FIGURE 1 100-foot diameter shop fabncated PTFE secondary
containment liner ready for final OC and packaging.

Contamination from a
leaking geomembrane—A
necessary and imminent evil?

Using an inert geomembrane solution with 100% PTFE
material is cne possibility.

By John Tippett, PE, and Michael Goard, PEng.

One major purpose of 2 geomembrane in many lining applications
around the world is to prevent the contamination of groundwater
(water below the ground that can affect rivers, lakes, oceans and drink-
ing water sources) by the chemicals contained above the geomembrane.
Geomembranes have other purposes, but maintaining clean and healthy
drinking water is likely the most important one.

For many geomembrane materials, a 10- or 20-year warranty is typi-
cal. With the concept of long-term sustainability being ever-present in
every facet of life and industry, can owners and operators realistically
afford to think in terms of geomembrane barriers that will degrade and
leak due to corrosion? Should a geomembrane be considered “success-
ful” if contamination of groundwater occurs after the warranty period?

Recent evolution within the last decade of material science allows
us to consider inert geomembrane materials. An inert geomembrane
material is a barrier that is unaffected by any chemical, regardless of
time. By using an inert geomembrane material, “lifetime™ containment
and indefinite protection of groundwater can be considered a realistic
target. Certainly, if the bar is set higher and the overall target to prevent
contamination is "lifetime” containment rather than “warranty-life” con-
tainment, the higher expectation will ultimately result in a cleaner world.

The corrosion variable

In any containment application using a polymeric geomembrane
liner, numerous variables present design challenges. The recent paper
“Protecting the Environment from Contamination with Barrier Systems:
Advances and Challenges” (Rowe, Jefferis, et al. 2022) highlights the com-
plexities involved in the design of containment systems and the selection
of a liner material. Tensile/tear/puncture/burst strength, temperature
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Contamination from a leaking geomembrane—A necessary and imminent evil?

Many geomembrane
materials contain additives
that help provide or
enhance needed properties
like UV protection and crack
resistance. While the base
material may be suitable for
the foreseen conditions,
these antioxidants/
plasticizers/stabilizers can
be subject to chemical
attack or degradation.

resistance, thermal stability characteris-
tics, chemical resistance, UV resistance,
seam strength, permeability, coefficient
of friction and many other properties
may need to be taken into consideration.
This article explores how this task can be
simplified by removing one of the most
important and potentially less predictable
variables: corrosion.

John Scheirs’ 2020 webinar and
document on the “Periodic Table of
Geomembranes™ illustrates the wide
range of available materials to select
from. Each has its advantages and disad-
wvantages, but each also has some suscep-
tibility to corrosion—except one category.

Inert liners eliminate the
corrosion variable

Different geomembrane materials can
be selected to guard against corrosion,
depending on the expected chemical
exposure. During the early design phase,
it is critical to know what chemicals the
liner will be expected to be exposed to
and therefore to resist. A material selec-
tion can then be made, and clear instruc-
tions/directives for its use can be estab-
lished and provided to the user. During
the entire life of the liner, it is then critical
to ensure that only the chemicals the liner
was designed to contain are what the liner
ends up being exposed to. While every
attempt can be made to predict what
will be put into a landfill or containment
area, there is always a risk that something
unforeseen may be introduced.

There are situations when exposure
to certain amounts of a particular chemi-
cal is expected. One such challenging
industrial process, the Bayer Process for
manufacturing alumina (and ultimately
aluminum metal), results in bauxite resi-
due with an average pH of 11 (pH range
of 9-13). With such severe alkaline expo-
sure, an inert liner is a necessity to avoid
long-term contamination. Clearly, this is

an industrial case where a typical high-
density polyethylene (HDPE) liner will
not be a long-term barrier to leakage due
to corrosion.

There are also unexpected results that
can lead to entirely unpredicted con-
centrations of chemicals. Most, if not
all, geomembrane applications are sus-
ceptible to combinations of chemistry,
temperature and/or moisture. Chemistry
can change over time as the contained
materials decompose and mix with each
other. As the biodegradation takes place,
heat may result, thus hastening the deg-
radation of a geomembrane. As mois-
ture gets introduced, new chemicals may
result from the new molecules that have
formed as the result of biodegradation.
Geomembrane materials with an inability
to handle the full pH range of 0-14 are
ill-equipped to survive a witch's brew
scenario in a challenging landfill with
many variables.

There are many items considered
household hazardous waste (HHW)
that are not permitted in landfills.
These include paints, solvents, bleach,
batteries, household cleaners, glue and
adhesives, electronics, oil mixtures, etc.
Many of the HHW items are extreme
pH products that are incompatible with
geomembrane materials. Given the
extensive list of HHW products used in
the typical household, it is not hard to
conceive that even households with the
best intentions put extreme pH products
into their garbage.

Should the world rely upon perfect
behavior of household and business dis-
posal practices or is it safer to assume
bad behavior and noncompliance? From
a long-term safety perspective, assum-
ing good behavior over bad behav-
ior results in failure. Systems must be
designed around bad behavior to provide
an indefinite safety sustainability. The
same is true for geomembrane systems.
The geomembrane material should be

compatible to the full pH range of 0-14 in
case bad behavior persists, and extreme
pH products enter landfills,

Inert liners are made from materials
that will not corrode regardless of the
chemical exposure. PTFE is an exam-
ple of an inert material. PTFE will not
corrode when exposed to virtually any
known chemical, and it is compatible to
the full pH range of 0-14. Selecting such
an inert material simply removes one of
the most critical variables, corrosion,
from the equation. The consideration of
compatibility to chemicals for PTFE is an
easy one, as the table below reflects.

Reduce the number of
different materials—additives
and reinforcements

Many geomembrane materials contain

needed properties like UV protection and
crack resistance. While the base material
may be suitable for the foreseen condi-
tions, these antioxidants/plasticizers/
stabilizers can be subject to chemical
attack or degradation, thereby leading
to losses in the desired properties over
time. In some cases, these additives may
migrate to the surface of the material and
become a contaminant.

This is another aspect that intro-
duces a variable into the effective life
span of a liner. How long will the addi-
tive remain functional? If both the
geomembrane base material and the
additives sustaining the life of the geo-
membrane are not fully inert materials,
two corrosion variables must be consid-
ered instead of one.

One plus one does not equal two
when combining an inert material with a

additives that help provide or enhance  chemically susceptible material.
CHEMICAL PVC-EIA HDPE
Acetic ackd (50%) Chemically attacked Chemically resistant
Acetone Cnemicalty attacked Chemically resistant
AmmManium hydroxide Cnemicalty attacked Chemically resistant
Benzene Chemically attacked hemically attacked
Dlased Chemically resistant hemically attacked
Ethyl acetate Cnemicalty attacked Chemically resistant
Furfural Chemically attacked Chemically resistant
Gasallng Chemically resistant Chemically attacked
Methyl eshyl ketone Chemically attacked Chemically reslstant
Methyl Isoamyl ketone Chemically attacked Chemically reslstant
Niiric ackd (509} Chemically attacked Chemically attacked
Ferchioroethylene Chemically attacked Chemically attacked
Phenal Chemically attacked Chemically resistant
Sulphuric acid Chemically attacked Chemically resistant
Toluana Cnemicalty attacked Chamically attacked
Hylene hemically attacked Chemically attacked

TABLE1

FIGURE 2 Shop fabricated PTFE liner accordion
folded and ready for shipment and rapid
deployment at site.

PVDF PTFE
Chemically resistant Chemicalty resistant
Chemically attacked Chemically resistant
Chemically attacked Chemically resistant
Chemically resistant Chemically reslstant
Chemically resistant Chemically reslstant
Chemically attacked Chemically resistant
Chemically resistant Chemically reslstant
Chemically resistant Chemically reslstant
Chemically attacked Chemically reslstant
Chemically attacked Chemicaly resistant
Chemically resistant Chemically reslstant
Chemically resistant Chemically resistant
Chemically resistant Chemically resistant
Chemically attacked Chemically resistant
Chemically resistant Chemicaly rasistant
Chemically resistant Chemically resistant



Contamination from a leaking geomembrane—A necessary and imminent evil?

A general way of
thinking about it is
that if all the strength
of a material comes
from a component
that can be chemically
degraded in time, then
the geomembrane will
have a regression of
strength over the years
that eventually leads
to failure/leakage.

Until recently, the only way to realisti-
cally employ a fluoropolymer like PTFE,
with its extreme corrosion resistance and
high temperature capability, was by using
it in combination with other materials
that compensate for certain properties,
like strength.

Supported geomembrane materi-
als may have improved tensile strength,
owing to a reinforcement (scrim) that
is incorporated into the material. In
applications where high strength is
paramount, this reinforcement can give
the material the necessary property. A
weakness of scrim-reinforced material
can occur if the scrim becomes subject
to degradation due to corrosion. While
the scrim is intact, it gives the material
the strength it is intended to provide.
However, the scrim can be chemically
attacked at discontinuities such as seams.
At every seam, there is a likely interrup-
tion in the protection of the scrim by
the base material. Exposure to corrosive
chemicals at the exposed edges will lead
to corrosion of the reinforcement and
loss of the property it is there to pro-
vide—strength.

A general way of thinking about it
is that if all the strength of a material
comes from a component that can be
chemically degraded in time, then the
geomembrane will have a regression of
strength over the years that eventually
leads to failure/leakage. The strength of
the liner must come from inert material
that will not weaken over time due to
chemical exposure. Using a material that
never weakens from chemical exposure
eliminates the corrosion variable and pre-
vents the strength of the geomembrane
from regressing toward zero, which may
result in leakage.

By combining an inert material
with a chemically susceptible material,
chemical attack can still occur. The cor-
rosion variable must still be considered.
But by simply using an inert material,

chemical attack cannot happen. The
corrosion variable no longer needs to be
considered. Further, by joining or seam-
ing one inert material with another, the
concern for edge exposure at a seam is
eliminated. This is also true for repairs
or patches that may be required on-site
if damage occurs.

100% PTFE—MNothing else

One possibility for an inert geomembrane
solution is a 100% PTFE material. PTFE
is one of the family of fluoropolymers,
well known in many industrial applica-
tions for their amazing chemical resis-
tance and high temperature properties.
Because the geomembrane is inert across
the pH scale of 0-14, the corrosion vari-
able is eliminated with PTFE. Even with
long-term severe chemical exposure, the
properties of PTFEs will not change.

In addition, the temperature range
of PTFE of -400°F to 600°F (-240°C to
316°C} eliminates concern for geomem-
brane failure due to significant excur-
sion temperature situations. Even the
biodegradation temperature of 149"F
(65°C), which can often be found in a
landfill, does not get anywhere near the
maximum temperature capability of an
all-PTFE material.

Ultraviolet exposure is also a major
cause of destruction of geomembranes.
An inert liner will be one that is unaf-
fected by severe and continuous exposure
to sunlight.

Equal or better in terms of
other properties
Testing done by ExcelPlas Polymer
Testing demonstrates that multilayer,
laminated PTFE has:
+ Better/comparable tear strength to
that of HDPE
» Significantly better puncture resis-
tance than HDPE

« Significantly better flex fatigue resis-
tance than HDPE and linear low-den-
sity polyethylene (LLDPE)

For any application where the tear,
puncture and flex fatigue characteristics
of HDPE meet the requirements, one can
be confident that PTFE will meet them as
well. See Table 2.

Conclusion

Contamination of rivers, lakes, oceans
and drinking water sources should not
occur in the future due to corrosion of
geomembranes. The job of installing
a geomembrane system without leaks
is a challenging one with many design
considerations.

Furthermore, the absence of the cor-
rosion variable sets the bar much higher
for the geomembrane industry. Instead
of discussing a potential life for a geo-
membrane in terms of years or decades,
the industry can start focusing on design
consideration to achieve "forever” con-
tainment using inert materials. In the
past, “forever” could not be a realistic
target when using materials susceptible
to corrosion. But the use of inert materi-
als eliminates corrosion and makes “for-
ever” a realistic target; certainly, rivers,
lakes, oceans, drinking water sources and
future generations deserve this inspira-
tional target.
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Fatigue Resistance per AS 4875.9-2001

Results Summary
SAMPLE ID CYCLES UNTIL FAILURE
Crom-aminated PTFE 1.5mm 5,390,543 {No Fallure Obsarved)
HDFE 1.5mm 105,366
Excaiplas Foiymer Analysis

TABLE 2

Puncture Resistance - ASTM D4833

Excelplas Palymar Analysis
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Tear Strength - ASTM D1004
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