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LEAD INDUSTRIES ASSOCIATION, INC.

202 MAOINON AVEINUE
NEW YORK 17, MY,

October 10, 1963

SUBJECT: PROCHJRE N LFAD
SITATHTVG FOR_PONZH CAHLE

To Members of the Lead Industries Association, Ine.:

We are pleased to enclose a copy of our just published trochure
entitled 'Lead Sheathing for Power Cable." It describes the uses
and advantages of lead sheathing and provides a sheathing guide for
an engineer or aduinistrator concermed with the installation of
power cable systems.

The lrochure will be mafled to 16,000 engineers and cupervisors
in the pewer tranamission and equimment fields, and college engineer=
ing librar.es. Approximately 150 copies are being distrituted to
the electrizal power and engineering prvas.

Additional copies are available free of charge in qummtities
up to 25 and at our cost of $15 per hundred for larger quantities.

Sincerely yours,
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M.’Jﬁ r[gp‘«“.:

Robert B. Traris
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INTRODUCTION

Lead sheathing for electric power
cable cHers the optimum protection
for power catles that operate in all
common vollage ranges and n every
type of installation whether subma-
nine, conduit. acral, or buried directly
it the ground Lead provides the es-
sential properties for curable cable
sheathing: tiexibility, moesture im.
pormeabddy. corroson  resistance,
chemical stabiity, avadabiity in very
long lengihs, an ctficient return path
tor tault currents and a return for the
neutral teg of the circudt. Lead sheath-

S

teSerent munture sad fatigua re-

ing 15 cconomical and has the added
advantage of high scrap value.

This booklet 13 intended as 3 general
guide for prospective cable pur-
chasers to enable them to have a
broad Wea of thewr sheathing require-
ments 1 terms of the operating re-
quirements of the:r electrcalinstalla-
tion. As cable design and installation
15 2 highly complex field, the specitic
examples and data given here are only
typical and not meant to be conswd-
ered definitive.,
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Seret 1ghting Cadle. single
1011 conductor, nan-
sheetded

LEAD SHEATHING PRINCIPLES

Designing and specifying cable for
elactrical power systems is a complex
and specialized job with many inter-
trel2ted problems. One of the most im-
portant of these s sclecting the mate-
rial for the cable sheath. The sheath
must protect the cable wiring against
mechanical and chemical damage
while containing it both physically and
electrically,

Vrhere cables are employed in power
sysiems, the sheath must withstand
almost every conceivable environ-
ment, ranging from harbor bottoms to
deserts. And almost all instaliations
™ pose many hazards on the sheath at
the same time; consequentiy, a good
sheathing material must have a broad
ccnbinaticn of propert.es to be gea-
eraily useful.

Lead uniquely combines the proper-
ties most desirable in a cable sheath.

ing material. It provides mechanical
protection during instaliat:on and op-
erations; it is moisture -proof, resist-
ant to sunhight and weather and to
many corrosive clements that attack
other sheathing materials. The sheath
contains both the conductors and the
insulation. In addition to prowiding
highly etfective protection against the
environment, lead sheaths also play
an active role in the elcctrical system
itself by providing electrical shietding
and a ground ceturn path. When used
as a ground return, the lead sheath
eliminates the need foc the neutral
conductors in the cable.

€conomically, lead offers other ad.
vantages as well. {t is extremely dura-
ble and can, under proper conditions,
scrve for hundreds of years. On the
other hand, its value as scrap metal
significantly reduces the cost of re-
placing obsolete cable networks.

<

Sy




st 2rnils i ki

Papet inavisted cadle, pin
e coAcantric stranded on
owctor.

’ POWER CABLE DESIGN
3 k
1 - .
An almost infinite variety of types and constructions are used in submarnine ;
[ sizes of cable are available commer- and Jdirect earth bural runs where - -
t cually, 20 it will be possible i thus extra mechanical protection «nd 4
3_ brief report to discuss them only i strength is needed.
general terms. Essentially, any powet " [.
cable consists of one or more groups Trh: ’:c":’h‘“fi (‘«ief's thedca:le corc.;
of wires, indwvidually 1nsulated and P :“ (“ e,;:ﬁ -;1 adn cremica
covered with a containing and protec- proiection of th cable during lrans-
porting. instatling and operating.
tive sheath. . 3
1 _ Lead combines more of the mechani- 3
1 The number, size and arrangement of cal and phys:cal properties than aay
the conductors is dictated by the efec- other material required 10 meet the
tr.cat and operating requirements of users’ requirements. E

eachnstallation. There are a number

of types of insulalion used for cover-

ing conduclors, the most important of

which are od-impregnated paper, var-

aished cloth, rubber and rubber-hke Lorg runs of leod vhoothed Cot'e srmored weth stoet

synthetics and plastics. Selection de- ek CROtAdsBly » INItAnE SUDTNIne Condrrong for
many Secodes

pends principally on the system’s 0p-
erating voltage and installation conds-
tions.

Certain cables are mechanically pro-
tected with round wires or flat armor
tapes apphied helically over a bedding
on tha outside of the sheath. Such
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The first lead covered cables were
made by drawing the cable core, con.
sisting of one or more insulated con.
ductors, through & cylindrical pipe. A
method was soon devetoped for ex-
trucing the sheath directly around e
core. In this process, molten lead s
fed into the chamber of a large by
draulic press where it (s cooled under
pressure 1o the extrusion tempera-
ture. The cable core 1s centered within
the circular dic that fcrms the cuter
surface of the sheath. When hydraule
pressure forces lead through the die,
it carries the core alang wrth t. Very
torg catle runs can be covered sn this
way: the himuting factors are the sup-
ply of lead in the press reservoir,
which can be rer'enished, and the
length of the catic core. In a typical
press, the pressure on the lead s
about 54,000 psi.

The extrusion process forms a defect-
free, homogencous sheath with unt.
form wall thickness and practcally

Papee ingulsted cable,
Shinided, CoMmpach segment:
4 conducior.

CASLE MANUFACTURE

unlimited length. Lead’s low tempera-
ture during extrusion, about 400
450F docs rot injure the conductor
nsulatins materals. Cable 1s coded
07 wound on reels as it comes from
the extrusion press Lead provides the
fieuibdity for the addition of armoring
or other protective coatings and other
manutacturing steps,

A recently developed method of mak.
ng lead cable shrathing is by con.
tinyous crtrusion. In this method,
melton lead or altoy is introduced at
one end of the machine which has a
screw type feeder. Under controlied
coaling conditions the meta! is con-
veyed by the screw through the ma-
chine and emerges solid around the
cable core through a die at the other
end. This machine can now be used
with commercislly pure or alloyed
fead.

Paradoxically, the heavy metai lead,
because of its unusual phability,
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are hesthed Wy the poess
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enables the designer to minimaze
shieath thickness and weight while
meeting the operating requirements
of the «nstallation and aithout tisking
buckiing 0f kinlung when the cable 1s
bent.

Cable Shipment

¥ihen fimished poacr calle s shipped
from tr.e manufacturer to the instalta
tion site it 13 wound on large recls and
the cable ends are fitmly secured

It s important that the reel be rolled

10

i the fight direction to insure that
the cat'e does not unwind or slechen
11 the latter should happen, the cable
sheath must edher have sufticient
tens:ic strength 1o carry the load or
have suthicient ductility to stretch and
refieve the stress. Manufacturers
guard against this sfackening by
shoming the wind directicn of the
cable and the direct:on in which the
reel shculd be rotied. Thelead sheath
ng on a properly designed power
cable has sufficient tensde strength
2nd clast.lity 10 withstand wbrahona@
or other stresses that may occur dur
ng shipment, instaflation or service.
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Rudbher intulated coable,
Theed sironded congucion

MECHANICAL STRESS AND CREEP

hen a cable 15 instalied and in use,
2l sheathing s subjected to some
combination of the tollowing mechan:
cal stresses:

Continuous tensde hoop stress from
steady internat pressure

Continuous compressive hoop stress
trom external pressure.

Longitudinal tensde stress

Slow bending v one direchon that
creates lonpitudinal tensde and
corrpressive stresses,

Westherprool wad sheethed
Cobies 0re vuted ta Sutpen

meathet sty mnaizod

Alternating tensde and compressive
stresses which may be rregular
and unpiedictable and cause the
lead to fatigue.

tead sheathing offers sufficient re-
sistance to tenside and compressive
stress and fatigue for most cable ap
phcations, In addtion, alloying lead
with arsenic or other inctals and
armoring the cable exterior with steel
wire of 1ape enables the fcad sheath
10 Mecet more severe operating conds
tons.
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1t should be pointed out that any ref.
erence 1o the “tenssle strength™ of
lead requires amplification. Time 1s a
1ar more important factor in deter-
mining the tensile properties of lead
than 1t s with the hard metals for
example, 3 lead specimen in a tenstle

12

test could he weighted so that it would
stretch and breaw in 3 specified time;
‘he maximum load before fallure
would be ore value of tensile strength.
However, because fead creeps, a
smaller weight could break the speci-
men i 3 longer time with a conse-
quent change in nominal tensile
strength.

Fluid tilted types (od or gas) of lead
covered cabile commonly operate at
15 psi pressure.

On ol filled types, however, higher in.
ternal pressures may develop at
the low point of the run when the
cable s 1a-d on a slope or at the bot-
tom of a vertical riser. Reintorced,
double walled sheaths may be used
1n these stuations.,

The most prevalent forces acting on
3 tead sheathed cablic are:

Changes n electrical load on cables
duning the day's operation cause
them to heat and expand and cool
and contract.

Movement of the entice cable caused
by mechanical forces in the envi-
ronmeni. Jackettng with neoprene
or polycthyiene provides additional
pratection agamnst the deleterwous
cHects of such vibration.

Creep Resistance

The sheaths of most conventicnat
sol:id type power cables are not nor-
mally subjected 1o conditions that
cause creep: consequently lead with
steengthening atloying elements s not

[
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selected cxcept for speciatl installa
tion requitements.

The sheaths of ou fitied cables and
cables that operate at elevated tem-
peratures are, however, subject to
significant internal pressures during
service and creep can occur o their
sheaths. Alloy lead or metaltape rein:
forced sheath may be employed when
creep is a factor, In thes type of instal-
lation it is not the fead’s resistance to
crecp that matters, but is rather the
sheath’s ductilty that permis siow
expansion to the Iimits of the tape

@wlhoul rupturing.

The desirable ability to deform uni.
formly and to 3 considerable extent
without rupturing depends largely on
the lead's compositson and cieanle
ness, that is «ts freedom from oxygen
and sutphur films or inclusions.
QOxides and sulphides form grain

boundary films that are brittle and re-
duce ductility and fatigue resistance.
These films between grains also make
3 sheath sensitive to stress-cracking
when subjected to sustained loads at
relatively low stresses with onfy slight
elongation (creep).

The presence or absence of certain
trace elements in lead can decrease
the tendency for dross formation,
thus adding to its cleantiness. in addi-
tion, untformity of grain structure is
very important in aiding ductility.
Clean, well crystaliized welds with uni-
form grain size are also highly de-
sirable,

Considerable research is being coa-
ducted on the etfect of grain structure
on properties and also or: the etoct of
exlrusron cond/tions in varying the
grainof sheathing lead.

Loayng steel Srmored hesd aheatPhed cable That aiH Corry I3 bw barv.(w SCICA4 fhe M1t oo Revwr Cable i
wnree'ed 1om thore 10 Aho-u Teowm (he borge
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CORROSION

There are two principal types of corro-
swcn that attack power cable sheaths:
The first s natural corrosion in which
the electrical current causing the
damage s cteated by the interaction
between the sheath metaf and chemu-
cals 1n the immediate enviroament.
This inctudes both direct chemacal at-
tack (such as salt used in highway
snow removal) on the sheath and the
formation of a galvank cefl and an.
other metal.

The second 1s stray current corrosion
{rom buried of submerged power hines
(d c. railroad. subway power of pipe
tines that use one of the rads for the
return leg of the system) As stray cur
rent coreos:on problems depend on
the geometry of cach specific mnstalla-
tion there ts little reascn for a detailed
discussion here. In general, direct
cuyrrents are far more destructive than
alternating  Under some conditions
stray current corrosion can severely

RESISTANCE )

damage lcad sheaths untess they are
protected by non-conducting jackats.
However, it should be pointed cut that
any metal cable sheath, and lead
sheaths in particular, atford the con.
ductors an extra mecasure of protec.
tion by providing an excellent, low re-
sistance return path for str vcurrents
n the sod or fault currents arising
from some bregkdown in the power
system iself. There are also a number
of ways of designing the cable system
that elimenate, or at least miimize,
stray cucrent domage.

The most prevalent and expensive
form of corr0s10n is not due 10 stray
currents but 1s naturat corrosion
caused by the electrochemical inter.
action of the cable surface and the
chemical it 18 exposed to in sodds, in
waters, of .n the air.

Corrosion in Soils — Lead cabt(@
sheathung resists the corrasive action
of soils because of the presence of

TRV
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TABLE It
LOSS OF WEIGHT AND MAXIMUM PENETRATION OF LEAD PIPE EXPOSED TWO AND FOUR YEARS®

Soll Chamicet Laad (o) Tefturtum Lesd () Antimonisl Leed (<}
Masimum Fens- Manimum Pene- Marimym Pene.
Lots of Waigh testion Lo of Weg™ fration Love of Weight teation
Ne Tree
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33 Cecit clay toom X A2 1¢ 1 ioe o 12 20 1.04 o4 10 19
4% Hogerstown (Gsm 13 X 24 ta g 142 LR 2] 24 24 LR on kel 18
46 Lake Chartes cloy os 0% 3 N 138 n » 4 . 1.04 T3
38 Much [%2) 103 " 1] 100 8 53 “ €06 X)) ® 8
- 0 Rifte Past 0.7 o9 18 113 &S 04 Rad 10 o4 LX) €t
w 41 Sharvey clay LX)} ‘8 " b 04 164 n » 3 e n a2
32 Susquehanna clay 1.24 1 32 n (8 1] M 1 i .13 214 12 »
€ Tidol manahh [ >2] oo 1 1. 01 oot e 1 o.1¢ (X2 » }Y )
¢4 Doces clay o ce 24 16 L 03¢ b n 0% 040 12 172
€3 Chire sik losm X2} [ Fid 0 24 on [ P1) 22 1 orn 044 [} 1%
66 Mohave hine g avelly loem [ X} on “ M 104 [ P.] 23 a“ 027 orn 12 13
€7 Cinders 183y 23% ™ 104 140 e n Aol 133 s 80 L] ”
9 Houghton much 131 i K3} n 1 0% ¢ L] 12 o8 218 » ?
70 Merced vt loem c.14 o 48 i 040 o3 14 17 [ X+ o 1" 12

R W Logsa and Melvin Romenofl “Sod Corrosian Stdean, 1841 " 4 N Cu 0082%; Te. 0043%. S8, 00C11N,
L] LIS L3 n {7 1Y
Resesion hatt Buc Ungeran 33 H43 MO BP0 Ter astem (€1 Cu, 00M%u. 81, 0016 : 35, 331 %.

P nc < ater Suinde PAIng bad mo pas grester than § mdy.
(") Data lor one Spetaman Baly.

(8)Cu, QOSEN . 8, 0002%.; 59, 0.0011%.
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T T T T ATy e e e




ARt 2

ol ihlingdhnd

s

Stk

substances such as silicates, sulfates
and carbonstes that form protective
tilms on the surface of the lead. Silr-
cates forr. highly protective coatings;
sulfates are less pronounced as lead
sulfate «, soluble and forms a some-
what porous film, ard althcugh carbo-
nates are generaliy protective they
are soiuble in high concentratons of
carbon d-oude—nct 3 common con-
dition. Protective fiims may also be
formed by cataphoretic action in
which postively charged collo.dal par.
ticies of silt, clay or organ« matter
migrate to cathodic areas on the
sheath, discharge and deposit on tae
metal. Other factors of importance
are the concentration of oxygen, ni-
trates, organic acids and alkals.

In general, the cosrosion of lead in
sois is not a single, cicarly defined
process, but 1s rather the ratw of the
rate of formation of reactive sub-
stances versus the rate of formation
of soluble protective films.

The National Bureau of Standards has
intensively studied the corroswon re-
sistance of lead 1n soils. Typrcat find-
ings, Table I, indicate that lead
sheathing 1s able to withstang sovl cor-
roson, excepl cinders. for many years
withot failure,

Cotrasion in Water — Lead s gener-
ally impervious to non potable water,
Scit water, distilled water, and some
acid water found In mines generally
attack lead so that it would be neces:

sary to protect the lead if it 1s exposcd
to them—again, an unusual circum
stance. For example, tap water from
metropolitan New York containg abou!
40 parts per muilion of dissolved
chemicals and i1s not corrosive, where
distilied water, lacking film-formung
substances. corrodes fead with com
parative rapdity

Lead and lead alloys are universal'y
used on submarine cable and olher
power lines exposed to salt water be
cause lead shows only slight corros:0n
(4-5 mils per year when exposed to
1 N sodium chioride solution ard
practically no corrosion when exposed
to salt spray). In a typical test, lead
bars were exposed to the salt water ¢!
the Bristol Channel off England. The
corrosion rate for soft lead and 1.6
percent aatimonial lead were less
than 0.3 mils per year. No localizd
pitting was found on bars submerged
for 93 percent of the test period.

Corrosion in Air — Lead 1s extreraely
durable in air, even in poliuted city
and industrial environments. Virtually
nothing happens to lead sheaths ex
posed to dry air, whereas, moist arr
containing carbon dioxide covers the
lead surface with a protective film of
lead carbonate. Sulfides tend to
blacken or discolor lead but the sul
fide ccating 1s not particularly corro
sion resistant, Ycars of experience
have shown lead cable sheaths to be
resistant to atmospheric corrosives in
installations ranging from the arclic
to the equator.

16
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LEAD AS A SHEATHING MATERIAL

Lead 1s particularly suited to use with
rubber, varnished-cambric and paper
insulated cables because it is the
mest effective protection against
mo.sture, oxidation and weathering. lt
tas the additional advantage of flex-
bttty that permits the cable to be bent
during handling and installation, and
ct availatility inlong lengths essential
for submarine and simdar systems.

Cables sheathed with lead can be in-
stalled aerially or in underground duct
systems as well as directly buried or
n submanne installations; any of
these environments may be subject to
varying degrees of corrosion, Lead
sheathing can be protected against
eviremely scvere corrosive elements
or electrolysis caused by stray electrc
currents by applying a suitable ther.

Enosctting or thermwplastic jacket

over the lead sheath of neopreae, poly-
et >ylene or polyvinyichloride.

17

Lead sheaths are useful for cil or gas-
filled cables operating at pressures
about 15 psi. The sheaths.of cables
operating up to 50 psi arc usually re.
inforced with two 0 005.1n. thick hard
copper of bronze tapes.

Table lif gwes the thickness of lead
shecths for rubber or varnished cam.
bric; Table IV for sotd type impreg-
nated paper-insulated cables; Table V
for single and double sheaths for low-
pressure oil-fitled paper insulated ca-
bles: and Table VI for low-pressure
gas-flled paperansulated cables.

Lead Sheathing Alloys

Alloying lead with certan other metals
provides the stabidity and mechancal
properties essential for cabte sheath.
ing. The foremost alloys are the fol-
lowing:

avr)
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substances such as siticates, sulfates
and carbonates that form protective
films on the surtace of the lead. S
cates form highly protective coatings;
sulfates are less pronounced as lead
sullate s soluble and forms a some-
what porous film, and although carbo
nates dre generally protective they
are soluble n high concentrations of
carbon dionige—~not 3 common con-

- diton. Protective tilms may also be

formed by cataphoretc action in
which postively charged colloidal par-
ticles of sit, clay 0 organic matter
migrate to cathodic areas on the
sheath, discharge and deposih on the
metal. Other factors of importance
are the concentratron of oxygen. ni-
irates. organic acids and alhalis.

In gencral, the corrosron of lead in
soils 13 not 3 single, clearty defined
process, Sut s rather the ratio of the
rate of formatron of reactive sub
stances versus the rate of formation
of soluble protective tiims

The National Bureau of Standards has
intens.vely studnd the corrosion re
sistance of 1ead i sods Typical find
ings, Tabte f, indicate that lead
sheathing is atle to withstand soil cor-
105100, cxcept cinders, tor many years
without lailure.

Corrosion in Water —- Lead 13 gener
ally smpervious 10 non potable water.
Soft water, distilled water, and some
acd waler tound n mines gencrally
altack lead so that € would be neces:

16

sary o protect the fead it it is exposed
to them—agarm, an unusual circym-
stance. For cxample, tap water trom
metropolitan New York contains about
40 parts per million of dissolved
chemicats and s not corrosive, where
distified water, tacking film forming
substances, corrodes lead with com-
parative rapidity.

Lead and lead alloys are unwersally
uscd on submarine cable and other
power lines exposed 10 salt water be-
cause lead shows anly shight corrosion
(4.5 mils per year when exposed to
1 N sodwm chlorde solution and
practcally no corros:0a when exposed
1o salt spray). In 3 typical test, lead
bars were cxposed to the salt water of
the Bristol Channel o England. The
corrosion rate for soft lead and 1.6
percent antumonial lcad were less
than O 3 muls per year. No localized
pitting was found on bars submerged
for 93 percent of the test penod.

Corrosion in Air — Lead s extremely
durable 10 air, even i polivted city
and ndustral eavironments. Virtually
nothing happens 1o lead sheaths ex
posed to dry ar, whereas, moist a0
containing carbon dionide covers the
lead surface with 3 protective film of
lead carbonate. Sulfides tend to
blacken or discolor lead but the sul-
fide coating 15 not particularly corro-
sion resistant. Years of experience
have shown icad cable sheaths to be
resistant to atmospheric corrosives n
nstallations ranging from the arctic
to the equator.
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LEAD AS A SHEATHING MATERIAL

Lead 15 partcutarly suited to use with
ruhber, varnished cambric and paper
insulated cables because it 15 the
most effective protection agarnst
mosture. oxidation and weathenng It
has the agd.tional ydvantage of flex
bility that permits the cable 1o be bent
during handling and nstaltation. and
of avadabdity in o= ‘engths cssential
for submar:ne and s wlar systems

Cables sheathed with tead cun be in-
statied aer!ly orin underground duct
spstermns as aclt as directly huried or
in submarnine tnstaliations. any of
these envirconments may be subject to
varying degrees of corroson. Lead
sheathing can be protected against
calremely severe corrosive elements
or efectrolysis caused by stray electec
currents by applying a sudable ther
Y-osctiing of theemoplastic  jachet

* over the lead sheath of ncoprene, poty-

ethylene or polyviylichlcrnide.,

17

Lead sheaths are usefu! for ot or gas-
filled cables operating at pressures
atout 15 psi. The sheaths of cables
operating up 10 50 psi are usually re-.
ntorced with two 0 005 . thick hard
coppcer or bronze 1apes.

Table W gives the thickness of lead
sheaths for rubber or varnished cam-
bric; Tattle IV for solid type «mpreg-
nated paper-nsulated cables: Table V
for single and double sheaths for low
pressure o fllled paper insulated ca-
bles: and Table VI for low pressure
gas filled paperansulated cables.

Lead Sheathing Alloys

Alloying lead with certaiw other metals
provides the stability and mechanical
properties essential for cable sheath
ing. The foremost atioys are the fot:
fowing:
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L01Ou e stementy :a 1N vod

1) Copper bearing lead——stable, une
versally used commercial lead,
usually contidared not an alioy.

2) Arsenical tead—for underground
and acrial use where fatigue re-
sistance and low creep rates are

necessary for durability.
THoAL 4TI Amaymty gf g metr 1A B umeN
“Tee

3) Antimony ledd-—not now gencrally
used on power cabies becouse
tedt ¢yctes induce age Fardening
that reduces cable flenibinty

~

The chemcal classitications of lead
grades sutable tor shoeldang ate given
i ASTRY B 29 as shean n Table 1l

The allcy selected for the partcutar
cable desgnand operating (andt 20

must be assessed in terms of some of
of a combination of the following
characteristics:

1) Structural stabilty, particular!
avaiding the formation of coarse
-grained, weak crystats,

2

Resistance to cychic stresses of
straing at frequencies as low as
one cycle per day.

k)

d) Creep resistance of unreinforced
sheaths on pressurnized cables.

The rate of age hardening.

5

Creep duchidy under very slow
stry g rates (determines sheath
Cspant.on N pressurzed  sys
tems).

TABLL 11° — CHEMICAL REQUIREMENTS

Ac-d
rerrnd ~g Chem<at Cegier
(rea Lese twed
$tuer e o cant colis com QXX 2062
S-tewr. m.n par cant — [ %=1 - -
Copper. mas pot comt cools LA [N LN 2a
Cogoer mun porcont - 00ed ¢ ce0 —
Sitewt and coprer togeier, Mmas per (ort LR she ) —_ -— -_—
Anenc snt.meny. tm, Mmae 1o13' per comt con2 0002 coz © o0
T-r¢. man potcont © 00t 003t 0 001 0002
Cercont 0,24 002 o2 0002
per co 0 2% (Ko 28 ) 01%
Lead By d-"ererce) ma per cot LR "N ”» ALELY

cAmergan Sat-g Tor Terting snd Woter ais  Slanders Specfecatuntor d glean ASTH 82943
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TABLE HI*®

THICKNESS OF LEAD SHEATH
FOR RUBBER OR YARNISHED-CAMBRIC INSULATED CABLE

Diameter of Core Thithness of Shoath
i e
3
Dta 042y a "
0426te 0200 ©
0 10ite 1090 R ]
103110150 ”
1801102000 1)
200110 300 128
1001 end torger 141
-
The thectnesy of losd Shesth 100 Tmaa Aot conatructon shal be Thet F
COrrvIponding 10 the Maror Cave Guametes

A Lubmariae Cable 1he thalravs of The Vhasih (holl Be a occordance
1N the sbuve (able secent TRt The Thachnese for the heil tws care
dameter (Iarertcationy ARaH e 78 mals

. T 4 Syviems Rebk Booh, (0ren [lectic Iastave, 1947,
New Yoou Cay .

TABLE (v*®

THICKNESS OF LEAD SHEATH
FOR IMPREGNATED PAPER INSULATED CABLE “SOUID TYrE™

O.ameter of Thabres of Bometer of Thabness of
c Lesd Snasth mue Cute meh Leaainer: oty
0100 462 4] 29700 ta 2 489 11y
C4kite SR L 2Labre 2870 140
C 647100 8)) " 18110 3C8 14% .
EXSTRTS NI L] 3106 ta ) a0 150 3
1€i191e 8333 ”" Jleite 3 A0S 15% k.
12M1al 188 100 Jede 14 1s
1)38%te 1 374 103 J&i2e 319 143
187%181 7% 130 3797101983 12 -
1260101 %44 1ns 1%l 1t iea 173
1 M2 12¢ 414710 ¢33} 1%
1 213t 2 214 129
1 2 11%te 24y 1%
- Underground Syrtems Reference Bood. L1010 Llecirn Insticte 1997 New Yort CQay
s.est mben an allog eed shestS 4 voed the tead CrOLer bearimg sheolh i wied The TrDe Shad D 3
wed 'r Ny 3heath shal by (OmTerC By pure e (nem ol lwod of acd cocpet Wod H an
83 ~eetog 1he sequrementy cf ATV B 2T tor gy tReath 4 ured the bhsd veed 1 prepenng
one cf the Tullowing Trpes (Nemu sl teed oco The sliog shaft meel e tequ-rements of ASTM
CePCe teod, 3nd COMMON Getidveriied lesd H o .

19
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3 TABLE v*
THICKNESS OF LEAD SHEATH
FOR {MPRLGNATED PAPER INSULATLD CABLE 4
“LOW-PRCSSURE OIL-FILLED Type™
Single Sheath Oouble Shealht E
Diamaeter of Thehness of Diarmeter of Thicanass of
Core. wch Leed Shealn Aule Lere nch Lesd Sheath mig
Otel 462 110 LETREY) " 3
146) te | &40 118 XY EURE 331 100 F
AL ATAR 32 110 1%121e2203 103
1834102018 123 204102409 110
201902203 130 13001624 118
4 2706102 388 (31} 22303002 120
2)%102314 140 1089403302 123 3
K 237510 2.7%% 143 P RIETR KT ] 1% 3
2780 102 940 1% 362713970 1
294313129 138 PRI Iy 2 140
S 130103318 180
): 3313103499 163
1 1300 te ) 648 1R
: Jésbte ) 870 173
338711040358 100
t for goudie shaoth the thichrett gver abOVE 20124 10 €8ch of The two $hasthe
* Mndergrownd Systems Reference Bosh, (dison Llectrng Instauvie 133], Nea Yoot Cay
1 Lecopt whan an alioy e d vheath 4 uiad the wod Copper bl ((CPOWT Cone™t Nt levy Than O 04 Y\)
P wsed 130 1he thesth shafl by COMMartiany Duse M on 2l0s MResTA 4 wved The lead ured 1n pre 1
lesd maeet:ng the reau.rements of ASTM § ¢ Vor paring the sticy shal emeel he feQuiremants of o
one ot INg foliow ng types Lhemu sl tead o aced ASTM 829
3
3 TABLE Vi°
THICKNESS OF LEAD SHEATH
FOR IMPREGNATED PAPER INSULATED CABLE
“LOW-PRESSURE GAS-FILLED TYPC™
] Ouameter of Th.chress of Cametar o Thsness of
Coru. sneh Lesd Sraatn m-ty Cove i Lesd Sreath miy
4
4 0102343 110 Jevire 1301 110
2 Mi102247 1 193410 3 €9 173 5
2448102 352 120 36 to 382 183
299312 636 179 J201te ) 108
2637102760 1% 3% d010 1% ¥
2761 ta2 304 s 4011tad N4 19%
286%102 968 140 413108210 200 .
2969103072 148 2
207312172 1%
- 3178ta 284 138
- 1:82 3 e 160 )
3307103 40y 169 -
-
(3 Systems Ret Book, [d-v0n {lectenc Instate. 1957 New Tork Cay @
Cocedt when on 270p it uied. the lead vred bor 8 19 1or adbes chemc a1 10 0d O 806 CopDer lead
4 1ne Vheath vhail meet the requiremems of ASTM
3
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Service conditrons and operating vol-
tages largely determine which type of
cable construction s best suited to
the system. in general, the types of in-
sulation employed are: plastics, rub-
ber-like materals, varnished cloth
and impregnated paper.

Rubber-Insulated Cable—Llow vol-
tage cables (120-600 v) jacketed n
nceprene, polyethylene or vinyl are
used for distribution at utilezation vol-
tage lines.

Lead sheaths are often used instead of
nonmetallic sheaths because of thewr
superior resistance to environmental
factors.

Varnished-Cloth Insulated Cable —
Varnished cloth insulated cables are
not recommended for use in under-
ground installations subject to moss-
ture attack without the protection of

n impervous lead sheath.

‘arnished cloth insulated cables are
suitable for voltages up to 28,000 v.

Low peeraure gas-filled,
thoes conductor coble.

‘é;."*"—.'- ) Tt

‘!
L

TYPES OF CABLE

Lead clad cables are used in aerial
runs, and for vertical risers, mine.
shatts and boreholes where they may
be provided with an armored covering
for additwonal support.

Paper Insulated Power Cable — Oil-
impregnated paper s the most wedely
used insulating matenial for power
cables operating above 15 kv.

Solid Cable — consists of paper
wrapped conductors enclosed in the
sheath and impregrated with high
grade od. The design assumption is
that the presence of wonizable gaseous
voids within the cable s inevitable.

A Crem casty Matails lead shesthed (adle
Cordun senag the Peatagen in Washinglon
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Therefore, the insulation must be of
sufficient thickness to permit stable
operation despite the aging cffects of
electric discharge in voids.

Adding an impermeable lead sheath
prevents the penetration of air oc
moisture, precluding degradation by
oxidation, and so cnables the cable to
operate dependably at the origmnal de-
sign specdications. Solud type cable is
avadable to 69 kv however, its pre-
dominant use is at voltages below
35 kv,

Low Pressure Oil-Filled Cables —— are
used in 15230 kv systems. This Lype
of cable 1s filled with a high grade oil
that flows both radially through the
paper insulatwon and longitudinatly in
special channels made of strips of
steel wound 1n an open helix. Three-
conductor cables bave a channel in
ecch outer filler space; single conduc-
tor cables have onc in the center of
the stranded conductor. In manufac.
ture of the cable the icad sheath s
applied after which the cable 15 heat
dried, gasses removed from the core
by a vacuum pump, and the :nsulation
impregnated.

Resnforced sheaths or double sheaths
are used for higher o:l oressures in
the operating range. Higher pressures
permit slopes or vertical risers to be
successfully incorporated into the
run.

Low Pressure Gas-Filled Cables —
both single conductor and three con-
ductor gas filled cables are used in

22

tow pressure (15 psi) power cables
that are lead sheathed,

Gas filled cables have three advan-
tages that are unusual:

internal pressure provides 8 means of
continuously chechking the sheath for
breaks (i.e. continuous sheath super-
vision). Low pressure alarms at cable
terminals signal when any gas is es:
caping through a sheath break or the
jounts. Similarly, high pressure alarm,
warn of excessive pressure burlduy@

Damage from any normal suize leak
can be prevented by mamntaining in-
ternal gas pressure untid the leak is
repaired. This is an important safe.
guard against lost operating time.

Gas can be used safely in risers and
on slopes without pressure buddups
at the iow paints of the run.

Three conductor low pressure gas.
filled cable 1s generally similac an ar-
pearance 1o old-filled type except that
one of the ol channels 1s reploced by
a sol:d copper tube with no lateral
openings 1o the insulation, but ¢ s
open at the cable joints. The other
channels arc open sidud helixes carry-
ing gas at about 15 psi. The 5olid wall
tube provides the pressure between
manhole secticns at all times in the
event that the helicat channels be-
come slugged due to ost drainage.

Single conductor cables do not have

the gas tube at therr ans but mh«

have flutes in the lead sheath to servd™
as gas channels.
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TEN REASONS WHY LEAD SHEATHED CABLE
PROVIDES THE IDEAL POWER PACKAGE:

Adaptability to Under or Above Ground Use
Wide Operating Temperature Range
Available in Extra Long Lengths
Good Bend Life and Werhability
Fault Current Return Path
Complete Impermeabitity
Corrosion Resistance
High Scrap Value
fireproot
Stabilty
1!’.4'?_
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