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FOREWORD

Identifying lesks in landfill linersis an essentid part of waste management. EPA’s Technology
Innovation Office (T10) provided a grant through the Nationa Network for Environmentd
Management Studies (NNEMYS) to prepare atechnology assessment report on identifying leaks in
landfill liners. This report was prepared by a senior undergraduate student from Virginia Tech during
the summer of 1998. It has been reproduced to help provide federd agencies, Sates, consulting
engineering firms, private indudtries, and technology developers with information on the current status of
this technology.

About the National Network for Environmental Management Studies (NNEMYS)

NNEMS is acomprehensive felowship program managed by the Environmenta Education Divison of
EPA. The purpose of the NNEMS Program is to provide students with practical research
opportunities and experiences.

Each participating headquarters or regiona office devel ops and sponsors projects for sudent research.
The projects are narrow in scope to alow the student to complete the research by working full-time
during the summer or part-time during the school year. Research fdlowships are availablein
Environmenta Policy, Regulaions, and Law; Environmental Management and Adminigtration;
Environmenta Science; Public Relations and Communications, and Computer Programming and
Development.

NNEMS fellows receive a stipend determined by the student’s level of education and the duration of
the research project. Fellowships are offered to undergraduate and graduate students. Students must
meet certain digibility criteria

About this Report

This report isintended to provide abasic summary and current detection of legksin landfill liners. It
contains information gathered from arange of currently available sources, including project documents,
reports, periodicas, Internet searches, and persona communication with involved parties. No atempts
were made to independently confirm the resources used.

While the original report included color images, this copy is printed in one color. Readers are directed
to the eectronic version of thisreport to view the color images; it is located at
http://clu-in.org.
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1. PURPOSE

Identifying lesks in landfill linersis an essentid part of waste management. Severd types of lesk
detection tools can be ingtaled in addition to monitoring wells to identify leaks soon after they occur.
This paper provides an overview of some tools for vadose zone monitoring, as well as the advantages,
disadvantages, and costs associated with them.

1.1. Monitoring background

Federd law requires al landfills to include alesk detection system above the bottom composite
liner. The system must consist of alayer of granular drainage materids with adope of & least one
percent, so any leachate which passes through the top liner will drain into the sump at the bottom of the
unit, where its volume is recorded.(40 CFR 264.301) This system establishes what volume of leachate
has leaked through the top liner, but it does not indicate whether or not leachate is leeking through the
bottom liner.

In addition, dl landfills are required to ingtdl a groundwater monitoring system. The system
must consst of both up gradient and down gradient wells which dlow sampling of the groundwater in
the uppermost aquifer, as shown in figure 1. The number, spacing, and depths of the required wells are
dependant on the geologic and hydrologic properties of the area. (40 CFR 258.51)

Upagradient Well

Landfill
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Cross section of atraditional groundwater monitoring system. (GAO, 1995)

By collecting groundwater samples and analyzing them, landfill operators can usudly

detect contaminant plumes caused by legks in the landfill liner. One limitation of this method is that it
does not prevent the groundwater from becoming contaminated. Another limitation is the expense of
comprehensive monitoring for dl groundwater which comes in contact with alandfill. Because most
landfills are lined with geomembranes, most lesks are point sources, not widespread. If thereisno
monitoring well in the path of a plume, it is possible for the front of the plume to pass by the line of wels
at the point of compliance without being detected. Installing enough monitoring wells to be sure of
intercepting a narrow plume in any position can be prohibitively expensive. (Godfrey, 1987)

Cdifornia has especidly rigorous monitoring requirements. State law requires testing for
leakage in the vadose zone under waste disposal sites. (CA Code) The two most common ways to
comply with this requirement are lysmeters, which collect pore water for later remova and testing, and
s0il core sampling. Both of these methods require [aboratory testing and neither can eadily pinpoint the
location of the leak. (Danid, 1987)

1.2 Overview of leak detection options

In addition to the monitoring methods required by law, some landfill owners are choosing to
ingtal systems of leak detection sensors. These sensors permit early leak detection without [aboratory
andysis, and often locate the leak.

Severd different types of sensors provide these benefits. Some work by eectrica methods,
measuring the resistivity or dielectric congtant of the soil. Others work by chemica methods, elther
andyzing soil vapor or reacting directly to leachate. These sensors are often dependant on the
composition of the leachate. Still others use tracer chemicalsto detect lesks. Use of these technologies
is not widespread, mainly because of cost. Most must be ingtalled during construction and are not
goplicable to exiding landfills

Each of the leak detection systems available has different advantages and disadvantages. The

perfect vadose zone monitoring system has not yet been designed, but the idedl system would:

- Be affordable

- Be durable enough to last through the life of the landfill and the 30 year post-closure period

- Locate lesks and determine their Sizes

- Be automated

- Be gpplicable to dl types of landfillsand al types of leachate

- Provide full spacia monitoring for the entire area below the landfill

Research on new sensors for leak detection at landfillsis ongoing, but it is aso limited because the
market for this optiond extraleve of detection is extremdy smdll.






1.3 Cost

The main reason leak detection sensors are not more widely used a landfillsis the cost. By law,
sensors may only be used in addition to monitoring wells, not in place of them. Therefore, it is
uncommon for alandfill owner to chooseto ingall leak detection sensors. The owner has no way of
knowing whether or not amgjor leak will ever occur, so the benefits of detecting a hypothetica future
leak earlier do not outweigh the immediate codts of ingtaling a vadose zone legk detection system.

A comparison compiled by Inyang (Rumer, 1995) of monitoring costs for a hypotheticad landfill
showed that sensors can be less expensive than monitoring wells. Inyang compared the cost of
monitoring a 20,000 ft? area for 20 years with monitoring wells to the cost of monitoring the same area
with the Raychem system for eectro-chemical monitoring. (see section 2.5 d) The costs are broken

down in thefollowing teble:

Cost comparison for monitoring wells vs. electr o-chemical sensing

Monitoring technique Unit cost ($) Number required | Total item cost

Groundwater monitoring

wdls

CWel ingdlation 5,000 3 15,000

CChemicd anayses 18,000 per well 3 54,000

COperation and management 100,000 - 100,000
Tota cost 169,000

Electro-chemicd sensang

CCentrd dectronic unit 5,000 1 5,000

CSending cables 1,200 3 3,600

CConnecting cables 300 3 900

CSensor ingtalation 400 3 1,200

COperation and management 120,000 - 120,000
Total cost 130,700

(Rumer, 1995)

Although the cogt of the dectro-chemica system islower than that of the monitoring wells, the
entire system would cost $299,700, which is subgtantialy more than the wells done.

1.4 Other types of leak detection
This report includes information on permanently emplaced monitoring systems which detect

leaks in the vadose zone. Surface geophysical techniques such as ground penetrating radar will not be

covered; nor will direct push Site characterization techniques or sampling techniques such aslysmeters.

Most of the techniques used for locating lesks in subsurface barriers are not readily applicable




to landfills. For more information on ground penetrating radar, dectrica resstance tomography, and
other subsurface barrier monitoring techniques, refer to the following report--

Rumer, R.R. and JK. Mitchdl, eds. 1996, "Assessment of Barrier Containment Technologies: A
Comprehengve Treatment for Environmental Remedid Application.” Product of the Internationa
Containment Technology Workshop. National Technica Information Service, PB96-180583.

2. ESTABLISHED SENSORS
2.1 Electrical

There are two main ways of detecting leaks using eectrical methods: the two dectrode method
and the dectrode grid method. Both leak detection techniques utilize the insulative properties of
geomembrane liners. The first method detects the flow of current from one dectrode to another through
aholein theinsulative liner. The second method depends upon the liner to insulate the containment area
50 that only leachate which has escaped into the soil will be detected.

2.1.1 Two electrode method

The first method requires ingtaling one dectrode inside the landfill, and another in the ground
outsde the containment area. Electrica current is introduced into the containment area by the eectrode
indde the landfill. Because of the eectrica resstance of the liner, the current will not flow to the
electrode in the ground if there are no holesin the liner. Flow of current from one eectrode to the other
indicates aleak, as shown in figure 2. (White et d, 1997)

Current Elecirical current
elecirode  ;;c00d into landfill

\
‘(Receiuing electrode \ /
s

Symthetic
liner
(HDPE)

Figure2:
The flow of electrical current through alandfill with adefect in the synthetic liner. (Adapted from White et al, 1997)

a. Advantages
The two dectrode method can be especidly useful for detecting lesks in pre-existing landfills



because this technique does not require the ingtdlation of any sensors below the liner.
b. Disadvantages

This method indicates only the existence of aleak, not the number, Sze or location. Current
flow can be caused by one legk or severd, and by large or smal leaks. In order to determine the
location of the leak, a map of the voltage distribution must be determined. Thisis achieved by passing
voltmeters systematicaly over the liner within severa inches of the surface. An area of high voltage
indicates aleak. Because voltmeters cannot be passed directly over the liner if the landfill has begun
accepting solid waste, the two electrode method is popular for usein liquid containment basins and on
solid waste disposa cdlls which have not yet begun accepting waste. (Laine et d, 1993)

c. Example- Sandy L ane landfill

Sandy Lane Landfill islocated on amgor aguifer in the United Kingdom and within one
kilometer of apublic well. The site was originaly a sandstone quarry. In order to receive permisson to
begin planning and congtruction, its designers decided to include an dectrica monitoring sysem in the
plans.

The system included a combination of the eectrode grid method which will be discussed in
section 2.1.2 and averson of the two electrode method. Instead of a single electrode being placed
outsdetheliner, agrid of dectrodeswas ingtaled below the liner to dlow leak location. A sngle
electrode was ingtaled in the sand protection layer above the liner as the current source for liner
integrity testing. If the eectrode grid below the liner detects current from the electrode indde, it
indicates that a breach has occurred in the liner. (White et d, 1997) For more information on the
electrode grid, see section 2.1.2 c.

2.1.2 Electrode grid method

The second method makes it possible to actually locate leaks in active and closed solid waste
landfills. It requires ingdling a grid of eectrodes benesth the primary liner during congtruction. The
electrodes are used to energize the area around the liner and to measure the resulting voltage of the soil
near each dectrode. Because leachate has a higher dectricad conductivity than either soil or water, an
area of adifference in voltage indicates that |eachate has escaped from the liner at that location.

a. Advantages

This system involves smple, durable components that can last for severd decades. It monitors
the entire area below the liner, not just certain points. In addition to detecting leachate releases, the
electrode grid can aso detect holesin the liner before waste is placed in the cdll in the manner
described above in section 2.1. Current is introduced into the protective soil layer. If the current is
detected by the eectrodes, it has passed through a hole in the insulative geomembrane liner.
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b. Disadvantages
This system is not gpplicable to exigting landfills because the € ectrodes mugt be ingtdled during
the congtruction of the cell.

c. Example 1- Sandy L ane landfill

Sandy Lane landfill, which was introduced in section 2.1.1 ¢, can aso detect lesks by the
electrode grid method. The monitoring system was ingtaled when the landfill was built in 1995. The
lower liner isunderlain by a grid of stainless stedd monitoring eectrodes spaced 20 meters gpart, as
shown in figure 3. This distance was chosen based on mathematica modding and small-scae testing.
Multicore cables connect the el ectrodes to each other and to the control equipment, which is housed in
the weigh station. The area around the el ectrodes was backfilled with bentonite enhanced sand because
of its high conductivity.

Insulating 2.5mm high-density
polyethylene liner

Sand protection
Domestic waste layer

Berm 1

Grid of monitoring Bentonite enhanced sand

elecirodes

Figur
e 3: A cross section showing the position of the grid below Sandy Lane landfill. (White et al, 1997)

The system was firgt used to verify the continuity of the liner after it was inddled. Oneintentiond and
one unintentional hole were located and repaired. During the first year of operation, monitoring was
conducted monthly. Data collection typicaly took one to two hours. All voltage irregularities were
found to correspond to holes in the geomembrane. After the first year, monitoring was conducted
according to a schedule based upon past data.

In the event of sgnificant contamination of the areabelow the landfill, the monitoring system can
be used to map the pollution plume as it moves toward the monitoring wells, both in the vadose zone
and in the groundwater. Initidly, the system was ingtdled over an area of 30,000 meters. The system is
being ingdled in other cdls asthey are congtructed. (White et d, 1997)

d. Example 2-WESTEC’s Electronic L eak Detection System
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The Electronic Leak Detection System produced by Westec, Inc. conssts of an exterior patch
pand ingdled during the congtruction of the liner system. Electrica nodes are connected to the pand in
agrid with 100 feet of space between nodes.

The system can detect lesks as small as 50 gdlons. It runs on 12 volt batteries. After the
indalation of the system, it must be calibrated by introducing a controlled amount of smulated leachate
below the liner and monitoring the subgrade response. (VendorFACTS, 1997)

Analyss of apostive reading reveds the size of aleak, in addition to its existence and location.
Computer processing of the data produces a three dimensiona graphic image of the leak. The cost of
the sysem istypicaly lessthan athird of the cost of the geosynthetic liner. (Robison, 1996)

The system has been ingdled in over 20 million square feet of containment facilities a ten Stes
in the western United States sinceitsfirst ingtdlation in 1987. In 1995, the sysem wasinddled & a
landfill in Italy. (VendorFACTS, 1997) The largest indtdlation of this technology has been operating at
agold minein Elko, Nevadafor eleven years. (Robison, 1996)

2.2 Diffusion hoses

Diffuson hoses were origindly developed for detecting leeksin pipes. A diffuson hose sysem
congsts of anetwork of vapor-permesble tubes emplaced in the ground under the landfill. After a set
period of time, the gasin the hose is pumped out through a detector which records contaminant
concentration as afunction of pumping time, as shown in figure 4. By observing the time at which
contaminants were detected, the leak location can be determined within one or two meters. Because
the vapors of alesk diffuseinto the tube at a concentration proportiona to the concentration in the soil,
the gpproximate leak size can be determined by anayzing the vapor concentration inside the tube. The
identification of the composgition of the leak is possible by sampling the contaminated gas as it passes
out of the detector and analyzing it by gas chromatography or other laboratory methods. (Stammler,
1985)

a. Advantages

Diffuson hoses are widely available for tank and pipdine use. The system is autometic, o it is
not necessary for atechnician to spend time running tests. This autonomy reduces the cost of operation.

b. Disadvantages

In order to be detected by the diffuson hose system quickly, the leachate must produce vapor.
If the leachate does not produce any vapor, the system will not detect the lesk until the leachate comes
directly into contact with the hose and the liquid itsdf diffuses into the tube. If the leachate produces no
vapor, the diffusion hoses must be placed very close together to produce

ahigh probahility of intercepting alesk a any point in the liner. Thiswould increase the cost
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ggnificantly.

small leak very small leak
.'"I r.r Pipeline
{7 7 or harrier
Detector é
O \\ _. : H=

Comcentration (ppm) teaked rmaterials diffuse gﬁfﬁf it

Fle icl 4 10000 into sensor hose

sensor hose

T 1000

Recprder] |7

large peak

small peal

Pumping time

1
1 2 3 4 5 & 7 g Distance (km)

Figure4:
Schematic of the leak detection and location method of adiffusion hose. (Stammler, 1985)

c. Example- Semens LEOS

The hose of the LEOS leak detection system, manufactured by Siemens, is composed of severa
layers of durable plagtic. The tubeisfilled with purified air, which islater evacuated and tested for
contamination with semiconductor gas sensors. When the alarm threshold is crossed, the location and
concentration distribution of the leak are displayed. Leaks can be located to an accuracy of 0.5% of
the length of the hose. ( LEOS Legk Detection System page)

2.3 Capacitance sensors

Capacitance sensors measure the soil’ s dielectric congtant, which is a measure of how well the soil
resss achange in the eectric fiedd. The didectric congtant of dry soil isaround 5 and the didectric
congtant of water is around 80. When soil becomes moistened by a legk, its didectric constant
increases. Measuring the change in didlectric constant of an area over time can indicate whether or not
aleak has occurred there.

The sensors work by frequency domain technology, which means they resonate at a harmonic
frequency dependent on the dielectric constant of the soil around the probe. From the frequency, the
moisture content can be determined with the cdibration curve. (VendorFACTS, 1997) Capacitance
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sensors are commonly used in agriculture to determine irrigation schedules.
a. Advantages

Capacitance sensors are readily available for purchase, as severd companies market them for
agricultura use. They can be programmed to take moisture readings automatically.

b. Disadvantages

Moisture content is the only quantity measured by capacitance sensors, so they measure al
moisture, not specificaly leachate. They must be ingtdled far enough above the highest water table to
be sure the probe doesn’t detect groundwater. Each probe only measures the diglectric constant of the
soil immediatdly surrounding it, so the more complete the leak detection coverage desired, the more
probes are necessary, and the more the system will cost. The probes must be buried during
condtruction of the landfill.

c. Example- Troxler’s Sentry 200EMM S

The Sentry 200 Environmental Moisture Monitor System is produced by Troxler Electronic
Laboratories. The system congists of a centra unit, the ProbeReader Plus, and up to eight probes
which can be connected to the reader by coaxia cable. The ProbeReader must be connected to a data
logging system for information retrieval. Each probe costs $1,000 and each ProbeReader costs $4,700.
The system is cgpable of taking measurements ether continuoudy or at regular intervas. It can run on
either 12 volt batteries, which last four hours, or AC eectrica current.

Each probe measures the didectric congtant of the approximately 1.5 liters of soil surrounding it.
The probes should be kept 12 inches away from meta structures. (Vendor FACTS, 1997) The probes
are 12 inches long and two inches in diameter, as shown in figure 5. They weigh eight pounds apiece.
The outside of

the probe is
made of stainless
T ged, high
o polypropylene,

and fiberglass
12 in. | gpoxy laminant,
meking the
probe resistant
to corroson and

breakage. (Troxler Sentry 200 Environmental Moisture Monitor Page)
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Figure5:
The dimensions of the probe for the Environmental Moisture Monitor System. (Adapted from the Troxler Sentry 200
EMM System Page)

In April of 1995, the Sentry 200 EMMS was ingtdled a San Marcos Landfill in San Diego,
Cdifornia. Sixty probes and eight ProbeReader Plus units were ingtalled. The total cost of the project
was $219,000, including equipment, engineering, and ingdlation cogts. The system automaticaly
measured moisture levels four times per day, and a person collected and examined the data every two
weeks. (VendorFACTS, 1997)

24 Tracers

Using tracers as amethod of leak detection originated for use in storage tanks and pipelines, but
tracers can be used to detect leaks in any type of containment facility, including landfills. Sample
collection probes must be inserted in the ground around the perimeter of the landfill. To test for legks, a
volatile chemical tracer isinjected into the landfill. If the tracer is detected at the sampling points, alesk
exigs.

a. Advantages

The composition of the leachate is unimportant, as the properties of the tracer are known. Tracer
systems can be used on any type of containment facility. Also, tracers can be used to detect leaks at
any gagein thelife of the landfill because the probes are placed around the perimeter of the facility. The
voldtile tracer travels through the soil gas to the probe.
b. Disadvantages

Most tracer systems do not usualy find the location of the legk, they only determine whether or not
lesks exigt. In addition, many systems require soil gas samples to be manudly collected and andyzed by
atechnician, which increases operations costs. Systems which automatically collect and andyze
samples arerare.

c. Example- Tracer Research Corporation’s Automatic Leak Detector

Tracer Research Corporation provides leak detection servicesto its clients, which include Texaco
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Refining and Marketing and dmost al US Air Force bases. They have applied their TracerTight
systems not only to thousands of petroleum storage and transport facilities, but aso to hazardous waste
sewer systems and landfill liners. (VendorFACTS, 1997)

One of its products, the Automatic Leak Detector (ALD 2000), is an automated system capable
of continuoudy collecting and analyzing samples for the presence of tracer and hydrocarbonsin the soil.
Sample data can be collected on a remote computer viaa modem. (Tracer Research Corporation

page)

The Tracer Research Corporation’s soil gas probes are five feet long and weigh two pounds each.
The number of sampling probes necessary depends upon the size of the areato be monitored. The
TracerTight system costs around $15,000. (VendorFACTS, 1997)
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2.5 Electro-chemical sensing cables

Electro-chemicd sensing cables were origindly designed for detecting lesks in sorage tanks and
pipelines. Mogt detect hydrocarbons, but the cables can aso be made permeable to specific
contaminants or to water. For example, Lawrence Livermore Nationa Laboratory is developing a
carbon tetrachloride-specific cable.

The target contaminant causes a physica or chemical change in the sensing cable. This change
ether initiates or interferes with electrical or opticd signas. Many dectrica cables detect legks by
measuring the drop in voltage in the cable caused by contact with contaminants. Most fiber optic cables
operate by measuring elther achange in the opticd attenuation of the cable or the fluorescence of the
contaminant when it comes in contact with an organic dye. Most of the reactions are reversible. Cables
which utilize areversible reaction do not need to be replaced after aleak occurs. (Rumer et d, 1995)

a. Advantages

Chemica sensing cables are widdly available, epecidly for detecting hydrocarbons. If the
compostion of the leachate which will be produced by alandfill isknown, a senang cable which is
compatible to the leachate can be ingtalled during construction.

b. Disadvantages

The cables only detect a narrow range of contaminants. Each landfill must verify that a particular
cable would detect the specific type of leachate that will be produced there. No company has
developed a cable specificdly talored to detecting leachate. Further research is necessary to determine
the extent of the gpplicability of sensng cablesto landfills.

c. Example 1- Noverflow’'s SMART CABLE

Noverflow Inc. is developing two types of fiber optic leak detection cables. Both detect organic
corrosves and petroleum hydrocarbons. They are gpplicable to both industrid and municipa landfills.

Type | sensors are cut on contact with the contaminant because of swelling and degradation of the
polymer coat. An opticd time domain reflectometer sends alight pulse ong the cable and measures
the amount of time it takes to reflect back to determine the distance to the cut, and therefore the
location of the leak. These cables can monitor distances of up to 50 miles.

Contaminants modify Type Il sensors to change the refraction of light pulses traveling through
the cable. A light emitting diode and a photo detector are used to detect the leak. This sensor is
reversible unless enzymes have been incorporated into it to test for a specific chemicd. This type of
cable can only monitor distances of up to 100 feet because the cables are made of fibers with high
optica attenuation.
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Units can be configured to be powered by solar energy, iminating the need for batteries or
other power sources. The cables cost $2.00 per foot. This cost includes an optica time domain
reflectometer. (VendorFACTS, 1997)

d. Example 2- Raychem’s TraceT ek

Raychem manufactures awide variety of eectrica leak detection cables. One detects water,
another detects conductive liquids, another detects fuels, and still another detects organic solvents.

The cables dl function on the same generd principle. The cable contains two circuit loops, one
of which carries a current and the other of which contains an darm. When eectrical contact is made
between the two circuits, the darm istripped, as shown in figure 6. Contact is made in some cables by
aconductive fluid which carries current from one circuit to the other. In others, electrical contact is
made by direct wire contact. The conductive polymer deeve which surrounds the inner sense cables
expands on contact with the target contaminant. The outer containment braid forces the polymer to
expand inward, squeezing the sense wires together. The location of the leak isthen calculated
automatically. (Raychem Leak Detection and Location page)

Figure®6:

A diagram of Raychem’sTT 500
hydrocarbon sensor, aswell asa
schematic of the leak detection
mechanism. When aleak causes the
Conductive Polymer Sleeve conductive polymer sleeveto swell,
wires come into contact with each
other, and the circuit including the
alarm is completed. (Sandberg et al,
1991).

With Leak

YV = High Impedance Voltmeter I = Constant Carrent Source
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2.6 Other
a. Visual inspection

Venice Park Recycling and Disposd Facility in Lennon, Michigan has a systlem which makesiit
possible to locate leaks visudly. Piping networks run adong both the primary and secondary liners.
Operators can send a camerainto the piping system where aleak is suspected to locate where liquids
are entering the pipe. (Dunson, 1996)

b. Wiresin geotextiles

A system of placing eectricaly conducting wires ingde geotextiles for use in leek detection has
been patented by Koberling, a German company. When the wires come in contact with leachate, they
short circuit, Sgnifying alesk. The main limitation is that the wires, once shorted out, cannot easily be
replaced. (Stammler, 1986)

3. EMERGING TECHNOLOGIES
3.1 Geosynthetic Membrane Monitoring System

The Sandia National Laboratories are currently developing geomembranes with embedded
fiber optic sensors. Sensors were first incorporated into materias and structures for defense and space
gpplications. These “smart” dructures have been used to help monitor wegpons tests, nava ships, and
the space shuttle. (Borns, 1997) The Sandia labs are now applying the same strategy to environmental
needs.

By incorporating fiber optics into geomembranes, the Sandia labs have produced a membrane
which can be monitored for strain. This capabiility is especidly useful for detecting stretching and tearing
in geomembranes used as landfill liners and caps. Strain detection is possible because the fiber optic
lines are crimped into small folds caled microbends. The microbends are ether distributed evenly dong
the entire opticd fiber or the fiber may have short
sections of microbends afew meters gpart, as shown in figure 7. As the geomembrane tears or
dretches, the microbends flatten out, changing the way optical signas are reflected through them.
(Geosynthetic Membrane Monitoring Systems page)

Optical fibers can be incorporated into geomembranes in several ways. The sensors can be
extruded aong with the geomembrane during manufacture, or the factory can laminate, glue, or weld
them on afterwards. The Sandia Nationd Laboratories have determined hot shoe welding to be the
most promising atachment technique. (Borns, 1997)

19



Smart Geomembrane Concept
Geomembrane Geomembrane
Plane VYiew Cross-Section
Field Connector for Optical Fibers D0Zto0z ¥

T %k L a's AW
HAAN AN AAS

L Vol W Up Ta 23" H
H-AASA——AAA i

L
L"‘—D —~ To Diagnostic
+ A Equipmerit Fiber Optic Fibers Located
Fiber Optic Cable Parallel to Welded Edge
of Membrane
Fiber Optic Connector

Figure7:
A schematic showing the configuration of the geosynthetic membrane monitoring system. (Geosynthetic Membrane
Monitoring Systems page)

In addition to testing severd different methods of attachment, the Sandia labs have dso tested
severd different types of sensors: absorption-type, bragg grating, mircobend, and others. They expect
the variety of possible combinations of sensor types and attachment methods to
dlow them the flexibility they need to meet the specific needs of individud stes. (Borns, 1997)

Field scale testing on the Geosynthetic Membrane Monitoring System was completed in
October, 1997. For the test, a43 x 4.5 m section of geomembrane was indtaled as a cap over atest
facility which was designed to smulate both local and generd subsidence. The drain in the membrane
was messured for three months as water and air were drained from fabric bladders and intertubes in the
test cell. The data provided by the sensors indicated the location and magnitude of the subsidence.
(Borns, 1998)

Although the Department of Energy has discontinued funding the project, the Sandia labs are
conducting ongoing research on optica fiber sensorsfor fluid leve, leak detection and moisture content.
(Borns, persona correspondence) Their goa isto keep the cost of incorporating sensors at or below
20% of the cost of the geomembrane. (Geosynthetic Membrane Monitoring Systems page)
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3.2 SEAtrace

Sandia National Laboratories are working together with Science and Engineering Associates,
Inc. to develop SEAtrace, alesk detection system which uses gaseous tracers. SEAtrace is capable of
determining the location, Size, and start time of aleek by andyzing data with an inverse globd
optimization code. (Barrier Verification and Monitoring System page)

SEAtrace reguires a multipoint monitoring system to be indaled outsde the liner, as shown in
figure 8. Then atracer gas (usudly sulfur hexaflouride or carbon dioxide) isinjected insde the
containment area. If the gas reaches the monitoring ports, the amount of tracer in the soil gas at each
monitoring point is measured over time. The globa optimization code uses these parametersto find the
best fit solution for the location, Sze, and duration of the lesk.

The SEAtrace system has undergone proof-of-concept field testing in Technica Area 3 at
Sandia Nationd Laboratories. It was shown to be capable of locating alesk to within 0.5 meters and
deter
minin
W SE&iracem Monitoring ~— Tracer Injection g Its
» and Analysis System J/A\ Sze
to
withi
n0.2
meter

S.
(Will
dans
ea,
1997

)

Cross Secton
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Figure8:
Diagram of the SEAtrace system for subsurface barrier monitoring. (Barrier Verification and Monitoring System

page)

3.3FLUTeideal system

Hexible Liner Underground Technologies (FLUTe) have desgned their verdon of an ided
landfill monitoring gpproach. The system congidts of alayer of coarse materias underlain by alayer of
fine materids and another layer of course materias. (sand-slt-grave, for example). The fine layer
widens the leak and must be capable of wicking leachate horizontaly for 30 feet or more. Two tiers of
perforated pipes connected to surface manifold pipes are ingtaled insde the layers to collect vapor
samples and to alow access for moisture sensors and logging toals, as shown in figure 9. Pipes made of
ageologic materid (such as vitrified clay) are recommended to alow dectrica and radiation based
monitoring devices to be used insde the pipes.

Routine monitoring is accomplished by drawing the pore vapor out of the system through a
charcod filter which can then be andlyzed for contamination. The air is drawn out through the manifold
which connects the upper tier of pipes. Fresh air is dlowed in through the manifold which connects the
lower layer of pipes. Inthisway, dl the ar in the pipes and the monitoring layers is drawn through the
filter.
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many monitoring tasks including trangporting equipment safely indde a horizontd well. The lesk can be
directly sampled by using the SEAMIST system to wick pore liquid samples through the pipe. Because
no instruments are permanently emplaced in the ground, new technologies can be used in the existing
access system as they are devel oped.

Once the legk has been located, the FLUTe system can aso be used to control the leak. One
option isto control or heat the air flow in the system to dehydrate the lesk and keep it from flowing.
Other options are to freeze the leak or contain it by injecting a sedant into the upper coarse bed with
tubing emplaced in the upper pipes. (Kdler, 1995)

The estimated cost of ingalling the system is gpproximately $100,000 per acrein 20 acre
increments. About 70% of the cost is for the ingtalation of the layered bed materias. There are dso
lower cogt options such asingdling only onetier of piping. The SEAMIST canister costs about $7,000
and the liner costs $10 to $20 per foot.

Los Alamos Nationa Laboratory is currently using aform of the FLUTeided designin
passages benegath radiation wadte pitsin TA-54. The University of Texas is monitoring experimental
cover designs with the SEAMIST system in horizontal passages in Hudspeth, Texas.

To monitor exiting landfills, horizontal wells can be drilled benesth the liner. FLUTe has
developed amethod of using an everting water driven liner to help drill horizontd wells which contain
less mud than conventiondly drilled wells. These wells can be used for towing logging instruments under
the landfill and for wicking pore liquid samples with the SEAMIST system. (Kéller, persond
correspondence)

3.4 Other
a. LIDAR

Thereis someinterest in using Light Detection and Ranging as alesk detection technique.
LIDAR issmilar to RADAR, but insteed of sending and receiving radio waves to determine distances
by remote senaing, it uses light waves.

LIDAR iswiddy used to measure atmospheric conditions. It may also be possible to use it
underground. If a horizontal perforated tube isingaled down gradient of the landfill just above the
water table, it may be possible to use LIDAR to detect the contaminant vapors which enter
the tube. This system would not prevent groundwater contamination, but it would improve the
probability of detecting a plume before it passes the point of compliance. This technique could be
goplied to both new and exigting landfills.

One example of lasers currently being used for lesk detection is Lasersonic, a system produced
by Laser Imaging Systems. Sodium hexaflouride is placed insde the object to be tested as a tracer ges.
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When the Lasersonic is pointed at the object, any gas which has escaped into the air strongly absorbs
the light energy of the laser, then releases it as sound energy. Lasersonic receives the sound energy and
finds the location of the lesk. (Laser Imaging Systems page)

b. Acoustic monitoring

As leachate flows through soil, it makes adight noise. Fuids moving through coarse sand or
gravel a 10 mm/s or more have been shown to produce a detectable level of sound. The sound waves
below alandfill can be monitored by ingtdling wave guidesin alayer of coarse materid benegth the liner
and connecting them to geomicrophones. The wave guides are meta rods 10 to 20 mm in diameter and
up to 100 min length. If the wave guide has a geomicrophone at both ends, the location of the leak can
be determined because the time the sound took to travel to both ends is known. (Stammler, 1985)

Acoustic methods are often used to detect gas leaks from pipes and valves. Non-Destructive
Tedting Internationd, for example, markets the Computerized Lesk Analyzer, which acousticaly
detects gas leaks, especidly in boilers and steam-operated systems. (Clan page) Argonne National
Research Facilitiesincludes alaboratory specificaly for research in this area called the “ Acoustic Leak
Detection Laboratory.” (Argonne National Laboratory page)

Pamer Environmenta markets aliquid leak detector for underground pipes caled the Corralog
leak manager. The instrument uses two microphone sensors to listen to the noise produced by the lesk,
then locates the leak on the pipe by comparing the time taken by this noise to reach the two sensors at
ether end of the pipe section. (Breworld page)

4. CONCLUSION

Vadose zone sensor's provide more complete spatial monitoring for possible landfill lesks than
wells done, o0 they dlow fewer leaks to go unnoticed. Another advantage of sensor systemsisthat
leaks which are detected in the vadose zone can be managed earlier than would have been possible if
they were discovered only when they reached the monitoring wells.

Each of the systems available has different advantages and disadvantages. The perfect vadose
zone monitoring system has not yet been designed, but the ided system would be affordable, durable
enough to last through the life of the landfill and the 30 year post-closure period, automated, and
goplicableto dl types of landfills and leachates. It would provide full spacid monitoring for the entire
area below the landfill and locate legks and determine their Sizes. Further research and development is
necessary to creste a system with these attributes.

Although the idedl system has not yet been developed, landfill managers who wish to avoid

unexpected remediation expenses down the road do have options to limit their risk. Those who are
willing to pay for extra monitoring during congtruction of the landfill can decrease the possibility of
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having to pay for asgnificant cleanup later on.
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Appendix A- Overview grid

monitoring ingdlable locates | determines | widdy reussble | tests
technique anytime leak sze avalable automaticaly
2 electrode
method X X
electrode grid
method X X X
diffuson hoses X X X X
capacitance
Sensors X X X
tracers X X
sensing cables ome X ome X
Geosynthetic
Membrane
Monitoring
System X X
SEAtrace X X X
FLUTe system
X X X
LIDAR X X
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Appendix B-Contact information- available sensors

Technology or location | Address Emall Phone
Sandy Lane Landfill Chrigtopher White ChrisWhite@
Aspenwall and Company Ltd. Apinwal.
SY4 2HH co.UK
United Kingdom
WESTEC' s Electronic Robert H. Panning RPanning@ (702) 828-
Leak Detection System Director of Business Development westec-Inc.com | 6800
5250 Neil Rd. fax- (702)
Suite 300 828- 6820
Reno, NV 89502
Semens LEOS Semens Nixdorf Informationssysteme | Frank-Stefan.B | 49 (0) 391
ecker@ /6 33-16 10
Aktiengesd | schaft uk.semensde | fax- 49 (0)
Geschéftsstelle Magdeburg 391/6
Werner-von-Semens-Ring 14 a 33-16 12
D-39116 Magdeburg
Troxler's Sentry 200 Ken Brown (919) 549-
Environmenta Moigture Product Support Manager 8661
Monitor System 3008 Cornwallis Rd. fax- (919)
Research Triangle Park, NC 27709 549- 0761
Tracer Research Doug Mann saes@ (800) 394-
Corporation’s Automatic | VP of Sdesand Marketing tracertight.com | 9929
Leak Detector 3755 N Business Center Drive fax- (520)
Tucson, AZ 85705-2944 293- 1306
Raychem’s TraceTek MS 110/7568 cheminfo@ (800) 553-
300 Condtitution Dr. raychem.com 1737
Menlo Park, CA 94025
Noverflow’s Smart Cable | Dr. Joe Hopenfield noverflov@ (303) 340-
President aol.com 1625
1724 Yade Place fax- (301)
Rockville, MD 20850 762-3511
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Leak Detection/Location | Amenex Associates, Inc (610)
System Willowbrook Ln Suite 215 430-0117
West Chester, PA 19382
Electricd Leak Imaging Leak Location Services, Inc. lls @texas.net (210)
and Monitoring DarenL. Lane 408-1241
(ELIMSM) 16124 University Oak fax- (210)
San Antonio, TX 78248-4015 408-1242
Eldeg® (Electronic Lesk | Uco Technica Fabricsnv - ++32(9)
Detectior/Location Weverdaan 15 34098 11
Sygem) B-9160 L okeren fex-
Bdgium ++32(9)
348 82 02
Sensor DDSTM Padmark Environmenta Services Padmark@aol. | (713)
(Damage/Leak Detection | 3107 Rushing Brook Drive com 361-4277
Sysem) Kingwood, TX 77345 fax- (713)
361-4280
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Appendix C- Contact infor mation- emer ging technologies

Technology or location | Address Emall Phone
Geosynthetic Membrane | David J. Borns djborns@ (505) 844 -
Monitoring System Sandia National Laboratories sandiagov 7333
Department 6621 fax- (505)
MS 0719 844-0543
P.O. Box 5800
Albuquerque, NM 87185-0719
SEAtrace Sandy Davit Dunn sddunn@ (505)
Science and Engineering seabase.com 983-6698
Associates, Inc.
1570 Pacheco, Suite D-1
Santa Fe, NM 87501
FLUTe Carl Kdler ckmis@ (505) 983-
system 1640 Old Pecos Trall aol.com 3199
SuiteH fax- (505)
Santa Fe, NM 87505 983-3476
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Appendix D- Web sites

Available sensors

Company Web page address

Semens LEOS http://w2.9 emens.definfoshop/umwe t/ums03_ehtm
Troxler's Sentry 200 http:/Amww.troxlerlabs.com

Tracer Research Corporation’s http:/Aww.tracertight.com

Automeatic Lesk Detector

Raychem's TraceTek http:/Amww.raychem.com/products/chemelex/ tracex.htm
Leak Location Services, Inc. http:/AMww .texas.net/~lls

Emerging technologies

Technology Web page address

Geosynthetic Membrane  Monitoring | http://mwww.sandia.gov/eesector/em/topics'monitor/

System gmms/gmmshtml

SEAtrace http://mww.sandia.gov/eesector/em/topics'monitor/
Segtrace/seatrace.html
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