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Project Description #1: QW GSI

ENVIRONMENTAL

Motivation:

- Field-validate relevance of F&T
processes that have primarily
been studied at the lab scale

- Inform Conceptual Site Models
for PFAS source areas

Detailed high-resolution
sampling at 3 AFFF Sites:

- Site 1: Florida
- Site 2: California
ESTCP ER-201633 - Site 3: Virginia




Project Description #2: ”GSI

P DISTANT FLANET CALLED THE
BOE 104000 rem 21407 BIZARRO WORLD,’
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Motivation:

Monitored natural attenuation to manage PFAS impacts
to groundwater: Potential guidelines

- Use what we’ve learned about

Charles J. Newell' | David T. Adamson® | Poonam R. Kulkarni® |

Blossom N. Nzeribe? | lJohn A Connar! | Jovan Pepovie® | Hans F. Stroc* PFAS Retentlon at these Sltes
MGHEGNg8Remediation (and others) to help develop a
- g framework for PFAS Monitored
Monitored Natural Attenuation to Manage PFAS Retention (PMR)
Impacts to Groundwater: Scientific Basis - At some PFAS sites, PMR
N may be appropriate as long-term

management approach

- Relies on strong air/water
partitioning, sorption,
matrix diffusion processes

Risk / Triage strategy used with variety approaches



QW GSI

Overall Objectives

* Use mass balance and modeling to help
answer key questions:
* How much PFAS mass is at the site?

* How much PFAS mass is discharging from
the source?
* How much mass is retained in various soil
types?
* Document Lines-of-Evidence approach
for PFAS Monitored Retention (PMR)
framework




Mass Balance Approaches QW GS|
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SITE 1 Create 3-D grid of PFAS soil data and
LEGEND 1 o~ % soil type across site

Total PFAS Contour at 48 m (o]
{50 ngfg)

e Divide model domaininto 4
e Tootal PFAS Contour at 46 m . .
{100 nglg different spatial zones

——— Total PFAS Contour at 4.6 m
(1,000 ngig)

11 Soil concentration in ng/g e Use PFAS distribution as basis for
23 interpolating mass and mass
discharge

SITE 2, Simpler interpolation based on
SITE 3 contours and representative soil
— volumes assighed to each sample
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AFFF Site 1:

QW GSI
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AFFF Site 1

Data Analysis
Layout

Source: Modified from Nickerson et al., 2020, ES&T
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Area of each square below =
3 kg or 3 kg/yr

AFFF Site 1; Q¥ GS|
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AFFF Site 1:

QW GSI
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e 82% of PFAS mass in lower

permeability soils (SM, ML, CL)
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SITE 1: Total PFAS Mass = 222 kg

AFFF applied in firefighter
training area

<5% associated

with unsaturated

zone 0.048 kg/yr
) 0
>95% associated X 47% of Total 53% of Total
with saturated PFAS Mass PFAS Mass
zone
Source area + Side/upgradient Downgradient
< 82% associated with lower-permeability soils

< 52% associated with polyfluorinated precursors




AFFF Site 2: QUGS
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Transect A: Total PFAS in soil (ng/
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Transect A: Tntal PFAS in soil (ng/kg) A"
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AFFF Site 2: Key Results Y GS|
SITE 2: Total PFAS Mass = 450 KG

AFFF applied in firefighter
training area

16% associated
with unsaturated

0.0018 kg/yr

zone
o )
84% associated , 75% of Total 25% of Total
with saturated PFAS Mass PFAS Mass
zone
Source area + Side/upgradient Downgradient
« 33% associated with lower-permeability soils >

« 13% associated with polyfluorinated precursors >
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AFFF Site 3:
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N @ Multi-level Soll and Groundwater
A W surface soll
,I @ Background Multi-Laval Sall and Groundwater
III A Surface Water
@ 0 [I Cusrent/Formis AFFF Storage Area
lll L9  Location 0
h [
AZ L7
A( 7? 553 Q L4 51 L5
- A
L3 . TR i
® 52 f;
-
- Bl B2
2700 ft @
200 ft

i
£ ~7500 ft
r 5

Depth (ft bgs)

[ ] 3%}
[=)

[
o

wn

(9
w

i
(=]

I
i

L4
(=

>

LT ]
(1

/////”////”

Transect A: Total PFAS in soll (ngtkg)

N 2 A4

7

[TV AT

N
Log Concebr:tratmn (ng/kg soail)

AJ

Distance from L3 (ft)

15



Site3 A AN
Z_ HiE y//Af/VTraW 'j/ii'" 2 {"gmg}ﬁ"/é%f' A

%2:; :H “,’ 5557 /4/

N A |\
) &%ﬁﬁ \P&@ &@.;,:aﬂ %&,b;x Q’Q@%

Distance from L3 (ft)

Log Concentration (ng/kg soil)



AFFF Site 3: QWGSI

ENVIRONMENTAL
SITE 3: Total PFAS Mass = 86 KG
AFFF released in storage
and transfer area
......................................................................................................... 1500 o
80% associated A ? 4
with unsaturated !
zone 0.48 kg/yr . 0.0038 kg/yr
209
20% associated , 32% of Total
with saturated PFAS Mass
zone !
Source area + Side/upgradient Downgradient
< 46% associated with lower-permeability soils 4

< 61% associated with polyfluorinated precursors >

17




Summary of PFAS Mass Distribution WGS|
from All Three AFFF Sites ENVIRONMENTAL

Total PFAS Total Total In Low-K
W ETYS PFAAs Precursors Geology

(kg) (%) (%) (%)

PFOS PFOA PFHxS
(%) (%) (%)

Sitel 222 kg 52% 48% 82% 18% 9%  ~10%

Site2 450kg  87% 13% 65% 9% 5%  32%

Site3 86 kg 39% 61% 46% 28% 4% 4%

18




Summary of Mass Discharge from QY GS|

All Three AFFF Sites
Unsaturated Zone Saturated Zone Mass
Mass Discharge (g/yr) Discharge (g/yr)
Site/Reference Climate? PFOS Total PFAS? PFOS Total PFAS?

Anderson et al. 2022 188

Semi-Arid 10 - -

(6 PFAS)
Quinnan et al. 2021, 23
. ” i

Source Area Semi-Humi 0.4 22 (PFOS+PFOA)
Site 1
(Adamson et al. 2020; Humid _ _ 310 3600
Nickerson et al. 2020) (58 PFAS)
Site 2

Semi-Arid 36
Site 3

Humid 1.9




PFAS Monitored Retention Framework



Mass discharge
Is a primary Line
of Evidence for a
PMR evaluation
because it helps
establish
relative risk

X-Axis represents
PFOS mass discharge
that could potentially
impact water supply

well pumping at
100 gpm

Axis ranges are
preliminary

PFOS Plume Travel Time to Nearest

Receptor (yr)

0
PMR = PFAS Monitored Retentior
PER = PFAS Enhanced|Retention
5
o O
Does not
support use of ¢
10 PMR or PER
Supports ¢
use of PER
Supports ¢
use of PMR
>15
< 102 101 100 101 102 103 10* > 103

PFOS Plume Mass Discharge (g/yr)



How Can Mass Discharge Estimates Be QY GS|

Used in a PMR Evaluation? ENVIRONMENTAL

Each dot represents a hypothetical PFAS site being evaluated within a large portfolio

0

Higher-priority sites — likely to need P&T,
POET, or other action

[ J
’ Medium-priority sites — enhanced retention
- options should be considered
Does not
support use of 5 o ]
0 PMR or PER Lower-priority sites — PMR should be

PFOS Plume Travel Time to Nearest
Receptor (yr)

Supports « considered for short-term or long-term
use of PER management
Supports @
use of PMR
1 MRS . T o e
i 10t | e | 102 10° hm----w---Y -Axis represents PFOS mass discharge that
| e o o o o o e
PFOS Plume Mass Discharge (g/yr) could potentially impact water supply well

22

pumping at 100 gpm



How Can Mass Balances Be Used in a Q GS|

PMR Evaluation?

Mass balances are a secondary Line of Evidence for a PMR evaluation
because they help establish relevancy of various retention processes

_ | Electrostatic Air-water :
Hydrophobic |. : : : \ET{g) Precursor
interactions/ | interfacial

partitioning : e diffusion | transformation
Salting out | partitioning

Yes Yes No? Yes Yes
Yes Yes b Yes Yes Yes
Yes Yes Yes Yes Yes

aShallow vadose zone soils were disturbed due to historic remedial efforts
(excavation and low-temperature thermal desorption followed by refilling with
treated soil); P Includes salting out effects from high groundwater salinity.

Source: Adamson et al., 2022,

Environmental Advances 23



Key Take-Aways ~ A

High-resolution characterization data can help oorogn —
build quantitative estimates of mass distribution @o [
and plume strength ““ - O .. T
F&T processes for PFAS are relatively unique and :: %
influence the extent of retention vs. migration 11 o P00

SE  o0m L@
Relevance of these processes vary by site ~ o

100

Mass discharge and other mass balance

approaches help establish Lines of Evidence for ” stonce Downgrcientf sorce )
management-based approaches like PFAS

M on It ore d R ete ntiO N ( P M R) Source: Adamson et al., 2022, EnvironmentalAdvanczeZ
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Influence of Source Composition and Site Qy GS|

Stratigraphy on Vertical Distribution S RCRMERL
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Overview of PFAS Distribution
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