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TWO-WALL LEAKAGE DETECTION SYSTEM 
FOR A PIPE 

This invention relat;es to the construction 
.. 

of a leakage detection system:for an existing pipe 

and to the method of forming that system in the pipe. 

The term "pipes" is herein us~d generically, and 

includes all types of passag~ways and conduits. 

There is a need, pr9mpted by the Environ­

mental Protection Agency, to Fequire leakage detection 

20 systems in connection with pipes or other conduits 

handling hazardous liquids, chemicals and petroleum 

products. Invol,ved are bot}1 :~eakage of the normal 

contents of the pipe, which ~may result in contamina-
. . ~ . . . 

30 

tion of the surroundings, arid leakage of external 
. ..· .·· 

fluids into the pipe, which~~y result in adulteration 

of the fluids carrie.d by the :pipe. Most existing 

installations handling hazardous liquids, chemicals 

and petroleum products at th~·~present time do not 
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meet existing or prospective leak detection require­

ments, and in thos~ instances there is a pressing 

requirement that they be re~rofitted with such 

systems. This is a difficult. and expensive procedure 

in any event, the time and expense involved being 

greatly multiplied when the,pipes are located under­

ground or in remote and inaccessible locations. 

Particularly is this true in the case of pipes 

handlin9 hazardous materials, because when such 

10 piping is removed or excavated the piping itself 

and all .. 'excavated or removed' ma.terial usually must 

be handled as hazardous waste, involving its removal 

from the site and its transportation to an approved 

toxic waste disposal site. 'In systems which are in 

use, excessively long down times result for the 

equipment normally s·upplied by the pipes, thus 

materially increasing the economic cost of retro­

fitting such pipes. 

20 When a leak does occur in a pipe it is 

important to know not only that it exists but also 

where and to what extent.aiphg the length of the 

pipe it exists, ·so that app:i;:-qpriate decisions can 

be made with respect to amefioration of the situation . 
. ' ~ .. 

For example, is the leak nea':t a place where access 
• ,< 

to the .interior of the pipe 0 'can be had, where repair 

may be accomplished IJlOre rea.:<Jily than if the leak is 

in a more remote location? '~s the leak only at a 

point or over a short lengt~ of the pipe, calling 

30 for a relatively simple rep~Jr or relining, or does 
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it or a plurality of l.eaks exist over a substantial 

length of the pipe, calling for a more substantial 

repair job? And whatever the nature of the repair 

job, knowing more or less precisely where the leak 

exists greatly facilitates the repair operation. 

Systems are available on the market for 

sensing and.locating the presence of fluids such as 

those which might be involved in connection with 

10 pipe leakage. They usually comprise an elongated 

sensing element in the form of a cable which.is 

positioned along the length where the presence of 

fluid is to be detected, that cable being electrically 

connected to an external control and indicating 

system which informs the operator of the existence 

and location of leaks. One such system, sold by 

Environmental Specialty Products, Inc. of Niles, 

Illinois, under the trademark "PermAlert", is based 

on time domain reflectometry and operates like radar. 

20 Thousands of times each minute, energy pulses are 

sent out on a "dry" sensor cable. As energy pulses 

travel down the sensor cable, reflections are 

returned to the monitoring unit, which digitizes 

those echoes and creates a digital map of the entire 

length of the cable. The presence of a fluid around 

the sensor cable at a particular location in suff i­

cient quantities to "wet" the cable will alter its 

electridal properties and this alteration will cause 

a change in the reflection from that cable location. 

30 The digital map will indicate the locations where 

-----------· 
- ·------ - . ---
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thos.e reflection changes have come about. One 

problem in utilizing systems of this sort in connec­

tion with detecting pipe leakage of fluids is that 

when the fluid has leaked and engaged the sensor 

cable it tends to flow along the length of the cable, 

thus masking, and in some instances completely 

obliterating, any indication as to where the source 

of the leak actually is. Thus the. presence of a 

leak will be detected, but indication of its location 

10 is unreliable. 

Further, a considerable problem exists in 

applying detection systems :;of the type under dis­

cussion to existing pipes i~ such a fashion that they 

will effectively detect leaks but will be unaffected 

by the fluids normally transported through the pipes. 

It is, of course, possible to solve this problem by 

removing existing pipes and replacing them with 

pipes into which such detection cables or other 

20 detecting elements have been built, but, for the 

reasons set forth above, that is in most instances 

excessiyely expensive and di'fficult . 

. : 
. . ~he present invention provides for the 

instal:l:ation in an existim~· pipe of a novel leakage 

deteetion s~stem throµgh the use of ·conventional and 

proven_.·: techniques, even if;, the existing pipe is not 

in per~ect condition. Moreover, the system is so 

constructed that when installed it is much more 

30 accurate and reliable in pinpointing the location 
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of leaks in the pipe than known systems. 

It is a prime object of the present inven­

tion to provide a leak detection system for a pipe_ 

which functions in a manner superior to prior systems 

with respect to reliability of leak detection and 

location. 

It is another prime object of the present 

10 invention to provide a method for the amalgamation 

20 

of an effective leakage detection system in an 

existing:pipe ·in a comparatively. facile and inexpensive 

manner and without requiring pipe replacement. 

It is a further object of the present 

invention to provide· a pipe leakage detection system 

and a method for installing it in an existing pipe 

which can be efficiently carried out through the 

use of known and time-tested techniques. 

To those ends, the leak detection system 

of the present invention comprises an external, 

at least initially substan:tially impermeable tube 

which; when the pipe is iri perfect condition, can 

be the pipe itself, within: which a second impervious 

tube defining what may be ,termed a pipe-within-a­

pipe is provided and which·~s radially spaced from 

the inner surface of the outer tube, thereby to 

produce a two-wall pipe st:ructure. The elongated 

3b leak-detecting element is received in the radial 
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space between the two tubes or walls, along with a 

mass of porous fluid-retentive material, that fluid­

retentive material and the detection cable preferably 

filling that radia~ space.· The body of absorbent 

material performs two functions: (a) when the leak 

detection system is in operation and a leak occurs, 

that material absorbs the liquid at the location of 

the leak, permits that liquid to then wet the sensing 

cable so that the leak is detected and its location 

10 indicated, but inhibits the liquid from flowing along 

the cable, so that the cable is accurately location­

sensitive, and (b) that·body of absorbent material 

acts to produce the space between the inner and outer 

tubes by reason of the fact that it, along with the 

detector element, is first put in place inside the 

pipe, after which the second impervious tube is 

inserted, the body of absorbent material itself 

spacing the·inner impervious tube from the pipe 

itself. 

20 

One form that this invention can take, and 

in connection with which it is here specifically 

illustrated, involves the forming of the second or 

inner impervious wall by using soft flexible lining 

tubes usually comprised of a layer or layers, such 

as a fibrous layer, which is impregnated with a curable 

synthetic resin, or which carries on its outer surface 

an adhesive whereby the lining tube will become bonded 

to the inner surf ace of the pipe. These lining tubes 

30 may be either pulled into the pipe or everted thereinto, 
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and radially outward pressure is usually applied to 

tha·t lining tube to press it outwardly into engagement 

with the inner surface of the pipe or the body of 

pre-installed absorbent material, as the case may be. 

In cases where the lining t~be is provided with a 

curable synthetic resin, the resin is usually cured 

while the inner tube is pressed radially outwardly, 

and upon such curing the tube. becomes a hard, free­

standing part of. the pipe. The inner impervious tube 

10 may also be created by those lining methods where 

20 

the lining is pulled or pushe'd into the pipe and then 

deformed to fit the pipe, as:well as by those methods 

generally known as "slipliniri"g". These methods are 

but exemplary; the inner impervious tube may be formed 

in any appropriate fashion, but the methods above set 

forth are those generally used today in the in situ 

repair of pipes, and are therefore commercially avail­

able. 

When the system of the present invention 

is to be installed in a pipe that is not perfect, which, 

for example, already has disqontinuities or leaks, 

it is preferred that the pipe first be relined, as 

by means of one of the conveh.tional relining methods, 
.. ~ . 

such as those described abov~, before the leak detec-

tion system of the present invention is installed. 

To the accomplishment of the above, and to 

such other objects as may hereinafter appe.ar, the 

30 present invention relates t6~a leakage detection system 
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for an existing conduit or pipe, and to the method 

of forming the same in situ in an existing conduit or 

pipe, as defined in the appended claims and as 

described in this specification, taken together with 

the accompanying drawings, in which: 

Fig. 1 is a cross-sectional view along the 

length of a pipe in which the leakage detection system 

of the present invention has been installed; 

Fig. 2 is.a cross-sectional· view taken 

along the line 2-2 of Fig. l; 

Fig. 3 is an enlarged fragmentary view of 

the lower portion of· Fig. 2; 

Figs. 4, 5 and 6 are views similar to Figs. 

1, 2 and 3 but showing the resultant structure when 

the initial pipe was not in perfect condition before 

20 the system was installed. 

In preparation for retrofitting pipes for 

the leak detection system of the present invention, 

the existing pipes, generally designated A, should 

first be thoroughly cleaned and irispected for integrity. 

If the system is found to be sound, the detection 

system may be installed, but if it is not sound it 

should be made sound, preferably through the use of 

any known pipe lining method, before the leak detec-

30 tion system is installed. 
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~s indicated above, the fluid detecting 

system itself may comprise an elongated cable 2 

connected by means of wires 4 to an external control 

and indicating station 6. The cable 2 is inserted 

along the length of the pipe A where leak detection 

is desired, and a relatively thick tube 8 defining 

a layer of absorbent fluid-retentive material is also 

put into place inside the pipe A, the cable 2 pref er­

ably being interposed between the pipe A and the 

10 absorbent tube 8, with the absorbent tube 8 otherwise 

being substantially in contact with the inner surface 

of the pipe A, preferably over substantially its 

entire circumferential extent. The tube 8 will 

typically be a needled felt of polyester or similar 

fibers. The cable 2 may be put in place in the pipe A 

before the tube 8 or it may be secured to the tube 8 

while the latter is located externally, the elements 

2 and 8 then being inserted into the pipe A simul­

taneously. Other sequences of operation may suggest 

20 themselves, but what is important is that the inside 

of the pipe A be provided with the absorbent layer 8 

and with the detector element 2, both extending ~long 

the length of the pipe A where leak detection is 

desired. 

Next, an impervious tube 10 of rigid or 

semi-rigid material is formed inside the tube 8, that 

impervious tube 10 thereafter functioning essentially 

as a pipe-within-a-pipe. That tube 10 may take any 

30 desired form. As here specifically disclosed it 
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comprises a layer 12 of porous material impregnated 

with a curable resin and having a radially outer thin 

layer 14 of plastic such as polyethylene, that 

particular embodiment being positioned inside the 

layer 8 and then pressed radially outwardly into 

engagement with the layer 8 and subjected to heat to 

cure the impregnating resin, both the pressure and 

impregnation steps preferably being accomplished by 

the use of heated fluid. As indicated above, the 

10 layer 10 may be constituted and produced by any one 

of a variety of methods provided that in the end the 

layer 10 will function as an·impervious pipe-within­

a-pipe. 

20 

Upon completion of this operation, it will 

be seen that the .original pipe A has now become, in 

effect, a double-wall pipe, A, 10, with the walls 

spaced f nom one another and with that space being 

substantially filled by the absorbent layer 8 and the 

leak detector element 2. Any intrusion of foreign 

liquid into the space between the walls A and 10, 

whether it comes from the outside through a break in 

the pipe A or from the inside through a break in the 

newly formed pipe-within-a-pipe 10, will be absorbed 

by the layer 8 and detected by the cable 2. The 

absorbent nature of the layer 8 will ensure to a 

very large extent that when that leakage fluid reaches 

the detector cable 2 it will do so at a position along 

the length of that cable which closely corresponds 

30 to the longitudinal position of the leak, and hence 
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the location of the leak will be pinpointed. As a 

result, if a leak is detected, only a small area of 

the affected pipe will be repaired either by way of 

removal or r~lining. 

The system of the present invention will 

not function in optimum fashion if a leak remains 

unrepaired for any appreciable period of time, 

because then the absorbent layer 8 at the location 

10 of the leak will become saturated and fluid will then 

slowly move through the layer 8 along the length of 

the pipe. rt therefore is important that the integrity 

of the pipe:A be perfect before the leak detection 

system is installed. If it is not perfect, and is 

as shown in Figs. 4 through 6 where the pipe A' has 

holes 15 therethrough, the integrity of the pipe A' 

will first be made perfect by providing it with an 

impervious lining 16, preferably provided in situ by 

any known method, that lining 16 thereafter functioning 

20 as the radially outer wall of the detection system, 

against which the absorbent tube 8 is pressed. 

Layer 14 may not be needed in some installa­

tion procedures, such as when a sliplining is used to 

produce layer 10. 

The detection system and the method of 

installing it here described have many advantages over 

the prior art~ There is no need to excavate and 

30 dismantle existing pipeline systems. Those systems 
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can be retrofitted while the piping is in place, 

thus reducing expensive rebuilding and down time and 

without adding to hazardous waste disposal problems. 

All materials and techniques to accomplish this method 

are currently available. There is no necessity to 

develop new relining systems, detection systems, 

resins, or new fibrous absorbent materials. The use 

of the present invention involves only a fraction 

of the cost of excavation, disassembly, disposal and 

i·o rebuilding such as has been necessary in the past. 

20 

30 

··Moreover; ;the system of the ·present invention allows 

pinpoint:·-aetection of leak location because it retains 

the leaking ·fluid in a· very localized area. 

·while but a limited number of embodiments 

have been here specifically disclosed, it will,be 

apparent that many variations may be made therein, 

all within the spirit of the invention as defined in 

the following claims. 
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CLAIMS: 

1. A process for retrofitting an existing 

fluid-carrying circumferentially closed conduit with a 

leakage detection system comprising: 

20 (a) inserting along the interior of the 

conduit an elongated means for detecting the presence 

of fluid and a layer of fluid-retentive material, 

said;:fluid-detecting means including means for 

coupting'··t.o a monitoring system outside the conduit, 

25 and thef 1ayer of fluid-retentive .material in the 

conduit contacting said fluid-detecting means and in 

c6nt~~t with tne inner surface of said conduit over 

substantially the entire circumferential extent 

thereof, 

30 (b} inserting a fluid-impermeable liner 

. '.·: ~ ; '··. 
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within the laye·r of fluid-retentive material, and 

(c) causing said fluid-impermeable 

liner ~o.lie s~bstantially against said layer of 

fluid-retentive material over substantially the 

5 entire circumferential extent thereof. 
':;. 

~: In the process of claim 1, causing said 

liner to ~xert radially outward pressure on said 
~ . . . 

layer of fluid-retentive material and said elongated 

10 ·means. 

··'·3~. ·.In the process of either of claims 1 

or 2, in >wh:io'ch said liner comprises a curable synthetic 

resin, t~ei:~tep of curing said liner to harden it and 

15 cause it.to retain its position substantially against 

said l_ay~r qf fluid-retentive material. 

4. The process of claim 3, in which said 

liner' cqmprises porous material impregnated with said 

20 resin. 

25 

. . · ... J),. The process o:f any of claims 1-4, in 

which the·;~'iongated means and the fluid-retentive 

materia1. ·ar~ 'inserted simultaneously . 
. :_._ .. , .... 

: !-:6~ In the process. of any of claims 1-5, 

where s~i-d·e~isting conduit is not sound along .its 

length)i>t~,~:~. ~tep of proviQ.i;rig said unsound existing 

conduit;length with a fluid,..-impervious pre-lining 
. ":·. . .. : . ~. · .. , .':: :;·!: : 

30 inside·.~hich said fluid-detecting means, said layer of 

--· ···--····-.··--- -··- -- ---- --··----···-··. ··--·- ·-·· ~---~-------- ·· 

1iiiiW1f 



l 

' 

5 

10 

15 

20 

25 

30 

- -·--- ·- -· -- -·-·--· -- .. ·-···· ·- .. ... . -- . -. 

( 
THIS SHEET HAS BEEN 

REPLACED 

3 

fluid-retentive material and said fluid-impermeable 
• >"" 

liner are. pl.aced. 

. This Sh ----- ·····--------- ---------- ····-----·------
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