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WORK ACCOMPLISHED DURING THIS REPORTING PERIOD:
Summary: During this reporting period, we completed ~80% of Task 1 and 50% of Task 2

Task 1: Permeation experiments

In Task 1, we evaluate the permeation of four FTOHs (i.e., 4:2, 6:2, 8:2, and 10:2 FTOH) in water

through a barrier that consists of a geomembrane layer (HDPE) and a GCL layer (bentonite) at
four temperatures (i.e., 40, 50, 60, and 70 °C). Two additional GCLs are tested at 50°C. An
additional experiment based on the HDPE geomembrane only is also tested at 60°C as a control.
The permeation experiments follow American Society for Testing and Materials (ASTM) Method
F739-20 with modification for various temperatures and long testing periods. It is conducted in
two-chamber diffusion cells separated by an HDPE membrane and GCL. As shown in Figure 1,
two cells are separated by the permeation barrier and placed in a heated water bath. Table 1 shows

the list of all experiments in Task 1. Figure 2 shows how the two cells are connected.
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Figure 1. Set-up of permeation experiments in Task 1
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Figure 2. Exploded view of permeation cell connection

Table 1. Permeation experiments in Task 1.

Experiment #

Explanation

1

Permeation of FTOHs at 500 pg/L in source at 40 °C through GCL 1 + HDPE

2 Permeation of FTOHs at 500 pg/L in source at 50 °C through GCL 1 + HDPE
3 Permeation of FTOHs at 500 pg/L in source at 60 °C through GCL 1 + HDPE
4 Permeation of FTOHs at 500 pg/L in source at 70 °C through GCL 1 + HDPE
5 Permeation of FTOHs at 500 pg/L in source at 60 °C through HDPE

6 Permeation of FTOHs at 500 pg/L in source at 50 °C through GCL 2 + HDPE
7 Permeation of FTOHs at 500 pg/L in source at 50 °C through GCL 3 + HDPE




In the third quarter of this project, we evaluated the permeation of four FTOHs (i.e., 4:2, 6:2, 8:2,
and 10:2 FTOH) at four temperatures 40, 50, 60 and 70 °C using GCL 1. For the experiment at
40°C using GCL 1, after more than 150 days, the FTOHs concentrations in the source chamber
decreased from approximately 500 pg/L to 289 and 142 pg/L for 4:2 FTOH and 6:2 FTOH,
respectively (See Figure 3). The concentrations of the long-chain FTOHs (i.e., 8:2 FTOH and 10:2
FTOH) in the source chamber reached below the detection limit of 1 pg/L after ~20 days. The
concentrations of all FTOHs in the receptor chamber remained below the quantification limit of
~1 pg/L. For the experiment at 50°C using GCL 1, after more than 150 days, the FTOHs
concentrations in the source chamber decreased from approximately 500 pg/L to 209 and 88 pg/L
for 4:2 FTOH and 6:2 FTOH, respectively (See Figure 4). The concentrations of 8:2 and 10:2
FTOH in the source chamber reached below the quantification limit after ~20 days. The
concentrations of all FTOHs in the receptor chamber remained below the quantification limit of

~1 ng/L.

For the experiment at 60°C using GCL 1, after ~ 150 days, the FTOHs concentrations in the source
chamber decreased from approximately 500 pg/L to 189 and 64 pg/L for 4:2 FTOH and 6:2 FTOH,
respectively (See Figure 5) while 8:2 FTOH and 10:2 FTOH reached below the quantification limit
after ~5 days. The FTOHs concentrations in the receptor chamber increased from below the
detection limit of 1 pg/L to 12 and 20 pug/L for 4:2 FTOH and 6:2 FTOH, respectively while 8:2
and 10:2 FTOH remained below the quantification limit. For the experiments at 70 °C, after ~ 100
days, the FTOHs concentrations in the source chamber decreased from approximately 500 ug/L to
110 and 47 pg/L for 4:2 FTOH and 6:2 FTOH, respectively (See Figure 6) while 8:2 and 10:2
FTOH reached below the quantification limit after ~5 days. The FTOHs concentrations in the
receptor chamber increased from below the detection limit of 1 pg/L to 15 and 26 pg/L for 4:2
FTOH and 6:2 FTOH, respectively while 8:2 and 10:2 FTOH remained below the quantification

limit.

As temperature increases the transport of FTOHs to the receptor chamber increases as seen by the
faster breakthrough of FTOHs at higher temperatures of 70 and 60 °C (see Figure 5b and 6b). The

fast decrease of long chain FTOHs in the source chamber at all temperatures can be explained by



the fact that long chain FTOHs have high octanol-water partition coefficients and adsorption rates

(Carmosini and Lee, 2008).
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Figure 4. FTOH concentration changes for the experiment with HDPE and GCL 1 at 50°C: a)

source chamber and b) receptor chamber



a) Source chamber at 60°C b) Receptor chamber at 60°C
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Figure 5. FTOH concentration changes for the experiment with HDPE and GCL 1 at 60°C: a)

source chamber and b) receptor chamber
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Figure 6. FTOH concentration changes for the experiment with HDPE and GCL 1 at 70°C: a)

source chamber and b) receptor chamber



We compared the preliminary results from the experiments with the combination of HDPE and
GCL 1 to the results from the experiments with only HDPE experiment at 60°C in Figure 7. When
HDPE was used as the only permeation barrier, the receptor concentrations were approximately
ten-fold higher for 6:2 FTOH and 4:2 FTOH, respectively, than the concentrations when the
combination of HDPE and GCL 1 was used. The concentration of long-chain FTOHs (i.e., 8:2 and

10:2 FTOHs) remained below the quantification limit in both scenarios.
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We continued testing GCL 2 and GCL 3 at 50 °C for more than 100 days and observed no
significant difference among the three GCL products in the preliminary experiments, as shown in

Figures 8 and 9. The receptor concentration for all experiments remained below quantification

limit for all FTOHs.
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Figure 8. Results from experiments with HDPE and GCL 2 at 50°C: a) source chamber and b)

receptor chamber
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Figure 9. Results from experiments with HDPE and GCL 3 at 50°C: a) source chamber and b)

receptor chamber



Task 2: Permeation modeling

During the third quarter of this project, we started modeling for the permeation experiments.
Figure 10 shows the simulated and experimental concentrations of 4:2 FTOH and 6:2 FTOH in
both source and receptor chambers across the composite of HDPE-GCL 1 membrane at 70 °C over
100 days. By fitting the model-simulated data with the experimental data in Figure 10, we
determined the diffusion coefficients, partition coefficients, and permeation coefficients (Table 2).
6:2 FTOH has higher diffusion coefficient, partition coefficient, and permeation coefficient than
4:2 FTOH. This is consistent with faster permeation of 6:2 FTOH through the two-layer membrane
in the experiments: 6:2 FTOH reached a higher concentration than 4:2 FTOH in the receptor
chamber. This behavior likely reflects differences in molecular size and octanol water partition

coefficient between the two FTOHs.

Simulated source and receptor concentrations for 4:2 and 6:2

600 FTOHs at 70°C
500 =
s f
2400 [
5. 1%
& 300 w
= RENE
o ~<
cga 200 S Ee__
O O ==--g-_
100 -H.__DO
0 e
0 20 40 60 80 100 120
Time (days)
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Table 2: Diffusion coefficient, partition coefficient, and permeation coefficient of 4:2 FTOH
and 6:2 FTOH at 60°C

Estimated Parameters 4:2 FTOH 6:2 FTOH
Layer HDPE GCL 1 HDPE GCL 1
Diffusion coefficient 0.12 91 8.13 397
x10713 (m%/s)

Partition coefficient (-) 610 372 821 436
Permeation coefficient 0.073 33.9 6.68 173

x10710 (m?/s)

We used the model and experiments to determine mass balance across the four compartments
(source, HDPE, GCL and receptor). Using the 6:2 FTOH experiment at 70 °C as a sample, the 6:2
FTOH mass in the experiment (Figure 11a) was divided into 1) mass in the source chamber, 2)
mass in the receptor chamber, and 3) the difference between the initial mass added to the system
and the mass in the source and receptor chambers, representing the combined mass in the HDPE
and GCL compartment. On the other hand, the mass in the model (Figure 11b) could be determined
in all the four compartments: 1) source chamber, 2) HDPE, 3) GCL, and 4) receptor chamber. The
HDPE + GCL contained the highest mass at equilibrium, suggesting that the composite membrane
layer acted as the main sink for FTOH during the permeation. In the model-based mass balance,
the GCL layer held the highest mass at equilibrium due to its larger thickness than the HDPE

membrane.
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Figure 11: Mass balance for 6:2 FTOH in the different compartments based on a) experiments
and b) model
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TAG MEETINGS:
The second TAG meeting was held on June 1st, 2026. The corresponding meeting minutes, TAG

information, and recording can be found on the project website above.

Participants:

Youneng Tang (FAMU-FSU College of Engineering), Dennis Ssekimpi (FAMU-FSU College of
Engineering), Sunandan Naha (FAMU-FSU College of Engineering), Maeve Storm (FAMU-FSU
College of Engineering), Selcuk Karaer (FAMU-FSU College of Engineering), Charles Amanze
(FAMU-FSU College of Engineering), Timothy G. Townsend (Hinkley Center), Samuel B. Levin
(S2L, Inc.), Erin Bulson (Waste Management Inc.), Xia Cao (GCP Applied Technologies Inc.),
Benzamin Yoakum (Orange County Utilities), Kevin M. Warner (Geosyntec Consultants),
Natalia Soares Quinete (Florida International University), Shanin Speas-Frost (Florida
Department of Environmental Protection) and Owete S. Owete (WSP USA)

Link to the video recording of the TAG meeting:

https://www.youtube.com/watch?v=AlcovrEpPmo

Metrics:
1. Summarize input provided by the TAG during this period.

o Tim Townsend asked whether the observed transport and partitioning behavior between
HDPE and GCL is consistent with other studies and contaminants. Answer. Prior work on
inorganic compounds such as chloride shows similar trends, and studies on chlorinated
solvents like TCE and organics such as benzene also support the observed behavior.

e Natalia Soares Quinete asked about sample preparation procedures and whether
compound stability had been considered. Answer: The control experiments showed losses
of up to 20% for long-chain FTOHs, while shorter-chain compounds (4:2 and 6:2)
exhibited no significant losses. Biotransformation was considered unlikely given the sterile
system. Natalia further raised the possibility of oxidation, reduction, and photodegradation
pathways, as well as thermal degradation above 200°C. Youneng Tang agreed these

pathways warrant future investigation, noting that adsorption onto permeation cell walls

13


https://www.youtube.com/watch?v=AIcovrEpPmo

is the most probable explanation for observed losses, though the exact fate of the lost
fraction remains an open research question.

e Erin Bulson asked about the properties of the three GCL materials used and how source
concentrations compare to real-world landfill conditions. Answer: FTOH concentrations
in leachate are typically in the ng/L range, while our experiments operate at the ug/L range
to enable observable breakthrough within the project timeline. Youneng Tang noted that
modeling approaches will be used to bridge the gap between laboratory and field
conditions in the next phase of the study.

e Xiao Cao questioned why diffusion factors appear significantly higher in the GCL layer
and how this should be interpreted for long-term, low-concentration scenarios. Answer:
Youneng Tang explained that HDPE permeability is extremely low and long-term material
behavior remains uncertain. He emphasized the value of maintaining a long-term
experimental program beyond the current project to capture potential physical changes in
HDPE and GCL materials over extended timescales.

®  Xiao Cao also asked about GCL composition and potential chemical interactions between
FTOHs and GCL components. Answer: FTOHs are more likely to interact with the
geotextile component than the bentonite core.

e Tim Townsend requested clarification on the geotextile polymer type and suggested
running direct screening experiments with pure bentonite and geotextile materials to
isolate adsorption behavior. Youneng Tang indicated that such tests could be completed
and reported at the third TAG meeting.

e Sam Levin provided written comments on the liner cross-section diagrams, noting that
placing a GCL beneath a closure geomembrane is atypical and costly, that LLDPE is more
commonly used than HDPE in closure systems, and that composite drainage nets (CDNs)
are preferred over geotextiles alone for both gas venting and leachate collection. He also
recommended including a CDN beneath the GCL as a leak detection layer, underlain by a
secondary geomembrane. The research team will incorporate these suggestions into future

presentation figures.

2. List research publications resulting from THIS Hinkley Center project.

None in this reporting period.
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3. List research presentations resulting from (or about) THIS Hinkley Center project.
Permeation of Fluorotelomer Alcohols through Two-Layer Land(fill Liners. Presented by Dennis
Ssekimpi and Sunandan Naha at the second Technical Awareness Group Meeting. June Ist,

2026, Tallahassee, FL.

4. List who has referenced or cited your publications from this project.

None in this reporting period.

5. How have the research results from THIS Hinkley Center project been leveraged to secure
additional research funding? What additional sources of funding are you seeking or have you
sought?

Evaluation of Chemical Permeability of Two Membranes, Tang (Pl) and Zeng (co-PI), Funded
by GCP Applied Technologies, 2026 — 2028.

6. What new collaborations were initiated based on THIS Hinkley Center project?

None in this reporting period.
7. How have the results from THIS Hinkley Center funded project been used (not will be used) by

the FDEP or other stakeholders?

None in this reporting period.

PICTURES:

None in this reporting period.
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