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Periodicaly landfill gpplicantsand some regulators who want to prove that today's Subtitle D landfills are
protective will assert that there are no recorded failures of Subtitle D landfills. Thisisan issuethat | have
addressed previoudy in my report, "Detection of the Failure of Landfill Liner Systems,” (1996) whichis
available from my web ste, www.gfredlee.com, in the Landfill section.

The statement about "no recorded falures' of Subtitle D landfills is likedy correct. | don't know of any
recorded failures. However, asdiscussed in my review, except under extremely doppy condruction and
highly lucky groundwater monitoring, the failure of Subtitle D landfills at this time would not be expected
to be detected. Thisisthe result of saverd stuations.

Firgt, Subtitle D landfills have only been used for afew years. It should take about 25 years for leachate
that passes through holes in the flexible membrane liner to pass through the clay liner.

Second, as discussed in the paper, "Defidencies in Subtitle D Landfill Liner Failure and Groundwater
Pollution Monitoring,” (1998) which is aso avallable in the Landfill section of my web site, the typical
groundwater monitoring program alowed by regulatory agenciesfor Subtitle D landfillsinvolving the use
of monitoring wells at the point of compliance, which have zones of capture of about one foot, but which
are spaced hundreds of feet gpart, means that there must be widespread, generd falure of the liner system
before these monitoring wells can be expected to detect failure.

Theinitid falure of the liner systemwill not be through general leskage throughout the bottom of the landfill,
but will be through holes, rips, tears, or points of deterioration in the plagtic sheeting flexible membrane
liner. Asdiscussed by Cherry in 1990, the initid liner faillureswill produce finger-like plumes of leachate
that will have a high probability of passing between the monitoring wells and not being detected by them.

As discussed in my comprehensive review of the deficiencies in the Subtitle D landfilling approach,
"Asessing the Potentid of Minimum Subtitle D Lined Landfills to Pollute  Alternative Landfilling
Approaches,” (1998), which is dso avaladle from my web site, based on the properties of the wastes
dlowed in Subtitle D landfills and the characteristics of the liner systems and groundwater monitoring
systems, thereis no question about the fact that for Subtitle D landfills Sted at geologicaly unsuitable Sites
wherethe base of the landfill is connected through avadose zone to usable groundwaters, it isonly amatter
of time until those groundwaters are polluted by landfill leachate, rendering them unusable for domestic and
many other purposes. Thisis not a debatable issue.

Many of the components of the wastes in Subtitle D landfills will be a threat to pollute groundwaters
forever. Theliner sysems being alowed at best only postpone whengroundwater pollutionoccurs. The



groundwater monitoring systems being dlowed are largdy cosmetic in detecting off-ste groundwater
pollution before widespread pollutionoccurs. Anyone who daims otherwise either doesn't understand the
basc issuesinvolved, or is deliberately digtorting the reedily available information on these issues.

Additional Information on Rdiability of Groundwater Monitoring at Subtitle D Landfills

In response to my recently summarizing the fundamentally flawed nature of Subtitle D landfilling of
municipa solid wastesin protecting public hedthand the environment for aslong asthe wastein a Subititle
D landfill will be threet, a*landfill engineer” suggested that the typica groundwater monitoring well array
thatisused at Subtitle D landfills will detect |eachate-polluted groundwater beforeoff-siteadjacent property
pallution of groundwater occurs due to disperson of the leachate-polluted groundwater plume. While
dispersionplays arole indetermining the ability of amonitoringwell array to detect aleak fromaamdl area
source, it cannot be relied on to insure with a high degree of reiability that the typica groundwater
monitoring well array thet is being used today at Subtitle D landfills will detect groundwater pollution when
it first reaches the point of compliance for groundwater monitoring. Dispersion can be animportant factor
for dow-moving groundwater pollution plumes at considerable distances from the source. However,
contrary to the “landfill engineer’s’ suggestion, the Stuation in monitoring around alesking tank is not the
same asthe typica monitoring Situation at Subtitle D landfills. 1t ismy experiencethat rarely are monitoring
wells near aleaking tank somewhat randomly spaced hundreds to a thousand or so feet gpart dong the
down groundwater gradient edge of the tank, as they are with Subtitle D landfills.

Detection of Leaksfrom Underground Tanks Versus Detecting Landfill Liner Leaks

Wheninvestigating lesking underground storage tanks, the potentia sourceof the leak, i.e., the tank
and its associated plumbing, are confined to a smdl area. To determine whether a tank has leaked
auffidently to pollute groundwaters, it is necessary to define, through the use of three monitoring wdls, the
direction of groundwater flow. Oncethisdirection hasbeen defined, then the placement of monitoring wells
to detect lesks is usudly straightforward for relatively homogeneous aquifer sysems. However, for
landfills, which can occupy hundreds to a thousand or more acres, the initia leskage point is unknown.
Therefore, it is not possible to strategicdly locate monitoring wells downgradient which would reliably
detect the leak when it first reaches the point of compliance for groundwater monitoring.

Inaccord with Subtitle D regulations, the point of compliance can be no morethan150 metersfrom
the down groundwater gradient edge of the landfill, and must be on the landfill owner’s property. Since
there are no redtrictions onlandfilling to the edge of the property, | have repeatedly seenlandfillswithwaste
depositionareaswithina few feet of the adjacent property line. Further, in some sates, such as Cdifornia,
the point of compliance for Subtitle D landfill groundwater monitoring is the down groundwater gradient
edge of the waste depodition area. This means that there can be little distance between where legks can
occur dong the down groundwater gradient edge of the landfill, and the point of compliance for
groundwater monitoring.  While digperson might be important for helping to detect leaks from the up
groundwater gradient side of the landfill for dow-moving groundwater pollution plumes, it is of limitedvaue
in detecting leaks on the down groundwater gradient side of the landfill.



Dr. Chery and his associates a the University of Waterloo examined the laterd dispersion that
occursinareatively homogeneous aguifer syssem fromatwo-foot-long line source of atracer. Thisgroup
found that the two-foot-wide source had spread to about ten feet within 150 meters of the source. This
means that monitoring wells would have to be spaced no morethan 10 to 20 feet apart inorder to reliably
detect downgroundwater gradient side of the landfill leaks. With monitoring wells spaced at least hundreds
of feet gpart a distances less than 150 meters from the down groundwater gradient edge of the landfill,
there is appreciable distance between the monitoring wells, where substantia |eachate plumes could pass
without being detected.

It is ingppropriate to suggest that detecting leaks from underground storage tanks is smilar to
detecting liner lesks from municipa landfills. The two Stuations are obvioudy sgnificantly different.

Detecting L eaks from Landfills Sited above Fractured Rock Aquifer Systems

Thereare many Subtitle D landfillssited above fracturedrock aguifer sysems whereit isimpossble
to religbly monitor landfill liner leakage, even if the monitoring wells are spaced only a few feet apart.
Under most of these types of situations dispersion will not overcome the fundamental problems of
monitoring the eventud failure of the landfill liner system.

Support of Dr. Cherry’s Conclusons on the Unrdiability of Groundwater Monitoring at
FML-Lined Landfills

Thework of Dr. John Cherry and hisassociates at the Univeraity of Waterloo has been supported
by a number of competent hydrogeologists with whom | have worked, in review of the potentia of
proposed Subtitle D landfills to pollute groundwaters, as wel as the ability of a proposed groundwater
monitoring well array to detect this pollutioninaccord with Subtitle D requirements, whenthe pollutionfirst
reaches the point of compliance for groundwater monitoring.

Detecting Leaksin Fast and Siow-Moving Plumes

For fast-moving plumesin homogenous aquifer systems, dispersionwill not necessarily be adequate
to dgnificantly improve the reigbility of the typical Subtitle D monitoringwell array. Thereare many places
within a landfill footprint where leaks could occur and not be detected at the point of compliance for
groundwater monitoring. For dow-moving plumes, there are important questions about whether the
monitoring system will be maintained and operated when these plumes reach the point of compliance for
groundwater monitoring. With no assured post-closure funding after 30 years, there is no assurance that
groundwater monitoring systems will ill be maintained and operated when they are needed, when the
dow-moving plume with its dispersion reaches the point of compliance for ground water monitoring.

Recommended Approach for Permitting of Landfills

It has been my recommendation at landfill permitting hearings, that rather than assuming that
arbitrarily spaced groundwater monitoringwelswill reliably detect landfill liner [eaksinaccord with Subtitle
D requirements, i.e., when the leachate-polluted groundwater firg reaches the point of compliance for
groundwater monitoring, the landfill goplicant should be required to provide reigble information on the



monitoring well spacing, congdering the site-specific characteristicsof the geology-hydrology of the aquifer
system that will be polluted when the Subtitle D liner systemfailsto prevent significant leskage of leachate
through the liner. The burden of proof for the rdiability of the groundwater monitoring system should be
onthe landfill gpplicant and not the public whose groundwater could be polluted if the arbitrarily devel oped
groundwater monitoring systemfallsto detect theleachate-poll uted groundwater at the point of compliance.
It should be the respongibility of the landfill gpplicant to define, based on the Site-pecific characteristics
of the aquifer, the monitoring well array needed to have a 95% probability of detecting one to two-foot-
long rips, tears, or points of deterioration in the landfill FML liner a the point of compliance for
groundwater monitoring, when the leachate-polluted groundwater first reaches this point.

Adopting this approach would quickly show what iswell understood, that today’ s groundwater
monitoring systems at many Subtitle D landfills are cosmetic and provide little in the way of rdiable
monitoring of leachate-polluted groundwaters before widespread liner deterioration occurs. At many
Subtitle D landfills, the leaks through the linerswiill likdly first be detected in off-site productionwells, rather
than by the groundwater monitoring system.



