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Introduction by Youneng Tang:

Youneng Tang (principal investigator) started the introductory speech of the second TAG
meeting at 14.02 PM. At first, he recapitulated the first TAG meeting. In this meeting (the
second TAG meeting), the research team was going to address some comments from the first
TAG meeting and present the overall progress after the first TAG meeting. He also appreciated
the comments and suggestions from the TAG. After that, he addressed all the participants of
the meeting. The first presenter, Sunandan, started the first part of the presentation.



Presentation by Sunandan Naha:

Sunandan started the main presentation at 14:10 PM. He re-introduced the project title, thanked
the TAG members for their support and guidance through the project. He re-introduced the
research team and thanked Dr Tang, the Principal Investigator (PI) for guiding the research
team. He provided background on FTOHs as landfill contaminants and the need to assess how
effectively landfill barrier systems prevent their release into the environment. He described the
typical composite liner system, which consists of a HDPE geomembrane barrier and a
Geosynthetic Clay Liner (GCL). He emphasized that the project focuses on evaluating FTOH
transport through this composite liner system.

After that he summarized the three tasks of the project:

Task 1 - Permeation experiments: Determine how FTOHs pass through the membrane (60%
complete)

Task 2 - Permeation modeling: Determine the breakthrough time, diffusion coefficient,
partition coefficient, and permeation coefficient (50% complete)

Task 3 - Permeation model evaluation: Evaluate parameters using previous research and
simulate scenarios to check compliance with EPA regulation (0% complete)

He continued the presentation and described Task 1 in detail which uses a double-chamber
diffusion cell with a source and receptor chamber separated by a composite system consisting
of a 60-mil HDPE membrane and a GCL. The source chamber contains four FTOHs (4:2, 6:2,
8:2, and 10:2) at 500 pg/L in deionized water, with deionized water in the receptor chamber.
Experiments are conducted at four temperatures (40°C, 50°C, 60°C, and 70°C) across three
GCL types, with GCL 1 tested under all conditions and GCL 2 and 3 tested only at 50°C. An
additional experiment using the HDPE membrane alone is being conducted at 60°C.

Sunandan reviewed the results of Task 1:

First, he explained the hydration of GCLs in water. They showed increased thickness under
hydration first and no change after ~15 days. He then described the permeation results using
6:2 FTOH at 70 as an example.

He then reviewed the effects of FTOH chain length on permeation. Long-chain FTOHs
decreased fast in the source chamber and remained below quantification limit in the receptor
chamber. Short-chain FTOHs permeated faster into the receptor chamber. He then explained
the effect of temperature and explained that the source concentration decreased faster as the
temperature increased for all FTOHs. On the receptor side, the permeation also increased as
the temperature increased.

Sunandan then explained the effect of GCL type on the permeation trends and showed that so
far there was no significant difference among the source chamber concentrations for the
different GCLs and the concentrations in the receptor chambers were all below the
quantification limits.



Sunandan showed the octanol-water partition coefficients (Kow), explaining that long-chain
FTOH have higher Kow, meaning they sorb to the membrane more rapidly. Long-chain FTOHs
have high affinity for the membrane, which decreases their likelihood of being found in the
receptor.

Presentation by Dennis Ssekimpi:

Dennis continued the presentation from 2:18 PM onward. He began by discussing Task 2,
which focuses on modelling the transport of FTOHs through composite liner systems. The
primary objectives of the modelling work are to determine key transport parameters, including
breakthrough times, partition coefficients, diffusion coefficients, and permeation coefficients,
which help explain the contaminant transport behaviour observed in the experimental studies.

In the next slide, Dennis provided a more detailed explanation of the modelling process,
including a multi-layer numerical model solved using finite difference approaches and the
model results fitted to the experimental results to obtain the transport parameters.

He used 6:2 FTOH at 70°C as an example, displayed a concentration profile of the FTOH in
the different compartment, i.e., source chamber, HDPE geomembrane, GCL layer and receptor
chamber. He then discussed mass balance based on experiments and modelling. He showed
that GCL has the greatest mass at equilibrium due to its thickness.

Dennis discussed the estimated coefticients (diffusion, partition, and permeation) for 6:2 FTOH
and 4:2 FTOH and showed that GCL had faster diffusion compared to HDPE for all chemicals
while HDPE had greater sorption. He explained that this observation is consistent with
previously reported studies on other chemicals.

Dennis then reviewed the next steps for the project including continuing the experiments,
modelling and model evaluation. He then discussed the overall timeline for the project in terms
of next experiments, TAG meetings, and report submission.

He concluded the presentation and thanked the audience.

Group Discussion:
Major questions, comments, suggestions, and discussion from the TAG:

Question: Tim Townsend asked whether the observed behavior between HDPE and GCL is
consistent with findings from other studies and other contaminants. He further inquired which
other contaminants exhibit similar transport and partitioning behavior in these materials.

Answer: Dennis Ssekimpi responded by referring to previous studies conducted on liner
systems using chemicals such as chloride, which has long been considered a representative
inorganic chemical. The trends are similar.



Question: Tim Townsend further asked whether similar studies have been conducted on
contaminants such as TCE or related compounds.

Answer: Dennis Ssekimpi confirmed that such work does exist, particularly involving
chlorinated solvents like TCE, as well as other organic contaminants including benzene.

Question: Natalia Soares Quinete noted that she is also working with PFAS in the laboratory
and asked about the sample preparation procedures used by Dennis. She further inquired
whether the stability of these compounds had been considered. She highlighted an observation
from her own laboratory experience, where prepared solutions of FTOHs appeared to decrease
in concentration if not used within a certain period.

Answer: Dennis Ssekimpi agreed with the concern, particularly regarding long-chain FTOHs.
He noted that our control study showed losses of up to 20% for long chain FTOHs. Shorter-
chain compounds (4:2 and 6:2 FTOHs) showed no significant losses, making long-chain
FTOHs the primary stability concern. Dennis indicated that biotransformation was unlikely
given that the system is sterile minimizing the potential for microbial activity.

Natalia further mentioned the possibility of other transformation pathways, including oxidation
and reduction processes, as well as photodegradation in atmospheric conditions. She also noted
that at elevated temperatures, particularly above 200°C, thermal degradation of these
compounds may occur, leading to potential breakdown products.

Youneng Tang agreed that additional transformation pathways likely exist and warrant future
investigation. Control experiments show losses through alternative pathways are generally
under 20% and mostly below 5%, with adsorption onto permeation cell walls as the most
probable explanation. The exact fate of the remaining lost fraction is still uncertain. He
identified this as a key area for future research.

Question: Erin Bulson referenced relevant work from the University of Wisconsin—Madison
on contaminant transport in similar systems. She also asked about the different GCL materials
(GCL 1, 2, and 3) used in the study, and how their properties might influence contaminant
behaviour. Additionally, she asked about initial source concentrations and how these were
compared to real world landfill conditions.

Answer: Dennis explained that real-world FTOH concentrations in leachate are typically in
the ng/L range (approximately 20—100 ng/L), whereas the experiments operate at the pg/L
range, several orders of magnitude higher to allow observable transport trends within a
practical timeframe for the project.

Youneng Tang noted that the project is expected to be completed within one year. He explained
that using landfill-representative concentrations would likely prevent observable breakthrough
within a practical timeframe. To address this, the next tasks involve modelling approaches



which will be used to simulate low-concentration scenarios and bridge the gap between
laboratory conditions and real-world landfill environments, representing a key focus for the
next phase of the study.

Question: Xiao Cao questioned the simulation results, specifically noting that diffusion factors
appear significantly higher in the HDPE layer, and asked how this behavior should be
interpreted in the context of low-concentration, long-term evaluations?

Answer: Youneng Tang responded that the permeability of HDPE is extremely low, and the
long-term behaviour of the material remains uncertain. He noted that one possible way to
address this question is to continue a set of long-term experiments beyond the current project
duration, allowing for extended monitoring of system performance. He further explained that,
over long-time scales, physical changes in the HDPE or GCL materials may occur, which could
significantly influence their permeability and overall transport behaviour. However, such
changes are unlikely to be observed within the short duration of the current experiments.
Therefore, maintaining a long-term experimental program would be valuable for evaluating the
sustained performance of the composite liner system.

Another question from Xiao Cao concerned the composition of the GCL, specifically whether
any components of the GCL could chemically interact with FTOHs. She further asked what
other components are present in the GCL besides bentonite, and whether potential interactions
with sodium bentonite had been considered.

Dennis replied that FTOHs are more likely to interact with the geotextile component of the
GCL rather than the bentonite core.

In response, Tim Townsend asked for clarification on the type of polymers used in the
geotextile layer of the GCL.

Youneng Tang responded that the composition of the GCL product had been reviewed;
however, detailed information regarding the specific polymer formulation was not available.
He noted that in some cases, such product-level details are proprietary and not publicly
disclosed by manufacturers. He added that, following the experiments, FTOHs could
potentially be extracted from the geotextile polymers and subsequently quantified. This would
provide a direct means of assessing their fate and improving understanding of contaminant
retention within the material.

Tim Townsend suggested conducting direct screening experiments using pure bentonite and
geotextile materials with FTOHs to better isolate and understand the role of adsorption. He
noted that such tests would help support the current hypothesis regarding contaminant retention
mechanisms.

Youneng Tang responded that this type of study could be carried out relatively quickly and that
the results could be reported in the third TAG meeting.

Comment: Sam Levin provided comments through email to Youneng Tang on the liner cross-
section diagrams presented in the TAG2 meeting slides.



He made observations related to the top cover system and noted that it would be unusual to
place a GCL beneath the closure geomembrane in a closure design, as this configuration is not
typically required by regulations. He also pointed out that the inclusion of a GCL would add
significant cost. Regarding the geomembrane layer, he stated that HDPE is not commonly used
in closure systems. Instead, most closure designs utilize linear low-density polyethylene
(LLDPE).

For the gas venting system, he noted that a geotextile alone would be insufficient for effective
gas collection. If gas management is required, he recommended using a composite drainage net
(CDN) as the preferred material.

He then provided comments on the bottom liner system that while a geotextile filter combined
with drainage stones could function for leachate collection, it is more common to use a
composite drainage net (CDN) because it requires less space and eliminates the need for a
geotextile cushion to protect the primary liner from potential damage by stones.

He further recommended including a CDN beneath the GCL, underlain by a secondary
geomembrane, with the CDN functioning as the leak detection layer.

Finally, he noted that the primary requirement for the bedding layer beneath the secondary
geomembrane is that the soil must be clean and free of large stones or roots.

Response: The research team will integrate these comments into the figure representing typical
landfill liner profiles in future presentations.

The meeting was adjourned at 14:55 PM. Minutes taken by Sunandan Naha and Dennis
Ssekimpi.



