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Standard Guide for
Selection of Techniques for Electrical Detection of Potential
Leak Paths-Leaks in Geomembranes’

This standard is issued under the fixed designation D6747; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This standard guide is intended to assist individuals or groups in assessing different options available for locating potentiat
teak—paths-leaks in installed geomembranes thretgh-the-use-of-using electrical methods. For clarity, this document uses the term
potential-leak path-to mean holes, punctures, tears, knife cuts, seam defects, cracks and similar breaches over-the-partial-or-entire
area—of-through an installed geomembrane.

1.2 This guide does not cover systems that are restricted to seam testing only, nor does it cover systems that may detect leaks
non-electrically. It does not cover systems that only detect the presence, but not the location of leaks.

1.3 Warning—The electrical methods used for geomembrane leak location could use high voltages, resulting in the potential
for electrical shock or electrocution. This hazard might be increased because operations might be conducted in or near water. In
particular, a high voltage could exist between the water or earth material and earth ground, or any grounded conductor. These
procedures are potentially very dangerous, and can result in personal injury or death. The electrical methods used for geomembrane
leak location should be attempted only by qualified and experienced personnel. Appropriate safety measures must be taken to
protect the leak location operators as well as other people at the site.

1.4 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety and health practices and determine the applicability of regulatory
requirements prior to use.

2. Referenced Documents

2.1 ASTM Standards:*

D4439 Terminology for Geosynthetics

D7002 Practice for Leak Location on Exposed Geomembranes Using the Water Puddle System

D7007 Practices for Electrical Methods for Locating Leaks in Geomembranes Covered with Water or Earth Materials

D7240 Practice for Leak Location using Geomembranes with an Insulating Layer in Intimate Contact with a Conductive Layer
via Electrical Capacitance Technique (Conductive Geomembrane Spark Test)

3. Terminology
3.1 For general definitions used in this document, refer to D4439.
3.2 Definitions:Definitions of Terms Specific to This Standard:

3.2.1 electrical leak location, n—anya method which uses electrical current or electrical potential to detect and locate potential

teak—paths:leaks.

! This guide is under the jurisdiction of ASTM Committee D35 on Geosynthetics and is the direct responsibility of Subcommittee D35.10 on Geomembranes.
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3.2.2 potential-teak—paths—leak, n—for the purposes of this document, a poetential-leak path—is any unintended opening,

perforation, breach, slit, tear, puncture, crack, or seam breach. Significant amounts of liquids or solids may or may not flow through

a leak. Scratches, gouges, dents, or other aberrations that do not completely penetrate the geomembrane are not eonstdered—Eeak
pa-tl‘rs-cons1dered to be leaks Leaks detected durmg surveys have been grouped 1nto ﬁve categorres -Ha—l-le}es—reuﬂd-sha-ped—verds

3.2.2.1 holes—round shaped voids with downward or upward protruding rims.

3.2.2.2 tears—linear or areal voids with irregular edge borders.

3.2.2.3 linear cuts—linear voids with neat close edges.

3.2.2.4 seam defects—area of partial or total separation between sheets.

3.2.2.5 burned through zones—voids created by melting polymer during welding.

4. Significance and Use

| 4.1 Fypes-of potentiaHeak pathshave-been-Leaks are typically related to the quality of the sub-grade material, quality of the

cover material, care in the cover material installation and quality of geomembrane installation.

4.2 Experience demonstrates that geomembranes can have leaks caused during their installation and placement of material(s)
] on the lirer.geomembrane.

4.3 The damage to a geomembrane can be detected using electrical leak location systems. Such systems have been used

]  successfully to locate leak—paths-leaks in electrically-insulating geomembranes such as polyethylene, polypropylene, polyvinyl

chloride, chlorosulfonated polyethylene and bituminous geomembranes installed in basins, ponds, tanks, ore and waste pads, and
landfill cells.

4.4 The principle behind these techniques is to place a voltage across a synthetic geomembrane tiner-and then locate areas where
electrical current flows through discontinuities in the tnergeomembrane (as shown schematically in Fig. 1). Insulationrmust-be
seeu-red—prrer—te—a—Strrvey—te-Other electrical leak paths such as prevent prpe penetratrons ﬂange bolts steel drarns and batten strrps
on concrete y : :
a-n—e}eetﬂea-l—peten-t-ra-l—rs—apphed—and other extraneous electrlcal paths should be electrrcallv 1solated or 1nsulated to prevent
masking of leak signals caused by electrical current flowing through those electrical paths. The only electrical paths should be

through leaks in the geomembrane. This electric detection method of locating petentiat-teakpaths—in—ageomembrane-leaks in
geomembranes can be performed on exposed hners;geomembranes, on tinersgeomembranes covered with water;water or on tiners

covered-by-aprotective sottgeomembranes covered with an earthen material layer, or both.

5. Developed Systems

5.1 Electrical leak detection systems were developed in the early 1980’s and commercial surveys have been available since
| 1985. A short description of each of these systems is presented in this section.

power

voltage

[ | FIG. 1 Schematic of the | Electrlcal Leak Beteeﬂen—Met-hedLocatlon Method (Earthen materlal Covered Geomembrane System is Shown)
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5.2 The Water Puddle and Water Lance System—The technique is appropriate to survey a dry uncovered geomembrane during
its—instattation—when—placed directly on a subgrade—that—is—an—eteetricatty—conductive layer below the electrically insulating
geomembrane. Practice D7002 is a standard practice describing the water puddle method The lower conductive tayermaterial is
usually the sub-grade soil and the upper conductive layer being wa s-established-and-an-anodethe water in
a puddle or a stream of water. One electrode of a low voltage power supplsl is placed in contact Wrth the lower conductive material
and another electrode is placed in a water puddle maintained by a squeegee or tein the water stream of a lance (as shown

schematically in Fig. 2)—and Fig. 3, respectively). Water is usually supplied by—gravity-from a tank trackparked—at-ahigher
elevation-than-thetined-area—or other pressurized water source. For this technique to be effective-theteaking-water-effective in

locatmg leaks the water in the puddle or stream must come into contact through the leak with the electrrcal conductmg med-rtrm

pa-t-hs—matenal below the geomembrane This completes an electr1cal circuit and electrrcal current will flow. Detector electromcs
are used to monitor the electrical current. The detector electronics usually convert a change in the current into a change in an audio
tone. Leaks as small as 1 mm in size afe—t:hen—leea-ted—by—have been identified with th1s method typrcally by hstemng to an audro
signal or by measuring a ¢ § elated—te 6 : S

geemembr&ne-l-rned—eonefef&and—sfeel—t&nks—current
5.2.1 Features—The main advantage of this system is the pessibilityto-deteetleak—paths-detection of leaks in geomembrane

joi-ntsseams and sheets as-while the geomembrane 1nstallatron work progresses durmg t-hrreenst—ruet—ron—phase—l:arger—leak—pat—hs

prer—construction. The system
does not require covering the geomembrane with water other than the small puddle of Water or stream Procedures can be used
to differentiate smaller leaks from larger leaks in their vicinity. The electrical survey rate of approximately 500 m*/h per operator
does not affect the installation work schedule and permits a rapid construction quality control {€QE)-of the instaHer-geomembrane
installers’ finished work. The approximate setup time varies from 1 to 3 h.

5.2.2 Limitations—This technique cannot be used with—a—protectivetayer-when an earthen material layer is covering the
hiner:geomembrane. The presence of wrinkles and waves, steep slopes and lack of contact between the linergeomembrane and the
conductive soil-atbottom-of-slopes-material underneath inhibits the survey speed—from being performed at those locations unless
special measures are undertakingen. This technique cannot be used during stermyrainy weather or when the membrane is installed
on an electrically non-conductive material, typically a desiccated subgrade, er—whenever-and in the near vicinity of conductive

structures that cannot be fully insulated or isolated. The procedure-to-detectpotentiatdeak paths—detection of leaks in seams of
repair patches is difficult and tengthy-time consuming since it requires a eertain-potential lengthy water infiltration time.

5.3 The Water-Covered Geomembrane System—The—pﬂ-netp-le—beh-md—t-h-rs—Thw system is to test the geomembrane while it is
covered with wate : s—systemrequiring—water , with an electrically conductive layer-below

(-Strbgfaele)—a-nd—above—tl‘:e—hnerfwatefefmaterral below the geomembrane Practice D7007 satarated-drainagetayer—A—eathode
grotund-is—established-and-an—anodecontains a standard practice for this system. An electrical power supply is connected to one

Water Puddle

current

power
supply
squeegee |

leak

geomembrane

FIG. 2 Schematic of Water Puddle and-tanee-Systems
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FIG 3 Schematlc of Wa%eﬁemmwmer Lance System

electrode which is put in the water and another electrode is placed in

a-hitgh—voltage-de—or-acpower—supply)—contact with the electrically conductlve materlal under the geomembrane The voltage

impressed across the geomembrane produces a low current flow and a relatlve unlform Voltage d1str1butron in the materlal above
the geomembrane a

v pt hen-traver hrough-the-water: An electrrcal current ﬂewsﬂ wing through thepeteﬂt-ra-l—leal(—pat-hs
eatrsrng—leaks causes localized abnormaltres in the electrrcal pa-t-hs—potentral at the locatron of the leak as shown schematrcally in

Fig. 34. y
maximize the current ﬂowmg through the leaks, a hlgh voltage power supply wrth safety circuits can be used. A hand-held probe
ora probe on a long cable is scanned through the water to locate these places where current is flowing through a leak. A-typteat
—This technlque can locate Very small leaks smaller

s 1nversely related to the drstance from the leak,

so the scanning spatlal frequency should be desrgned to prov1de the des1red leak detectron sensmvrty
5.3.1 Features—This system has the advantage of being used to locate poter G Hmpo i y
and-secondary-liners-—ean-be-tested—leaks in in-service impoundments (assuming the contalned llquld is electrrcally conductlve)
Primary geomembranes can be tested when a conductive material is available underneath the geomembrane. Secondary
geomembranes can be tested before the primary geomembranes is installed. The water head on the hnerfaeﬂ-rtates—t—he—wrvey—s-peed

ef—slepes—Thts—geomembrane ensures good electr1cal contact with the conductrve material under the geomembrane through an
leaks, resulting in optimum leak detection sensitivity. While this technique can be
thistechnique-isperformed in rainy conditions, it is never recommended to do a survey during stormy cond1t1ons The system can

also be used for the detection of teakpaths-with-the proteetivegranutarleaks with an earthen material layer covering the hinertafter

power
supply

voltage

FIG. 4 Schemat|c of Genduetwe—PE—Geemembrane—heek—Beteeﬂen—the Water- Covered Geomembrane System
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