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1. GENERAL

1.01 This secti on covers the pri nciples of leak
locat ion and outl ines th e procedu res to be

1.02 This section is revi sed to update th e te xt
and include information former ly conta ined

in Section 637-411-011. Since this is a gene ral
revision, arrows ordina rily used to indica te cha nges
have been omitted.

1.03 Detailed descr iptions of th e met hods available
for the approximate location of leak s using

pressu re gradient meth ods are given in Section
637-410-504.

2. PRINCIPLES OF LEAK LOCATING

FORMATION OF LEAK GRADIENTS

2.01 When a lengt h of cabl e con ta in ing. no leaks
is pre ssurized an d all owed to sta nd, t he

pressure will sta bilize an d be uniform th roughout
its length. If a leak occurs, t he stable cond it ion
is disturbed and air will flow toward the leak an d
escape into the atmospher e. The a ir wit hin th e
cable will flow toward the leak from both di rections
and result in a gradual loss of pr essure throughout
the cabl e.

2.02 The change in appearance of th e pressure
gradient of a cable at inte rvals from 5 to

160 hours after t he occurrence of a la rge leak near
the midpoint of a pressurized cable is illustrated
in Fig. 1.
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Fig. I-Pre..ure Gradient C"rves (La rge Leak)

2.03 When the leak fir st occurs, the distu rba nce
is confined to a short sect ion imrnedia te lv

adjacent to the leak and a steep gra dient is for med.
During the fir st severa l hours, the gra dient shape
changes rapidly as the dist ur bance progresses away
from the lea k in each direct ion. Afte r several
days, the dist urba nce has t raveled a considerab le
distance and the gradient in the vicinity of the
leak becomes more stable. Pr essures at var ious
points adjacent to th e leak decrease slowly, and
the J"enera l shape of the gra dient does not change.

2.04 Leak gra dients are cha racterized by decrea sing
cable press ures as the leak is ap proached.

the press ure being lowest at the leak. Loca t ing
leaks by pressure gr adien t met hods is based on
finding the point of minimum pressu re by taki ng
pressure measurements a t ap pr oxim ately even
inter vals a long the cable under test and plott ing
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the m on a graph, as shown in Fig. 2. Connecti ng
th e plot ted points with st raig ht lines gives an
approxi mation of the true pr essu re conditio ns of
the cable under test at the t ime the pressure
readings are made. For comparison, the true
pre ssure gradient . which is a smoot h dotted curve,
is a lso shown.

2.05 The smooth curves shown in Fig . 1 and 2
are true leak gradients , ie, the curves dep ict

the pressure along a lengt h of cable having no
irregula rit ies in t he cab le pla nt or no change in
outs ide condit ions which may influ ence the a irflow
toward th e leak.

2.06 True leak gradients can only be app roximated
beca use of limitat ion s in met hods a nd

inst ru ments used for making pressur e measur ements.
nonuniformity in cable plant . and the effect of
atmospheric cunditio ns.
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CONDITIONS AFFECTING LEAK GRADIENTS

2.07 The shape of a leak gradient always reflects
irregula rities in the construction of the cable

under test and limitations in the method used for
making ,the pressure measurements. A true leak
gradient cann ot be secured in practice because of
th e following physical limitations:

(a) Valve spacing may vary from 500 to 3000 feet.

(bl Read ings cann ot be made simultaneously .

(c) The cable under test may have bra nch cables
or apparatus cases connected to it. These

provide add itio nal sources of ai r supply for t he
flow toward the leak and introduce irreg ula rities
in a leak grad ient at th e points of connect ion.

td I Stopp ages or obst ructions which restrict t he
norm al flow of ai r through a cab le int roduce

irr egulari ties in a leak gradient.

(e) The prese nce ormore than one leak complicates
securing a true leak gradient for a particular

leak .

EFFECT OF UNEQUALIZED PRESSURE

2.08 Unequalized pressure in the cable caused by
sheath openings or incompl ete pressurization

will confl ict with the leak gradient. Leak locati ng
tests should not be made until it is reasona bly
sure that the press ure has stabilized and the leak
gradient has assumed its norm al shape.

EFFECT OF TEMPERATURE

2.09 Changes in cable temperatu re during the
leak locat ing test s will dist ort a pre ssure

gra dient and cause err ors in leak locati on. Leak
locati ng test s preferably should be made when
temper ature condit ions are stable.
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2.10 Underground and Buried Cable:
Tem perature changes in underground and

buried cable genera lly are gra dua l and do not
cause appreciab le er rors in leak locating test s. Part
of an und ergr ound cab le may para llel a steam pipe
an d have a higher te mpe ra ture than other portions
of th e cable, However. as long as the te mperature
rem ains constant . the pressu re will equalize and
the leak gradient will not be af fected. Similar lv.
su bmarine cable may have a lower tem pera tu re
than adjacen t land portions of th e sa me cable. but
tempe ra ture condit ions will be stab le.

2.11 Pumping wate r fr om manholes and condu it
may change the temperature of an underground

cab le appreciably, Pr essure read ings should be
deferred unt il te mperat ure conditions stabil ize,
Pum ping manh oles to take pressure readings can
be avoide d by locat ing t he valves in the neck of
the manhole.

2.12 Cable suppo rted fr om a br idge may be
subjec t to conside ra ble daily te mpe rature

change and sho uld be tr eat ed as an ae rial cab le in
selecti ng a tim e when tem per ature conditions are
most stable.

2.13 Aerial Cable: Aerial cable is subject to
wide da ily variat ions in te mpe rature due to

the heat of th e su n in combina tio n with cha nging
condit ions of shad e fr om clouds. trees, and buildings.
As a res ult, th e pr essure in th e cable is changing
cont inuously and leak gradients may be distort ed
suffic iently to cause ser ious er rors in leak location,
particul arl y in the case of small and med ium leaks.

2.14 The effect of weather and temp erature on
a leak gr adient in aerial cable is listed below.

The most favorable circumstances for leak locati ng
test s are during a st eady rai n or in th e hours of
da rkness ju st before sunrise .

WEATHER CONDITION EFFECT ON GRADIENT

(1) Steady rain No distortion

(2) Hours of darkness just No distortion
before sunrise

(3) Solid, heavy clouds Slight d istortion where shaded
areas are involved

(4) Even , light overcast Distortion where shaded areas
are involved

(5) Sunny day , no clouds Distortion where shaded areas
are involved

(6) Sunny day , drifting Considerable distortion
clouds

2.15 Combination Aerial and Underground
Cable: Pr essure cha nges in sectio ns of

underg round or buried cable in combination with
aer ia l cab le usually reflect the var iat ion of ca ble
tempe ra tu re of the ae ria l por tion. with the re sult
tha t there is a consta nt flow of ai r betw een th e
aerial and und ergr ound cables. When leak locating
tests are to be made in such sectio ns, the ae ria l
portion should be isolated from the undergrou nd
b,' closing the bypass. if prov ided, a round t he
pressure plug a t the junct ion of th e two types of
pla nt. The section of ca ble being invest igated th en
may be treate d either as all-ae ria l or all-underg round.
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EFFECT OF ALTITUDE

2.16 Wher e differ ences in elevation exist bet ween
va lve points in a sect ion of cable under test .

the weight of the air in th e cable increases the
pre ssure at th e lower va lve points . The resu ltant
distort ion of a leak gra die nt is significant when
the difference in elevation between va lves is 20 feet
or more for mercury manometer test s. and 1 foot
or more in making pr ecision tes ts . Accordi nglv.
the pressu res measured a t th e dif fere nt eleva tio ns
must be converted to th eir equivalent va lues a t a
common elevat ion, as described in Section 637-400-504.



cover ing correction of pressure mea su rem ents,
before plotting a leak gradient.

EFFECT OF ATMOSPHERIC PRESSURE

2.17 Press ure readi ngs made with a mercu ry
manometer or C pressu re gauge indicate

the value by which the cable pressure exceeds the
prevailing atm ospheric pre ssure at th at location.
The latt er varies with weather condit ions.

2.18 Leak locat ing tests generally ar e made within
a short inte rval of ti me, du ri ng which little

or no atmospheric press ure changes occur; hence,
no correction is necessary. Leak locat ion work
with a mercury man ometer or C pressure gauge
should not be undertaken during rapidly changing
weather conditions.

IMPROVING ACCURACY OF RESULTS

2.19 Improving the accu racy of leak locations
obtained from pressure meas ure ments will

reduce the length of cable that must be inspected
to find the leak for repair. After an approximate
leak locat ion is obtai ned, th e suspected area should
be tes ted, usin g the methods for different types
of pla nt as follows:
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examination of the cable . The reduct ion of effort
which may be affected in this way justifies add it ional
care and effort in making the pressure measurements
in a man ner that will p rovide an accurate locati on.

2.21 To obtain accura te results, it is necessary
to:

(a) Take measu rements when conditions have
minimal influence on the gr adient.

(b) Make the measurements in the shor test
ti me practical, using methods which will

compensate for cha nges in gradient shape during
th e interval requ ired to make the measurements.

(c) Take measurements at enough points so the
shape of the gradient in the immedia te

vicinity of the leak will be indicated clea rly.

2.22 In some cases, considerable delay may be
required before satisfactory measuring

conditions can be established . However , it is
prefe rable to wait until one good set of readings
can. be made under favorable conditions, rather
than spend the time obtaining several sets of
measu rements hurriedly. The latter may , leave
considerable uncertainty as to the leak locat ion,
and may require excessive effo rt .in exposing and
inspecting the cable.

2.20 Th e m eth od s discus s ed in 2.19 ar e
time-co nsuming opera tio ns, and it is th er efore

import ant to obtain as accurate a leak locat ion as
pract icab le befo re proceeding with a detailed

TYPE OF
PLANT

Aerial

Unde rgrou nd

Buried

METHOD USED

Spray with pressure
testi ng solut ion or
use ultrasonic method
(See Sec tions 637·414·500
and 081-607-100 , respect ively ).

Compute the leak locati on by
arithmetical means , as described
in Section 637 -410-504, before
excavat ing to clear leak.

Com pu te as fo r underground cable
and use helium method before
excavating to clear leak (see
Section 637-416-501).

2.23 In many instances, particula rly in the case
of small leaks, it may be desi rable to

determine th e general locat ion of the leak by a
preliminary set of measurements. Additional
temporary valves then can be installed on each side
of the preliminary location and a careful set of
measurements taken for final plotting purposes.
The fina l measu reme nts should not be taken until
it is reasonably certai n that conditions are satisfactory
and the press ure has stabi lized.

3. LEAK LOCATING PROCEDURES

3.01 The procedure to be followed in a particular
case will depend on th e type of cab le plant,

access ibility , size of the leak, and other factors or
irregularities th at may affect th e pre ssure gr adien t.
In all cases, good judgment must be exercised to
determi ne t he most economica l a nd practical
proced ure to be employed .
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3.02 The procedures for the locati on of leaks in
pressur ized cables may be divided int o three

steps as follows:

• Step i-s-Leek De tection: The purpose
of this step is to detect the existence of a
leak in a cable sect ion. Genera lly, th is
provi des a locat ion wit h in three valve
sect ions- approximately 9000 feet.

• Step 2-Preliminary L eak Lo ca tion:
The purpose of this step is to dete rm ine an
approximate locat ion of the leak within a
regular valve secti on of 3000 feet. In
underg round cable, this step generally places
the leak withi n one or two ma nhole sectio ns,

• Step 3- Final L eak Location : The
pur pose of th is step is to det ermi ne the
actu al locat ion of the leak by the most
accurate and pract ical methods availa ble,

LEAK DETECTION

3 .03 Continuous pressure system s equipped
with th e Cable Pressure Monitori ng

System (CPMS): The CPMS automatically
provides a nightly sta tus report and alarm
bulletins which disclose any suspected t roub le
locat ion: This report and bulleti nts ) are sufficient
to state the nature and general locat ion of a
proble m.

3.04 Contin uous Pressure Sys tem s Without
CPMS: With these systems, air leaks 'are

det ected by th e opera t ion of pressure monitor ing
devices (contactors and/ or transducers), The leak
is located wit hin the sectio n monitored by the '
operated device.

PRELIMINARY LEAK LOCATION

3.05 A prelimina ry leak -Ioca t ion is obtai ned by
taking pressure read ings at three or more
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uniformly spaced vah'eson each side of t he suspected
leak locat ion a nd plott ing a press ure gr ad ient from
these read ings, The two-dire ction m ethod of
leak locat ing, descr ibed in Sectio n 637-410-504, may
be followed for all types of plant to verifv the
pressure readi ngs and allow for cha nges in cable
pressur e dur ing the ti me required to tak e the
measur ement s.

FINAL LEAK LOCATION

A. Underground Cable

3.06 Inspect and solutio n test the cable. sleeves,
closures , and apparatus cases in each manhole

adjacent to the preli minary leak locat ion.

3.07 'If the leak is not found by inspect ion and
solut ion test. use th e a ir flo w indica tor

(Section 081-603-101) on each side of th e preli minary
locat ion to determi ne th e conduit sect ion containing
the leak. Th is will indicate the sect ion of ca ble
to be replaced in case repairs are not pra ct icable.

3.08 If the defective section is to be rep aired,
install temporary valves in th ree manholes

on each side of the defective sect ion and obtai n
an accurate locatio n, usi ng the gradient methods
descr ibed in Sectio n 637-410-504.

3.09 After an accurate location has been obtained,
excavate the conduit struct ure , break open'

the duct containing the cab le under test, and expose
a 6- to 10-foot sect ion of cab le. Visually ins pect
and solut ion test the exposed cable . If th e leak
is not found, install two tempo ra ry val ves on the
exposed cable sheath and use the airflow indicator
to determine in which direction the excavat ion
work should progress to find the leak.



B. Buried Cable

3.10 Expose, inspect, and solutio n test the spl ices
adjacent to the preli mina ry leak location.

3.11 If the leak is not found, use the ai rflow
indicato r at th e exposed splice points to

determine the sect ion of cable contain ing t he leak.
Then install tem porary valves at th ese splices and
at sufficie nt addit ional points along the cabl e to
provide three valve points spaced 500 to 1000 feet
apart on each side of th e pre limina rv locatio n.
The temporary valves then should be used to obt ain
an accurat e locat ion, using th e gr ad ien t methods
described in Sect ion 637-410-504.

3.12 Aft er an accur ate gradient has been obtai ned,
follow t he procedures out lined in Sect ion

637-416-501 coveri ng the helium method of buried
cab le leak locati ng before excavating to expose
the cable . When the leak is found usi ng the helium
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meth od, visually inspect and solution test the exposed
cab le. If the leak is not found, install two temporary
valves on the cable shea th and use the ai rflow
indicator to determine in wh ich direction the
excava t ion work sho uld progress to find the leak.

C. Aerial Cable

3.13 Whe re a leak in aeria l ca ble is involved.
th e prelimi nar y measurements usually are

sufficiently accurate to perm it find ing th e leak bv
employing ult rasonic leak locating equipme nt. Ther e
ar e va rious types of ult rason ic equipment which
locate leaks by detecting the high-freq uency sound
genera ted b~' air escaping from pressu r ized cable
or equip ment. The desc rip tio n and use of different
types of ultrason ic equip me nt a re covered in
Sect ion 081-607-100.
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