
operation a 

When a leak is indicated, repairmen are dispatched t0 the approxi
mate location o The actual break is located by a .devi·ce-· which sprays a 
soap solution onto the cable o As the spray · passes over·· the hole, the 
escaping air causes a foaming action that is -visible from the ground. 

Another type of leak detector that was recently · developed makes use 
of an ultrasonic translator which picks up the sound ·· of · the air escaping 
from the holes in the sheath e These sounds are - very high in frequency, 
in the 35,000 to 45,000 cycle range which are converted into audible 
sounds by the translat or and heard in a headset receivere A barium
titanate detector probe is used on a carriage arrangement to pick up the 
ultrasonic frequencies o 

Removing Water from t he Cable 
When water has gained access through a sheath -opening and causes 

trouble, there i s no a lternative but to remove it ~· 

To remove wat er b y evaporation merely by pumping dry nitrogen or 
dry air through the cable - is impracticable because ·the cable section maY 
contain a large quanti ty of water plus the fact that a large (224 cubic 
foo~ c ylinder of n itrogen or equivalent volume of dry ·air will only 
evaporate four or fi ve t a blespoons of water at 60 degrees Fo 

A method fo r r e mov i ng wat er from cable has been · developed utiliz
ing acetone , a li qui d which mixes completely with · water in any propor
tion o A cable sect ion containing water is ~lushed · with acetone until 
the discharge l iqui d i ndicat es . a low water contento Then as much of 
the acetone a s poss i b le is forced out in liquid form and the remaining 
acetone is evaporat ed wit h nitrogen o Acetone has a low boiling ~oint 
of 133 degrees F and ~ t herefore , evaporates much more readily than water• 

There are cert a i n precautions, however·;- ·associated with the use of 
acetone o Since it i s a volatile and combustible liquid comparab~e to 
gasoline, flames :o r sparks must be avoidedo · Prior to injecting acetone 
into the cable , n i trogen should be pumped ·into ·· the section to purge the 
cable of oxygen ~ thereby minimizing the -possibility of creating a com
bustible mixture o f a i r and acetone o 

Moreover , s ince a c e tone is a mild cracking agent to polyethylene, 
and since it wil l a ttack polyvinyl chloride, it ·is · imperative that all 
acetone be removed from the cable section a·fte·r the ·water is flushed 
out o 

MR o TAYLOR ~ Thank you very much, ·Rudyo Our next speaker is talk
ing on a very import ant problemo Mro Eo Mark Wo1f, Assistant to the 
Vice -President of Engineering with the · Rome ·Cable Division of ALCOA. 
Mro Wolfe 

MRo Eo MARK WOLF (Ass i stant to the Vice-President of Engineering, 
Rome Calbe Divis~on of ALCOA) : Well, I think someone; and ·probably our 
good friend Mr o Taylor , deserves a high compliment ·for the efficiency 
of this · setup o ·· I have talked t o a lot of people about underground cable, 
but this is the first t i me I've gone underground to do it e · (Laughter) 
Maybe it ' s a god idea o But I guess we're ·here ·because we all have in 
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common an interest in the problems of going underground with CATV; 
I think any list of problems probably has somewhere near the top the 
cost of su~h an installation and its reliability o ~hese are bot h 
problems and important problems ~ but t hey should · not be approached 
with fear and with worry~ becn.nse we believe· that underground CATV 
systems can be both reliable and . economical ~ 

We'll have a look here, a very short · look , at some of t he very 
extensive experience that exists~ the background of engineering ex
perience that exists, the background of engineering knowledge that 
goes with it in ·the· manufacture and the us~ ~of · underground power cable 
and underground telephone cable o And~ I ·think ·we will see tha t much 
of this knowledge . and experience is direct·ly applicable to · our prob
lems in CATV o 

In the CATV system construction field there are few subject which 
generate so much real concern as that of- underground cable installa
tion o. Most of this concern · centers around ·two· ·areas; ei her fear that 
an underground system will prove unreliable ·and costly to maintain, 
or a conviction that initial cost will be unreasonably high o We do 
not believe that either of these worries is ·justified, and hope that 
by explaining to you our reasons we can help you to sleep a little 
better the next time the subject of going underground c·onfronts youo 

First of allj underground cable installation is not new o Power 
companies and telephone companies have been installing cable under
ground f or many VPMrs o Thirty or forty years ago these installations 
were very cost J y, and some of them gave · trouble o But in t he past 
decade there have been remarkable changes in both cable design and 
installation techniqueso Today , both cable cost and installation 
cost are drastically lower, and underground installations are giving 
very reliable and trouble-free service experience o Utilities are 
able and willing to cope with, and in some areas even o promote, 
complete underground systems o 

It is worth examining the accumulated engineering knowledge and 
experience in putting power and ·t elephone cables underground~ since 
much of this knowledge and experience · is directly applicable to CATV 
cables a 

In St o Louis, Missouri, in April 1964 ~ the Institute of Electri
cal and Electronics Engineers (IEEE) sponsored a three - day technical 
conference on Underground ·Residential Dis ributiono Over 30 techni 
cal papers were presented and discussed at this meeting, by engin
eers from power companies, telephone companies cable manufacturers, 
transformer and accessory manufacturers o IEEE have bound t he se 
papers into a volume which can be purchased o This compilation r e
cords in de t ail the practices and experiences of the nationis lead~ 
ing utilities and manufacturers in providing ·underground power and 
commun ication servi.ces to residential neighborhoods o It is recom
mended to · you as a reference book for underground techniques a 

In applying this knowledge and experience to our own problems 
in putting CATV services underground , we shuuld .first examine the 
CATV cable itself to be certain that the · construction used is ade
quate for the underground environment o · We ·are ·talking about the 
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modern low loss c o a xi a l cable , with a n i nner copper conductor, foamed 
po l yethylene d i e l ect r i c , and an out er aluminum ·conductor (sheath)o 

Fo amed pol yet h y lene must not be e xposed to the wet underground en
v ironment o Th i s i s t r ue wheth e r the c able is to be directly buried, 
o r enclosed i n conduit or duct o In th is respect , foamed polyethylene 
is similar to t he paper i nsulation l o ng used in both telephone cables 
a n d p ower cab l e s o The s e i nsu l ations must operate in a dry, stable en.,.. 
vironment 9 un a ff e cted by ext ernal c ondi tione other than t~mperature. 
Thi s r equi rement i s n i ce l y me t by enc l os i n g the dielectric in a com
pletely i mpervi ous s eaml ess aluminum s heath o Aluminum has the necessarY 
~lectrical a n d me chan i cal ch aracteristi cs, and is more economical than 
o t her me t a ls whi ch might b e chosen o 

The r e maining p roblem is a physical o r chemical one , rather than 
electrical o We have the ins u l a t ed inner c onductor ·enclosed in a seam
less met a llic sheath, and th us isolated complete ly and permanently from 
external environmental affects, and have only th e problem of protecting 
this sheat h from unfriendly environments which migh t cause damaging cor
rosion o Practical and e conomi cal solutions to · this problem exist and 
have been widely and success f ully employed ·b y ·oth e r s o 

The protective covering over the aluminum sheath must perform sev
eral functions ~ 

l o It must provide a n imperv i ous barrier b etween the sheath and the 
undergro und environme nto 

2 o It mu s t be h e avy enough a nd t ough e nou gh t o withstand handling 
inci dent to installationo 

3 o It must withstand widely varying s oil condi t i ons without deter
iorationo 

4o It must withstand expos ur e t o atmospheric conditions, sunlight 
and weather without degrada t ion o 

We know of no material better suited t o fulf i ll these needs than 
a member o f the polyethylene family o Fortunately, the polyethylenes are 
also more economical for such ap plication than any other materials which 
might be considered · as candidates a t present o This may change in the 
future , since we are always eva l ua t i ng promising new materials o 

Po l y ethylene can provide t he impervi ous barrier needed o The only 
requirement~ other than freedom from holes; is t h a t it be in intimate 
contact with the aluminum sheath e The polye t hyle ne jacket must fit 
tightly s o that there are no ai r pockets or vo i ds b et ween it and the 
sheath e Th e pre sence of an ai r pocket, under certain conditions, can 
permit t he jacket to act as a n osmot ic memb rane a nd pas s moisture vapor, 
even though t h e polyethylene itself will not ·a b sorb moisture o Appli
cation of a ti ght-fittin g jacket over the a l uminum sheath is easily 
with in the capa b ility of modern manufact urin g··techniques o 

Polyethylen e is tough e no ugh to withstand a ·reasonable amount of 
abuse in handling during installation o It s hould ·be handled with care 
and r e spect, b ut certa~nly not wi th any "kid glove" techniques ~ The 
object is to ge t the ca.ble in p lace without a ny deep s crapes, cuts, or 
go uges in the jacketo 

The thickn s of the polyethylene jacket i s determined by two fac
tors o One is the ability o f modern. plastic ext ru~ ion equipment . to 
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reliably apply a homogeneous 9 continuous 
jacket~ free from hol es or o her discon= 
t•nuiries o The purpose of he dielec ric, 
or "spark" tes t on the jacket is to assure 

Diameter Over 
Aluminum Shcnth 

Inches T~~~~~~ss its freedom from such imperfections o This 
0 - 0,750 

0 . 751 - 1. 500 
1.501 - 2 , 250 

Fi gure 1 

0,050 
0 . 065 
0 . 080 

Average TI1ickness of lh ermoplastic 
Jacket over Aluminum Sheathed Cable 
From IPCilA S-61-402 

figo 1 

test is usual ly accomplished in he extru
sion line by running the jacketed cable 
( with sheath grounded) through a charged 
electrode severa ~ fee t longo The vol age 
on the electrode is selec ed so ha lf 
the jacket has hol es or thin spots ~ an a rc, 
or voltage breakdown wil occur 9 and an 
a larm will be set off o 

The other factor determining jacket 
t h ickness is the need to withstand "reas on~ 

able abuse" during instal lation and 1:0 withstand the moderate press
ure or abrasion from ground movement during period of freezing and 
thawing, etco Neither of these requlrements is peculiar o CATV 
cable, and we can u~e t he e xp erience of power cable engineers in de
termining the proper and saf e jacket thicknesses to be usedo The 
Insulated Power Cable Engine e rs Association publish the most compre
hensive wire and cable specifications which we have in this industryo 
They are highly regarded and widely used by public utilities; They 
reflect quite accurately the needs of cable users as well as the cap
abilities of cable producerso These standards specify the wall 
thicknesses to be used when a thermoplastic jacket is required over 
an aluminum sheath , The ade quacy of these thicknesses is supported 
by extensive e xperi ence with h eavy power cables ~ and we would be 
foolish not to profit by ito 
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Fig o · 2 

IPCEA standards specify that thermo 
p lastic jackets over aluminum sheathed 
c able shall have an average hickness 
no t less than than shown in Figure lo 

The type · of polyethylene used f or 
t h is jacket is also importanto Poly 
ethylene is a family of rna erials o Mem
bers of the family are all identical 
chemically ~ but differ in molecular 
struc ure o In the. early days of poly
ethylene he importance of hese diff
erences was no comp l e ely understoodj 
a n d there were many cases of undergroun d 
cable fai ure o Today the mechanism of 

these failures is we ll understoodo We now have s andard industry 
tests for envi ronment a l adequacy s and it is well known tha what we 
call Hi gh Mo l ecular We ight p o lyethylenes are comple ely reliable 
underground o It i s inte restin g to no e tha this is ·the ype poly 
ethylene used on modern t r a n s oceanic telephone cables o 

Polyethylene jacket s s hould also con ain proper blacJ 
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, pigmentation to protect them from deter
ioration where exposed ·to sunlight. Such 
a cable, properly installed, will give 
many years of reliable and trouble-free 
underground serviceo 

Now let's examine the meaning of 
"properly installed"o 

Here is where things can get a bit 
confused~ because the term has several 
definitions, depending upon who is mak-
ing the rules, and what part of the coun
try we are talking abouto We will discuss 
some of the practices in use by various 
utilities , and the reasons for them~ If 
you become involved in 9 or are considering 
underground CATV system installation, you 
should first find out what the local ruleS 
and practices areo The local power comp
any underground engineer is one good place 
to get this informationo You are a cust
omer of his, and he should have an inter
est in helping youo His background and 
experience is valuable, and for the most 
part, directly applicable to your problemS· 

Let ' s look first at the trenching praC' 
tices in use by several typical utilitie&o 

Figure 2 shows the trench profile 
specified by Portland General Electric Coo 
(Oregon) o It shows the use of a single 
trench for primary ·power, secondary power, 
and telephone cables, with each class of 
service at its own levelo Note the 12" 
separation specified, and also the minimum 
below - grade stipulationo Also required in 
this instance is a sand cushion around each 
nf the power cable runso The sand back
fi l l is specified where the particular ter~ 
rain introduces the hazard of sharp rocks, 
etc c , which might rupture the cable jacket• 

~igure 2 also shows 0n~ nrofile re
quired by Detroit Edisono This . shows pri
mary and secondary power all at the same 
level below grade, and again the 12" sep
aration between power and telephoneo 

Figure 3 is -the p~ofile used by Mississippi Power & Light Coo It 
shows separate trenches for power and telephone cableso 

And finally, Figure 3 also shows two profiles used by Commonwealth 
Edison Coo of CJilicago o One shows the 12" separation between power and 
telephone cable, and the other shows the practice of random lay. In 
this case, all cables are placed i n the trench in a random ~anner, with 
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no separat ion be t ween o This provi des a 
substantial saving ~ since it permits back
filling in a single operat iono Which of 
these pract ice s ~ or variaTions of them~ 
may be used wil l depend on what is per= 
mitted by local approving agencies v Ran
dom lay is rapidly gaining wide accept
ance due to its obvious economy c 

Where the shar ed trench idea is not 
feasible~ t he practices are simpler o 
Preferably the cable should a l ways be at 
least 24" below grade o 36" is even bet
ter o This largely avoids trouble from 
accidental dig - ins 5 from soi l bact eria~ 

and from frost heaving o The sand cush
ion is noT necessary un l ess the terrain 

has sharp rockso Trench i n g equipment comes in many s i zes and shapes, 
as shown in Figures 4 - 7o Some of these are part icularly interest
ing where installation must be made under es t ablished l awns or grade s o 
Trenchers are availa?le wh ich open a slit less t han 1" wide c Back
fill is often not necessary, and the scar disappears in a 'short timeo 
Also, the trench can fol l ow a n irregul ar path to avqid shrubbery or 
other obstructions o Depe nd i ng on the loca l ity ~ you may find rench
ing equipment is availab l e locally on a c on ract or r ental basis o 
Your local power company is a good p l ace to go fo r advice on t his 
matter o 

Obviously trenching c osts will vary 
wi de ly ~ depending upon a number of things o 
Many powe r companies figure that under 
"normal" conditions they can trench and 
backfill for 30 =35 cents per foo o This can 
run a s low as 10 cents ~ but could also run 
higher under adverse conditions o The econom
ic advantage of joint trench use is obviou s o 

I n recent years there has been intense 
and increasing in erest ~ for URD systems , in 
a .pre a ssembled cab l e i n coilable p l astic 
p i pe o In this construction ~ t he cable, 
i n stalled in plastic pipe is delivered to the 
j ob ~site in long l eng hs on ree l s , ready for 

Figo 7 ins t allation o The pipi is made from another 
member of the polyethylene fami ly, black 

high-density polyethyleneo Th is material is tough ~ strong ~ abrasion 
resistant, and very economical compare d t o me a llic pipe ~ or duct of 
other materials o u·se o f this ··ystem accomplishes several things~ 

lo It provides a hole i n t h e ground for c ab l e replacement ~ if ever 
needed a 

2o It protects the cab le from damage during instal lat ion o 
3 o It reduces the need f or sand cushion in rocky terrain, or for 

protective planking under roadways o 
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4o It can provide for possible future 
expansiono 

At present there are no industry stand
ards for preassembled cable in pipe, but work 
on such specifications is under way in an in
dustry committeeo In the meantime, individual 
manufacturers, working with power company- en
gineers, have developed workable stand rds of 
their own o These standards define the proper
ties and dimensions of the various sizes of 
pipe , the percent fill to be used in determin
ing · the proper pipe size, as well as the ·var
ious Cc:lble construct-ions to be furnished o 
Figure- 8 shows Rome Cable's publication describ
ing this product and its use for power cableo 
Experience has provided simple rules for dete~
proper pipe size to be used with various cable 
sizes o A number of other manu£acturers have 

similar publications describing their producto This construction should 
be equally attractive for CATV systems o The added protection given to 
the cable during installat i on is a distinct advantage, and in many cases 
makes installation -easier and faster o The built-in hole in the ground 
can be · extremely · valuable ~ particularly where system expansion or cable 
replacement would ·otherwise dig up establis·hed lawns or rear lot line 
shrubbery plantings ; The added cost for one cable preassembled in pipe 
would probably be about 8- 12 cents per foot e If you choose tC?, buy the 
pipe and pull it in yourself ~ you can save about 5 cents of thiso One 
very important principle to remember is that the cable used, whether 
directly buried or preassembled in pipe, should be suitable for exposure 
to the underground ·environmento Whether directly buried or preassembled 
in pipe , cable terminations should be stubbed up into a pedestal · which 
can be sealed -from moisture o Straight - through splices can be protected 
for direct burial using mat eri a l s and prorP.rl, res well known to po~er and 
telephone cable manufact urers and users o 

An increasing number of -power companies and telephone companies are 
coming to the concl usion that underground cable systems are little, if -
any more costly, than aerial installat ions ~ Some even -say that under
ground· is cheaper o They are finding that · maintenance and servicing ·costs 
are ·significantly less because t he · cable is in a protected environment; 
unaffected by storms , accident s , etc o Add to this your · additional sav~ngs 

·· from elimination · of po-le rental s , pole hardware, messenger, lashing wire, 
·etco, the economics of underground CATV would not appear to be discourag
ingo In fact ,- it may well be almost a stand-off with overhead, without 
even considering the reduced maintenance and servicing costso [ApplauseoJ 

MRo TAYLOR ~ Thank you very much , Mark Wolf, for a very interesting 
talk o This concludes the f ormal presentations o Thank you very much for 
comingo 
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