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LOCATION OF UNDERGROUND CABLE FAILURES 

SUMMARY 

Th i s note presents a d e s c r i p t i o n o f procedure t o be fo l l owed i n l o c a t i n g 
s h o r t c i r c u i t s and grounds i n underground non-meta l l i c armoured cab le , such as i s 
g e n e r a l l y used f o r f i e l d c i r c u i t s on au-por ts The procedure desc r ibed i n v o l v e s 
the use of l i t t l e equipment beyond tha t which i s normal ly a v a i l a b l e o r can r e a d i l y 
be improv ised 

INTRODUCTION 

Non-meta l l i c armoured parkway cable i s almost e x c l u s i v e l y used f o r under ­
ground feeders and c i r c u i t s on a i r p o r t s i n the Un i t ed States Such cables are 
used f o r boundary c i r c u i t s , contac t c i r c u i t s , approach l i g h t feeders and c i r c u i t s , 
inst rument approach system feede rs , r a d i o f eede rs , f l o o d l i g h t f e e d e r s , and feeds 
to o b s t r u c t i o n l i g h t i n g They have a long l i f e expectancy when i n s t a l l e d i n the 
ground, but when d i s tu rbed by subsequent c o n s t r u c t i o n , are f r e q u e n t l y sub jec t t o 
damage J o i n t s and s p l i c e s are a l so sub jec t to breakdown and f a i l u r e 

Such cables are cus tomar i l y thousands o f f e e t i n l e n g t h , and are g e n e r a l l y 
unmarked Any f a i l u r e r e s u l t s i n se r ious impairment to the opera t ion of the a i r p o r t , 
and the maintenance fo rce must be ab le to l oca te such f a i l u r e s q u i c k l y , so t h a t 
s e r v i c e may be r e s t o r e d w i th a minimum l o s s of time 

The C i v i l Aeronaut ics Admin i s t ra t i on Exper imenta l S t a t i o n has been us ing 
a cons iderab le amount o f underground cable on development p r o j e c t s a t I nd i anapo l i s 
From the f a i l u r e s exper ienced a method and technique have been developed f o r q u i c k l y 
l o c a t i n g underground cable f a u l t s T h i s technique has been developed on unsh ie lded 
cables o n l y , so the methods desc r ibed w i l l not n e c e s s a r i l y app ly i n the case of 
lead-encased or s t ee l - t aped cables 

PROCEDURE 

Causes of Fau l t s 

I n g e n e r a l , cables themselves are able to w i ths tand cons iderab le aging 
w i thou t t r oub le Most t r oub le conies from p o o r l y made s p l i c e s and from p h y s i c a l 
damage to cab le dur ing excava t ion I t i s t he re fo re des i r ab l e to have on hand a 
map g i v i n g exact l o c a t i o n of cable and cable s p l i c e s When f a i l u r e occurs the 
map can be consu l ted and an i n s p e c t i o n o f the cable rou te w i l l p robab ly r e v e a l 
the l o c a t i o n of the f a u l t 

Kinds of Fau l t s 

There are s e v e r a l k inds of fau l t s tha t cause t roub le on a l i n e , namely 
shor t c i r c u i t between s e v e r a l conductors i n a cab le , h i gh vo l t age ground, and low 
vo l t age ground. S l i g h t l y d i f f e r e n t techniques are r e q u i r e d f o r determin ing these 
f a u l t s U s u a l l y , i f the t r oub le i s underground, a l i n e I s found to be both s h o r t -
c i r c u i t e d and grounded The genera t ion of heat by the c u r r e n t , i f a s h o r t c i r c u i t 
cont inues and the cu r ren t I s a l lowed to f l ow under h igh v o l t a g e s , w i l l e v e n t u a l l y 
burn o f f the i n s u l a t i o n between the conductor and ground, thus the cable w i l l be 
grounded. 

A h igh vo l tage ground i s h e r e i n de f ined as one tha t w i l l c a r r y cu r ren t a t 
low vo l tages but breaKs down under h i gh vo l tages O b v i o u s l y , such a ground i s not 
a good one. 
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A low vo l tage ground i s a f a u l t where in the cable i s w e l l grounded a t the 
f a u l t and breaks down under low as w e l l as under h igh v o l t a g e s . 

Determining the Type o f F a u l t 

I f t e s t instruments are not conven ien t l y a t hand a t e s t may be made f o r 
a sho r t c i r c u i t between two conductors by connect ing a smal l lamp i n se r i es w i t h 
120 v o l t s and the two exposed w i res o f the cable a t e i t h e r terminus I f they are 
s h o r t - c i r c u i t e d , the cu r ren t o b v i o u s l y w i l l pass along one conductor a l l the way 
to the f a u l t and back along the other conductor causing the lamp t o l i g h t . 

A method f o r determining a ground i f t e s t instruments are not a v a i l a b l e 
i s t o app l y 120 v o l t s between ground and one s ide of the l i n e , running the "ho t " 
s ide through seve ra l 200-watt lamps i n s e r i e s - p a r a l l e l t o g i v e a s u f f i c i e n t l y l a r g e 
t e s t c u r r e n t . See F i g u r e 1 . Then a t the o ther end of the cable connect a small 
lamp between ground and the "ho t " w i r e I f the lamp burns d im ly , or not a t a l l , 
the w i r e i s e i t h e r grounded or open, or b o t h . I f the lamp burns w i t h f u l l b r i g h t ­
ness , t ha t w i r e i s p robab ly good and the t e s t should be repeated f o r the o ther w i r e , 
a f t e r f i r s t making the proper connect ions o f the other l i n e t o the 1 2 0 - vo l t supp l y . 

A megger app l i ed across bo th s ides of the l i n e w i l l show approx imate ly zero 
ohms r e s i s t a n c e i f t he re i s a sho r t c i r c u i t . App l ied between one l i n e and ground 
i t w i l l read i n f i n i t y i f the l i n e i s not grounded, but i f the l i n e i s grounded, i t 
w i l l read a d e f i n i t e number o f ohms, which i s approx imate ly the res i s tance of t ha t 
p o r t i o n o f the ea r th through which the cu r ren t t r a v e l s . I f a megger i s not a v a i l ­
a b l e , an ohmeter can be used t o get the des i red i n fo rma t i on . 

I f these t e s t s show the cable t o be n e i t h e r s h o r t - c i r c u i t e d nor grounded 
wh i les the fuses cont inue to blow when 2300 v o l t s are a p p l i e d , the t r o u b l e I s 
o b v i o u s l y a h igh vo l t age g round. 

The l o c a t i n g o f any f a u l t i n a m u l t i p l e conductor cable can be f a c i l i t a t e d 
b y breaking down the i n s u l a t i o n t o such an e x t e n t t ha t a low vo l t age ground w i l l 
develop a t t ha t po in t A t the CAA Exper imenta l S t a t i o n a 5-Kff 230 -vo l t gaso l i ne 
engine generator i s used a t one end of the l i n e f o r t h i s purpose, i n connect ion 
w i t h a 2300/230 v o l t t rans fo rmer . One s ide o f the 2300-vol t t ransformer winding 
i s grounded and the other s ide i s t i e d to the p a r t i a l l y grounded conductor . Then 
low vo l t age i s app l i ed t o the 230 -vo l t pr imary from the generator and g r a d u a l l y 
increased to 230 v o l t s , thereby p u t t i n g 2300 v o l t s between ground and the conductor . 
See F igu re 2 . The same r e s u l t s may be obta ined by app ly ing 115 v o l t s between one 
l i n e and the midpoint o f the low v o l t a g e winding of the t ransformer A f t e r a few 
minutes o f h igh vo l t age the pr imary cu r ren t should suddenly i n c r e a s e , i n d i c a t i n g 
tha t the i n s u l a t i o n has broken down. The cu r ren t should be al lowed t o cont inue a 
w h i l e t o make sure tha t a good •ground' ' has been made 

A meeger a p p l i e d new should i n d i c a t e a ground and p o s s i b l y a sho r t c i r c u i t , 
as the w i res w i l l sometimes fuse together a t the f a u l t i f the cu r ren t i s a l lowed 
to cont inue f o r a s u f f i c i e n t p e r i o d . 

I t should then be poss i b l e t o loca te the t r oub le b y means o f an e x p l o r i n g 
l o o p . 

Locat ing the F a u l t 

F i r s t , an i n d u c t i o n d e t e c t o r , o r " b i c y c l e whee l " l oop should be used to 
l oca te the p o s i t i o n o f the c a b l e . The one used at t he CAA Exper imenta l S t a t i o n 
cons is t s o f a hardwood wheel (24 n d iameter) around the r i m of which i s wound 
approx imate ly 4-500 f e e t o f #36 s i l k - c o v e r e d copper w i r e . At tached t o t h i s wheel 
i s a smal l a m p l i f i e r us ing a g r i d leak de tec to r c i r c u i t w i t h a 6 - v o l t "A " b a t t e r y , 
a 4-5-volt n B " b a t t e r y , and a s e t o f head phones. See F i g u r e 3 and F igu re 5. A 
spark c o i l i s used t o put a s i g n a l between the l i n e tha t i s grounded and the ground. 
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See F igu re 4 The operator then c a r r i e s the loop near the ground and walks along 
the l i n e of the cable l i s t e n i n g to the s i g n a l I t w i l l be loudes t when d i r e c t l y 
above the cable when the plane o i the loop i s he la i n the same plane as the cable 

I f the cable i s grounded, the s i g n a l w i l l s t o p or fade out approx imate ly 
a t the f a u l t T h i s spot can be checked by pu t t i ng the s i g n a l on the l i n e from the 
other end. I f i t faaes out a t the same p l a c e , the f a u l t has been l o c a t e d . 

The s i g n a l u s u a l l y fades out toward the end o f a good cab le , making a 
f a u l t near the end of the l i n e d i f f i c u l t to f i n d by the above method G e n e r a l l y , 
however, f a u l t s can be loca ted w i t h i n p lus or minus one f o o t even thougn the cable 
i s bu r i ed t h i r t y inches 

Sometimes when the l i n e r e s i s t a n c e cannot be broken down lower than about 
5000 ohms to ground (because o f generator l i m i t a t i o n ) and the re i s a s u b s t a n t i a l 
r e s i s t a n c e , say 20,000 ohms, between conductors , the h i gh f requency s i g n a l o f the 
spark c o i l t e s t e r w i l l t r a v e l beyond the f a u l t and make f a u l t l o c a t i o n inaccura te 
I n such cases i t i s h e l p f u l to change from the spark c o i l to a s i n g l e 60 -cyc le 
s i g n a l from the engine generator u n i t , app l i ed between the l i n e and ground i n the 
same manner as i n breaking down the l i n e 

As the l o c a t i o n of the t r oub le i s narrowed down the operator should go 
over the sec t i on of l i n e under quest ion v e r y c a r e f u l l y w i t h the l oop , l i s t e n i n g 
f o r any v a r i a t i o n i n tone and remembering, as s ta ted be fo re , tha t the s i g n a l w i l l 
sometimes d ie out near the end of a good l i n e . I t may a l so fade a t sharp bends i n 
the l i n e Any p laces g i v i n g quest ionable change i n sound should be probed, and 
p a r t i c u l a r a t t e n t i o n should be pa id to p laces where o ld sp l i ces are known to be 

Lacking other apparatus, a s k i l l e d , operator can f r e q u e n t l y l oca te grounds 
b y means of a smal l po r tab le type r a d i o s e t , s u b s t i t u t e d f o r the " b i c y c l e - w h e e l " 
loop I n the absence o f any other s i g n a l l i n g d e v i c e , the grounded l i n e may be 
connected t o a spark p lug o f an automobile and the motor l e f t running to g i ve the 
s i g n a l These methods are u s e f u l i n l o c a t i n g e i t h e r a f a u l t i n a cable or the 
p o s i t i o n of a good cab le . 

An odor p e c u l i a r to burn ing i n s u l a t i o n may emanate from the ground nearest 
the t r o u b l e , and i f one i s so fo r tuna te as to d ig near enough t o the f a u l t t h i s 
odor can be detec ted e a s i l y Wi th snow on the ground a melted patch may be observed 
over the f a u l t , p rov ided the cable i s not bu r i ed too deep ly and p rov ided the cu r ren t 
has burned through ground f o r a long enough time U n f o r t u n a t e l y , cable f a u l t s 
cannot be depended upon to occur on ly when snow i s on the ground. 

I t i s a good iaea when i n s t a l l i n g long runs of cable ( s e v e r a l thousand 
f e e t or more) to p lace cu t -ou ts a t i n t e r v a l s over the c i r c u i t so tha t the cable can 
be s e c t i o n a l i z e d and a s i g n a l p laced at e i t h e r end of a s e c t i o n , thus f a c i l i t a t i n g 
the f i n d i n g of f a u l t s 

I n many cases i t i s poss i b l e t o arrange f o r help from the l o c a l u t i l i t y 
company Such companies u s u a l l y have the necessary instruments and men exper ienced 
i n cable s e r v i c i n g , and they are g e n e r a l l y v e r y w i l l i n g to a s s i s t i n c l e a r i n g up 
t r oub le on t h e i r customers' l i n e s 

I n gene ra l , e i t h e r the methods ou t l i ned or v a r i a t i o n s o f these methods w i l l 
s u f f i c e to l oca te the source of cable f a i l u r e , and w i t h enough p r a c t i c e cable problems 
q u i c k l y can be so lved as they develop 
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