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Disclaimer
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This webinar is intended to be informational and does not indicate endorsement 

of a particular product(s) or technology by the Department of Defense or 

NAVFAC EXWC, nor should the presentation be construed as reflecting the 

official policy or position of any of those Agencies. Mention of specific product 

names, vendors or source of information, trademarks, or manufacturers is for 

informational purposes only and does not constitute an endorsement or 

recommendation by the Department of Defense or NAVFAC EXWC. Although 

every attempt is made to provide reliable and accurate information, there is no 

warranty or representation as to the accuracy, adequacy, efficiency, or 

applicability of any product or technology discussed or mentioned during the 

seminar, including the suitability of any product or technology for a particular 

purpose.
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OER2 Webinar Series
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• Why Attend?

– Obtain  and hear about the latest DOD and DON’s policies/guidance, tools, 

technologies and practices to improve the ERP’s efficiency

– Promote innovation and share lessons learned

– FEEDBACK to the ERP Leadership

• Who Should Attend?

– ERP Community Members: RPMs, RTMs, Contractors, and other remediation 

practitioners who support and execute the ERP

– Voluntary participation

• Schedule and Registration:

– Offered quarterly

– Registration link for each topic (announced via ER T2 email)

• Topics and Presenters:

– ERP community members to submit topics (non-marketing and DON ERP-relevant) 

to s (Nate Delong at nathan.a.delong2.civ@us.navy.mil or EXWC_T2@us.navy.mil)

– Selected topic will be assigned Champion to work with presenter

mailto:nathan.a.delong2.civ@us.navy.mil
mailto:EXWC_T2@us.navy.mil
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Today’s Speakers
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Charles Newell

GSI Environmental Inc.

Charles Schaefer

CDM Smith
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Road Map
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1. Introduction:  Lets Take a Quick Look at Three Graphics

2. How Does PFAS Leaching Work: Key Processes

3. One Key Decision-Making Framework: PFAS Mass Discharge

4. How to Characterize PFAS Leaching Sources

5. PFAS Leaching Computer Models

6. Key Decisions for Managing PFAS Leaching

7. Wrap Up

8. Q&A
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Three Graphics
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PFAS Classes and Nomenclature

Perfluoroalkyl 

Acids (PFAAs)

Carboxylates

Sulfonates

PFAS

PFAS Polymers

Examples:  

PTFE, PVDF, 

PFA, FEP, FFKM

Polyfluoroalkyl Acids 

(Potential Precursors) Polymers
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What Is, What Can We Do About PFAS 

Leaching to Groundwater?
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Understanding PFAS

PFAS are man-made chemicals that persist in the 

environment and can lead to significant contamination 

issues.

Implications of PFAS Leaching

Leaching of PFAS into groundwater can have serious 

health and environmental consequences, affecting 

drinking water quality.

Remediation Options

Various remediation techniques can be employed to 

address PFAS contamination, including filtration and 

chemical treatments.

Guo et al., 2023
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Zeng & Guo (2023)

Another Visualization of 
PFAS Leaching to Groundwater
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Key Questions That Need to be Answered
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Mechanisms of Leaching

Understanding the mechanisms of PFAS leaching is 

crucial for effective management and mitigation 

strategies in affected areas.

Sources of PFAS

Identifying the sources of PFAS is essential for 

developing targeted remediation approaches and 

preventing further contamination.

Monitoring and Remediation Approaches

Developing the best approaches for monitoring and 

remediation of PFAS is vital for protecting human 

health and the environment.

• How does PFAS go from soil down to groundwater?

• What parameters do I need to measure to understand PFAS leaching? 

• How do I analyze the leaching data that I collect?

• Is PFAS leaching at my site causing a groundwater problem?

• If it is causing a problem, how do we forecast its future behavior?
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Key Decisions for Managing PFAS Leaching
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Understanding PFAS Leaching

A comprehensive understanding of PFAS leaching is 

crucial to manage its environmental impacts 

effectively.

Management Strategies

Identifying effective management strategies for PFAS 

leaching ensures the protection of ecosystems and 

public health.

Importance of Decisions

The decisions made regarding PFAS management are 

critical for minimizing both environmental and health 

risks.

Key Decision Details

Mass discharge (Md) (g/yr)? (Porewater conc) x (recharge) x (area)

How to determine PFAS 

porewater concentrations & 

leaching?

• How to install/sample lysimeters? 

• Other measurements needed?

Recharge rate (inches/yr)? Multiple methods to estimate or measure

Dilution Factor (-)
Is unsaturated zone leaching impacting 

the dissolved groundwater plume?

Construct Model of Site? Is a numerical model always needed?

Key Models?
What models are available?
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PFAS Leaching Processes



Anticipate • Innovate • Accelerate 

And Now for Something Completely Different: 

PFAS Air/Water Partitioning, Electrostatic Attraction
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Air/Water Partitioning
Air/water partitioning is an unusual 
process that affects the movement of 
PFAS, complicating their behavior in 
the environment.

Electrostatic Attraction
Electrostatic attraction can influence 
PFAS behavior, leading to 
unexpected retention and mobility in 
different environments.

Complicated Predictions
These unusual processes make it 
difficult to predict the movement of 
PFAS, highlighting the need for 
advanced modeling techniques.

Air/Water Partitioning

• Long-chained PFAS have more 

accumulation at the air-water interface 

than short-chained PFAS than short-

chained PFAS.

• It depends on the air/water interfacial 

area which can be modeled.

• This area depends on soil moisture, 

type of soil.

Electrostatic Partitioning 

PFAAs are anions (-) and don’t stick to soils

   Examples:  PFOS, PFOA, PFHxS etc.

Some precursors are cations (+) and will stick

   Example:  TAmPr-N-MeFASA

Guo et al., 2023
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PFAS Retention at Air-Water Interfaces
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PFAS retention at the air-water 

interface causes observed retardation 

in unsaturated column experiments
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Measuring PFAS Mass Discharge
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One Key Decision-Making Framework: 

Mass Discharge (grams per year)

16

Why is this important?

• “Soil-to-groundwater contaminant mass discharge (Md) is the 

authoritative metric defining source strength at sites impacted 

by per- and polyfluoroalkyl substances (PFAS) and is 

increasingly being reported.”

• Mass Discharge integrates three things:

1. Concentration

2. Amount of water flowing through the source

3. The size of the source
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Mass Flux, J Mass discharge, Md
”

Integrate

Sir Isaac Newton: 

“Method of Fluxions”

Units: Mass per Area Per 

Time

Units: Mass Per Time 

(through Vertical 

Transect)

Example:  

0.1 grams per 

m2 per year

Mass Discharge:  A Key Decision Making Framework

Mass Flux vs. Mass Discharge in Groundwater

“This plume 

has a mass 

discharge of    

1.5 grams per 

year.”
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Calculating Mass Discharge (grams per year) 
From Vadose Zone PFAS Sources
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Porewater 

Concentration?

Recharge Rate

Source L x W = Source Area

Recharge x PFAS Leachate Concentration = PFAS Mass Flux 

PFAS Mass Flux x Area = PFAS Mass Discharge (mass/time) 

Newell et al. 2022
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The Concentration Side: Option 1:  Take a Soil Sample and 

Apply a Soil:Water Partitioning Equation to Get Porewater Conc.

19

Key idea:  Convert ng/Kg data to ng/L data for vadose zone.  But we have issues:

• Simplistic Assumptions: Linear isotherm partitioning assumes instantaneous, reversible sorption based 

solely on hydrophobic interactions, which does not capture the complex behavior of PFAS.

• Difficulty Account for Air/Water Partitioning : Standard Koc and foc values do not reflect this process.

• Conclusion: Despite advances in modeling, the uncertainty remains high, so relying solely on these 

models for PFAS site management decisions may not be best course of action?
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The Concentration Side: Developing Unsaturated 

Zone Soil Clean-Up Criteria
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𝐶𝑝 = 𝐷𝐹 𝐶𝑔𝑤

𝐷𝐹 = 1 +
𝑉𝑔𝑤𝑑

𝐼𝐿

DF = dilution factor

Vgw = groundwater velocity

d=mixing thickness in groundwater

I = infiltration rate (rainfall rate x recharge)

L=source length parallel to gw flow
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The Concentration Side: Complexities and 

Challenges with PFAS Leaching in Unsaturated Soils

21

𝐶𝑇 = 𝐶𝑝 𝐾𝑑 +
𝜃𝑤

𝜌
+

𝑘𝑖𝑎𝑎𝑖

𝜌

𝐶𝑇 = 𝐶𝑝 𝐾𝑑 +
𝜃𝑤

𝜌

for PFAS

Traditional approach

Measured in a 

soil sample
Present in 

porewater

Assumes equilibrium Kd model for soil
P
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Learning from PFAS Leaching Lab Studies:
Air Water Partitioning is A Big Deal for Leaching
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𝐶𝑇 = 𝐶𝑝 𝐾𝑑 +
𝜃𝑤

𝜌
+

𝑘𝑖𝑎𝑎𝑖

𝜌
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Leaching tests under saturated 

conditions may not be 

appropriate for estimating 

leaching and ultimately 

developing appropriate soil 

clean-up criteria
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PFAS Desorption from Soil
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Kinetics
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Desorption Isotherm

A simple Kd model is typically not 

appropriate for developing soil clean-up 

criteria, as much of the PFAS mass in 

the soil may not readily desorb
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Why air-water interfacial sorption and soil-
water desorption are important

24

Revised 

Desorption 

Model

290
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The Concentration Side: Option 2:  Can we use Synthetic 

Precipitation Leaching Test (SPLP) to Evaluate Leaching?

25

Rovero et all, 2023 Battelle 

DOE, 2016

Research perspective 1:  

• Potentially, but needs validation at additional sites

Research perspective 3:  

• DoD SERDP/ESTCP is  harmonizing 

PFAS-leach testing by applying SPLP 

and EPA LEAF (Leaching 

Environmental Assessment 

Framework) Methods 1313-1316 to 

soils, concrete, and asphalt

• Key projects using these protocols: 

ER20-1126, ER20-5088, ER23-3761 

(plus related ER23-3835 and ER-5041)

Research perspective 2:

• But Potential Unrealistic Testing 

Conditions: The SPLP employs liquid-to-

solid ratios that exceeding natural pore 

volumes, eliminating key retention 

mechanisms.

• Disruption of Soil Integrity: Aggressive 

agitation disperses water-stable 

aggregates and colloids, artificially 

boosting contaminant desorption.
     Anderson et al., 2022



Anticipate • Innovate • Accelerate 

The Concentration Side Option 3:  A Review of Using Porous Cup 

Suction Lysimeters (PCSLs) for PFAS Leaching (Constanza et al., 2025)

26

Application of Suction Lysimeters

• Widely used for evaluating the mobility of PFAS from vadose zone soils to groundwater.

• Collect porewater samples by applying vacuum, suitable for fine to medium sandy soils.

Key Advantages

• Provides direct measurements of porewater concentrations.

• Easier and less intrusive installation compared to drainage lysimeters.

Preliminary Limitations

• May not be representative of all PFAS due to interactions with lysimeter materials, air-water 

interfaces, and vacuum application.

• Spatial and temporal variability requires numerous lysimeters for accurate site representation.
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The Concentration Side: Porous Cup Suction Lysimeters 

(PCSLs)

27

Silica flour

Sand

Bentonite

• Pre-rinsing (PFAS-free water and 

methanol)

• Limit annular space (6.4 cm borehole / 

4.8 cm diameter PCSL)

• PFOS sorption:

- Sorption tests to silica flour showed 

negligible uptake

- Negligible PFOS sorption

• Bromide tracer added to the silica flour 

slurry

• First collected round of porewater 

samples not used for PFAS testing
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The Concentration Side: Porewater Extraction 
from Collected Soil Cores
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• Heterogeneous or 

structured flow?

• Validity of effective 

equilibrium 

assumptions?

• 0.95 cm dia. “microlysimeter”

• Equilibrated ≥3 days

• 55 cb applied vacuum

Intact Soil Core

Wetted and Re-Packed Soil
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The Concentration Side: PCSL Porewater Sampling Results 

Compared to  Effectively Equilibrated Bench-Scale Testing

29
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The Concentration Side:  But Agreement Between Field PCSLs 

vs. Porewater Samples from Soil Cores is Not Always Observed
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• In situ PFAS porewater concentrations much 

less than measured in the laboratory 

• Soil had been thermally treated then back-filled
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The Concentration Side: Impacts of Changing 
Moisture Content  (Soil Texture at JBCA)

31
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Calculating Mass Discharge (grams per year) 
From Vadose Zone PFAS Sources
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Porewater 

Concentration?

Recharge Rate

Source L x W = Source Area

Recharge x PFAS Leachate Concentration = PFAS Mass Flux 

PFAS Mass Flux x Area = PFAS Mass Discharge (mass/time) 

Newell et al. 2022
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33

Conceptual 

vertical cross 

section of key 

recharge 

processes 

(Healy, 2010).

There are 

roughly 40 

different 

methods to 

estimate 

recharge

33

The Hydrology Side:  What is Recharge?  

How Do I Measure it at My Site?

Healy 2010
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The Hydrology Side:  Tiered Approach To 
PFAS Recharge

Tier Objective

Target 

PFAS 

Sites

Need 

Field 

Data?

Level of Effort

Tier 1 

(4 types)

Simple  source 

zone recharge 

estimate

Smaller, low 

risk
No

Little or no field time.  

A few hours for analysis.

Tier 2

(6 types)

Moderate level of 

effort

Moderate 

risk
Limited

A few days in the field and a few 

days for analysis.

Tier 3

(5 types)

Detailed recharge 

estimates

Most 

complex, 

important 

sites 
(e.g., exposure, 

litigation)

Extensive

More extensive field and 

analysis time than Tier 2 

methods.

Newell et al., 2022

Search:  PFAS vadose recharge

Open access paper.
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Method T1-B

Tier 1 Method

The Hydrology Side: Example of Tier 1 Recharge Method 
Groundwater Recharge Map by Reitz et al. (2017)

Data 

from 

Reitz et 

al., 2017

800 x 800 meter 

pixel resolution!

35

To see this version of the map:  

Newell et al., 2022 Meters per year

Multiply by about 39 to 

get inches per year

~10 inches 

per year

~0.4 inches 

per year
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The Hydrology Side: Tier 2 and Tier 3

 Recharge Methods For PFAS Sites

Key Point:  

We narrowed down list of methods to ones appropriate for PFAS 

sites

Soil 

Moisture

Water Table Fluctuation 

(WTF)

Unsat. Zone 

Tracers

Temperature

Meteoric Chloride

Groundwater 

Tracers

36

Newell et al., 2022
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Mass Discharge (Md) Estimates 
From Five Sites

Site PFAS

Vertical

Md 

Unsaturated 

Zone 

(g/year)

Horizontal

Md 

Saturated 

Zone 

(g/year)

Unsat ÷ Sat 

Zone

(%)

JBCA, SC Total PFAS 1,300 7,200 18%

FE Warren AFB,

Wyoming
Total PFAS 64 4800 1%

Arnold AFB,

Tennessee

Total PFAS
22 pending -

South Dakota Site
(Anderson et al,. 2022

(Carey et al,. 2022)

PFOA 17 270 6%

Camp Grayling, MI 
(Quinnan et al., 2021)

PFOS + 

PFOA
0.4 22 2%
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Leaching Investigation: 

Obtaining the Right Information
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Performance Assessment: Key Data Requirements

39

• Geologic Investigation

- Grain size

- OC

• Example Soil Investigation

- Homogenized 1 foot intervals through 

first 5 feet

- Larger intervals beyond 5 foot if 

needed

- Must consider geology

- Initial work might focus on  trying to 

understand higher concentrations at 

sites…

- Then additional borings at more 

interrogative intervals can be a 

separate effort in just primary soil 

source zones.
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Performance Assessment: Key Data Requirements

40

Lysimeter Installation

• Guided by PFAS soil data 

- Soil locations >> lysimeter locations

- PFAS concentration

- PFAS composition

• Guided by geology

• Collect soil sample within interval of 

lysimeter porous cup

• Placement 1 to 2 ft above seasonal 

high water table, but:

- Consider PFAS soil profile

- Consider soil moisture/recharge

- Geology

- Surface/root impacts vs. 

groundwater

- Consider multi-depth lysimeters?

• Background? (compare mass 

discharges)



Anticipate • Innovate • Accelerate 

41

Semi-Arid Site Humid SitePFAS Concentration vs. Depth

Schaefer et al.

PFOS

PFHxS

PFBS
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Performance Assessment: Key Data Requirements

42

Lysimeter Sampling

• Corresponding soil moisture 

content

• Monitor water table elevation

• Example Sampling Program:

• 4 rounds of sampling  (after 

purge round) to assess 

temporal and site-specific 

climatic ranges of leaching 

rates.

• Coordinate with rainfall events 

(esp. in arid climates)

- Consider low vs high 

infiltration events

• Minimum sample volume?

Carboxlyic Acids Sulfonates
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Performance Assessment: Key Data Requirements

43

• Desorption behavior (kinetic and isotherm)

- Batch soil slurry testing

• Ki 

- Empirical correlations 

- PFAS concentrations

- Porewater ionic strength

• Air-water interfacial area

- Grain size and moisture content

• Soil moisture content

• Recharge estimate

• Porewater extractions (e.g., microlysimeters)

- Can be used at depth when soil is too dry for lysimeters

- Verification of field data

Enables 

estimate of 

PFAS porewater 

concentrations
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Predicting PFOS Porewater Concentrations 
With Mass Balance Model

20230505 44

• Desorption isotherms

• Ki estimates

• aa-w estimates
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Background PFAS as Priority for DoD

• MCL: maximum contaminant level

PFAS background assessments will be a component of remedial 
decision-making at DoD facilities

September 3, 2024, memo on prioritization of 
DoD Cleanup Actions to implement PFAS MCLs
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Background PFAS – Assessment Objectives

• Identify Potential Sources of 
Background PFAS 
(anthropogenic PFAS unrelated 
to site releases) 

• Point sources

• Non-point sources

ITRC
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• Delineate
actual extent of
 impacts

• Establish appropriate 
cleanup levels for 
releases

Precipitation 

Sampling 

Location

Porewater 

(PCSL), 

GW, Soil 

Sampling

Locations

Surface Water 

Sampling 

Location 

(upstream)

Surface 

Water 

Flow 

Direction

Groundwater

Flow Direction

“True” 

Background 

Area

Surface Water Sampling 

Location (downstream)

AFFF 

Source Area 

and Plume

Potential 

“Halo”

~1000 ft

Background PFAS:

Distinguishing 

Contributions
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PFAS Leaching Models
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Simplified Models for Screening

49

• Spreadsheet-based

• Average recharge rate 

(steady flow)

• Desorption, Ki, Aaw 

estimated based on lab 

data and empirical models

• Aaw constant

• Estimate of mass 

discharge and source 

longevity
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Screening Model: Long-Term PFAS Rebound 
in Porewater

50
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ESTCP’s PFAS Leach Platform (Guo et al.)

51
Guo et al., 2022 – Search ER21-5041
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Figure 3. Cross section of a PFAS vadose zone source illustrating a 
typical pattern for PFAS mass retention (Wallis et al. 2022)

Detailed PFAS Modeling of Vadose Zone
Zeng & Guo (2023): Heterogeneities Matter

Simulated PFOS
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Mechanisms of Leaching

Understanding the mechanisms of PFAS leaching is 

crucial for effective management and mitigation 

strategies in affected areas.

Sources of PFAS

Identifying the sources of PFAS is essential for 

developing targeted remediation approaches and 

preventing further contamination.

Monitoring and Remediation Approaches

Developing the best approaches for monitoring and 

remediation of PFAS is vital for protecting human 

health and the environment.

No Evapotranspiration

Yes Air/Water Partitioning

Yes Evapotranspiration

Yes Air/Water Partitioning

Yes Evapotranspiration

No Air/water partitioning

Modeling porewater concentrations of 

PFAS  within the upper soil profile

1970 2070

Wallis et al., 2022

(Total PFAS in the top 

100 mm (4 inches) 

of soils)
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Wrap Up
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Key Decisions for Managing PFAS Leaching

55

Understanding PFAS Leaching

A comprehensive understanding of PFAS leaching is 

crucial to manage its environmental impacts 

effectively.

Management Strategies

Identifying effective management strategies for PFAS 

leaching ensures the protection of ecosystems and 

public health.

Importance of Decisions

The decisions made regarding PFAS management are 

critical for minimizing both environmental and health 

risks.

Key Decision Details

Mass discharge (Md) (g/yr)? (Porewater conc) x (recharge) x (area)

How to determine PFAS 

porewater concentrations & 

leaching?

• How to install/sample lysimeters? 

• Other measurements needed?

Recharge rate (inches/yr)? 
Desktop methods:  T1-A, T1-B, T1-C.

Field methods? T2-B (humid), T2-E (arid)

Dilution Factor (-)
Compare vertical leaching flow to 

horizontal groundwater flow

Construct Model of Site?
Yes if you want to forecast Md vs. time

No if you just want to know current Md

Key Models?
Screening Model, ESTCP’s PFAS-

LEACH, REMFluor-MD
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Points of Contact
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• Jovan Popovic, PhD

jovan.popovic.civ@us.navy.mil 

• Nikki Andrzejczyk, PhD

nicolette.e.andrzejczyk.civ@us.navy.mil 

Questions? Email to 

EXWC.T2@us.navy.mil 

mailto:jovan.popovic.civ@us.navy.mil
mailto:nicolette.e.andrzejczyk.civ@us.navy.mil
mailto:exwc.t2@us.navy.mil
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Wrap Up
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A short Survey Monkey will be emailed to webinar registrants and 

participants

Stay tuned for upcoming OER2’s via email: EXWC_T2@us.navy.mil    

You can find previous presentations on the ERB Website> OER2 

Presentations and our OER2 YouTube channel all found on 

https://exwc.navfac.navy/go/erb

Thank you for participating!

mailto:EXWC_T2@navy.mil
https://exwc.navfac.navy.mil/Products-and-Services/Environmental-Security/NAVFAC-Environmental-Restoration-and-BRAC/Training/OER2-Webinars/
https://exwc.navfac.navy.mil/Products-and-Services/Environmental-Security/NAVFAC-Environmental-Restoration-and-BRAC/Training/OER2-Webinars/
https://www.youtube.com/playlist?app=desktop&list=PLs5WgQtrDryYk61kXOAeqqhF9jH8RmDbL
https://exwc.navfac.navy/go/erb
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The Concentration Side:  Pros and Cons of 

Different Porewater Conc. Methods (Navarro et al., 2024)

59

Method Pros Cons

Batch Leaching Methods
Quick, simple, cost-effective; 

conservative estimates

May not represent realistic field 

conditions; disrupts soil structure 

and neglects air-water interfaces

Column Methods

Realistic conditions; 

simulates leaching kinetics; 

assesses transport 

processes

Complex, time-consuming, costly; 

typically conducted under 

saturated conditions

Static Leaching

Simpler than column; 

moderate realism; useful for 

point-in-time assessments

Less rigorous; may underestimate 

leaching in dynamic conditions

Rainfall Simulation and 

Ponding Experiments

Incorporates wet/dry cycles 

and runoff; realistic for 

surface leaching

Large-scale setup; requires 

substantial resources

Lysimeters (Pan and Suction)

Direct in-situ measurement; 

captures real field conditions; 

detailed temporal data

High cost; complex installation; 

potential variability

Overall Recommendations

•Align method choice with assessment objectives and scenarios.

•Combine multiple methods for comprehensive evaluation.
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Two ESTCP PFAS Leaching 

Demonstration Sites
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Matric Potential (Suction Required to Remove 
Water from Soil) Over Time and Depth (Arid Site)
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Key Point:  Deep Matric Potential Does Not Change Much Over Time
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Performance Assessment: 
Spatial Profiles of Water Content (3 ft bgs)
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Performance Assessment: 
TEROS 32 Sensors at Arnold AFB
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FE Warren – 31 July 2024: Total PFAS (ng/L)
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Arnold – 13-14 August 2024: Total PFAS (ng/L)
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PFAS Mass Discharge: JBCA
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FTA
GW 

Transect

sand

clay

PFAS = 1,045 µg/L PFAS = 545 µg/L

Unsaturated Zone Porewater Groundwater

PFAS mass discharge = 1,300 g/yr PFAS mass discharge = 13,000 g/yr

GW flow

Preliminary screening data from AFCEC BAA 2108 
(CDM Smith and Colorado School of Mines)

Is PFAS leaching from the unsaturated zone sustaining the PFAS groundwater plume? 
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