The Role of Precursor Transformation

WGS|

on PFAS Fate and Transport in the NIRRT

Saturated Zone

International Conference on Remediation of
Chlorinated and Recalcitrant Compounds

Denver COloradO Emily Stockwell, PE
)



Acknowledgements ”GSI

Dr. Ron Falta, Clemson University
Dr. Charles Newell, GSI
Dr. Dave Adamson, GSI
Jeff Gamlin, GSI
Poonam Kulkarni, GSI %&? %@_
Dr. Shahla Farhat, GSI @C”’TLENG\“XR‘Q

CLEMS#N

U N | V E T Y

WGSH

ENVIRONMENTAL

e

Funding provided by AFCEC



Objectives AT

ENVIRONMENTAL

» Combine high-resolution field characterization |§ ===="" , =
data with semi-analytical modeling 7 YN
» Determine relative transformation rates of N BN
different PFAS classes i N
[ ; \\% .—1;“..,"‘—..,

> Document key fate and transport parameters
at an AFFF release site

> Establish how precursor transformation
influences PFAS plume development
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emi-analytical model
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asy to use for non-modelers
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Field Site Overview E%ﬁcgm!'uﬁﬂnugla
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Mass-Based, Field-Scale Demonstration of PFAS Retention within
AFFF-Associated Source Areas

David T. Adamson,* Anastasia Nickerson, Poonam R. Kulkamni, Christopher P. Higgins, Jovan Popovic,
Jennifer Field, Alix Rodowa, Charles Newell, Phil DeBlanc, and John J. Kornuc

» High-resolution sampling at 11

N [

locations LEGEND N
» Groundwater at ~5 depths $ Cuimiomngvel \‘i\ N %
 Soil at ~ 10 depths et

> Analysis for 79 PFAS in Groundwater | {3 FomerFire Training Avea (FTA) f\‘
(Dr. Field, Oregon State University) > Direton of Grounduater Flow _ N,

» 57 Precursors \\ o \o \{)’3"’%,
) 22 PFAAs \\ _ \0\ " oownorssn %\
» Analysis for 136 PFAS in Soil vwsee N " PRI 3 o
(Dr. Higgins, Colorado School of Mines) g N,
» 115 Precursors Source Zone \3’("%%
) 21 PFAAS : N
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Key Assumptions For Incorporating Precursor

Transformation into REMChlor-MD
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> The PFAS identified in the data set represent all PFAS at the site
> In groundwater, the 57 identified precursors represent all precursors
> In soil, the 115 identified precursors represent all precursors
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“PFOS-able precursors” are PFSA precursors with 8 fully fluorinated carbons
“PFOA-able precursors” are PFCA precursors with 7 or 8 fully fluorinated carbons
“PFHxS-able precursors” are PFSA precursors with 6 fully fluorinated carbons
“PFBS-able precursors” are PFSA precursors with 4 fully fluorinated carbons
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Field Site PFHXxS-able Precursors in Groundwater
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PFHxS-able Precursors in Source Area Groundwater
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PFHxS-able Precursors in Mid-Plume Groundwater
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Field Site PFHxS-able Precursors in Soil WGS|
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PFHxS-able Precursors in Source Area Soill PFHxS-able Precursors in Mid-Plume Soill
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Field Site Precursor Characterization ”GSl

Source Area Groundwater
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Groundwater Flow
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= Other Precursors
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Field Site Model Inputs

> Soil and Groundwater Properties
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Source Concentration Estimation Method

All source concentrations assume 10,000x
dilution of pure AFFF (100x dilution of AFFF with
water when it was sprayed, then 100x dilution of

that liguid when it entered groundwater)

> Molecular Diffusion Coefficients
> Precursor Yields

AFFF Source Concentration Estimation Flow Chart

Perform EPA Method 1633 analysis
Are there precursor compounds that are only produced by
fluorotelomerization (FT) (4:2FTS; 6:2FTS; 8:2FTS; 3:3FTCA; 5:3FTCA;
T-3FTCA) and/or precursor compounds that are only produced by
electrochemical fluorination (ECF) (PFOSA; NMeFOSA; NEtFOSA;

> Source Mass at Time of Release

> Retardation Factors™
> Precursor Transformation Rates*

> Initial Source Concentrations* ——

* Calibration parameter

ECF-only . ! y FT-only
Precursors NMeFOSAA; NEtFOSAA; NMeFOSE; NEIFOSE)? Precursors
/ Both or \
Does the Site history suggest Neither Does the Site history suggest
that only 3M AFFF was used that only ""0”'_3M AFFF was
at the Site? used at the Site?
N Assume AFFF was 75% ECF-based and No
Yes 0 25% FT-based. Estimate PFAS
- concentrations based on AFFF use during Yes
. the following time periods (if AFFF was
Assume N.:FF was 100% ECF-based. I_Esllmate PFA.S used djﬁnggmullipIIJe time éen'ods, use the Y
c_oncentf:g:nsfianFelg on AFFI;Lése_dunnglt_hT following maximum concentration of each compound Assume AFFF was 100% FT-
ftime periods (i was used during multiple time from the applicable time periods): based and consisted 100% of
periods, use the maximum concentration of each precursors
compound from the applicable time periods): Before 19904 After
2001 2001
Before 1990- 1989 !
1989 2001 vy
v | Assume AFFF was || Assume AFFF was Assume AFFF was Assume AFFF was
{mg/L) (mg/L): (mglL): {mglL):
Assume AFFF Assume AFFF PFOS: 9,500 PFOS: 5,000 Precursors: 11,500 Procursors: 11,500
was (mg/L) was (mg/L): PFNA: 0 PFNA: 0
PFOS: 12,500 PFOS: 6,500 PEOA- 100 PEOA: 100
PENA-0 PENA- 0 PFHxS: 975 PFHxS: 550
PFOA: 100 PFOA: 100 PFBS- 150 PFBS 150
PFHxS: 1,300 PFHxS: 750 . . - .
PEBS. 200 PFES. 200 Precursors: 3,000 Precursors: 8,500
Precursors: 500 Precursors: 7,500 J, J, v .
¢ ¢ Assume source Assume source Assume source Assume source
was (ug/L): was (ug/L): was (ug/L): was (ug/L):
Assume source Assume source PFOS: 950 PFOS: 500 Precursors: 1,150 p,ecf.,g’l.},‘l,; 1150
was (ug/L): was (ug/L): PENA: 0 PENA- 0 '
PFOS: 1,250 PFOS: 650 PFOK‘ 10 PFOA- 10
PENA:- 0 PFNA: 0 PFHxS: 97,5 PFHxS: 55
PFOA: 10 PFOA: 10 PFBS- 15 PFBES 15
PFHxS: 130 PFHxS: 75 S e
PFBS- 20 PEBS. 20 Precursors: 300 Precursors: 850
Precursors: 50 Precursors: 750 l l

'

Of total
precursor mass:
100% -> PFSAs

Of total
precursor mass:
100% -> PFSAs

h

Of total
precursor mass:
14% -» PFSAs
86% -= PFCAs

Of total
precursor mass:
64% -= PFSAs
36% -= PFCAs

Of total
precursor mass:
100% -» PFCAs
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Of total
precursor mass:
100% -> PFCAs




Field Site Model Calibration WGSI
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Field Site PFOS Model — Year 40 QWGSI
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Field Site PFOS Model — Year 40 ”GSI
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Even though PFOS-able precursor transformation occurs, the concentrations of PFOS are so much
higher that precursor transformation has no impact on PFOS plume length or concentration ¥



Field Site PFOS Model — Year 40 QWGSI
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Field Site PFOS Model — Year 140 ”GSl
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PFOS-able precursor and PFOS plumes are still expanding due to continued
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release from source zone and migration of downgradient plume



Field Site PFOS Model — Year 140 WGS|
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Field Site PFOS Model — Year 140, With Source Qy GSI
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Remediation at Year 40
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downgradient due to continued migration of downgradient plume



Field Site PFHXxS Model — Year 40 WGS|
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Field Site PFHxS Model — Year 40 WGSI
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PFHXS precursor transformation results in higher PFHxS concentrations and longer PFHxS plume 1



Field Site PFHXxS Model — Year 40 WGS|
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Field Site PFHxS Model — Year 140 WGS|
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PFHxS-able precursor and PFHxS plumes still expanding due to continued release from source zone ,;
and migration of downgradient plume; PFHxS plume also expanding due to precursor transformation



Field Site PFHxS Model — Year 140 QWGSI
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Field Site PFHxS Model — Year 140, With Source QY GSI
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Source concentrations decrease, but plumes persist and continue to expand 53
downgradient due to continued migration of downgradient plume



Sensitivity Analysis Results
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> Key Fate and Transport
Parameters:
> Retardation in low-k zones

» Precursor transformation
rates

> Source mass at the time
of release

Precursor Plume PFAA Plume
Length % Length %
PFAS |Parameter Diﬁeregce from Differegce from
Base Case Base Case
PFOS Retardation in T-Zone +0% +8-13%
PFOS Retardation in Low-k +0% +15-18% |
PFOS Precursor Retardation in T-Zone +3-6% +0%
Precursor Retardation in Low-k +6% +0%
Precursor Yield in T-Zone +0% +0%
Precursor Transformation Rate +18-24% +0%
PFHxS Retardation in T-Zone +0% +7-9%
PFHxS Retardation in Low-k +0% +16-21% |
PFHxS Precursor Retardation in T-Zone +8-11% +1-2%
Precursor Retardation in Low-k +14% +2%
Precursor Yield in T-Zone +0% +2%
Precursor Transformation Rate +5-6% +2-3%
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Summary and Conclusions "GSI

» Categorized potential precursors based on fluorinated
carbon chain |ength PFHxS Plume Without Precursor Transformation

» High-resolution field site precursor characterization
Source

> Predominant precursor type = PFHxS-able precursors

> Wide range of precursors in source area soil and groundwater; shorter-
chained, anionic precursors dominate mid-plume soil and groundwater

> Modeled individual PFAAs and their grouped potential
Precursors usi Ng REMChlor-MD PFHxS Plume With Precursor Transformation

> Retardation and precursor transformation rates are key parameters

> Impact of precursor transformation strongly influenced by
concentration difference between precursors and terminal PFAAs:
greatest for PFBS, PFHxS, and PFOA:; no impact on PFOS

» Conclusions are specific to the modeled field site
»  Manuscript of this work is currently in review
> Next up = REMFluor model

Zone
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