJ.y term.1.nated t~f?~ the ground connections 
requ:lrad tn 8. 1 :,n:, rnmovo,l. It j ,g import.ant that this procedure be followed 
to prevunt posaJblP- dusting of ca.rbon b:ock.s and io eliminate shock hazard. 

6.S The limit.'.ltion of two tuned dndna:7,e un'!..t.s per circciit may not always 
r-e.su.l t in m.'.dnt.:d.ning the 1.nduced vol tnge in the telephone ci.rcni ts 

at a sufficJentlf low l_evel tc achiev-c the objecttves stated in 5.)o Th:ls 
limitation i.s 11,)ces::iary ln rrio~t :i.r.stances 1 howevnr, because of ringing· 
difficul t.ie?. uhich probably , • .:,uld be encountered if !Tlore than two drai11s 
per circuit i-rere used" Whether or not ringlng trouble would occur if more 



than two drainage unitn ""'~A installed. depends on :many factors 1 . including 
( 1 ) the ringing genersltor ,.,.ol tag9s, frequ~ncies, '.\lli., regulation curves; 
(2) the ringers' impedances, sensitivities and selectivities; (J) the 
l'DBthod of connec tin:; ringers, ( 4) the loop resist,ance J and ( S) the degree 
of balance of tho linA. If, after all t.erminations h~ve been made, the 
voltage level v.1.th two drainage unH,c; ls !iitUl high 0no1.1gh to dust cllrbona 
or cauar,, bell tapping r a t.hi.rd unit should be connected nrl.dwA.,.v between the 
other two. tling1.ng teats 3hoLll.d ·then he 11'.ad~ .at all stat,j ons on the line 
to deti?!"ntl.ne if satisfactory rlneing cm, stil 1 bf3 ob+,fdnod. 

6.f:> lfonj_oint E>g.10sur~ 

6.61 Open wlce telcpho11A leads whicri are o.xµosect in other than joint 
u3tt u1Lua!.ion3 .• such RS ut r,,:-ad1,1ay sep.:.;ration3, usually have much 

lo3fi volt.~e 1..nduced in them bAcause of t.he r.erl\::ced coupl 1.ng between the 
-<;,wo ct rcni ts. 1'he current which can be rh·awn th~ough a ground on the tele­
phone conductm· -~-r--likewise .iic,es for :roadway separations than .for the usual 
.1oint use separations. Because of these fad.s, dratnage uni ts should not 
be lns~alled as part of the initial construction. If, aft.er the system is 
1n operation, dr~Sf!,e un:\t::i are founci to be nece~aary,._ :!.nductor-capacitor 
units equi VR.lent to the Weatern Elcct.ric Company's N". 108C unit should be 
inatalled. 

6.62 Open wiro teleohone lee.de which are expo9~d to single or 11vee 11 phaae 
electr:1.c supply circui ta operut.::l.ng at 6900-8700 VC'l ts to ground will 

not l.l.aually requ.t~e drain&f<e i.mlosa t.he length of exposure exceeds SJ.bout 
15 milae. Where ex-poeures l,.';reater than 1 S nrt.le/3 are encountered, an indt.1.ctor­
capaci tor type rj.:-aina~e unit should bf.' inistal leoi. at :\OOUt 8 miles from t.he 
begirming of the exposure and at. 1 S-rni le intorvnls. Dra.·L'1age uni ts should 
t..o insta.1.led or:. tho twn :·.j_r-'..'.t..i.ts wh1c·b are .sub je~ted to t.he greatest exposure 
Mt.l t-1ho;.ud be groiuidAc! t.-:- a 1t:round r ,d {Unit PM2 ~f ttFA form c;11 a). 

u. f)_J ; __ ipcn wi:-(, i,(J 1 .!ph, ine J(• ,id-, .-1-,._y,.;:,_;::: .. n~ d.r·,3..tna.i;,:1.1, whi c~1 a.:--e exposed to 
sin{'..le or 11veo" phase olor' .. ,--1,· suppl)· ··:ir.c11.iLs ,)y ... H·a.ting 8700-15.tOOO 

"ll'Oltti to ground -,J,oui.d be t~qutppecl 1,rl,:", 1.nductor-:~a.p~ci~.or type drainage 
•.m.i. t1:1 at 1 0-m!. le in t.ervala. 'l'he fir tit 1.LJi:.U. should t-A tmita.lled 5 mi lei, 
from the ooginning of the exponure ~ Dra:!.n~e ahould be provldt!d on t.he 
t'WQ ct rcui te which 8.I'V! sub,ject.ed to the grentf;st e·.lf_r,ormre and should be 
"rounded ~; a r:rnund rod B.B indicated in 6.62. 

6.6l~ If th& roarlwa,y separation is v.;reater than 35 feet, no d.ralr,at;e unita 
will ordinarily be r-t::,qui:redo 

7. LIGHThfING ffiOTEC'l'ION WT.P..ES FlJtt K'!.P'.S 

7. 1 Lightni.n~ prot.ecU nn vi res mn,Y be nei:!e~,s::.ry tc ~,~nt splitting of 
wood poles in certain areas of !1igh light.nin.s Jn,Jidance and severe 

exposurf,tJ. A study of local cond 1 U ms should t'.(' ~-v,de by t.he borrower I s 
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engineet" to deter,nir,i, to what extent t-bis protection is· requirede 
Nor:t\ally-D ertennivc use of lightnj,,ng protection wires ahould be 
necessary only 1n areas ha,ring 1110re than 6t) lightning stom days per 
yec1r.. In su_;1 area:,- U.e;htning protection w.1.res should be installed · 
on pole~ ·:!1ich arc sew,:-~ly fll:,..1>osed due to being on the top nt a hill 
with little or no shiel,~tng such as buildings, treea, or s. higher foreign 
pole line. P1--otect,ion ldrae should also be applied to several poles 
ndJ~cc:mt t,o hill tol) f'IXposures. With nat terrain where the exposure is 
mort' unlfonn and less severe, protaction .dres should ha installed on 
e V'\'r Y fourth po le. Pole li!-7,ht.oinr, prot,ectfon -.rires are not normally con-
3 idered nece!lsary in -u-e.:is 1'!'hich h.we less than JO lightning storm days 
per Y"Jlir. In arf'ias havin~ hetwe~n JO and f..o light,ning storm days per Y'!'lar 
:1pplic:~tton of lir,htning prctAction ,,JJres to poles a.t hill top locations 
~ho11ld be adequate. 

7 •? Thi~ ::orri of po1•., pmtc..-:t.ion normally consists of R wire stapled 
from the top of the ,oQJe to the butt {Unit PM1 of REA Form 511 a). 

WhAre it is nece~s,,:--:.- t,o i~stall J:if'.htning protection on an existing pole, 
a pt,12 unit should ht~ used. The PM? unit consists of a wire stapled from 
the top of a i"X)lf'. t,o slightly below the ground llne at which point it is 
connected to a grouncl rod. 

tl. GtiCUNDING NOHWOliKING OPEN WIRE 

3 • 1 Open wire l>rhich is not connActed to r.entr;;i::_ office Aquipment ls con-
sida!",~d to bA "nonworking. 11 Nonworklns open wire may have voltages 

induced in 1 t from near:by power conrluctors. Volt~es mf!y also a:x:1.st 1\.8 a 
result of an ,1 cclder.tal contact with the power conductorao All nonworking 
wir~ Bhoul::!, t.ho:.·.-:iforc, be p;roundAd to a low r-eflistance ground at the 
ber{innlnp; of thf' Pon,.,or!,-..--inli'; section to reduce the offer.ts of foreign voltages. 
l r the nonworkinfi!: s0ctinn ;,xcA9ds 1 O m.lles 1n length, r1-rlditional gro,mds 
~~hould !le pl,-1.ced a~, app.-ox.unately 10-mile intervP.1 s.. ~'he inst.ructions con-
t.a 1 nerl in thls section apply principally to nflwly const.ru~ted open wire 
that L~ not immediatel;r <:onnected for service but apply also to open wire 
"'h 1 ch has hecome idle becau~u-1 or ~or,,ice disconnectlon and plant rear1~smgemsnts • 

H •? When grounded nom,,or-lc:_1.ng wire is to be connt'?ct~rt for s.ervice, do 
not remove grounc!:'~n~ cnr~nec'!-,lons unt,11 the entire leng't:h of non-

working wire h-'ls been visu;:illy lns~ctect fro'l!'\ the ground for contRctn with 
power wires. 

e. 3 H.11bber g:Loves should be us~d w~,m :Mking or breaking gl"ound co1wectionsa 

H.L Nonworking w'.1.re which is rfl 0uired to oo grounde,d should be grounded 
by one or more of the f'ollovi.ng 11"8thod~ i 

t - ,s -
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8.41 At cable tenllinal pol•• by oonmotinc bridle wire tr011 each DOD• 
vorld.n« open wire conduator to the oabl• aupena1on at.rand lllth 

au1 table oonnectora. ftw bare enda ot the viN• of each bricll.e pair 
ahould be tvi■ted together and placed under tJMt vuher ot the cable 
laahin« clut,. 

8.42 At pol•• equipped with vertical pole srow,d vµ-ea llhioh in turn 
u. interconnected with an IIJN, bridle wire should be run troa 

the nonworking wire to the wrt.ioal pol• ground vi.re and should be con­
nected to the pole groundvire by aeana ot a split bolt type or conMctor. 

8.43 Oroundina 111ay also be achieftd by connecting bridle wire lroa the 
nonworking conductor■ to a telephone guy llhich is interconnected 

to an NJH. The conmction to th• guy should be •de by JNaM of a strand 
gro,md clainp. 

- 16 -
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APPfl:.ll!DIX A 

This appendix discusses in 80!118 detail the neo~asary considerations in 
detend.ning th~ placement ot po,:,er contact protectors, from the stand­
point of pr,?venting t.ltation tuee holdover., 

In order to d8tenaine wh.Gther a given spacing bst'tfeen powei' contact pro~ 
tectora will prewnt holdover of station fuses in the intervening lengtb 
of vire, the following conaiderations are seeentialo 

The con.dit1ona most likely to r0rut in holdover are when: 

1. A etmtlon is connActed toe point midffa,y between the power 
contact protectors; 

2o a po100r contact takes place at this ea.me point; 

3. no other t1t.nLione aris conooct,P.d wlthin this section_; and 

4. thG section is the on.e neru-est to ths pcmer system sub­
Btdi\ tion feeding t:hs joint use ( or crossover) situation. 

In oN:liar to 0v&l.tU'.te th(!!) ceel.SI in question, it :l..s necessary to determine: 
I 

1 ° Tilfl imp!ldance of the pol-J01"' circuit from the point of <;:on­
te.ct lrl th the telephone conductor ba¢k to the substation, 
including t.he generator (transfonnad and ground impedanceo 
Call this zp. 

2. The expected :lmp$d&ncs of the telephone station drop wire 
(one conductor) arbd the ground electrodeo Call this Zst• 

3. The ::...nipeda.nce of. the telephone conductor {one wire) from 
the contact pomt. (center o! the section) to one of the 
adj,icent power contect protectors including its groundo 
(Jlkl:N ground imp4iidance ma,.v be assumed t,o be 5 ohms. ) C.all 
this Zt_. 

In the event of & pmror contact h&l.f wa;y between poliY8r contact protecto, .. 
(MOrst case) the Mquence of ewnts trl.11 be: 

1.. The station protector, baing much 10'-fer in breakdown than 
the p. c ~ p'."'otec tor a will break down first o The power current 
vill be~ 
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APPINDII A (Cont'd.) 

Th• voltage reJl&ining on the station protector a7stea 
willbel 

Est,1• 1pl zst 

It ~ 1 Z t. 1a great.er than the breakdown of the pcMtr con­
tact pro!Actor ( 2000V) one of these protector a will break­
dOlin and the power current vi 11 be: 

Ip2 • -~-♦-(Z_t_l_e_..z_s_t_} ® • Parallel 
impedance 

The voltage remaining on the station protector system will 
bes 

Eat2. Ep - Ip2 ZP 

If Est2 1a still greater than 2000V, the other power contact 
protector will operate and the final powAr current vill bes 

F-p 
Ip) - zp + (Ztl e zt2 CD zat> 

and the voltage at the station protector will bes 

It this wltage is greater than )000 volts the station fuses 
will holdover, constituting a fire hazard, and the power con­
tact prot~ctora 111st be placed closer together or the p.c. 
ground resistance reduced until the station protector potential 
ia brouatit below )000 volts. 

'ftle following examples illustrate the calculations described 
above. Assumes 

1. Power system of 7200 V to growid. 

2. Power system Z to nearest point of contact with 
telephone line - 10 ohms. 

- 2 -
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J., Telephone system 109 steel having Z • 8 ohlla/k rt. 

la~ Contact protector spacing 3000 tt. 

S .. Contact protector ground to MJN • S oha. 

6c A telephone station with tuae type protector• 
connected et thei midpoint of the ~toot length 
{ ffl>rl!lt. coooi tion). 

7 .. Power contact at the mi.dpoint as per 6 above. 

8. Station ~ound and drop wire impedance • 1 S ohms. 

NOTE, 60 1'-b. 1..mµidance and de resistance are considered 
8qQivalent for purposes of these calculations. 

Tilo atation protector trl.11 break down first and the current will bes 

I• 7200 a 290 amps 
10 + 15' , 

This c•J.ri''fmt ¥.ill n~ through the station futtes melting the ele•nts 
and the circuit will become open circuited unless ionization and the 
voltage availabls a.re such ae t.o cause fuse holdover. The second event 
w1.ll be the breakdown of the lower of t.he two adjacent paver contact 
prot.Gctore; the voltage le.rt at this station drop-protector system will 
be equal to .t.he drop along the telephone conductor to the ground ot this 
p.c. protector. 

The voltage across the stR.tion drop and protector to ground will bes 

15 x 290 • 4350 volts 

This vouid cauae t.he fuses to holdover, except the rising voltage at the 
station a.lao appeare on both of the p~c. protectors. One or these will 
break down a.nd the current will be: 

7200 
I ., 1 O + ( 12 -e- .SJ 0 15 

'" ,62~ 3 • 400 amperes 

- J -
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APPllmlX A ( Cent Id. l 

The voltage aero1111 the drop and station protector v1ll then tr,' to 
riae to: 

7200 - 400 x 10 • .3200 volts. 

The holdoftr capability ot the tuaea would be exceeded b7 about 200 
volts, except that the rising station voltage alao appears acl"OA the 
other p.c. protector and breaks it down. 

The current v1ll. then bes 

I 7200 
• 10 + ( 1 2 + 5) 9· ( 12 + 5) • 15 

• 465 amperes 

and-, I across the station drop and pro~ctor 878te■ 

• 7200.;. 465 x 10 • 2150 volts. 

The tusoa vill. not holdover and the apac1ng -1·s satiatactor:,. 

- 4 -
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APPmIDIX B 

Thie appandix describes procedures which s~ould b8 followed to detel"Jlline 
the epacitw, of paver. contact protector~ on open wi~e lines necessary to 
avoid tuslng of the line wire and the possibility of its permanent 
enereiz;ttion. Coordin.cJ.tion between the power and telephone systems is 
oot achieved unlsas the spe.cinB of power contact protectors is such that 
the power circuit breakers are caused to lock out Ot\ a f'ault to gro\Uld 
before the telephone wire can fuse open. Bumdown or the telephone wire 
is usually unavoidable. 

As a,n example, aasume that a 109-135 steel open wire telephone conductor 
is involved in joint use with a 7200-volt (pha~e to neutral) power dis­
tribut:ton system. Also~ assume that power contact protectors are placed 
at regular int.erval.s, such as suggested in Table 1 of paragraph J.21) of 
this aection. 

" 

1 • For several points alone the telephone line, nearest the 
power supply station, obtain the 60 Hz impedance of the power 
conductor from the source to possible points of fault to the 
telephone conductor. Call this Zp. 

2. Calculate the resistance of the telelj)hone conductor i"rom 
the RBsumod contact point to the nearest p:>wer contact protector. 
Call this resistance Ro. (This will approximate the 60 Hz -
impedl:illce. ) 

J. The resistance of the 109-135 line wire will increase by a 
ratio of about 8.5 to 1 from a "cold" condition. to its melting 
point of about 1 5SOOC. The average linA ldre resistance during 
a contact just failing t.o fuse the wire ;dll bl'!: 

Ro + 8.5 Ro 
2 

and the average fault current will be: 

I • 7200 
z + Ro + 8°. 5-l{,2 

Rg + p 2 

~. is the MGN resistancP- to which the p.c. protector is connected 0 

U\i s ma,y be assumed as 5 ohms. 

Referring to Figure 4 find the tL~e in sAconds for ~1sing of the 109-135 
wire at current I. If this time is less than the total time required for 
the power circuit breakers to lock out, there :ts a good chance that the line 
virei will fuse open and remain energized indefi.1itely. Increases of the 
contact protector spacing may not help this hazardous condition without 
impa.1-ring the protection of the telephone station f\rnes against holdover. 
The only recourse under the.!"e circumstance a is t.o ~eek more sensitive 
circuit breaker settings by the power company. 
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