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1. GENERAL -

1.1 This section is intended to provide REA borrowers, consulting -
engineers, contractors and other interested parties with technical

information for use in the design and construction of REA financed tele-
phone systems. It discusses electrical protection measures and protection
devices which are applied to open wire telephone circuits. Because open
wire circuits have a dielectric strength much higher than other types of
facilities to which they are connected, protection applied to open wire
facilities consists of means to protect persons and property from the
effects of electric supply circuits in proximity to the open wire circuits
and to protect connected facilities of lower dielectric strength against
damaging lightning surges which can be fed from the open wire to the lower
dielectric strength fecilities. The protection of poles against lightning
1s also included in this section for convenience. The basic principles of
protection of telephone plant are included in TE & CM-801, "Conditions
Requiring Electrical Protection.” Familiarity with these principles is
necessary for understanding the specific information provided in this
section.

1.2 This section replaces TE & CM-820, Issue No. 2, dated June 1957.
The principal changes include the provision of more complete require-
ments to ensure better coordination of power and telephone systems with
the intent of safeguarding both maintenance personnel and the public from
the standpoint of personal safety.

1.3 Coordination of power and commnication circuits is not required
where Grade B construction (See National Electrical Safety Code)
exists., However, provision of Grade B construction is more expensive than
coordination in accordance with this section, and is not, therefore,
recommended.
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2. POWER CONTACT PROTECTORS

2.1 Power contact protectors serve as means of achieving coordinated
electrical protection of open wire telephone circuits which are
exposed to the possibility of contact with electric supply circuits.

They have two functions in the event of a contact between power and tele-
phone conductorss

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

b. to prevent holdover of 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
operations of power protective equipment, in the event of a contact with
telephone plant, and (2) when the voltages and currents impressed on the
telephone plant during the period before the power circuit is deenergized
are limited so as to avoid fire hazard to telephone stations, and shock
hazard to personnel who may come into contact with the telephone line.

2.2 Power contact protectors consist of air gap arresters with carbon
electrodes, connected between each of the telephone conductors and
ground. These arresters break down at approximately 2000 volts rms.

Typical current carrying capability of these protectors is shown on
Figure 1.

2.3 If the time-current characteristic of the power line protective
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 the curve in Figure 1, it means that the power contact pro-
tector will be destroyed before the power breakers permanently deenergize
the power circuit. If the power circuit breaker curve falls to the right
of the time current fusing curve for the telephone conductor, it means
that the telephone wire will fuse open before the power line is permanently
deenergized, with the likelihood that the telephone conductor will remain
energized indefinitely. All types of line wire found in REA plant {except
for 104 copper) will have a more sensitive fusing characteristic than the
power contact protector so that if the power system breaker characteristic
falls to the left of the line wire curve, coordination with the power con=-
tact protector is automatically assured. Appendix A gives illustrative
sxamples,
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2.l Because the power fault current decreases with tims due to
increase in resistance of the line wire, this fact must be taken
into account in determining whether coordination exists. Figure 2. shows
the relationship between time and the ratio of hot to cold resistance for
109-135 stncl telephone wire. From these curves, the time required for
fusing 109-135 wire at constant currents may be derived. (Figure 3)

2.5 Power contact protectors are used to provide a low impedance path
to ground for electric supply fault currents in the event of a

power contact, and a further function of these protectors is to reduce
the duty on subscriber station protectors to safe values; therefore, it
1s evident that in their application the lowest resistance ground con-
nection practicable should be used for proper operation. This condition
can usually be obtained if the ground leads of the power contact pro-
tectors are connected to the multigrounded neutral (MGN) of an electric
supply system.

2.6 With other than MIN type electric distribution systems, coordination
is usually more difficult and may be impracticable to achieve because
of the absence of a low impedance path to ground for power contact pro-
tectors. Unigrounded neutral systems and delta systems equipped with
grounding banks and ground relaying have permanent ground connections at
substations. The ability to achieve coordinated protection with such

‘Systems in the event of a contact with a telephone circuit is, therefore,

largely dependent upon the availability of sufficiently low resistance
local ground electrodeas for grounding power contact protectors. The
maximum permissible ground resistance can be computed for each protector
location. With isolated delta power systems having no ground connection
at substations, large fault currents will flow in a telephone circuit in
the event of a contact only under rather special conditions. The pro=-
bability of these conditions occurring cannot be accurately predicted.
Deenergization of 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 pdéwer systems
are involved, special care should be taken to avoid conflicts between the
power and telephone systems and if 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 bore
rower's engineer should investigate the time-current characteristics of

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 fusing characteristic of the line wire involved, to determine

if coordinated electrical protection can be achieved. Figures 1, 2, and
3 may be used as a rough check to determine if coordination can readily
be achieved with 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
system analysis for a typical case.

2.8 With typical rural electric distribution systems of the MGN type
whose maximum fault currents do not exceed about 1500 amperes and
whose nominal voltage to ground is between 3000 and 15,000 volts, there
is usually no problem in obtaining coordinated protection if power contact
protectors are grounded to the MON and are spaced at proper intervals.

2.8 Normally the spacings indicated in subsection 3 will prevent hold-
over of station fuses, but analysis in accordance with Appendix A
is desirable to ensure that the recommended spacing is acceptable in
specific cases, from the standpoint of holdover. -
3. INSTALLATION OF POWER CONTACT PROTECTORS

3.1 GQeneral conditions where power comtact protectors are required.

3.11 Power contact protectors should be installed on open wire telephons

circuits where there are possibilities of contact with electric
supply circuits with which coordination is practicable. The possibilit
of contact will generally exist at (1) poles which are in joint use, (2
conflicts, and (3) crossings. Power contact protectors should be used
where multigrounded neutral power systems operating between 3000 and
15,000 volts to ground ars involved. For multigrounded neutral supply
systems whose opsrating 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.

3.2 Standard joint use installation

3.21 The standard installation of power contact protection on open wire
telephone circuits carried on poles which also carry multigrounded
neutral electric supply circuits is as follows:

3.211 Install standard/l 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.

/1 "Standard" power contact protectors are those having a nominal breakdoun ]
value of 2000 volts rms, a time-current curve equal to or better than Figure i,
and 1listing in the "IList of Materials Acceptable for Use on Telephone Syziems
of REA Borrowers.'"

-1 -
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3.2'2 Install additional power comtact protectors at intervals as
deternined by snalyees o8 illustrated in Appendices A and B.
These spacings will usuglly be at intervals of about 20 ohms per single
line conductor. Table I gives information on distances which approximate
20 olms for various condustors.

3.213 0Oround protactors to the muitigrounded noutral via a vertical
pole ground wire in accordance with 3.23.

TABLE I
: Interval in milss Interval in miles
Typs of . betwesen power contact f{rom crossing
Conductor protectors for joint equipped with power
180 contact protectors
10k coppe 4.0 2.0
080 LOS copper-covered atesl 1,0 0.5
1o ok ¢ n " 2,0 - 1.0
128 0K " L " 3.0 1.5
080 34 » @ ] C.7 0.35
'd‘ 30’ @ # . ] 00 ! 095
128 0K " L ” 2.0 1.0
091 Aluminwe-clad steel 0.6 0.3
102 “ » “ 0.8 0.4
128 = B . 1.0 0.5
109 Calvanined stoeel Orede 985S 0.5 0.2%
109 o " % 135 0.5 0.25
109 " " " 190 0.5 0.25
134 " » * 138 0.8 0.4

3.22 The srandard installetion should be spacified in all instances

wrore 148 uoe will result in meeting the regquiremsnts for coordi-
nated protection, Instellations which do not comply with 3.21 are regaruci
as spscia) instsllations. Ipecial installatioms should be specified only '
wheare the spocial swudy reforred to in 3.11 shows the need.

3.23 Coannsction of the gmuM 1eads of power contact protectors to the
HB of tho power line ahould be accomplished by the appropriate
method for the comditdone pravailing at the pole in question as follcws:

3.2 Condition Method
Pole alrosdy squipped with a The ground leads of the power
voreleal pole ground wire which convact protsctors should te

1o commmctad to the MM comuected to the vertical pole
S ground wire by telephone line-
wen if this has been agreed to

by the powsr company.
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3.232 Condition | . Method

Pole not equipped If the pole in guestion iz at the
with vertiical pole ' beginning or end of a joint uze
gronr.i wire section, a #10 copper ground wire

should be attached to the pole on=
foot below the telephone wirs sup-
port fixture and should e extended
up the pole just throuph the tele.
phoné working space. A sufficient.

~ length of the #10 copper ground wire
to reach and be connected to the MH
should be left coiled and taped. The
ground leads of the power conbect pro-
tectors should be connected to the
#10 ground wire. The connection of
"the #10 ground wire to the MGN ghould
be made only by a power company Line-
man. If the pole in question is net
at the beginning nor at the ending of
a joint use section, the location of
the protector may be shifted one gpan
in either dirs#ction in order to make
the installation on a pole which is
already equipped with a vertical pole
ground wire.

3.3 Limited Joint Use Sections

3.31 There are situations (Figure L) where telephone and power circuits
are carried on separate pole lines except for short jolnt use spurs

running from the msin pole lines to a subscriber's residence. Where much
2ituations occur {and coordinated protection is practicable with the
standard installaiion) one power contact protector per circuit should be
installed on the telephone circuits at the location where the joirt use
begins. The installation of only one power contact protector per circuit
1s adequate for this type of joint use if the resistance of one conduchor
of the joint use spur from the point of crossing to its end does not exceed
10 ohms. The requirements given in 3.231 and 3.232 apply also on instal-
L~ations of this type. ,

3.4 Cross

3,41 Joiat pole crossings with multigrounded neutral type #lectric qupply
circuits - 3~15 kV to ground
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3.L11 Croesings of elsctric supply circuits and telephone circuits

: should be made on joint poles where practicable, as pointed out
in BEA TB & CM-801. With proper attention given to the mechanical design
of a jointly used pole at a crossing, and with power contact protectors
insteiled, the situation from a standpoint of the telephone plant is more
favorable than at a crossing made on separate poles, since the possibility
of contact is decressed and a good ground connection for the power contact
protector is ueually readily established. ' '

3.1:12 Whare a crossing of an electric supply circuit of the common
mtvipgromnded neatral typs 13 made at a jointly used pole, power

contact protectors should be insgtelled at the crossing pole on the circuits

occupyirg the top crossarm of multicircuit opsn wire lsads or on the

8ingle circult of single circuit leads, except as may be modified by

3.L03.

3.L73 Power contaci protector installations at joint pole crossings

with MU type power lines provide a low impedance path to ground
for fault currants on circuits exposed to powsr contacts for a distance
on each side of the crossings. A circuit which is involved in more than
one croesing with ths same power line need not te provided with power con-
tact protecturs i€ it has a powsr contact protector installed at an adjacent
crossing within the intervals specified in Colwm 2 of Table I. The con-
nection of the ground lsad of power contact protectors to the MGN discussed
in 3.231 eand 3.232 appliss also at crossings. . '

3.4¢ Joint pole crossings with elsctric supply circuite of other than
the multigrounded neutral typs, 3-15 kV to grcund or between
phases ‘ _

3.421 With elsctric systems of other than the multigrounded neutral

vype, 1t is more difficult to provide effective electrical pro-
tection. Construction at joint pole crossings, therefore, is even more
important than with multigrounded neutral gystems since greater reliance
mist be placsd on avoiding contacts by interposing structural plant
between the power and telephune conductors which minimizes the probability
of contacts. Considerations which would govern whether or not power con-
tact protectors should be installed at crossings with other than MGN type
powsr systems are discussed below. '

3.422 Power contact protectors should be specified at crossings with
unigroundsd "wye" and delta power circuits equipped with grounding
banks and ground relaying if the special study discussed in REA TE & CM-801
indicates that coordinated electrical protection ia practicable. The engi-
neer should detecmine apecifically: (1) The method of grounding power con-
tact protectors, {2} the meximum permissible ground reeistance, and (3)
whether or not specisl protectors are needed.
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3.L23 Power contact protectors should not be installed at e s o o
with isolated delta type power systems.

3.43 Crossings with electric supply circuits in excess of 15 kV to
ground. :

3.431 The use of power contact protectors at a crossing will frequentiy
make it unnecessary to adopt further precautions even if the

nominal electric supply circuit line voltage is somewhat in excess of
15,000 volts to ground, provided coordination can be achieved. Hhowever,
Al crossings where the electric circuit voltage to ground is of the order
of 25,000 volts or higher, joint pole crossings are not generally recom-
monded and the borrower's engineer should determine what protection
measures, if any, need be taken. This is the case whether the electric
circuit is classified as a transmission circuit or as a distribution
circuit. 1In general, the higher the voltage of the electric system the
less the probability of a power contact due to the increased stren@th

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 standpoint calls for a greater margin of strength in
design and construction. 9pecifically, the engineer should check ths N
general physical condition of the power 1ine and its basic strength. If
these two factors are satisfactory, specific measures of electrical pro-
tection at the crossings are usually unnecessary. If either of these
factors 1is unsatisfactory, a cooperative design should be developed with
the powsr organization to obtain a crossing of adequate mechanical strenyth
and clearances. Alternatives to this would be to consider (1) an under-
¥round crossing or (2) a joint pole crossing with electrical protection
11" an investigation of the power system fault currents and protective
device settings indicate there is any practical possibility of obtaining
#ltctrical coordination with either standard or special power contact
protectors on the telephone line.

.Li Tnspan crossings with electrical supply circuits, 3-15 kV to
ground or between phases.

3.450 No effective protection arrangements comparable to joint pole
crossings are available for crossings within spans. Where such

crossings cannot be avoided it will usually be necessary to rely on
adequate 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 multigrounded
neutral is available. Other alternatives in cases of within-span crossings
with multigrounded neutral supply circuits include the installation of
power contact protectors on one side of the crossing and connection of_ _
the protector ground leads to the neutral by means of trenching or a.?%&“&
span (Unit PM2B of REA Form 511) depending on local conditions. Another
possible alternative which can be used with other types of supply systeme,
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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
electrods, or electrodes, having a ground resistance low enough to insure
coordination, if this can be achieved at a reasonable cost. In all cases
coordination requires that the power system circuit breaker characteristics
shall be 3uch that the telephone line wire will not be fused open and the
power contact protector will not be destroyed. '

L. CABLE BUFFER PROTECTION

li.1  Air gap iightning arresters should be installed on open wire leads
where required for cable "buffer" protection as outlined in REA
TE & CM-815. Lightning arresters should not be installed on circuits
on which powsy contact protectors are installed within one-half mkle
of the cable deaderid as these protectors afford lightning protection as
woll as powser contaci protection. ‘

S. DRAINAGE UNITS ~ THEORETICAL CONSIDERATIONS

5.1 hs expleined in REA TE & CM=801, open wire- telephone circuits in
joint use with, or in parallel construction with electric supply

lines will nave voltages induced in them by both the electric and the
magneiic fields surrounding the power conductors. The voltages due to
the magnetic 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
measures may be required and are discussed in REA TE & CM-825. Drainage
units discussed herein do not provide effective protection against mag-
netically induced voltagses.

5.2 'The magnitude of the electrically induced voltage on an unterminated
open wirs telsphone conductor having infinite leakage resistance
depends primarily on the relation:

Cy

" vP Cy + 02 Where

VT = induced voltage to ground of the telephone conductor,

Vp = reeidual voltage (vector sum of the voltage in all
wires to ground) of the power line, .

€y = capacitance per unit length between the power con-
ductors and the telephone conductors,

C, = capacitance per unit length bestween the telephone
canductor and ground.
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The degree of annoyance, or the extent of surprise shock to which a
lineman could be subjected if he contacted the unterminated telephone
conductor depends primarily an the current that could be passed through
his body rather than on the voltage. For typical situations this current
is roughly:

I = VpwC, L where:

Vp = residual voltage of the power line

we=27 x frequency _

C1 = capacitance per unit length between the power conductors
and the telephone conductor in farads

L = Length of the exposure

The magnitude of both the voltage and currents given by the above equations
represent maximum values and would be reduced somewhat by the parallel
paths from the telephone conductor to ground provided by divided ringers
and loakage. :

5.3 As indicated in REA TE & CM-801, the electrically induced voltage
may be quite high on severely exposed lines and the current which

could be drawn through a contact may be large enough to cause a hazardous
surprise shock. A high electrically induced voltage level on a telephone
line can also cause (1) dusting of carbon blocks,ﬁ%Z) false ringing of
ringers, and (3) damage to ringers. These conditions can usually be off-
set by equipping the telephone line with drainage units. Drainage units of
a suitable type should be installed in such quantities as needed to reduce
the voltage on the 1ine to about 50 volts and the current which can be
drawn through a 1500-ohm ground at any point on the telephone line to
approximately 0.016 amperes, where practicable to do so. From a practical
consideration the current which would be drawn through a 1500-ohm resistor
is due in part to the electrically induced voltage and in part to the mag-
notically induced voltage. In this discussion, as previously indicated,
it has been assumed that the current due to magnetically induced voltage
13 negligible. In some instances, however, the current due to magnetic
induction may to too large to ignore. All of the following installation
{nstructions are based primarily on electrical protection considerations.
Considerations regarding the effect of drainage units on noise are covered
in REA TE & CM-UST.

5.t Since the residual voltage of 3-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 3-phase power lines operating at voltages up to 15 kV.
Similarly, for exposures to power lines of any type operating at voltages
less than 6900 volts to ground, drainage units are not usually needed on
talephone circuits if the exposure is less than 15 miles in length.

- 10 =
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L}

5.5 On multicircuit open wire telephone leads, a considerable amount
of mutual shielding is provided between the several telephone

conductors. The application of drainage units to one or two circuits
on a multicircuit lead will substantially reduce the wvoltage induced
on the uni-iined circuits as well as on the drained circuits. Advantage
is taken uf this fact in our installation instructions in the following
paragraphs which limit the installation of drainage units to the top
crossarm only in all cases, and to not more than two circuits on the
top arm in the case of joint use with circuits of 8700 volts or less.

4.6 Drainage units of the inductor-capacitor type (Section 6.1) present
a relatively low longitudinal impedance to ground for 50 to 70 Hz

and a relatively high impedance across the line at wvoice frequencies.
This provides effective drainage without appreciable transmission or
ringing loss on systems using ringing frequencies of 30 Hz or lower.
At frequencies within the range of 50 to 70 Hz, the impedance of tuned
drainage units with one line terminal 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
responding to selected frequencies within the range of 50 to 70 Hz, may
be sufficient to prevent satisfactory ringing on long loops. Ringers
in this 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 impedance of the ground connection
of the drainage unit is in series with the longitudinal impedance of the
unit, maximum drainage efficiency will be achieved when it i1s connected
to a low impedance ground electrode. In most instances the lowest impe-
dance ground electrode which is readily available is the MGN of the
electric supply line. The gain in drainage efficiency resulting from
grounding drainage units to an MGN in lieu of to a ground rod of 100-

to 150-ohms resistance is not large and is offset to some extent by the
probability that the units 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 MGN in all joint use
applications is also 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 MGN electric poles should always be grounded
to the MGN 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 may be neglected.

6. DRAINAGE UNITS - DESCRIPTION AND INSTALLATION
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 type (Pigure 5) an additional "tuning" inductor is connected
from the oenter of the bridged networks to ground. Air gap protector
blocks are normally used to protect such units from high potentials due
to 1lightning or other causes.

6.2 Open wire joint use with single or "vee" phase power circuits
oEr&tE a§ ng volts to ground.

6.21 Joint use sections less than 10 miles in length:

6.211 Do not install drainage units as part of initial construction.
Wait until system is in operation to determine if drainage
units are necessary. '

6.212 On multicircuit léads which require drainage, one drainage unit
per circuit should be installed on each of the two circuits on
the top crossarm, which are subject to the greatest exposure.

6.213 The drainage unit on each of the circuits selected should be
located at approximately the mid-point of the joint use section.

6.214 The drainage units should be grounded to an MGN in accordance
with 6.224. .

6.22 Joint use sections exceeding 10 miles in length:

6.221 Install inductor-capacitor type drainage units equivalent to the
Western Electric Company's No. 108C as part of the initial comn-
struction.

6.222 On multicircuit leads two drainage units per circuit should be
installed on each of the two circuits on the top crossarm, which
are subjected to the" greatest exposure.

6.223 If the joint use section is "X" miles long (where "X" exceeds
14 miles and does not exceed about 25 miles) the first unit should
be located at approximately X/4 miles from the beginning of the joint use
section. The second unit on each of the two circuits should be located
approximately 3X/L miles from the beginning of joint use. If the joint

use section is less than 14 miles, a single drainage unit should be instal-

led at approximately the midpoint of the joint use section.

6.22L4 The ground terminals of the drainage units should be connected to
an MON via a vertical pole ground wire. ’
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3 ‘Oper. wire Joint use witn single or "vee" phase power circuits
oggratfng at 87/00-15,000 volts to ground.

6.31 Joint use sections = zero to 10 milas in length

6.311  Install one inductor-capacitor type drainage unit equivalent to
the Westsrn Electric's No. 108C on each circuit on the top cross-
arm as part of the initial construction.

6,312 Locate the drainage units at approximately the midpoint of the
Joint use gecction aand pround to the MON as described in 6.32l.

6.32 Joint use section exceniing 10 miles in 1ength

6.321  Install inductor-capacitor type drainage units equivalent to the
Weatern Flfcbric Company's No. 108C, as part of the initial
conatruction.

6.322 Two drainage unite por circuit should e insvalled on each pair
on the top crossarm.

6.323 If the joint use seciion 1s "X" miles long, (where "X" does not
exceed about 20 miles), the first unit on each circuit should be

located approximately X/L milee {rom the beginning of the joint use section.
The second wil. on each circuit should be located approximately 3X/L miles
from the beginning of the joint use section. It is probable that if "X"
exceeds about 15 miless on single circuit leads, or 20 miles on multicircuit
leads, that two drainage unita nmer circuiv will not provide sufficient
drainage. In such cases the procedure describsd in 5.5 should be followed.

6.32L  The ground terminala of the drainage units should be connected to
the mltigrounded neuts:? of the peower system via a vertical pole
pround wire, .

6. In all of the above invtancesg raquiring the installation of drainage

units "as part of the initial construction" the drainage unit instal-
tations should be mede and completaly terminated bsfors the ground connections
required ‘n 8.1 sre removed. It 3s important that this procedure be followed
to prevent possible dusting of carbon blociks and to eliminate shock hazard.

6.5 The limitation of two tuned drainage units per circait may not always
result in madntaining the induced voltage in the telephone circuits
at a sufficiently iow level to achleve the objectives stated in 5.3. This
limitation is nacessary in most instances, howevar, because of ringing
difficuliies which probably wsuld be encountered if more than two drains
per circult were used. Whether or not ringing trouble would occur if more
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than two drainage uaits were installed depends on many factors, including
(1) the ringing generator voltagas, frequencies, an regulation curves;
(?) the ringers' impedances, sensitivities and selectivities; (3) the
method of connecting ringers, (L) the loop resistance; and (5) the degree
of balance of the lime. If, after all *erminations have bheen made, the
voltage level with two dralnage units 1s still high enough to dust carbons
or causn bell tapping, a third unit should be connected midway Letween the
other two. inging tests should then he made at all stations on the line
to determine if satisfactoery ringing can still be obtalned.

6.5 Nonjoint Exposures

6.61 Open wire telcphona leads whicn are axposed in other than joint

use situations, such as ut readway separations, usually have much
less voltage induced in them Lscause of the reduced coupling between the
two circuits. The current which can be drawn through a ground on the tele-
phone conducte: e likewlse iess for roadway separations than for the usual
Joint use separations. Hecause of these facts, drainage units should not
be installed as part of the initial construction. I1f, after the system is
in operation, drainage units are found to be necessary, inductor-capacitor
units equivalent to the Western Electric Company's Na. 108C unit should be
installed.

6.62 Open wiro telephone Jesds which are exposed to single or “vee" phase
slectric supply circuits operating at 5900-8700 velts to ground will

nct usually require drainage unless the length of exposure exceeds about

15 miles. Where exposures greater than 15 miles are encountered, an inductor-

capacitor type drainage unit ghould be installed at about 8 miles from the

beginning of the exposure and at 15-mile intervals. Drainagse units should

o installed on the twa ~irsuits which are subjectad to the greatest exposure

and should be grouwidad o a ground v.d {Unit #M2 of dFA Form Cila).

0.0 Dpen wire teiophone icads cegqulioing drainags, which are exposad to_
single or "vee" phase oler i supply nircuits vrerating 8700-15,000

volte vo ground shiouid be aquipped witw inductor-uapacilor type drainage

units at 10-mile intervals. 7The first .ntt should be installed 5 miles

from the beginning of the exposure. irainage should be provided on the

two clrcuits which are subjocted to the greatsst exposure and should be

grounded t¢ a ground rod as indicated in 6.62.

6.6l  If the rosdway separaticn is greater than 35 feet, no drainage units
will ordinarily be required.

7. LIGHINING PROTECTION WTRES FCOx POLES
7.1 Lightning profection wires may be neceesary Lo prevent aplitting of

wood poles in certain areas of high lightning insidence and seveTe
exposures. A study of local conditions should he made by the borrower's

-1l -
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engineer to determina to what extent this protection is required.
Normally, extensive use of lightning prctection wires should bhe

necessary only in arcas having more than 60 lightning storm days per
year. In su.h arear lighining protection wiras should be installed

on poles ‘fiich are seww:-aly exposed due to being on the top of a hill
with little or no shielding such as buildines, trees, or a higher foreign
pole line, Protection wires should also be applied to several poles
adjacent, Lo hill top exposures. With flat terrain where the exposure is
more uniform and less savere, protection irires should be installed on
evry fourth pole. Pole lightning protection wires are not normally con=-
sidered necessary in areas which have less than 30 lightning storm days
per year. In areas having between 30 and £0 lightning storm dsys per year

application of lightning prctection wires to poles at hill top locations
should be adequate.

7.2 This form of pole protection normally consists of a wire stapled
from the top of the role to the butt (Unit PM1 of REA Form 511a).
Whaere it 1s necessa~- to install 1ightning protection on an existing pole,
a PM2 unit should be used. The PM2 unit consists of a wire stapled from

the top of a pole to slightly below the ground line at which point 1t is
connected to a ground rod. .

t. QRCUNDING NOMWORKING OPEN WIRE '

4.1 Open wire which is not connected to rentral office aquipment 13 con-
sidared to ba "nonmworking." Nonworking open wire may have voltages

induced in 1t from nearby power conductors. Voltages may also exist sas a
rasult of an accidental contact with the nower conductors. All ronworking
wirs srould, therafore, be grounded to a low rssistanca ground at the
beginning of the nonworking section to reduce the effects of foreign wvoltages.
IT the nonworking sectinn exceeds 10 miles in iength, additional grounds
should be placad at approximately 10-mile intervals. The instructions con~
tained in this section apply principally to newly constructed open wire

that 1is not immediately connected for service but apply also to open wire
which has become fdle because of service disconnection and plant rearrsugemsnts.

8.2 When grounded nonworking wire is to be connected for aervice, do

not remove grouncdirg cornecticns until the entire length of non-

working wire has been visually inspacted from the ground for contacta with
power wires.

6.3 Rubber gioves should be used when making or breaking ground connections.

8.4 Nonworking wire which is required to ba grounded should be grounded
by one or more of the following methods:

- 15 -
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8.41 At cable terminal poles by connecting bridle wire from each non-
working open wire conductor to the cable suspension strand with
suitable connectors. The bare ends of the wires of each bridle pair
should be twisted together and placed under the washer of the cable
lashing clamp. -

8.42 At poles equipped with vertical pole ground wires which in turm
are interconnected with an MIN, bridle wire should be run from

the nonworking wire to the vertical pole ground wire and should be con-

nected to the pole ground wire by means of a split bolt type of connector.

8.43 Grounding may also be achieved by connecting bridle wire from the

nonworking conductors to a telephone guy which is interconnected
to an MON. The connection to the guy should be made by means of a strand
ground clamp. '

- 16 -
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APPENDIX A

This appendix discusses in some detail the necessary considerations in
determining th- placement of power contact protectors, from the stand-
point of preventing station fuse holdover.

In order to determine whether a given spacing between power contact pro-
tectors will prewvent holdover of station fuses in the intervening length
of wire, the following considerations ars sssential.

The conditions most likely to result in holdover are when:

1. A gstation is connected to a point midway between the power
contact protectors;

2. & power contact takes place at thls same point;
3. no other dtations are connected within this séction; and

L. the section is the cne nearest to the power system sub-
station feeding the jJoint use (or crossover) situation.

In order %o avaluste the caes in question, it 1s necessary to determine:

T. The impsdance of the power circuit from the point.of con=
tact with the telephone conductor back to the substation,

inciuding the generator (trensformsr) and ground impedance.
CﬂltMﬂZV

2. The expected impedance of the telephone station drop wire
(one conductor) and the ground electrode. Call this Zgy.

3. The impedance of the telephone conductor (one wire) from
the contact point {center of the section) w0 one of the
adjacent power contact protectors including its ground.
(MO ground impsdance may be assumed to bs 5 ohms.) Call
this Z,. '

In the event of & powsr contact half way between power contact protecto. .
(worst case) the ssquence of events will be:

'. The station protector, baing much lower in breakdown than

the p.c. protectors will break down first. The power current
will be: ' ’

v R
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APPENDIX A (Cont'd.)

The voltage remaining on the station protector system
will be: :

Eggq- Ipl zat
It Ip1 zgx is greater than the breakdown of the power con-
c

tact protéctor (2000V) one of these protectors will break-
down and the power cwrrent will be:
Ip2 - + A
T, v Ty & 7 ® = Parallel

impedance

The voltage remaining on the station protector system will
bes .

If Egqyp 18 still greater than 2000V, the other power contact
protector will operate and the final power current will be:

B
Ip3 - 2 + (Z 6 z G z ,
p t t2 st

and the voltage at the station protector will bes
sty " Bp - Ip3 %

If this voltage is greater than 3000 volts the station fuses
will holdover, constituting a fire hazard, and the power con-
tact protectors must be placed closer together or the p.c.

ground resistance reduced until the station protector potential
is brought below 3000 volts.

The following examples illustrate the calculations described
above. Assume:

1. Power system of 7200 V to ground.

2. Power system Z to nearest point of contact with
telephone 1line - 10 ohms.
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APPENDIX A  (Cont'd) :

3> Telephone system 109 steel having Z = 8 ohms/k ft.
. Contact protector spacing 3000 ft.
5. Contact protector ground to MON = 5 ohms.
6. A telephons station with fuse type protectors
connected at the midpoint of the 3000-foot length
{worst condition).
7. Power contact at the midpoint 2s per 6 above.
. 8. Station pround and drop wire impedance = 15 ohms,
MOTE: 00 Hz anedancé and dc resistance are considered
squivalent for purposes of these calculations.
The station protector will break down first and the current will bes

I = 155 = 290 amps

This curren® wlll flow through the station fuses melting the elements
and the circuit will become open circuited unless ionization and the
volteage availabls are such as to cause fuse holdover. The second event

will be the breakdown of the lower of the two adjacent power contact

protectore; the voltage left at this station drop-protector system will

be squal to the drop along the telephone conductor to the ground of this
p.c. protector.

The voltage across the station drop and protector to ground will bet

15 x 290 = L4350 volts .
This would cause the fuses to holdover, except the rising voltage at the
station also appears on both of the p.c. protectors. One of these will
break down and the current will be:

I - 7200
W0+(12+5)@15

“ T%gggg = 40O amperes
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APPENDIX A (Comt'd.)

‘!!_'ihe V:itlgo across the drop and station protector will then try to
se to: |

7200 - 40O x 10 = 3200 volts.
The holdover capability of the fuses would be exceeded by about 200
Vvolts, except that the rising station voltage also appears across the
other p.c. protector and breaks it down.
The current will then be:

7200

I " o Dtz e
- hSS amperes
and, E across the station drop and protector system
= 7200 = L65 x 10 = 2150 volts.

1

The fuses will not holdover and the spacing is satisfactory.
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APPENDIX B '

This appendix describes procedures which s*oculd be followed to determine
the spacing of power contact protector:z on open wive lines necessary to
avoid fusing of the line wire and the possibility of its permanent
energization. Coordinstion between the power and telephone systems is
not achiseved unleas the spacing of power contact protectors is such that
the power circuit breakers are caused to lock out om a fault to ground

before the telephone wire can fuse open. Burndown of the telsphone wire
is usually unavoidable.

As an example, assume that a 109~135 steel open wire telephone conductor
1s invclved in joint use with a 7200-volt (phase to neutral) power dis-
tribution system. Also, assume that power contact protectors are placed

at regular intervals, such as suggested in Table 1 of paragraph 3.213 of
this asection,

1. For several points along 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
telephane conductor. Call this Zp.

2. Calculate the resistance of the telephone conductor from

the assumed contact point to the nearest power contact protector.
Call this resistance Ro. (This will approximate the 60 Hz .
impedance. )

3. The resistance of the 109=135 line wire will increase by a
ratio of about B.5 to 1 from a "cold" condition to its melting
point of about 1550°C. The average line wire resistance during
a contact just failing to fuse the wire will be:

Ro *+ 8.5 Ro
2

and the average fault current will be:

I - 7200 .
Ry + Zp , Ro ;*B} Ro
RH. is the MON resistance to which the p.c. protector is connected.
is may be assumed as 5 ohms.

Referring to Figure L find the time in seconds for fusing 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 is a good chance that the 1line
wire will fuse open and remain energized indefinitely. Increases of the
contact protector spacing may not help this hazardous condi?ion without
impairing the protection of the telephone station fuses against ?oldover.
The only recourse under these circumstances is to seek more sensitive
circuit breaker settings by the power company.
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