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1. GENERAL 

1.01 This section is intended to provide REA borrowe!'s, consulting 
eng1neers, contractors and other interested parties with tech­
nical inf'orm.ation for use in. design and construction. of' REA 
borrowers' telephone systems. It d1"sM1Sses in particular 
staking for construction of' aerial telephone plant. 

1. 02 Stak1 ng of' buried plant is discussed in REA TB & CM Section 641, 
"Construction of' Buried Plant •. " 
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1. 03 Stak1 ng should be consistant w1. th the construction proposed in 
the Area Coverage Design. It should be undertaken w1. th the 
objective of constructing plant which conforms to REA standards 
of design and construction; is free from hazards, and is the 
most economical plant practicable. 

l.o4 The staking engineer should have at his disposal and be fami.llar· 
with the following material: 

The approved Area Coverage Design (Including Maps) 
List of signed subscribers 
Maps showing available Rjw easements 
Details of Joint Use .Agreements 
REA Form 511, Telephone System Construction Contract 
National Electrical Safety Code (Latest Edition) 
National· Electrical Code (Latest Edition) 
Wire Manufacturer's Sag and Tension Data 
.REA Telephone Engineering and Construction Mam,aJ Sections 

430 Subscriber Line Loading 
431 Voice-Fre~ency Loading for Trunk cables 
46t R1 and R2 Transposition Systems 
463 .REA-l Transposition System 
465 .REA-Vl Transposition System 
6ol Discussion of the National Electrical Safety Code 
6o2 Clearances 
6o3 Right-of-Way Selection 
6o5 Right-of-Way Clearing and Tr1mm1 ng Assembly Units 
610 Poles 
611 Design of Pole Lines 
615 Design of Open Wire Plant 
616 Construction of Open Wire Plant 
617 Railroad Crossing Specifications 
619 Design & Construction of Insulated Open Wire Plant 
620 Design and Construction of Figure 8 Distribution Wire 
625 Pole Top Assembly Ull1. ts 
626 Staking of Aer~al Plant 
627 Route and Pole Bumbering 
629 Cable Plant Layout 
630 Design of Aerial Cable Plant 
635 Construction of Aerial Cable Plant 
645 Cable Plant Assembly Units 
650 Guys and Anchors on Wire and Cab~e Lines 
690 Joint Use of Pol.es 
701 Station Installations 
8ol Conditions Requiring Electrical Protection 
8o5 Subscriber Station Protection 
815 Electrical Protection of Aerial Cable 
820 Open Wire Circuit Protection 
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82.1 Mul.ti-Pair Distribution 'Tire Protection 
822 Electrical Protection of Carrier Equipment 
830 EJ,ectrical Protection Assembl.y" Units 

1.05 St&king'personnei shou1d attend the Pre-stak1Dg Conference and 
staking -shouJ.d conform to the agreements and requirements 
contained in the conference notes. 

1.o6 In order to minimize de1ay and expense caused by rep1acement 
of stakes 1ost because of subscriber activities, the 'owner may 

·wish to pub1icize the staking operation. Figure 1 is a samp1e 
advertisement designed to prevent 1oss of stakes. 

1.07 References: 

REA Bulletin 38o-1, Right-of-Way and Tit1e Procedures 
REA Bulletin 383-4, Pre-Staking Conference Check List 

2. ACTIVITI!E OF T.BE ENGINEER 

2. 01 When the system engineer has asseDib1ed the in:f'ormation required 
re1ative to the characteristics of the circuits and the sub­
scribers to be served, the staking engineer proceeds as follows: 

· 2. Oll Give Ql.le consideration to farming operations and 
seasonal conditions so as to Jldn1m1ze tl:le necessity 
for rep1acement of stakes. 

2.012 Condllct stald.ng. operations so as to conform to the 
1atest revision of the NatioDal. EJ.ectrical Safety 
Code, National Electrical. Code and 1ocal and state 
1aws; rul.es, regulations, and orders of state 
regulatory b.ocUes, whichever eze most stringent; 
and the apProved Area Coverage Design. 

2. 013 Stake onl.y" lines shown in the approved Area Coverage 
:pesip except for m:l:nor changes dictated by field 
cond1 tions unless wr1 tten approval is obtained trcm 
the owner and REA. 

2.014 Give careful consideration to the right-of-way obtained 
on each parcel of la:c1d on which lines are to be staked. 
If the right-of-way is not satisfactory frcm an engineer­
illg standpoint such as poor routing, hazardous condi­
tions, hee.v:y clearing, inadequate guying space, etc. 1 

the stak1 Dg engineer should discuss the condj. tions with 
the owner so that an at-tempt can be made either to procure 
a.dditional right-of-way or to relocate the proposed 
sectton of line i& a more satisf~ctory 1ocation~ 
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2. 0~5 Give carefW_ consideration to the ~ocation of station 
e~pment in staking main line pol.e ~ocations adjacent 
to a subscriber's premises so that drop and station 
ground wiring will be as short as practicab~e. 

2.0~6 !n connection with the staking of proposed joint use 
~s, prepa;re and submit to the owner detail.ed informa­
tion concerning po~e changes, insert p~es and other 
changes or modifications in existing pol.e lines of other 
utilities to accommodate the owner's faci~ities. SuCh 
information shoul.d be prepared with the ~ pa;rticipation 
of the engineering department of the other util.i ty. 

2.01.7 .Provide detail.ed instructions on staking sheets regarding 
the point of attaChment of the owner's facil.ities on po~es 
proposed for joint use. 

2.01.8 Prepa;re staking sheets in suCh form that they may serve as 
the means by which1 directions are g1 ven for the construc­
tion of the project and aao provide a permanent outside 
plant record of the proposed system. 

2.01.9 In connection with the staking of ~ines along and within 
the right-of-way of public roads, the sta.king engineer 
~ make every effort to determine whether there are 
a:ny road widening projects coptemp~ated whiCh might cause 
the owner to relocate a sectibn' of line shortl.y after the 
plant is constructed. Information on proposed highway 
construction can usuall.y' be obtained from the engineering 
departments of state and county road commissions. 

2. 020 Where the owner is required to submit engineering informa­
tion as a prerec:pisite to obtaining a per:nit, license, 
t'ranchise, or authorization from public bodies or private 
corporations in connection with proposed construct:f,on, 
the staking engineer ~obtain the necessary fieM data 
tor the system engineer to prepare the required engineering 
information and drawfngs tor the owner. Exampl.es of stak­
ing that may involve app~ication for permits are as fo~ws: 

.. 
a. Trimming or removal of trees in public 

right-of-way. 

b. crossings ot state highways. 

c. crossings ot navigabl.e streams. 

d. Railroad crossings. 
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e. Joint use of poles with another utility. 

f. Crossings o~ other wire lines. 

g. Cros!3ings of laud owned or controlled by 
public bodies. 

h. Location of poles in incorporated villages 
or towns. 

REA ForJJl 217, Post Loan Engineering Serv:J.ce Contract 

3· NATIONAL ELECTRICAL S.AFE'l'Y CODE 

3.01 It is most important that the staking engineer know and under 
stand the National Electrical Safety Code (NESC) Requirements 
:f'or telephone system construction and the rules of particular 
states where staking must conform to both state and lUSC 
requirements. 

3. Oll SaJie states have local reQ!.lirem.ents .for telephone pole 
l:ine construction. In such states, the latest edition 
of the NESC t:1r local requirements, whichever is more 
s~ent, must be observed by the staking engineer. 
For states where no recplirements ue established, the 
provisions of the latest edition of the.u:sc !llllst be 
met. 

3.02 The portion of the ImSC that the staking eiJgineer is particu­
larly concerned w1 tb. is Part 2 which dea.ls w1 tb. the construction 
and maintenance of overhead and underground lines. In applying 
the JESC rules it iS well for the st.ak1 ng eiJgineer to keep in 
mind that the rules set forth therein were not intended to serve 
as a basis for designing or staking telephone plant. The rules 
should be considered as the mi n1 mum. standards that must be met 
if the pi Mt is to have sufficient strellg""..b. to w-:l:tb.sta.ud the 
mechanical loads and stresses to which it w1ll be subJected; be 
reasonably protected from the possibl.e effects of lightning and 
other electrical disturbances; and to be rel.ati vely free from 
hazards to the general public and to persons maintaining the 
facilities. · 

3. 03 The requirements of the JESC are such that the stric't9ess of the 
rules va:r:y with the degree of hazard involved. In order to 
provide adequate rules for the va:r:ying degrees of hazard, the 
NBSC g1 ves special consideration to the following requirements: 
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a. ~ea· .. ~ces 
b. Grades of Construction 
c. Loading 
d. Strength 
e. Electrical Protection 

3.o4 References: 

National. Electrical. Safety Code 
REA TE & CM-6ol, Discussion of the National Electrical. 
Safety Code 
REA TE & CM-6o2, Clearances 

4. NATIONAL ELECTRICAL CODE 

4. 01 The purpose of this code is the safeguarding of persons and 
of buildings :from hazards arising :from the use of electricity 
for light, heat, power, radio, and communication. The 
National. Electrical Code (l'IEC) contains basic min111J1m prov:Lsions 
considered necessary for safety. 

4.02 Chapter 8 "COJl!Mim1cation Systems" Article 800 - "Comrmtni cation 
Circuits" discusses minimum. conductor installation and separa­
tion re~nts, protective dev:Lces, conductor insulation 
requirements and station grounding. REA practices follow the 
N.EC requirements in and on buildings rather than the re~nts 
of Section 39 of the NESC. 

4. 03 References: 

National. Electrical. Code 
REA Form 5ll, Telephone System Construction Contract 
REA TE & CM-701, Station Installations 
REA Tl!: & CM-805, Station Protection 

5. MECHANICS OF STARING 

5.01 Staking of REA borrowers• telephone plant inVIllves the determina­
tion of: 

a. Control points aJ.ong the route. 

b. The appropriate locations of aJ.l poles, anchors, 
ternrfnals, etc. 

c. The appropriate plant assembly unit for each application. 

d. The most effective location of the :first attachment on the 
subscriber's building,. the protector location and the most 
effective grounding electrode available. 
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e. The right-of-way clearing and trimming units. 

5. 02 This inf'ormation w1 th a sketch and terrain prof'i~e (were 
d:Lf'f'icul.t terrain is encountered) entered on the staking sheet 
provide: 

a. A means of' verif'ying the se~ected units. 
b. A means of' summa.rizine; the units 1Dvci~ved 1D the construction. 
c. Instructions f'or construction of' the plant. 
d. A means of' preparine; the final. inventory of' the completed 

plant. 
e. A necessary plant operating record f'or the owner. 

5. 03 Control points are e;eneral.ly the same f'or aerial wire and aerial 
cable plSll.t. 'Control: points f'or both types of' plant are points 
where plant must be located and points that must be avoided. 
Scme typical conditions which determine control points are as 
follows: 

a. Street, a.l.by, and pro:.r-.rty lines. 
b. Street, all.ey, and highway intersections. 
c. Rivers, ~e ditches and canals. 
d. Gullies and d1 tches. 
e. Ridges an<l depressions. 
f. AzlSles and corners in highways and roads. 
e;. Farm dnveways and f'ie~d entrances. 
h. RaUway rights-ot-way. 
i. ~le lines of' other caqpanies. 
J. Junctions between· cable and wire. 
k. JUnctions with braneb. lines. 
~. CabJ.e termiDal locations. 

•• SubsCribers' premises 
n. Trees and brush. 
o. Rigb..t-of'-way restri.ctions. 
p. Changes in grade. 
q. outcroppine; rock. 

5.o4 Prior to stakfng aerial plant +be basic pole and basic span 
length will have been daterm1ned. The st*1 ng engineer should 
determine the control points 1D each section of line and stake 
approximateq equal spans, as close to the basic span as 
practicable, between those contro~ points. The ba&ic span 
should be wried frail to avoid undesirab~e pole locations such 
as 1D depressions, gullies or ditches, etc. 

5.05 An eng3neer's transit, preferably with stadia hair, should be 
used to run the line between control points. The transit may 
be set up and leveled over one of the contr~ points if' one 
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point is visible :trcm the other. By taking a·"f'oresight" 
on a range rod pl.e.ced vertical.ly at the other control. point, 
the l.ine is established. A rodman thereupon proceeds toward 
the other control. point and the transit man lines him in at 
points along the l.ine where poles are to be l.ocated. A 
stake marke9- with the pol.e number should be driven at each 
pole l.ocation. 

5.o6 If' conditions eze such that neither control. point can be 
seen :trcm the other, the transit ms:y be set up at some 
intermediate point such as a l.ocation on the top of a knoll 
where range rods set at each control. point are visible. The 
instrument is set up. on a. point estimated to be on the line 
by backsighting on one of' the control. l>O'ints and reversing 
the telescope on its horizontal axis, a $eck can be made to 
determine the· extent to which the transit is out :trcm the 
line. . By a "juggJ 1 ng in" process and by repeating the above 
check one or more times, the. instrument is finally' pl.e.ced on 
l.ine. A rodman then proceeds toward the transit :trcm each 
control point and the transit man. l.ines the rodman in at each 
pol.e l.ocation. 

5.C1l There may be sane sections of' line between control points 
where it is diff'icul.t to line in range rods because of' brush, 
trees, crops or other obstacles. In such instances it may be 
possible to run a parallel line along the edge of' a traveled 
road where visibility is unobstructed. If so, a l.ine may be 
run as previously described and the pol.e stake l.ocations 
determined by of'f'set. If this method 1s used care must be 
exercised to make certain that equal of'fset distances are 
measured at right angl.es to the line established al.ong the 
road and in the same plane or stakes Will be· l.ocated out of 
l.ine. 

5.08 When using the transit e.t control points to l.ine in stakes, 
the instrument should al.so be used to measure the angle of 
change in the· line i:f there is to be an angl.e in the l.ine 
at· the control. point. If'· there is an angl.e, the transit should 
be· used to bi.sect the angl.e and establish the l.ine along which 
an anchor is to be located. . A stake should be dri. ven· at the 
anchor l.ocation. 

5·09 The transit may be used in determining differences in el.eva­
tion between tvo pointS by tak1 ng ·a. rod read' ng at each point 
With the instrument l.evel. and tek1 ng the di;t"f'erence in the tvo 
rod readings to determine the diff'erence in el.evation. Infor­
mation so obtained is· valuable· in "grading" a line, determining 
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clearances at highway and power crossings and in staking rai~.;. 
road crossings. The same inf\Jrmation may be obtained but wj_ th 
a ~esser degree of accuracy by using a hand level. This 
instrument is a simp~e device which is he~d at the eye and the 
;t'arther end raised or ~owered untU the bubble is in the ·center 
of the tube. When thi·s occurs, a point on a rod in line with 
the horizon~ ~ine is noted and approximate ~ve~s measured. 

5.~0 Where it is probabl.y that there will be ditti~ty in finding 
stakes at a later date the stake location should be indicated 
by driving a four foot bui~ding lath adjacent to the stake or 
by providing some other sui table marker. Where the stakes are 

· ~oc:ated on private right-of-way so as to be invisib~e from. the 
road because of brush, trees ·or crops, a suitab~e marker (such 
as a strap of cloth on the fence) should be provided so that 
the location of the stake will be indicated from the road. It 
will uso be helpful. to place appropriate notes on the staking 
sheets. 

6. PLANT ASSEMBLY UNI'!G 

6.0~ The general design represented by the approved area coverage 
design must be converted by the staking engineer into a specific 
design in sufficient detaii to enab~e a contractor or an owner 
to bui~d the p~t. To facilitate this, "assemblY units" have 
been devised for practicU!y all major components of outside 
plant. By speeit'ying the appropriate type, quantity and ~oca­
tion of assembl.y units, the staking engineer indicates the 
construction for the com.p~ete physical plant as contemplated 
in the design. 

6.02 The staking engineer must be thoroughly famil.iar with the 
assembly units and their application. The pro~r use of the 
units is discussed in the applicab~e sections of the mem1a~. 

6.03 References: 

REA Form 5ll, Te~ephone System Construction Contract 
REA TE & CM Sections 

430 Subscriber Line Load1ng 
4~ Voice-l!"requency Loading for Trunk Ce.b~es 
462 n and R2 Transposition Systems 
463 REA-~ Trans:Posi tion System 
465 REA-Vl Transposition SY'5tem. 
6o5 Right-of-Way C~earing and Trimm:ing Assemb~y Units 
6ll Design of Po~e Lines 
625 P~e Top AssemblY" Units 
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627 Route and Pole Numbering 
645 Cable Plant Assembly Units 
650 Guys and Anchors on Wire and Cable Lines 
830 Summary of Units Used in Protection Systems 

7. RIGHT-OF-WAY CLEARING AND TRIMMING 

7. 01 Right-of-Way Clearing and Trimming units are defined in REA 
Form 511. Applications of the unit designations are described 
in REA TE & CM-6o5. Clearing and trimming units are descrip­
tions of limits within which clearing and/ or trimming is to be 
performed to stated specifications without regard to the amount 
of timber to be cut or brush to be cleared. 

7.02 Minimum right-of-way widths within which clearing is to be 
done ar~ based on the type of pole line facilitty to be con­
S·tructed. Normal guide lines are listed below but the staking 
engineer may find it necessary tv deviate from these in some 
instances. 

a. For aerial cable plant - Five feet on each side of the 
centerline of the pole line. 

b. For Mul tipair and One-Pair Distribution Wire - Five 
feet on each side of the centerline of the pole line. 

c. For Two Wire Open Wire Leads - Five feet on each side 
of the centerline of the pole line. 

d. For Multicircuit Open Wire Leads - Ten feet on each 
side of the centerline of the pole line. 

7. 03 The staking engineer mus"b determine the required clearing or 
trimming in each span and record the applicable units e.nd 
lengths on the staking sheets. 

7. o4 ithe staking engineer shall provide on the staking sheets 
explicit instruct'ions for clearing or trimming e.nd shaping 
fruit, shade and ornamental trees, and shall designate all 
danger trees to be removed or topped .. 

7.05 If chemical treatment of the cut right-of-way is required, the 
staking engineer will specify "RC" units. 

7.o6 Proper location of the pole line or any portion of the pole 
line within the right-of-way can often result in both lower 
initial cost and in lower annual carrying char'ges. This 
l.ocation is generally governed by the control. points along 
and within the right-of-way. 

10 
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7 .c:n The greatest benefit can usual.ly be gained from sa. . tngs in 
i.llitia.l. right-of-way clear~ and trimming and the resultant 
annual. savings in R/W maintenance. Pol.e line stQ,king to 
deviat~ from a straight line in order to avoid trees may 
re·quire a slightl.y higher pol.e line investment but the cost of 
ini tiel. clearill£ and subsequent reclearing can of'ten be elimi­
nated entire~y. .Another method of deviation is to overb~d 
shrubs and brush of limited mature growth instead o:f clearing 
the right-of -way to permit using the previously determined 
basic~e ~-

7 .c:r(~ Figures 2, 3, and 4 illustrate some pol.e l.ine dev:lations 
and methods of determining the economic advantages 
resul.ting from methods of avoiding clearing and trimming. 

7 .c:r(2 Telephone Operations Manual., Section 1244, Right-of-Way 
Trimming, discusetes low-growing_ bi"1lSh and shrubs, and 
growth characteristics of a number of tree species. The 
staker should consider growth factors in staking through, 
a.l.ong, or around shrubs arid trees • 

7.08 References: 

REA Form 5ll, Telephone System Construction Contract 
REA TE & Qof Sections 
218 Plant .Annual. Cost Data for System Design Purposes 
603 Right-of•W~ Sel.ection 
605 Right-of -Way Cl.earing and Trimming Units 

REA Te~eph.one Operations Manual Section 1244, Right-of -Way 
Trimming 

8. POLE SELECTION 

8.01 Basic pol.e class and height sel.ection in general. has been made 
prior to staking. The staking engineer's responsibility is in 
choosing the right ~e (height and class) for each pol.e location. 

8.02 In the construction of much of the rural. line plant, particu­
larly two-Wire lines, pol.e costs may represent as much as 85 
percent of the cost of the line. It is absolutely necessary 
that the proper class and height of pol.e be selected for a 
particular application. In addition to the increased material. 
costs, it should be kept in mind that.- freight costs and handling 
and setting costs are greater for longer and heavier pol.es. For 
exampJ_e a 25 foot class 7 southern yellow pine pole requires a 
25~ deeper hol.e and weighs more than l. l./2 times as much as a 
20 foot class 9 pol.e. 
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8.03 Consideration shoul.d be· given to specifying pol.es of sufficient 

height to cross roads with future drops to potential subscribers 
and to maintain NESC cl.earances. 

8.o4 Standardization of pol.e heights and cl.asses to conform to the 
general requirements of the :facil.i ty being staked usual..ly 
resul.ts in construction economies. 

8.05 Adequate vertical cl.earances -(:NESC or greater) must be main­
tained over and along ·public streets, al.l.eys, roads, driveways, 

fiel.d entrances 1 et cetera. Pol.e heights will vary as required 

by the needed cl.earance, the terrain and sags of wires and 
cabl.es. The staking engineer shoul.d refer to the sag data on 
the various types of wire and strand with cabl.e issued by the 

wire manufacturers when determining individual pol.e height 
requirelnents. 

8.o6 References: 

Wire Manufacturer's Sag and Tension Data 

REA TE & CM Sections 
6o2 Cl.earances · 
61.0 Design of Pol.e Lines 
61.5 Design of Open Wire Pl.ant 
620 Design and Construction of Figure 8 Distribution Wire 
630 Design of Aerial. Cabl.e Pl.ant 
690 Joint Use of Pol.es 

9. · ANCHORS AND GUYS 

9.01. Adequate strength and proper allgnment of the pole line struc­

ture must be maintained. Anchors and f!}J.YS at corners, deadends 

and other points of strain shoul.d be of proper size to hol.d the 

storm l.oading on facil.ities expected to be devel.oped.during the 

ten-year period. However, if two f!}J.YS woul.d be required for an 
ul.timate l.oad of ten circuits, one f!}J.Y may be sufficient to 
support the l.oad of the facil.i ties to be pl.aced ini tiaJ.ly. 

9.02 When staking anchors and f!}J."fS a ratio of l.ead to height (L/R) 
of at.l.east obe shoul.d be obtained wherever practicabl.e so 
that the minimum size f!}J.Y and anchor assem.bl.ies can be util.ized. 

9.03 When side anchors are staked in a fiel.d, the right-of-way may 

l.imi t the l.ead. However, if corner pol.e l.ocations coul.d be 

shifted to a driveway l.ine, fence l.ine, l.ine of trees, or ~t­
cropping of rock, et cetera, satisfactory l.eads maY be obtained 

in IJl8llY cases without objection by the proPerty owner. 
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9.o4 In cases wbere property owners will not allow ancbors in 
fields it may be possible to place f!JJ.7 stub~ w1 th over­
head guys at locations a reasonable distarice back from the 
lead where a group of trees, drain, outcropping or other 
physical condition may allow such construction. 

9. 05 Situations may arise where pole keys or push braces may be 
re~red. These methods are expensive and should be used 
onl7 wben physical condi tiona or rights-ot-way prevent the 
use of normal construction. 

9.o6 Corners or slight angles should be accmunlated when staking 
around curves and the number of guys and anchors kept to a 
mininn1m. 

9. ar Wb.en an overhead g}J.y must be installed and an electric supply 
line occupies the opposite side of the road, the overhead guy 
and down f!JJ.7 should be attached to an electric supply line pole 
if possible. This not only saves the cost of a f!JJ.7 stub but 
Will permit grounding the guy to a mul.tigrounded neutral, if 
one exists, saving the cost of two strain insulators. 

9. o8 Guys that are classified as exposed guys are con&idered to 
constitute an electric&:l hazard to workmen and the public and 
Dlllst, therefore, be electricaJ.J.y protected. The electrical 
protection tor an exposed guy :i,s accomplished by eftecti vely 
grounding the guy, or by the insertion of insulators in th~ 
guy in order to isolate the electrical hazard. Wherever · 
practicable the B)J.Y should be grounded by bonding it to the 
neutral of a mul.tigrounded supply system, or by bond1nc it to 
a systematically an.d ef'fecti vely grounded cable strand. 

9.09 All angles guyed an.d unguyed should be shown on the stald.ng 
sheets. 

9.10 References: 

National EJ.ectrical Safety Coae 
Wire Manufacturer• s Sag and Tension Data 
REA TE & CM Sections 
6ll Design of Pole Lines 
650 Guys and Anchors em Wire and Cable Lines 

10. AERIAL WIRE PLANT (BABE) 

l.O. Ol. Staking · ot aerial Wire pl.ant is to a l.a:rge extent the sel.ection 
ot proper pol.e top assembl.y \1¢. ts to support the wire tac1l.i ties 
under the varyil)S condi tiona encountered al.ong the l.ead. Adequate 
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strength agai;lst the transverse l.oads paced upon the support 
unit must b·e determined. This determination is rea ted to the 
number and types of condll.ctors, the span l.engths invO:I.ved, 
angl.ee occurring in the l.ead and grade changes encountered as 
a resul.t of terrain conditions. 

10.02 The primary restriction in sta.ld.ng aerial. wire pl.ant is the 
maximum loaded condll.ctor tension. Maximmn l.oad.ed condll.ctor 
tension under :NESC loading is established as: 

Heavy Storm Loading Area - 85~ Rated Breaking Strength 
Medium Storm Loading Area - 75~ Rated BreeJdng Strength 
Light Storm Loading Area - 6~ Rated Breaking Strength 

1.0.03 In the light storm loading area the maximum tension will 
seldom be rea.l.ized but for the smaller condll.ctors in the 
l.oading area this limitation must be observed.. 

lO.o4 The 5th Edition of the :NESC required increments of increased 
ground clearance at 60°F for spans in excess o:f certain basic 
span lengths in the heavy, medium and light loading districts 
The 6th Edition of the NESC eliminates this added increment 
of ground clearance. However, in order that adequate and 
required ground clearance is maintained in hot· weather when 
condll.ctors expand and have greater sags, the st.aki ng engineer 
shoul.d continue to use ·the 8dded increments for determining 
required pole heights. Staking tabl.es available :from wire 
manufacturers include the added increment· of ground clearance. 

lO. 05 The increase in sag in a wire under storm l.oading is often 
appreciable. If a short span is inserted between two longer 
spans, however, the greater tension in the long spans under 
storm loading 'Will cause the pole tops to nex in the direction 
of the long spans with the resul. t that the tension in the short 
span is increased and the sag correspondingl.y decreased. At 
highway crossings, where it is necessary to maintain clearance 
even under storm loaded conditions, this can be used to advan­
tage by making the crossing span shorter than the two spans 
adjacent to it. 

10. o6 The type and gauge of wire to be used will depend upon the type 
of subscriber loops or trunks to be provided, tne of transposi­
-::.ion system, transmission and sigilal.ing ranges 1 and the average 
and maximum spans as recommended by the wire manufacturer. 

10.07 The sel.ection of the length Qf poles required to support the 
wire facilities will depend upon the ground clearance required 
under the wires. The system engineer will have deveJ.oped a. 
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basic pole height required for the lead based upon a determina­
tion of the most economical average span for the ~ead.. Thi.s 
basic span in general w:Ul. be utillzed throughout the ~ead.. 
Terrain conditions, corners, centro~ points, et cetera, may 
necessitate cbanging the span l.eJlgth rather freWJ.entl.y through-
out the lead. In consideration of~ spans than the basic 
spans set forth by the design, the staker must determine the 
height of the po~e re~red for tb:is ~ span. This deter­
mi.nation w:Ul. be rehted to the sag of the conductor, at ~oo<>pt 
and the ground dearance requirement. Bolling -cype terrain, 
where small depressions or ridges occur at frequent interva.ls, 
may indicate to the staker that a change in the basic po~e height 
and span length may be desirable to more eCODom1 caJ.ly provide for 
the proposed construction. Under such conditions the staker 
shoul.d ~t With the engineer w1 th respect to utillzing a 
basic span .sODiewhat. ~nger or shorter than that specified previ­
ous~ and consequently re~ a somewhat l.onger or shorter po~e. 
Uniform heights and dasses shoul.d be used to the greatest practi­
cable extP.nt. Although the basic ~e ma.v be higher than necessary 
in some cases, shortening one pole occasional.ly is false ecoDOJ:Icy' as 
such variations usualJ.7 increase construction costs. 

~-o.oB REA TB & CM-625, outlines the di.tterent types of pole tope assembl.y" 
units for use in supporting bare wire pl.ant. This section discusses 
in c1eta1l the capabil.i ties and l1m1 tations of the various support 
units. A thorOl.lgh understazvHng of these units and their'lilDita­
tions w:UJ. facilitate the speed at which the stak.er can proceed.· 
An ex-1 nation of these un1 ts will .reveal that angles in the ~ead. 
abme a certain degree and changes in grade greater than specified 
lilDits reqp.ires heavier 1'1xtures to support the wire. Proper care 
b:y the stak1 ng engineer in d:l.stributiDg grade changes to keep the 
ch.aDge in grade at e.rq g1 ven pole bel.ow the specified.limi t will 
allow the lise of Ugher and less costl7 :tixtures on the pol.e,s. 

~t'-09 The transposition qstem and -cypes of· wire supports will have been 
deterDiined in the ACD and the general rP-quirem.ents fUrnished to 
the staldng eng;f neer. ODe of the factors whicb. determine the 
carrier f'.reqwmey perf0'1"1D811Ce of a transposition S7Stem is the 
degree of un1form1 't7 1n the spacing between transposi tians. Every 
effort sbonJ a be mac1a b the s er to make the trans-

t1on iD as un1 orm as practi REA.• trans-
position eystem. te ts on ation between 
traus:Posi tions which mu.st be met. In &Teas where the terra1D is 
relativeq flat and. the lines aTe straigb.t, advantage shoUld be 
taken of the ab1Ut:y to stake the lU and B2 transposition S7Btems 
to the better un1f01"DD::::t7 recpiremeDts of the RM-l. transposition 
s7SteL 91is treatment vcu.ld give the ~t a good degree 00: 
:f'l.exibiU t7 trom· the standpoint of being abl.e to accoaaodate future 
carr:Ler expansion eCODalicaJ.l.1'. FUture conversion (It n system to 
aBBA-~ 87Stelll woul.d then onJ.7 invol.ve the phcemerlt of the special 
t:raDsposi tiOD brackets at certain transpoai tion ,Poles w1 t.b.out 8D7 
pol.e relocations. 

- ~5 -



REA TE & CM-626 

10.10 . Span lengths for toll., EAS, and subscriber carrier l:ines mt1st 
be as uniform as is practicable in order . to meet . 'tbb u-ans­
posi tion requirements. For the same reason, the limiting 
tension will seldom be a governing factor in the determina­
tion of span lengths for this type of plant. 

10.11 References: 

National Electrical Safety Code 
Wire Manufactuer' s Sag and Tension. Data 
REATE & CM Sections 
6o2 Clearances 
462 R1 and R2 Transposition Systems 
463 REA-l Transposition System 
465 REA-Vl Transposition System 
615 Design of Qpen Wire Plant 
616 Construction of Qpen Wire Plant 
625 Pole Top Assembly Units 
6Z( Route and Pole Numbering 
650 Guys and Anchors on Wire and Cable Lines 
820 Qpen Wire Circuit Protection 

11. AERIAL WIRE PLANT (INSULATED) 

11.01 Insulated aerial wire is intended for use in areas where 
corrosive atmospheres are known to exist, such as coastal 
and industrial areas and is particularly adapted. for 
Spanish moss areas. 

11.02 .Staking of insulated open wire plant involves the same con­
siderations as staking for bare aerial wire plant. The same 
pole top assembly units are to be used for insulated line 
wire and other factors affecting ·the construction of insulated 
plant are the same as bare open wire such as control points, 
guying and anchoring, etc. 

11.03 Use of the same sag data for insulated wires as provided by 
the wire manufacturers .tor normal tensions of· bare wire will 
result in somewhat higher tensions because of the increased 
weight per foot. However, this increased tension is not 
appreciable and can be ignored. 

u;04 Insulation on the conductors eJ 1m1nates the effects of mid-span 
hits. Consequently, tandem transposition brackets are satis­
factory for use with all of the REA transposition systems, and 
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point tJl3e brackets are not r.,cessa17 except where required 
tor speci.al transmission reasons. 

ll.05 The abrasive resistance of the p~thyl.ene insul.ation 

ll.o6 

u.ar 

perm1 ts construction through fol.iage where bare wire can not 
be perm1tted1 thus ma.n.y clearing and trimming units ms::r be 
~tted. 

REA TE & CM-622, Design and Construction of Long Span 
Insulated Open Wire Plant, discusses in detail. the various 
factors to be considered when staking this type of plant. 
The concept of l.ong span plant makes a departure f'rom 
eonventi<mal construction practices and a treatise of its 
staking considerations is beyctnd the scope of this publica­
tion. 

References: 

llatior.aal. Bleetrical Safety Code 
Wire Jllmu:f'acturer' s Sag and TeD& ion Data 
BIA T.B & CM Sections 
462 Bl. and R2 '!Tansposi tion Systems 
463 RBA-l. Transposition System 
465 REA.·Vl. Transposition System 
602 Cleara.nces 
615 · Destsri of Open ~ Plant 
61.6 Construction of Open Wire Plant 
61.9 Desi&n and Construction of Insul.ated Open Wire Plant 
625 Pol.e 'lop .Assembl.7 t1D1 ts 
621 ROtlte and Pol.e NUmbering 
950 Guys and Anchors on Wire and Cabl.e Lines 
820 Open Wire Circuit Protection --

12. FIGURE 8 DIS:rRI'.Bltl'IOB WIRE PLAft 

12.01. REA. TE & at-620, gives information on sags and tensions, 
transverse w1Dd .loads and. gq:fng req..u.re-nts which sh011ld 
be used 1D staldng this tne of plant. 

12.02 It w.Ul. be Decess&1"7 1D the staking to recognize the increased 
sas resul.ting :f'raa storm loevJ1 ns and. provide sufficient pol.e 
heipt. In order to accaapU sh this 1 t w:Ul. be necessary to 
use the f1nal unloaded sags g1 ~ 1D REA. T1 & CM-620 to provide 
the recpired ground cl.earance. 
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12.03 References: 

National Electrical. Safety Co& 
REATE & CM Sections 
6o2 C~earances 
620 Design and Construction o:f Figure 8 Distribution Wire 
820 Figure 8 Distribution Wire Protection 

13. .AERIAL CABLE PI..ABT 

13.01 The maxim1m permissib~e span leDgths f'or eab1es depend 
on the weight of' cable, the strength of' its supporting 
strand, and the storm load:l.ng to which it JJJB.Y be subjected. 
The determination of' span ~engths will be inf'luenced by 
several factors. In urban areas the span length JJJB.Y be 
determined by the length of' the city b~oek, the requirements 
f'or. cable te:rnd nal s and the dri vew.ys and property lines. 
In rural eabl.e pl.ant des!sn factors such as terrain and 
ground el.earances, terminal locations, branch cables, corners 1 

and other control points, and the possibility of' joint use 
w1 th other f'aeill ties will have a deciding inf'luence. 

13.02 Uniform spacing of po~s f'or aerial cab~e is not usu~ 
critical. and advantage should be taken of' terrain features 
to achieve. ~ong spans w1 th min:i.mulll ~ength po~es. Exceptional 
disparities in span lengths should be avoided. No partieul.ar 
concern need be g1 ven to an occasional span shorter than 
adJacent spans except f'rom the econOJQ' viewpoint. However, 
it may be necessary to use an occasional span longer than. 
the average span to avoid driveways, sates, building 
entrances.; et cetera. In these eases, exceediilg the average 
spanrby not more than 15~ is acceptable. In some eases it 
JJJS.7 be desirable to adjust several adJacent spans to equalize 
the load. 

~3.03 REATE & CK-630, gives f'1na1. unloaded sags f'or eab~es ashed 
to gal:vanized steel. suspension strand. REA. TE & CM-635, 
"Construction of' Aerial Cab~e PJ.ant," gives initial string­
ing sags and tensions for the strand alone before the eab~e 
is lashed to it. For the purpose of' providiilg adecpl&te 
ground el.earance1 the st•k1 ng engineer ·should use the f'1nal 
unloaded sags given in Seetion 630. 
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~3.o4 In urban cab~e staking the cab~ termina.l poles should be 
staked i~ l.ocat1ans so as ·~..;) provide the best drop wire 
distfi.bution within the terminal wiring limit, _with 
adJacent spans adJusted. The po~ adJacent to a terminal. 
·is also a contro~ poin~. The pol.es should be iocated so 
as to permit the shortest, most direct qrop wire run, :tree 
of trees and intervening structures. REAm & CM-629, 
discusses considerations affecting terminal and r~ady-access 
enclosure sizes and ~ocation. 

~3.05 Staking for l.oa.ding points of' a subscriber line should be 
made so as to ~ocate the loading coi~ as .. near to the 
specified spacing as is economically and physically possib~e. 
Some deviation is permissible in order to pla~ a loading 
point at a regular splice. 

l3.o6 References: 

Bational El.ectrical Safety C~ 
REA m & CM Sections 
430 Subscriber Line Loading 
4~ Voice-Frequency Loading f'or Trunk CBb~es 
629 Cab~e P~t Layout 
630 Design of Aerial. Cab~ Plant 
635 Construction of' Aerial Cab~e Plant 
645 Cab~ Pl.ant Assembly Units 
650 GuYs aild Anchors on Wire and Cable Lines 
8J.5 Cable Circui t·,Protection. 

~4. FIGURE 8 C.ABLB PLAIT 

14. 0~ The staking of aerial Figure 8 cab~ p~t will be simi~ar 
in most respects to the staking of aerial ~hed cab~ 
p~t. Some differences in initial stringi:pg sags as well 
as final Unloaded eags will re~t because of' :the following 
dif'f'erences in manufactUre and construction practices: 

l4.0U The ..suspension strand f'or aerial lashed cab~e is 
ei tb.er tM or lQ( UtiUties Grade galvanized stee~. 

· The present design of Figure 8 cabl.e utilizes a. 
support strand made from.~ ~ inch extra high 
strength galvanized steel strand having a breaking 

· strength of' 6650 pound,s. · Some proposed designs of' 
Figure 8 cab~e contemplate the use of solid support 
wires having breaking strengths in the order of' 
4ooo pounds. Sags will. thus va:ry in A.Ccordance 
w:lth the design of' support member used. 
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l.4.0l2 In lashed aerial cable construction, the suspension 
strand is install.ed, tensioned and cl.amped rigidl.y 
to the supporting poles before the cable is l.ashed 
to it. The initial or stringing tension in the 
.supporting strand is thus fairl.y constant in all. 
spans, · When the cable is l.ashed to the strand, 
however, the resul.ting tension in the strand will 
vary in accorcance with the weight of the cabl.e and 
span l.engtb.. In Figure 8 cabl.e construction, since 
the suspension strand and cabl.e are physica.l.l.y bonded 
together, the tension will be :f'airl.y constant in all. 
spans with the cabl.e in pl.ace. Therefore 1 there will 
be some differences in sags between the two types of 
cable in pl.ace even though the suspension strands 
were identical, which they are not. 

1.4.02 Until. such time as REA publishes information on the design 
and construction of Figure 8 cabl.e pl.ant, the engineer must 
obtain sag and tension data from the cabl.e manufacturer which 
will enabl.e the staldng engineer to choose pole heights to 
provide required ground cl.earance. 

l.5. JOINT USE PLANT 

l.5. Ol. The staking of joint use l.ines necessitates that adequate 
detailed information be made ava.il.abl.e to the staki n.g 
engineer prior to the time actual staking commences. Detail.s 
of joint use agreements and detail.s of sections of line on 
which joint use is proposed must be lmown to the staking 
engineer. REA TE & . CM-690, discusses the considerations that 
determine the practicabil.i ty of util.izin.g joint pol.es. This 
section al.so provides pol.e strength tabl.es, separation tabl.es 
and staking e,urves. These data were devel.oped on the basis 
that the power conductors were sagged in accordance with the 
wire manufacturers' tables. Experience has indicated that 
quite often the power conductors are not sagged in accordance 
with the manufacturers • data and consequentl.y this introduces 
a pr9bl.em of making a neJrJ determination of actual sags • 
This information must also be obtained prior to the actual. 
staking of the line. If the sags are appreciabl.y different 
than that outl.ined in the manufacturers • data .for the power 
condnctors, it JJJAy be necessary to prepare new separation 
tables. 

1.5. 02 The need for strict compliance W1 m the code requirements 
cannot be over emphasized. Carel.essness in obtaining adequate 
separation between power conductors c~d possibl.y resul. t in 
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fatal accidents to line persom:ae~ and ex;pezw:ve damage to the 
tel.ephone pl.aut and tnlbscriber' s prem1.ces. Where there is ~ 
question as to the a.ctueJ. sag of the l'OW8r condu.ctor, a repre­
sentative of the power ~ shQu.ld be contacted to make 
actual determinations of the sag cbar&eteristics 1n the J.ead. 
In indicating the separation requirement on the staking sheet 
the staking. ens:tneer 1s recplired to base this separation on 
the distance from the bottaa of the l.owest el.eetrical. faciU ty 
f'roD1 which the measurement is made to the dr1ll1llg point for 
the attacbment of the tel.ephone :facU1 ties. Tbis distance 
must include code separation and space fen: the wl.ephone faci~­
i ties above the ch-11 J 1 ng point. Separations shoul.d be kept as 
uniform as 1s practicab~e and econom1cal.. 

~5. 03 1he po~es used 1n the power ~ad Will generally provide 
adequate strength for the e.ddi tional. te~phone faciU ties. 
The ~ strength tab~es 1n REA. TE & CM-690 of tb:S.s manual. 
w4.ll prortde information for this determ.ina.tion. Where the 
strength 1n the existing pol.e is barely inade~te, the staking 
eng! neer shoul.d con~t with the resident engineer before 
indicating a changeO\lt. The po~e strength tab~s were prepared 
on the basis of five diameters of power condu.ctors and two feet 
incremental. increases· 1n ·separation. There will be ade~te 
strength 1n Dl8lJY' cases where the tab~es indicate that the 
strength 1n the po~e is barely inads~te. 

15.04 The guying requirements for the telephone faciU ties attached 
to 3oint po~es Will generally fall ·at the same~ where 
guying was prortded for t1:ie power facilities. The stslter sh~d 
consult with representatives of the power com;pa;oy to determine 
whether there is remaining strength in the anchor assembly of 
the te~pbone tac1Uties to the same anchor. Where insufficient 

. strength remains in the existing anchor assembly of the _power 
COIII,P8ll¥1 guying requirements for the te~phone faciU ty shoul.d 
be 1n accordance with the provisions 0\ltl.ined in REATE & CM-650. 

15.05 It will be necessary, in order to properly determine the guying 
requirements, to measure the &n&].es 1n the ex1. sting pol.e 11 ne. 
A trusit can not be used conveniently for these measurements, 
because to measure the line angle the transit woul.d have to be 
placed in the exact position occupied by the corner pole. An 
instrument, cal.led a "pul.l. finder" 1 prov1des a method for 
measuring this angle. The angle in the l.1ne and the distance 
frOID the po~ to the anchor to be used are recorded on the stak­
ing sheets. 
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15. o6 The spans encountered in the power lead will influence~ the type 
and gauge of telephone conductor to be used. In most areas of 
the United States the spans in the power lead were staked on 
the basis of certain ruling spans. It will be necessary for 
the staking engineer to obtain information on the ruling span 
for the joint use l.ead :from the power company before proper 
separation between the power and telephone conductors can be 
determined. After the ruling span for the power pol.e line is 
known, the conductor with the proper physi.~al capabilities may 
be chosen :from the information contained in REA TE & CM-615. 

15.07 

In applying the information on the various conductors that 
might be considered for joint use 1 it is well to keep in mind 
the following: 

15.o61 Occasional spans in excess of the maximum span 
indicated in the manufacturers 1 tabl.es may be 
utilized. These maximum span lengths may be 
increased by ten percent. 

15. o62 The average span l.ength of any section of the 
lead (between deadends) when the above rule is 
ap:r-li ~d should not exceed the maximum span for 
the conductor involved. 

15.o63 In unusual situations it may be desirabl.e to 
insert a few spans of a stronger conductor to 
satisfY the need for abnormally l.ong spans in 
the lead. The use of the stronger conductor 
should be llmi ted to sections of the lead 
between deadends. 

The factors contained in the applicabl.e ·REA TE & CM sections 
on staking non-joint use cable· apply also to joint use cable 
plant. In addition, the factors of separation and clearance 
must be considered. Where long spans are involved, the 
difference between initial and final sag as a result of 
storlli. loading becomes appreciable after the cable has reached 
its final sag. Because of the necessity of maintaining code. 
clearances and separations initially and finally both the . 
stringing sags and design or final unloaded sags must be 
taken'into account when staking for joint use construction. 
In some cases where adequate ground clearance cannot be 
obtained with 6M strand without pole ch.angeouts, consideration 
should be given to the use of lCM strand Which can be placed 
at higher tension and less sag than 6M. Addenduin No. 21 REA 
TE & CM-690, provides information for determining the px.oper 
separation and clearances for cables supported by 6M and lCM 
suspension strand. 
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15.o8 References: 

lfatiO!lU Electrical. Safety ·Code 
Joint Pol.e Practices for Supply and Canmnn1 cation 

Circuits (Pu.bllcation Ml2) 
REA TE & CM Sections 
63.5 Design of Open Wire P1ant 
630 Design of Aerial Cable P1ant 
650 Guys and .Ancl:Lors on Wire and Cable Lines 
690 Joint Use of Po1es 

16. RAILROAD CROOSINGS 

16.01 The NESC specifiee minimum vertical a:o.d horisontal clear­
ances for aerial and. underground railroad crossings; as 
Well as m1n1nnlm strength requirements for poles, condllctors, 
anchors and f!P.YS, and ma;xim1m crossing spans. The Associa­
tion of American Railroads "Specification for Communi cation 
Lines Crossing the Tracks of Railroads" is reprodllced in 
REATE & cM-61.7, Railroad Crossing Speei.fications. 

16.02 SaDe railroadS may have their own specifications which may 
differ :f'rom. the NESC and REA TE & CM-617. !lherefore, consul.t­
ation &Jlould be had with indiviaua:L ra:U.roads in regard to 
their re~ements before design a:o.d staking work is undertaken. 
The moet stringent requil'ements shoul.d be foll.oved. 

16.03. A. detail.ed crossiDg l&you.t IIDlSt be prepared for submission to 
the railroad for approval and for inclusion in the crossing 
agreement. 

16.()4. References: 

lf&tional. llectrical Safety Code 
REA TE & CM Sections 
6o2 Clearances 
617 Railroad CTOS&ing Specifications 

17. STA.TIOB DSTALLATIOIS 

17.01 Station installations incl.ude the stak1ng of drOp wire 
assembly units, station protector units, station wiring 
UD1 ts and station UD1 ts. 

17.02 Practicall.y eve'r7 station installation dif'fers f'rca eveey 
other installation. The st.ak1ng eng1Deer1 therefore, JllllSt 
exercise consider~ Judgment. ~ ahollld be thorougbl y 
familiar with the appllcab1e REA TB & CM sections. There 
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are a number of obJectives which are con:f'lictillg. There­
fore~ the proper install.ation is usual.l.y the best caapromise 
between these con:fiicting obJectives. ObJectives invo.lving 
safety and e.lectrical protection are more important than 
those invol.ving appearance and econaay. Con:fiicts~ there­
~ore, between such obJectives should generall.y be resol.ved 
in favor of the safety and protection obJectivee. The drop 
shoul.d not be staked until the location of the best available 
ground el.ec=trode and the location of the tel.epb.one set has 
been determined. REA TB & CM-8o5, covers the selection of the 
preferred ground electrode, and selection of the proper type 
of protector. ' As a general guide, ground wire runs shoul.d .not 
exceed a maxjmnm of 35 feet; horizontal drop wire runs on 
buildings should not exceed approximately 20 feet, and station 
wire runs should ndt exceed approximately 60 feet except in 
UllllSU8l. situations. - It Should be remembered at all times that 
the use of ground rods 810ne, . regardless of resistance, is not 
an &degpate substi tu.te for interconnection wi. th the power 
service ground and the subscriber 1 s water system. 

17.03 Drop pales, including cable terminal poles, are basic control 
poi.nte and should be -located so as to permit the most direct 
drop wire route, f'.ree of tree and foliage interference and 
1ntenen1Dg pole line and building structures. Drop wires 
should 'be staked so as not to cross in front of 'windows and 
over doOrs~ and not to attach to the structure under roof 
drain areas where ice, snow, or excessive moisture can a;t:tect 
the drop wire. 

17.64 • Where it is necessary to clear streets, alleys, and hishways 
v1 th drop wires to structures too low to provide proper ground 
c.lea:rances the use of a drop po.le, a lift pole or a mast is 
o:tten required. Wherever practicable attachments should be 
made to other COJII.Pf'-lV poles when covered by attachment or Joi.Ilt 
use agreements. 

17.05 Drop wire sag tables list Jdn1pm sags. The staking engineer's 
grOUDd clearance calculations should, whenever practicable, 
incl.ude greater sag if no additional cost i,s invo.lved. 

When steld ng drops :f'ro1ll or on Joi.Ilt use Poles three primary 
factors DIWit be considered; climbing space, the requirements 

·-of the other joi.Ilt user, and the re~s of the NBSC. 
Attachments to foreign poles should caupl.y v1 tb. RBSC rules 
for separation and clearance~ and the separation s~lld be 
shOwn on the steki ng sheet for the benefit of the contractor. 
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~7.07 References: 

National Electricu Safety Code 
National. Electricu Code 
REA Form 5ll, Te~ephone System Construction Contract 
REATE & eM-Sections 
6o2 ~earances 
70~ Statioll Inst~tions 
8o5 Subscriber Station Protection 

~8. PROTECTION 

~8 _. 01 The stek1 ng ~ngineer should be provided w1 th the detaUed 
protective me~ures to be emp~oyed which have, in general, 
been· decided upon in the system design. 

18.02 The principal responsibility insofar as electrical protection 
is concerned, is to be sure that each protective devief:! is 
grounded by means of the· most sui tab~e avail.ab~e e~ectrode. 
In most instances, this means grounded to the ~owest resistance 
e~ectrode which 1s practical to use. The 800 series sections 
of the REA TE & CM state the preferred e~ectrodes for various 
situation and VSJ:ious devices and give alternatives if the 
preferred electrode is not a~able. Most types of protectors 
are not effective unless connected to a ~w resistance ground. 

18.03 Where a separate po~e ~e is to be staked for te~ephone con­
ductors, crossings w1 th power distribution lines shoul.d be held 
to the m1 nimpn in ·the interests of safety. Where the staking 
of a separate te~ephone po~e l.1ne Will result in an excessive 
number of crossings, the possibill ties of joint use constru~.oion 
should be re-examined. 

l.8.o4 Joint po~ crossings are the safest type of crossings and, there­
fore, should be used whenever ·practicab~e. IIi order to keep the 
_cost of suc:O. crossings to a minimum, existing power ~es should 
be used for ·crossing po~s to the. ewtmpm practicab~e extent. 
SPans adjacent to joint ~ossing pol.es shoul.d. be adJusted so 
that the joint crossing pol.e is required for a te~phone support· 
po~e, and is not just a clearance ~. Where a mul.tigraunded 
neutral (MGN) tjpe of power line is being crossed, a joint pole 
crossing has the add1 tional advantage of melrj ng the MGN avail.ab~e 
for grounding caba shields, support Wire, ancl power contact pro­
tectors. In ma.ny instances the ab1ll ty to obtain coordinated 
protection is dependent upon the a~illty of an MGN as a 
ground e~ectrode for te~ephone protective devices. Where it is 
not practicab~e to stake an existing e~ectric power po~ as a 
Joint crossing poa, consideration should be given to having 
the power company set an add1 tional po~e in their l.iDe. and 
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attach their conductors to it for the Joint pole crossing. 
Under no circumstances should a. crossing pole which is too 
short for attaChment of the power conductors be set in the 
power company' s line (or close enough to the power line to 
constitute a. structural conflict). It is inherently more 
difficult to provide effective protection of telephone plant 
against power contacts with other than MGN type systems. 
Therefore, more rel.iance must be pl.a.ced on the structural 
strength of crossings to prevent contacts. For this reason 
it is even more important to obtain joint pole crossings with 
non-MGN power lines than it is to obtain them with MGN type 
power l.ines. 

18. o4l The NESC requires power lines (exceeding 2900 volts 
to ground) to be of Grade B construction at crossings 
with open wire telephone conductors unless coordinated 
protection is achieved. Where coordinated protection 
is achieved, Grade C construction is permissible for 
the power line a.t such crossings. Whenever it is 
necessary to convert an existing power l.ine span to 
Grade B construction because of a crossing created by 
a. telephone company, the tel.ephone company is charged 
wi tb. the cost of converting the power line. In many 

instances, therefore, a joint pole crossing if 
properl.y staked is not only the safest crossing but 
may al.so be the most economical t:rossing. 

1.8.05 Except in areas of high lightning incidence and at poles which 
are severly exposed to l.ightning, pol.e lightning protection 
wires should be used sparingly. The staker should use engineer­
ing judgme.nt in sel.ecting which pol.es are to be provided with 
protection. Guide lines for mak1 ng the selection are contained 

in REA TE & CM-815. 

l8.o6 The PM2 unit is intended primarily for grounding drainage units. 
In most areas it does not produce a. l.ow resistance ground and 
therefore, should not normally be used where a l.ow resistance 
ground is required unl.ess ground resistance measurements in the 
area. indicate that an adequately l.ow resistance can be expected 
to result from its use. In areas of high earth resistivity, 
if it is necessary to use a. driven ground because of the l.ack 

of a:ny other suitabl.e electrode, a PM2 suppl.emented by one or 
more PM2-l units should be specified. 

1.8. 07 Ce.ble protection should be staked in accordance with the 

protection system developed in the design and in accordance 
with the a.pplicabl.e REA TE & CM sections. The protection 
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features required at each pole ~hould be noted on the staking 

sheets if' they are npt specifically, covered by the applicable 

un1 t ·or un1 ts. · 

It is important for the sta.ker to understand the di:fference in 

the objectives of' station protection as compared to plant 

protection. P~ant protection is principally a matter of 
ba.lancing the cost of' repairing unprotected p~ant 'against the 

cost of appl;ying and maintaining devices which protect the 

telephone plant. Station protection and other protection 

measures such as power contact protectors are intended prima­

rily to protect the subscriber, subscriber's premises, telephone 

users, te~ephone personnel, and/or the pub~ic. Adequate pro­
tection of persons and premises should be provided regardless 

of' the cost of' providing it. Pa.ragr~-ph ~7 .02 discusses the 

detai~s for staking station protectors. 

P.eferences 

National Electric~ Safety Code 
National Electrical Code 
REA Form 5ll, Telephone System Construction Contract 
REATE & CM Sections 
80~ Conditions Requiring Electric~ Protection 

805 SUbscriber Station Protection 
815 Electri~ Protection of' Aeri~ Cab~e 
820 Open Wire Circuit Protection 
8~ Figure 8 Distribution Wire Protection 
822 El.ectri~ Protection of Carrier· Equipment 
830 Summary of Units Used in Protection Systems 
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• • • VOU HAVE A STAKE 
IN THIS• 

DON'T· PlOW ME UP 

11 COlt VOUR LOCAL TIUPIIONI COMIINY 

I lfa.ooto PUT Ml MIU AND WILL COS!_ • ..I 
THIM ALMOST AI MUCM TO PUT MI. IA'-C: 

I ( "' Figure 1 

~ 



Direct Route {10 Wire Il!a.dl: 
Estimated Cost o~ Clearins and 

Reclearing 

Invest..::nt Annual Cost 

Initial clearing - one Rl.-10 Ulli t tf5.00 $7-50 
Maintenance cost (.RecJ.ea.ring th.""ee 
year interval.s) 20.00 
TotaJ.s $75.00 $27.50 

Direct Route Side Armed: 
Estimated cost o~ additio~ pole 
l;ine material. $47.00 $ 4.70 

Net saving due to pole line 
deviation $28.00 $22.8o 

Alternate Route J.: 
Estimated cost of additional pole 
line material. $126.00 $12.60 

Net saving due to pole line deviation $(5LOO) $14.90 

Alternate Route 2: 
Estimated cost of additional pole 
llne material. $l.o8.oo $J.0.8o 

SaVing due to pole line deviation $(33.00) $16.70 

Note: Proportionate sa.v:l.l:lgs can be provided by s1milarly deviating 
a two wire lead to avoid an !U-5 Ulli t. An addi ticmal. 
deviation may be possible by using the back slope. 

Figure 2 



Basic Pole Id.De - ao• poles 6 10 v:lresl stringtnc 888 21" 
:ture lJeight o~ Brush 12' 

Desired Clearance Above Brush- Ml.Dimum 4• 
Required R<1l Clearance .27 ot oue RC2-l0 Unit 
Height o~ Poles Bequ:l.recl to Clear Brush 25' 

Investment .AJ:mual. Cost 

Est:ta.ted cost ot add:f.t1oual pole 
line •ter1&J. to oWrbuild b:r1UJh. 

llet savtD& due to overbu1l.cl. 

fjl. 00 f3 .10 

@i.oo 

$7-00 

$24.00 

• .70 

$5.10 

Actul cle&'raDce achiewd - e.ppraxiJate:q 6 • • DesUed cle&raDce could bave 

been &cCGJIPliabecl v1th 22 1 »ales but tbe buU: pole l.1..Daa in this proJect 
wve 201 aDd 25' pole 11Dea1 ao 25' polea ,_.. ue4 to llf.n1mfze suppq 
d1tncult1ea. 
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--- (1 ---c:---::cc:-- _] 
I I 
I I 
I I 
I I 

T 
20' 25' 

Ground Line 

AssU!De a row of mature trees 1,000' in length. Trimm:ing required-­
one lU-10 unit. Estimated cost $75.00. Basic pole llne--25' poles, 
250' spans, 2111 ~, 10 wires. 

Direct Route ~Ma.inta.1n:lng 25' Poles}: Investment Al:mua.l Cost 
Estimated Cost of Clearing and 

Be clearing 
$75-00 $7.50 Initial. clearing - one lU-10 um.t 

Maintenance Cost (.Reclearing tbree ' 
year intervaJ.s ) • 20.00 
Totals $75.00 $27.50 

.Reducing Pole Rei~ht !Underbuild l: 
Saving 1,n initi.SJ. pl.ant investment 

po1e cost $17.00 $ 1.70 

Net Saving Due to Pole Line Devis.-
tion $92.00 $25.80 

Figure 4 
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REA ~ & a.~-6c 6 
Exhibit B 

~. Explanation of Samp~e Staking Sheet - Aerial Wire 

~- 0~ This section of aerial wire staking assumes that the llne is 
1n the heavy l cadi ng area, that two of the rural areas served 

are beyond the supervisory ~imi. ts of ~0988 r:onductor, and that 
provision for subscriber carrier for future growth will be 
needed. The Rl. Transposition System is used with point type 

brackets because of the span ~engths and wind conditions. 

~.02 This section of ~e requires 5 circuits from po~e ~ to po~ 

~7 and 4 circuits for the remainder of the crossarm ~ead. 

~.03 A basic 25' po~e was se~ected as the terrain permits fie~d 
entrance of fa.rmi.Jjg equipment at most points uong the ~ead. 

C~s 7 po~es are specified in accordance with the Po~e Se~ec­

tion Chart ~ of REATE & CM-6u. 

~.o4 At po~e ~ it is determined that the drop Wire span from llne 

po~e to h~e is ~75' and code c~earance across road cannot 
be achieved with a 25' po~ and the required drop Wire sag of 

51 6". As the house is ~w a drop p~e is needed to maintain 
c~earance and the crossing span can be shortened to llO 1 thus 

reducing the mjninn1m drop wire sag requirement to 2' ~0". As 

the setting depth of a 25' po~ is 5' and a mi ninn1m of l.8' 
clearance is rellUired the 25' po~e is too short and a PM3 un1 t 
is specified. In this case the grOUlld ~ve~ is about 5' higher 

on the house side of the road and a 25' drop po~ is adequate. 

~. 05 Continuing of po~e llne on the west side of the road to po~e 
~5, which can be llned up with a ~ead continuing northward 
rather than crossing the road a.t po~ ~3, re~ts in the saving 

of one V)J."Y and anchor and approXimate~)" ~50' of R2-~0 c~earing • 

.Al.though the 290' crossing span requires 30' p$s to provide 
the basic 18• of clearance at ~OOOJ', the added po~e height 

costs ~ess than the add.1 tiol1U V)J."Y and anchor. ~ossing as 

shown substitutes one 30° ~e for two 4QO to 6o ~es. 

~. o6 .Al.tb.ougb. the need for the circuit on pins 5 and 6 ended at po~e 

~7 the wires were carried on to ~e l8 as anchoring c~d not 

be adequately obtained 1n the bank of the creek. A P.BJ.-6 was 
specified in the second gain for dead.en.ding the wires. 

~.(]'{ A P~-4 fused type protector unit was specified a·t R. E. Jones 

because it was assumed that the power SY"Stem was a non-MGN 
type and there was no sui tab~e water piping system; fuse~ess 

protectors are not permissib~ under these condi tiona. A P~-2F 
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Exhibit :B 

f'u.se:Less type protector unit was specified at Ch. H. Brown•s 
because an MGN type power system was assumed. Approved f'u.se­
:Less station protectors J'II&Y' be used :f'ron non-cabl.e type pl.a.nt 
onl.y if a water pi,Pe or MGN ground el.ectrode is used. 
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Exhibit c 

1. Explanation of Sample Stakins Sheet - Figure 8 Distribution Wire 

1. 01 This section of l.ine in the Base Rate Area assumes use of 3 and 
6 pair Figure 8 distribution wire. '!he cl.ass of pol.es are 
specified in accordance with REA TB & CM-6ll. '!he specified 
heights of the pol.es conform to the minimum vertical. gt"ound 

cl.earances of NESC and minimum drop wire sag requirements. 
PM52-l Pol.e Marking units are specified for each pol.e in accord­
ance with REA TE & CM-627. Control. points in this case are the 
streets and drop wire distribution. 

1.02 Although 25' class l.O pol.es woul.d provide adequate strensth 
(with the exception of the deadend pole} and clearance over and 
al.ong streets as required by the NESC and the final. unloaded 
unloaded sags given in REA TE & 04-620 they woul.d not provide 
adequate drop wire cl.earance across th'! street. Therefore 30' 
Cl.ass 9 pol.es were specified for 1ni tial. and f'Uture drop wire 
runs a~ross North Street. The construction note regarding the 
point of attachments, in the case of drop wi.rP.s crossing Korth 
Street, provides adequate vertical. cl.earance if the point of 
first contact on the subscriber 1 s buil.ding is 11)' or more above 
grade and the drop wire span is not over l.00 1 

- ll0 1
• If' the 

15 1 attachment cannot be achieved the subscriber shou.ld provide 
a mast :for attaching the drop or a drop support pol.e shoul.d be 
provided on the west side of the street. Another sol.ution 
woul.d be to increase the ".n-line pole height to 35'. '!his woul.d 
require a Class 1 pol.e and woul.d appear to be the l.east desirable 
solution. 

1.03 No trimming unit is specified for drop wire installations as the 
K-18 unit includes the necessary tr1.Dm1ng. 

l..o4 It was assumed that the st¥er found satisfactory buried metallic 
private water systems at each· of these subscribers. Be specified 
water pipe grounds and :f'Usel.ess station protectors because these 
are preferred over other types and are perm1 tted under the asswaed 
conditions. 
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Exhibit D 

1. Explanation of Sample Staking Sheet - Aerial Cable 

l. Ol Maximum cable suspension strand tension should not be greater 
than 6fY1, of the rated breaking strength, the critical load 
being the weight of a workman and his tools on the suspension 
strand rather than the storm loading. T.bis llmi tation 'Will 
effect, however, only cables of 3/4 pounds per foot or greater 
wh~n carried on 6M strand. 

1.02. For an example, assume a cable weighing l/4 pound per foot to 
be installed on 6M strand (minimum size permitted by the NESC) 
and ground clearance of 14' is required. 

a. Pole height 20' 25' 30' 30' 
b. Depth o:f setting 4• 5' 5·5' 5-5' 
c. Point of attachment 13' 13" 13" 13" 

( :f'rom pole top) 
d. Ground clearance 13' 15' 17' 15' 
e. Required sag 22.2" 42.6 68.4" 99-9" 

(final unloaded) 
f. Span length 175' 250' 325' 4oo' 
g. Poles per mile 30.2 21.1 16.2 13.2 
h. Pole cost per mile $377 $358 $324 $264 

This aerial cable line should be staked for spans as close to 
400' as possible using 30' poles. I:f more than 16 poles per 
mile are required because of control points such as terminals 
and ~les the line should be staked for 25' poles on 250' to 
260' spans. 

1.03 The 25 x 22P cable used in the illustration weighs approximately 
l/4 pound per foot. The required sags and resulting ground 
clearances as shown_above for 4o0' spans could not be achieve~ in 
this section because of the control points. 

l.o4 A row of fairly matured upward groWing trees exist along the 
route between pole 65 and 68. Maintaining the 30' pole line in 
this section would require heavy side trimming or removal. As 

the prevailing Winds were from the northwest it was decided to 
underbuil.d the branches to save clearing costs and 20' poles at 
approximately 200' spacing were specified. The initial saving 
in this short stretch of 615' would amount to .615 Rl-5 unit or 
about $34.00. Reduction in poles f'rom two 30' 7 to three 20' 7 
would amount to only about $3.00 or a total decrease in initial 
investment requirements of about $37.00.. Annual carrying charges 
and reclearing costs if tl:d.s deviation in staklng had not been 
made would have amounted to about $99.00 over a 10-year period, 
a definite benefit to the owner resulting :f'rom. good staking. 
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1.05 FM5, Pole Stepping Units are specifiea on terminal poles 
9-69, 9-71, and 9-73 as these poles may be used considerably 
by the maintenance people. PMll, Guy Guard Units are speci­
fied at poles 9-71, 9-73, and 9-74, to protect the public and 
the pla.nt facility. IM52-l, Pole Marking Units are specified 
on each terminal pole and each 5th pole as indicated in 
Section 6Z7. 

l.o6 At terminal 9-69 only pair 7 is terminated on PGl0-6 terminal 
block. This one pair is used to serve both subscribers at 
this location. At terminal 9-71 pairs 8-12 are terminated on 
a PGl0-6 terminal block and #14 gauge bridle wire is used to 
connect to the five open wire circuits on,Route 19. Pairs 
1-5 and pair 7 are terminated on PGlO-t terminal block in 
terminal 9-74. The remaining pairs appearing in the ready­
access enclosure at this terminal point will be capped. 

1. 07 Pole 71 being a junction pole between cable and Wire is increased 
to a Class 6 as provided for in Section 611. 

1. o8 In order to provide adequate road clebl"ance and to achieve a 
joint pole crossing arrangements were made for the electric 
company to change the existing 30' pole 72 to a 35' pole. 
Clearance on level ground in the back span :f'rolli pole 72 approx­
imates the following: 

1..09 

Pole height 
Depth of setting 
Electric facilities 
NEAC separation 
Final unloaded sag 

Midspan clearance 

6' 
3'6" 
3'4" 
4'2" 

35' 

17' w 
As the point of crossing is between midspan and pole 72 the 
final unloaded sag condition would provide 18• plus vertical 
clearance over the road. 

Although the cable could have been terminated at pole 9-73, it 
was felt desirable to continue the cable to pole 9-74 to 
eliminate the necessity of placing the open wire deadend arm 
and the f!P.Y for the cable on the joint crossing pole owned by 
the Electric Company. It is not necessar,y to place a f!P.Y for 
the open wire lead at this pole if the 'separation between the 
open wire and the cable suspension strand is kept within two 
feet (See REA TE & CM-650). 

1.10 With cable plant and water pipe and/or electric service grounds 
fUseless station protectors were specified because they are 
preferred and are permitted. 
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Exhibit E 

l. Explanation or Sample Staking SheP.t - Joint Use 

1.01 This section or joint-use staking assumes that the line is in 
the medium loading area, that it is singl.e phase 1 /14 7/1 ACSR 
conductor constructed on 542 r ruling span, on 35' Class 7 poles 
except the angle poles which are Class 6. 

1.02 It is proposed to add two open wire telephone circuits from 
pole 14-81 to pole 17-5 where one circuit leaves Route 17 to 
become Route 21 to the west. The remaining Circuit continues 
on to pole 17-14. Poles 1 to 9 are shown on the sample sheet. 
The cOIIUII!mi cation conductors are .109-135 steel. The Rl 
transposition system will be used as specified in REA TE & CM-
462. 

1.03 The longest span in this section or line is 475'· Rererence 
to RD - Figure 27, (REA TE & CM-690) indica+.es that 5' of' 
vertical separation between the multi-grounded neutral and 
the telephone conductors will be required ror this span length. 
This same separation should be maintained in all spans if' 
practicable to do so. 

l. 04 The required pole strength is checked by reference to RD - Figure 
8 and 1 t is f'ound 'that no poles have to be changed out ror 
insuff'icient strengtA. 

l. 05 As no guying can be accCDpllshed at pole 14-81 to hold f'our 
.109-135 Wires it is necessary to specify slack span construc­
tion to pole 17-1, and two lengths or DWl-19 with the necessary 
PG5-l units are designated on the staking sheet. Deadending 
assembly units for the open Wire circuits are specified at pole 
17-l. Reference to REA TE & CM-650 indicates that electrical 
protection of the guy is required and a NPE1-2G un1 t is specified 
as a MGN is available. Since a NPB5-6 unit has suf'ficient 
strength to support four .109-135 steel conductors for this span 
length it is specified at pole 17-l. 

l.o6 At poles 14-81 and 17-l it is also necessary to ascertain that 
the DWl-19 units can be attached at sufrictent height to obtain 
the minimum code ground clearance over the road. Since the 
separation between the telephone conductors and +Jle lowest 
electric facility must be at least 4o 1ncbes the DWl-19 units 
can be attached 21-1/2 reet above the ground which will meet 
both requirements. 
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1.07 Single six-pin crossarms, TY,pe 6B are spec1£ied on Poles 2, 3, 
and 4, and the 5' separation achieved. 

l.oB At pole 5 one circuit makes a right angle turn while the other 
continues· on the same route. The circuit which serves Route 21 
must cross the road with 18 foot clearance or greater. Assum­
ing the span to be 410' a 4-1/2 foot separation at the pole is 
required. Reference to RD-Figure 58 indicates that the 18 foot 
basic clearance (19.6 foot actual clearance) cannot be obtained 
in a 410 span at midspan over level ground. Rule 232B of the 
NESC permits reduced clearance if the crossing does not occur 
at midspan. Application of this rule shows that if the point 
of cros:.;ing occurs within 70' of pole 5 only 18' of clearance 
at midspan will be needed. This means that the staking engineer 
:Jhould svecil'y the drilling point for the upper arm of the PBl-7 
tlni t to support this circuit at "4-1/2 feet." (If the point of 
crossir~ occurred at a greater distance from the pQle than 70' 
it. would be necessary to replace the 35' pole with a 40' pole to 
obtain the required code clearance.) 

l.o81 Two P4-l units are specified for installation at pole 5 
as this point ic approximately 20 ohms from the·power 
contact protection on route 14, from the end of route 17, 
and is the beginning of route 21. 

l.o82 Space for (,ruying to hold the deadended circuits at pole 
5 is avuilabl~. Two grounded f!)lys are specified. Only 
uue PFl-2 anchor is required as the guy holding route 21 
can be attached to the existing power company anchor, 
sjnce it has been determined that the anchor has suffi­
cient holding power for both loads. 

1.003 Code climbing space is provided on the NW quarter of 
the pole by continuing conductors 7 and 8 on ~orth and 
assigning pins 3 and 4 to the circuit going West. 

1.09 At pole 6 a T-18 transposition unit is specified as the pin 
:;pacing on the PBl-4 is 12 inchet:i whereas on poles 2 and 4 
the PB3-3 pin spacing is 10 inches and T-19 units were specified. 

1.10 At pole 7 it is necessary to increase the separation to 8-1/2 
feet in order to clear the secondaries on this pole. This 
section of line is built in a fence line so a minimum ground. 
clearance of 8 feet is acceptable. Reference to.RD-Figure 58 
shows that sufficient ground clearance can be obtained with 
6-1/2 foot separation. 
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l..ll At pol.es 8 and 9 BP.BJ.-4 units are specified for attl:l.c.ament 
4-l./2 feet bel.ow the neutral.. The reduction in separation 
is required 'to provide the necessary road clearance. RD­
F~.gure 21 shows that these separations are not l.ess than 
the minimum required for a 350 foot span. 

l..l.2 The remainder of this section of joint-use woul.d be shown 
on Staking Sheet 2 of 2, Route No. 17. 

1.13 Fu.sel.ess station protectors were specified because it was 
assumed that all. condi tiona for the use of f'usel.ess protector~'~ 
were met. 

- 3 -
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