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1 INTRODUCTION

1.1 General

Several failures in geomembranes can occur during their instal-
lation. They are more related to the quality of the sub-grade and
drainage layer materials and the installer expertise. Short-term
failures are due to the placement of the drain granular material,
traffic of mobile equipment, thermal shrinkage, weight and
properties of the material place under and above the liner. Ex-
perience demonstrates that in ponds built according to a strict
Construction Quality Program (CQA) damages prior to the
placement of a protective cover are frequently found during
specialized surveys. In landfills, most of the damages occurs
during placement of the over-cushion layer according to
Colucci et al. 1995, Laine et al. 1993, Phaneuf et al. 2001. The
electrical leak detection system has demonstrated its validity
and usefulness whenever an important leak can be forecasted
(Cadwallader 1998, Peggs 1993b).

1.2 Electrical leak location systems

Electrical leak location method has been used to locate leaks in
PE, CSPE, PP, PVC and bituminous geomembranes installed in
basins, ponds and landfill cells. The principle behind the technique
is to place a voltage across a synthetic geomembrane liner and
then detect areas where electrical current flows through a discon-
tinuity in the liner (as shown in Figure 1). Essentially, the liner
must be an insulator and an electrical potential is applied across
the geomembrane between a liquid retained by the liner and the
sub-grade.

Figure 1. Schematic of electrical leak detection method
The geo-electric techniques of locating potential leaks in a liner
can be performed on uncovered dry liners, on liners covered with
water and on liners covered by a protective soil layer. They are

used to rapidly evaluate leak defects in 100% of a geomembrane
liner at a rate of about 9000 to 13000 m2/day (375 to 540 m2/h) per
equipment (Peggs 1993b, Rollin et al. 1999).

1.3 Leaks location on exposed geomembrane

Single geomembrane placed directly on soil, such as in impound-
ment facilities and for the secondary and primary geomembranes of a
double composite lining system in landfills, in geomembrane-lined
concrete and in steel tanks, can be tested using the water puddle and
water lance techniques. Water is usually supplied by gravity from a
tank truck parked at the top edge of the pond or landfill. For this
technique to be effective, the leaking water must come into immedi-
ate contact with the electrical conducting medium to which the
ground electrode of the 12 or 24 VDC supply can be connected.
These techniques locate leaks independently (large damages not
masking small leaks) with the possibility to detect leaks in geomem-
brane joints and sheets as work progressed during the construction
phase.

Figure 2. An electrical leak detection survey on exposed GM

The principle behind another technique, water covering the liner, has
been described abundantly by Peggs (1989, 1990 1993a), Darilek et
al (1988, 1989) and Laine et al (1989, 1991, 1993). Similarly to the
previous techniques, this electrical leak survey requires an electri-
cally conductive layer below (soil) and above the liner (water or hu-
mid soil). A cathode ground is established and an anode is placed in
the contained water. The voltage impressed across the liner produces
a low current flow and a relative uniform voltage distribution in the
material above the liner. If the liner has a leak, electrical current
flows through the leak causing a localized abnormally in the poten-
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tial gradient. A hand held probe is then traversed through the wa-
ter and the current traced to the defect.

Finally, the PE co-extrusion technology made it possible to
produce a liner with a thin (approximately 5 mil) electrically
conductive layer using electrically conductive carbon black.
This manufacturing process allows the PE geomembrane to be-
come spark-testable over 100% of its surface using standard
spark testing equipment (Gundle 1992). The conductive layer
can be charged with 15 000 to 35 000 volts and a brass or neo-
prene sponge wand is then passed over the non-conductive
layer on top. Any breach in the liner will transmit a spark with
an audible alarm signal.

1.4 Leaks location on covered geomembrane

The main advantage of this technique is the detection of leaks
with a granular layer covering the liner (provided the cover soil is
homogeneously electrically conductive). The principle behind this
technique has been described abundantly by Peggs (1989, 1990
1993), Darilek et al. (1988, 1989) and Laine et al. (1989, 1991,
1993). This electrical leak survey requires an electrically conduc-
tive layer below (soil) and above the liner (humid granular layer).
The voltage impressed across the liner produces a low current
flow and a hand held probe is then traversed through the soil to
trace to the defect.

2 SURVEYS

2.1 Sites surveys

Leak location system was developed in the early 1980 at the South
West Research Institute in San Antonio under an US EPA spon-
sored research program (Laine et al. 1988) and commercial sur-
veys have been available since 1985 in USA (LLSI 1998) and
since 1992 in Europe (Colucci et al. 1995). Recently 300 electrical
resistivity leak location surveys which were conducted throughout
the world were reported by Nosko et al. (1996, 2000). These leak
location survey summaries assessed geomembrane damage found
in more than 3,000,000 m2 of liner installations in 11 countries
(Phaneuf et al 2001).

Survey results obtained by Laine et al. (1989), Darilek et al.
(1989), Colucci et al. (1995, 1996), Peggs et al. (1990, 1996,
2001), Phaneuf et al. (2001), Nosko et al. (1996, 2000) and
Rollin et al. (1999) have been assessed. Many of these surveys
were conducted after a conventional construction quality assur-
ance program has been implemented. These data exclude re-
sults obtained from electrical conductive geomembrane, per-
manent monitoring systems, systems which are restricted to
seam testing only and systems which may detect leaks non-
electrically.

The analysis of 1827 leaks reported by Colucci et al (1995),
Darilek et al (1989), Laine et al (1993) and Rollin et al (1999)
indicated that 65% related to seaming and 35% located in the
sheet material with an average leaks density equal to 17.4
leaks/hectare, a number far greater than expected and usually
considered during the design phase. The structures surveyed
(defined as an individual liner which was inspected in a single
survey) consisted of steel tanks, concrete tanks, basins and
ponds, uncovered primary and secondary landfill liners and soil
covered landfill liners. The liner materials used at the sites were
high-density polyethylene (HDPE), low density polyethylene
(LLDPE), flexible polypropylene (FPP), pre-fabricated bitumi-
nous (PBGM), polyvinyl chloride (PVC) and chlorosulfonated
polyethylene (CSPE).

In a 1996 survey data reported by Nosko et al, results ob-
tained in landfills indicated that 73 % of damage occurs when
the soil layers are placed on top of the geomembrane, 24 % oc-
curs during geomembrane installation and 2 % occurs during
the post construction phase. So, contrary to the general percep-

tion, in landfills most damage detected occurs during covering
layer installation and not caused by improper seaming.

Figure 3. Causes break down of geomembrane leaks.

2.2 Leaks density

Leaks densities reported by many authors are shown in Table 1.
Leaks density is ranging from 26.0 to 2.0 leaks/hectare. The density
reported by Laine et al. (1989) is relatively larger than others simply
because this set of surveys was performed on small containment fa-
cilities such as ponds and basins. The number of leaks per hectare in
landfill primary and secondary liners reported are for uncovered lin-
ers equal to 14.0 leaks/ha (Laine et al. 1993) and for covered liners
equal to 22.5 leaks/ha (Laine et al. 1993) and to 15.31 leaks/ha
(Colucci et al. 1995).

Table 1. Reported leaks density

The leaks densities reported by Rollin et al. (1999) are relatively
lower than others because the surveys were performed during the lin-
ers installation, a geotextile has been installed between the sub-grade
material and the liner and very strict CQA programs were imple-
mented. Also 63% of surveyed area was basins lined with bitumi-
nous and polypropylene geomembranes. Analysis of the data pre-
sented in Table 1 indicates that larger leaks densities are found in
smaller installations as pointed out by Colucci et al. (1995), Rollin et
a.l (1999) and Phaneuf et al. (2001) and presented in Figure 4.

The reasons for the greater number of leaks per hectare to lin-
ers installed in smaller installations have been summarized by
Colucci et al. (1995): smaller installations have proportionally
more complex features (corners, sumps, penetrations) where ex-
trusion welding is used; larger installations tend to have stricter
construction quality program; and larger installations generally re-
ceive less traffic.

reference sites status totalarea leaks/hectare
ofGM surveyed

Laineetal 1989 28 uncovered 207,000 26.0
Laineetal 1993 58 covered 364,000 22.5
LaineetMosley1993 169 uncovered 14.0
LaineetMosley1993 17 covered 22.0
Colucci etal1995 25 covered 300,000 15.3
Rollinet al 1999 8 uncovered 230,000 2.0

73%

24 %
3%

During covering
layer installation

During geomembrane
installation

During post
construction period

Phaneuf et al. (2001)
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Figure 4.  Leaks index as a function of sites surveyed area 

Two curves have been plotted to differentiate between the num-
bered of leaks detected in waste containment cells and in hazard-
ous waste containment sites. The leak densities in industrial sites 
are probably lower as a result of greater construction quality as-
surance program implemented.  

2.3 Types of potential leak paths 

Types of potential leak paths can be related to the quality of the 
sub-grade material, quality of the cover material, accuracy in their 
installation and quality of GM installation that is responsible fac-
tors for short-term liner leaks. Leaks detected during surveys can 
be divided into many categories: holes (gouges and punctures) – 
being object shaped leaks with downward or upward protruding 
rims; tears – being linear or areal leaks with tooth-edge borders; 
cuts – being linear leaks with neat close edges; lack of seam bond 
– being partial or total lack of seaming between sheets; burns 
(melted zones) – area where the polymer has been melted during 
the welding process.sheets; burns (melted zones) – area where the 
polymer has been melted during the welding process. 

Figure 5. Photograph of leaks in a HDPE geomembrane 

In an attempt to correlate leak types to the data gathered by 
Colucci et al. (1995), mean leaks densities were calculated at sites 
where known low and high quality sand and gravel layers have 
been installed. A high quality gravel layer can be defined as  “al-
luvial well graded gravel, well rounded surfaces and well washed” 
and a high quality protective sand layer as “layer thickness 
>30cm, well graded, absence of gravel and absence of stones”. An 
average of 39.4 leaks/ha was obtained for low quality sub-grade 
layers as compared to 8.0 leaks/ha for high quality sub-grade soil. 
On the other hand, an average of 19.5 leaks/ha has been obtained 

for low quality cover soil. These results are suggesting that a low 
sub-grade quality was probably responsible for the majority of leaks 
found during liner installation and that low quality cover soils were 
responsible for approximately 35% of the detected leaks. Cuts and 
faulty seams represents 15% of detected leaks (63/422 leaks).   

2.4 Leaks location 

For basins and ponds, approximately 35% of all detected leaks are 
located in the sheet material while 65% are related to extrusion weld-
ing particularly at repair patches, edges and in the vicinity of pipe 
penetrations. Cuts have been located close to corners along the bot-
tom perimeter (from falling knives during slope installation), in the 
vicinity of particular points and in the vicinity of fillet weld repair 
patches. Similarly, small leaks have been located in fillet weld repair. 
For landfills, Nosko et al. (2000) reported that 78 % of the leaks 
where found on the flat floor, 9 % in corners and edges, 4 % under 
pipes, 2 % at pipe penetrations and 7 % at road and structures. 

2.5 Leaks size 

Data reported by Colucci et al. (1995) are presented in Table 2.  Ap-
proximately 80% of all detected leaks are smaller than 500 mm2 with 
larger leaks being holes and tears. Pinhole seam leaks located in ge-
omembrane liners using electrical leak location method has been 
analyzed and presented by Laine (1991). 30 hectares and 5 hectares 
wastewater containment facilities were surveyed after seams have 
been checked using air pressure in dual seam canal and vacuum box 
tests. A total of 31 leaks had been found (5 leaks/ha). The leaks de-
tected using the electrical system were mainly located at fillet weld 
repair patches from incomplete bonding and incomplete fillet weld to 
sheet. Their size ranging from 0.5 to 1 mm with leak path extending 
under the weld.  

Table 2. Leak size as a function of leak type (Collucci et al. 1995) 

For covered and un-covered geomembranes, Nosko et al. (2001) 
found that the predominant size of stone-related damage is typically 
50 to 200 mm2, damage related to heavy equipment is typically lar-
ger than 1000 mm2, damage related to faulty welds is typically under 
50 mm2 and damage related to cuts typically 5o to 200 mm2. This in-
formation can be compared with leaks found by Collucci et al. 
(1995), Phaneuf et al. (2001) and Rollin et al. (1999). 

3 LESSONS AND CONCLUSIONS 

The number of leaks detected during geo-electrical leak location of 
numerous sites is greater than expected and considered during design 
phase. Giroud et al (1989) estimated leak flow rates for geomem-
brane sandwiched by permeable high quality soil layers on the as-
sumption of a single small hole of area equal to 3.1 mm2 per acre. 

leak size (mm2) holes tears cuts seams total % total

0-20 44 31 12 11 98 23
20-100 37 49 21 4 111 26

100-500 60 49 2 8 119 28

500-1 000 22 11 0 4 37 9
1 000- 10 000 10 22 0 1 33 8

> 10 000 15 9 0 0 24 6

188 171 35 28 422
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Table 3. Leak size as function of leak type (Phaneuf et al 2001)

For a well-designed granular leachate collection layer, a 3 cm
liquid head can be assumed resulting in a 300 l/ha-d leaking
flow rate. Laine et al. (1989) estimated a leaking flow rate of 42
gal/acre-d (393 l/ha) on the estimation of 12 leaks/acre. As
suggested by Bonaparte et al. (1990) and Beech et al. (1998),
an acceptable flow rate of liquid collected in the leachate col-
lection system of a composite liner would be 150 l/ha-d repre-
senting approximately 2.5% of the produced liquid reaching the
liner. Considering a mean leak density of 17 leaks/ha for com-
posite liners in landfills and considering leaks of the same size
with a liquid head equal to 1 cm, the leak dimension should be
equal to 1.5 mm (A = 1.8 mm2). Since it is impossible to guar-
antee that there will be no larger leaks in the geomembrane and
greater liquid head, this analysis indicates that probable rela-
tively larger leakage rates are encountered at sites where mini-
mum CQA programs were implemented.
The higher leaks density found in smaller installations suggest
that greater CQA should be implemented for small impound-
ment facilities such as for the leachate collection pond too often
neglected (single liner with complex features). Since the liquid
head is approximately 3 m, large leakage rates should be ex-
pected.
The data indicate that as much as 97 % of all geomembrane de-
fects were introduced during the construction process. The
large number of leaks found during these electrical leak detec-
tion surveys performed after rigorous Construction Quality As-
surance Programs stresses the need to improve existing pro-
grams. Greater cares must be exercised during construction
phase for high quality of sub-grade and cover soil materials,
accuracy of installation of liner on sub-grade soil, inspection of
fillet extrusion welds in vicinity of pipe penetration, sumps and
at repair patches.
The electrical leak detection system has demonstrated its valid-
ity and usefulness and should be mandatory in a construction
quality assurance program. The electrical leak detection system
performed during liner installation could be a viable substitute
to non-destructive testing of seams.
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size of damage (Nosko et al (2000))

size punctures gouges cuts tears burns scrapes bonds seams % total
mm
<1 10 1 2 1 1 1 12

2 to 10 28 11 1 8 7 4 1 46
11 to 50 7 1 7 2 3 2 1 18

51 to 100 3 1 1 3 6
101 to 500 1 1 1 1 3

501 to 1000 1 2 2
> 1000 2 1 1 3

unknown 4 3 1 2 1 2 10

% total 38 12 10 4 6 13 8 9
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