Monitored Natural Attenuation and QGS|
Enhanced Retention Processes to Manage Bt et
PFAS in Groundwater

NEWMOA: The Science of PFAS Conference

April 2022

Stephen D Richardson, PhD, PE
David T Adamson, PhD, PE
Charles J Newell, PhD, PE




WGSI

ENVIRONMENTAL

AGENDA

PFAS = Bizzarro World?

* Potential Futures for PFAS MNA
* Retention-Based MNA for PFAS
* Key Retention Processes

 Wait — There’s More! Enhanced Attenuation (EA)



What is the Philosophy Behind MNA?

It is harder and more expensive to clean these
sites up than first thought.

Nature Nature is amazing and seems to be degrading
can help! or sequestering some of these chemicals.

Let’s let nature do the job.

But you have to do three things:
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PFAS = Bizarro World

> “The Bizarro World (also known as Htrae, which is
"Earth" spelled backwards) is a fictional planet
appearing in American DC comic books.

) Htrae is a cube-shaped planet, home to Bizarro and
companions, all of whom were initially Bizarro
versions of Superman, Lois Lane, others

> In popular culture, "Bizarro World" has come to
mean a situation or setting which is weirdly
inverted or opposite to expectations.”

Wikipedia, 2022
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PFAS = Bizarro World for Groundwater People? ENVIRONMENTAL
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) 40,000+ sites? (EBJ, 2019)

Key Point: “Business as Usual” won’t work for PFAS Groundwater Cleanup
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Potential Futures for PFAS Management?

> Scenario 1: Pump & Treat is the predominant approach for ‘ 40,000 Pump &
PFAS plumes (with some injected sorbents)? Treats Too Many?

> Scenario 2: Researchers deliver a “silver bullet” that destroys ‘ ‘ Nothing Yet
PFAS in-situ, it is rapidly adopted.

) Scenario 3: Risk / Triage strategy used with variety ‘ PFAS Experts:
approaches, including retention-based MNA at some sites. Most likely
COMMENTARY WILEY

PFAS Experts Symposium 2: PFAS Remediation research -
Evolution from past to present, current efforts,
and potential futures
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Distill it Down to this Problem Statement

PFAS remediation is daunting challenge.

Stringent criteria and lack of degradation
has led to a general presumption that
MNA doesn’t work for PFAS.

If true, thousands of expensive pump and
treat systems may be needed.

However, we feel there is a viable path for
some sites towards PFAS MINA based on
PFAS retention.

One analog: MNA of
metals/inorganics/radionuclides based on
immobilization onto aquifer solids (no
degradation).
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Volume 2

Assessment for Non-Radionuclides
Including Arsenic, Cadmium, Chromium,
Copper, Lead, Nickel, Nitrate,
Perchlorate, and Selenium

Monitored Natural Attenuation
of Inorganic Contaminants in

Ground Water
Volume 1
Technical Basis for Assessment

Evolution of inorganic Contaminant Plume
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Volume 3

Assessment for Radionuclides Including
Tritium, Radon, Strontium, Technetium,
Uranium, lodine, Radium, Thorium,
Cesium, and Plutonium-Americium




EPA’s Guidance MNA for Metals and Rads Lead QY GSI
to DOE’s “Scenarios” Guidance

The Scenarios Approach to : : : : . .
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Monitored Natural Attenuation
for PFAS?

Key Inspiration: High-resolution sampling, matrix diffusion
modeling for ESTCP project ER-201633, NAVFAC PFAS
Project.

Key Result: Over 75% of PFAS mass in saturated zone is
retained in low-permeability units.

Key Points:

e Significant PFAS mass is retained in saturated zone

e Other PFAS researchers show significant retention on
air/water, NAPL/water interfaces

e PFAS will sorb

* We can integrate these together to understand MINA
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Monitoring&Remediation
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Monitored Natural Attenuation to Manage PFAS
Impacts to Groundwater: Scientific Basis

by Charles J. Newell ©, David T. Adamson, Poonam R. Kulkarni, Blossom N. Nzeribe, John A. Connor,
Jovan Popovic and Hans F. Stroo

DOI: 10.1002/rem.21697

RESEARCH ARTICLE WILEY

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

Charles J. Newell! | David T. Adamson® | Poonam R. Kulkarni® |
Blossom N. Nzeribe? | John A. Connor! | Jovan Popovic® | Hans F. Stroo*
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Key PFAS MINA Processes

PFAS Source

Vadose zone: Loading to aquifer is reduced by 1) Geochemical
Retention (e.g., air-water sorption) and 2) Chemical Retention
(PFAS retained in the less mobile precursor form).

-"ansmissive Zone: PFAS plume migration is reduced by
Geochemical Retention (hydrophobic and electrostatic sorption)
and Chemical Retention

* PFAS advective transport (shorter) GW-only advective transport (longer)

Matrix Low-k zone: PFAS plume migration is reduced by
gl Geochemical Retention via diffusion into low-k zones

Newell et al, 2021 10



Key Vadose Zone Retention Processes — Q GSI
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Air/Water Partitioning

* PFAS are surfactants

* They like to accumulate at air/water interfaces

e This can retain some PFAS in the unsaturated zone for a long time

 Depends on site, but “can take several decades or longer for PFOS to reach groundwater.”

Evapotranspiration ‘
(a) @ :

recipitation Air

» i

f ¥ — 4 i E:
m Industrial sites, landfills, M AFFF infiltration- N

-+ wastewater treatment e odech ' m ;
©.. o plants Y

e j 4 3 i i Hydropholic &  Hydrophilic
ALk a4 e leophobic tail  headgrgup

= Groundwater Release to
table groundwater i

Guo et al., 2020 11



Key Saturated Zone Retention Processes —

Sorption and Matrix Diffusion

Most chlorinated
sites down here:
Matrix diffusion
makes it harder to
remediate

Advancing solvent plume

Expanding Plume

WGSI

ENVIRONMENTAL

PFAS sorb to organic carbon on soils (more carbons = generally more sorption)

For PFAAs, similar sorption as chlorinated solvents (Retardation Factor in single digits)
Like CVOCs, PFAS diffuse in low-permeability geologic media
But this matrix diffusion has different implications:

=t

Stable Plume

Slowly Shrinking Plume

PFAAs don’t readily
degrade, so there may
be more expanding PFAS
plumes.

But matrix diffusion is
retaining PFAS, therefore
slowing plume expansion

12




Key PFAS Retention Processes — Q GSI
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Chemical Retention

Aerobic Conditions Anaerobic Conditions

* Most regulated PFAS are Per-
fluoroalkyl Acids (PFAAS)

* Examples: PFOS, PFOA, PFHxS

* The biodegradation of precursors
can form PFAAs, the terminal
compound in the degradation

Electron
Donor

< Bacteria

pathway
* PFAAs are often more mobile than Aerobic Carb
aroon
precursors Bacteria @ Dioxide

* “Chemical retention” is a general _— M Natural or Engineered
term for when PFAAs are left in Dissolved REUCIE Electron Donor

_ _ Precursor
the more environmental benign Oxygen

precursor state

PFAA
Newell et al., 2022 13



How Might Retention-Based

PFAS MNA affect Plumes?

Apply matrix diffusion model to extremely well

characterized PFAS sites

Key Point: attenuation affect of matrix
diffusion on plume migration seen at this site
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e Contents lists available at ScicnecDirect
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: Journal of Contaminant Hydrology
&

ELSE\[]V journal homepage: www.elsevier.com/locate/jconhyd

L)
Modeling a well-characterized perfluorooctane sulfonate (PFOS) source and \%
plume using the REMChlor-MD model to account for matrix diffusion

Poonam R. Kulkarni*, David T. Adamson®, Jovan Popovic ", Charles J. Newell *

COURONETI,
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Mass-Based, Field-Scale Demonstration of PFAS Retention within
AFFF-Associated Source Areas

David T. Adamson,™ Anastasia Nickerson, Poonam R. Kulkarni, Christopher P. Higgins, Jovan Popovic,
Jennifer Field, Alix Rodowa, Charles Newell, Phil DeBlanc, and John J. Kornuc
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How Might Retention-Based
PFAS MINA Affect ;’!DNIEENSM!

Journal of Contaminant Hydrology

P | u m e S ? PTSEVIER

Impact of matrix diffusion on the migration of groundwater plumes for |
Perfluoroalkyl acids (PFAAs) and other non-degradable compounds
° M O d e I i n g St u d i e S Shahla K. Farhat ™", Charles J. Newell *, Sophia A. Lee", Brian B. Looney ©, Ronald W. Falta ‘
to Explore Homogeneous Transmissive Transmissive
Retention-Based Aquifer With Aquitards Wlth 80% Lenses

e / :-:--W ,,, :-:-:

| //M%////// ;// /

Transmissive : Transmissive f% n n# 7%,

,ﬁf

PFOS Plume Length. 1310 meters 1040 meters 250 meters
after 100 years. | | |
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Wait — There’s More!
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Enhanced Attenuation (EA)

Enhanced Attenuation (EA) Processes to Manage PFAS Plumes in Groundwater:
Current, Emerging, and Speculative Approaches

W GSI

ENVIRONMENTAL

Charles J. Newell, Hassan Javed, Yue Li, Nicolas W. Johnson, Stephen D. Richardson,
John. A. Connor, and David T. Adamson

 Many PFAS retention processes produce mass flux “Peak Shaving”
* Similar to flood control reservoirs

PFAS Mass Discharge (M,)

(mass per time)

M, if no
retention

PFAS
Retained

Time (years)

Attenuated

My

PFAS Mass Discharge “Peak Shaving”
With and Without Retention

Inflow in

Reservoir .
Reservoir

Storage

Flow (volume per time)

Time (days-months)

Maximum Flow

Attenuated

Outflow

Stormwater Runoff
With and Without Flood Storage

17
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Enhanced Attenuation (EA)

Enhanced Attenuation (EA) Processes to Manage PFAS Plumes in Groundwater:
Current, Emerging, and Speculative Approaches

Charles J. Newell, Hassan Javed, Yue Li, Nicolas W. Johnson, Stephen D. Richardson,
John. A. Connor, and David T. Adamson
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Enhanced Attenuation guidance Enhanced Attenuation Framework for PFAS
(ITRC, 2008) (Newell et al., in review) v



Enhanced Attenuation (EA) — Qv GSI
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Exa I I l p I e S fo r P ‘ \ Enhanced Attenuation (EA) Processes to Manage PFAS Plumes in Groundwater:

Current, Emerging, and Speculative Approaches

Charles J. Newell, Hassan Javed, Yue Li, Nicolas W. Johnson, Stephen D. Richardson,
John. A. Connor, and David T. Adamson

1. Injection of Particulate Sorbents 2. A permeable reactive barrier 3. Hydrophobic partitioning
_ — is constructed where PFAS is retains the PFAS in the GAC
1. Direct push rig injects sorbed to the particulates from particles

particulate sorbents as

: natural groundwater flow
rod is brought to surface

. 4

Water

f with
PFAS

Injection of Particulate Sorbents. Status: Being Done Now
19



Enhanced Attenuation (EA) — Qv GSI
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Exa I I l p I e S fo r P ‘ \ Enhanced Attenuation (EA) Processes to Manage PFAS Plumes in Groundwater:

Current, Emerging, and Speculative Approaches

Charles J. Newell, Hassan Javed, Yue Li, Nicolas W. Johnson, Stephen D. Richardson,
John. A. Connor, and David T. Adamson

2. Capping to Retain PFAS in the Vadose Zone B. With cap or cover to C. PFAS remain in the
‘ divert rainfall and stop vadose zone due to no
A. Without cap or cover infiltration through PFAS gravity driven leaching

vadose zone source

Immobile 0
PFAS 8

Residual
airin
porosity

@ PrAs

Capping to Increase Retention in the Vadose Zone. Status: Being Done Now -~

PFAS Plume




Enhanced Attenuation (EA) — Qv GSI
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Exa I I l p I e S fo r P ‘ \ Enhanced Attenuation (EA) Processes to Manage PFAS Plumes in Groundwater:

Current, Emerging, and Speculative Approaches

Charles J. Newell, Hassan Javed, Yue Li, Nicolas W. Johnson, Stephen D. Richardson,
John. A. Connor, and David T. Adamson

B. Infiltration C. PFAS Sorption To LNAPL
_ and and LNAPL Ebullition

6. LNAPL Barrier Emplacement

Slower
Groundwater

Emplacement of LNAPL Sorption Barrier. Status: Proposed for Research Project 21
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Exa I I l p I e S fo r P ‘ \ Enhanced Attenuation (EA) Processes to Manage PFAS Plumes in Groundwater:

Current, Emerging, and Speculative Approaches

Charles J. Newell, Hassan Javed, Yue Li, Nicolas W. Johnson, Stephen D. Richardson,
John. A. Connor, and David T. Adamson

7. Emulsified Oil Injection to 2. Injecting Emulsified 3. Without oxygen, most of
the faster precursor
reactions do not happen

Enhance Chemical Retention Vegetable Oil (EVO) can
consume the dissolved
oxygen, and turn the
aquifer anaerobic

1. In aerobic aquifers, PFAA precursors
can be transformed to PFAAs

- 4 4

Bacteria Dioxide

Bacteria

Emulsified
Veg. Oil e Dissolved

Oxygen
PFAA
Precursor
@

Injection of Emulsified Oil to Enhance Chemical Retention. Status: Proposed for Research Project
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WRAP UP

* PFAS in groundwater is a daunting challenge

I”

* No proven in-situ PFAS destructive technologies means “not business as usua
* Retention-Based PFAS MNA may be useful for some sites

 Sites with long travel time to receptors/compliance point

e Sites with relatively lower mass flux

* Data requirements for evaluat MNA and gather lines of evidence are likely to be
significant

* At other sites, Enhanced Attenuation (EA) approaches may be useful

e But time will tell!
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QUESTIONS
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