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Mass Discharge (Md) Affects Remediation Strategy

Md-vz low relative to Md-gw
• “high-intensity, high-cost remediation of the 

unsaturated zone is likely counter-
productive.”

Md-vz large proportion of Md-gw
• Remediation to manage risk from the 

unsaturated zone

Newell et al. (2023)
Shallow PFAS source

Soil-to-groundwater
(Md-vz)

Groundwater
(Md-gw)
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Estimating Soil-to-Groundwater Mass Discharge

Newell et al. (2023):  Md-vz = Cpw x Net Recharge x Area

Costanza et al. (2025):  Porewater samples should be shown to be 
representative prior to sole reliance for remedial decision-making
• Recommend a multiple lines-of-evidence approach for site cleanup levels

• Lysimeters (PW), soil samples, groundwater transects, and leaching tests

• Carey et al. (2026b): SPLP leaching test results were not representative 
of PFAS porewater concentrations at Ellsworth AFB without modification
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Ellsworth AFB FFTA: 3-D Soil and PW Samples

Are Porewater Samples Representative?

Are SPLP results representative of porewater?

Conclusions

1 Vadose Zone Primer



Vadose Zone Cross-Section

Air-water 
interfaces 

within pores

Sand grainAir
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Retardation Coefficient (R)

Saturated Zone

ܴ = 1 +
r௕
q௪

௢௖ܭ ௢݂௖

Unsaturated Zone

ܴ = 1 +
r௕
q௪

௢௖ܭ ௢݂௖ +
௔௪ܣ௔௪ܭ
q௪

R = Retardation coefficient (dimensionless)
Koc = organic carbon partitioning coefficient (L/kg)
foc = fraction of organic carbon content (g/g)
b = dry bulk density (kg/L)
w = water-filled porosity (m3/m3)
Kaw = air-water interfacial adsorption coefficient (cm3/cm2)
Aaw = air-water interfacial area (cm2/cm3)

Brusseau and Guo (2022)

Kd 6



Long-Chain PFAS Adsorb to Air-Water Interfaces
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Brusseau et al. (2018)



PFOS Mass Components in Soil (Low Saturation)

Sand Grain

NOM coating

NOM: Natural organic matter
AWI: Air-water interface

Three Mass Components in total soil concentration:
1. Aqueous phase
2. Adsorbed to NOM
3. Adsorbed to AWI
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PFAS Mass Distribution in the Vadose Zone

a) PFOS (Kaw = 0.05 cm3/cm2)  b) PFOA (Kaw = 0.003 cm3/cm2)  c) PFHxA (Kaw = 0.0002 cm3/cm2)  
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Gravimetric Moisture Content
Carey et al. (2026a)

Commercial labs provide free gravimetric moisture 
content results with every soil sample PFAS analysis!

Sw = % of total pore space filled with water
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Ellsworth AFB 
Vadose Zone Case Study
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Carey et al. (2026a,b)

Email: gcarey@porewater.com

Sw Ct
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Ellsworth AFB: Former Fire Training Area
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OU-1
(Former Fire 
Training Area)



Ellsworth AFB Former Fire Training Area (FFTA)

OU-1 (FFTA) AFFF Use
• PFAS-containing AFFF used 

early 1970s to 1990
• Mixed with water

 Periodic flushing
• AFFF use ceased in 1990

Current Conditions
• PFAS plume in groundwater

Former fire training area in 1985 (Rita Krebs, 2025)

N

Approximate
OU-1

Former
burn pit
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Heterogeneity in Water Saturation at RI Lysimeters
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Ellsworth AFB OU-1 Lysimeters in 3-D

• 15 lysimeters sampled 2021-22

• DGI – 12 Nested

• RI – 3 Deep

• Shallow: 3 ft bgs

• Deep: 8 to 10 ft bgs

• Water table ~ 20 to 25 ft bgs

Former Burn Pit

OU-1

X (ft)

Z (ft)

LYDG-1
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LYDG-9

LYRI-6
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Deep Clay Layer Above Water Table

Semi-continuous clay layer 
about 5 ft above water table

Former Burn Pit

OU-1

X (ft)

Z (ft)
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Side View of Lysimeters in Vadose Zone
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Soil Sample Locations and Lysimeters

Z (ft)

3180

3160

Former Burn Pit

OU-1
LYRI-9 (Sw=13%)

Gravimetric moisture content results are freely available at every soil sample location



20

PFAS Composition at LYRI-9: Porewater vs Soil
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6:2 FtS

PFHxS

PFOS
Soil has higher 

composition of long-
chain PFAS compared 

to porewater
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3-D Stacked Bars (Porewater at Deep Lysimeters)

Former Burn Pit
OU-1

PFOS

PFHxS

PFBS

6:2 FtS
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PFHpA
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Are Porewater Samples Representative?
Multiple Lines of Evidence

• Porewater reproducibility between monitoring events?

• Vertical attenuation - Porewater versus soil samples

• Influence of Sw on PFAS composition

• Factors influcing Md-vz:

• Deeper clay layer

• Low water saturation at depth
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PFAS Retention in Shallow Soil at Ellsworth AFB
Carey et al. (2026a)

Mass discharge plane

Soil
(ug/kg)

Porewater
(ug/L)
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Wallis et al. (2022)

Zero-Flux Plane at Another Semi-Arid Site

Water table

Zero-flux plane

Adamson and Newell (2026): EREL-0101 e-Learning Module
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Checking Porewater Sample Reproducibility

Q1

Q2
Q3

Q4

Sample yields (mL) by event:
(25/75/40/35)

(25/75/40/35) (215/330/155/140)

(125/140/130/80)

(170/170/140/140)
(130/80/125/65)

(290/240/180/145)
(70/65/60/20)

(105/50/70/25)

(330/280/380/225)

(--/45/20/10)

(160/--/5/--)

(240/365/260/185)

Non-detect

-- Insufficient sample volumetric yield
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Shallow versus Deep Porewater Concentrations

Site Maximum

Shallow

Deep

Data from Anderson et al. (2022)

Former
Burn Pit
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SPLP Tests: 20x Mass Ratio (Liquid-Solid)
Mixed with 2 liters of water4 Tablespoons of soil

(0.1 kg ~ 0.06 L)

S w

V PW
(Liters)

Dilution
Factor,
LLDF

15% 0.004 530
50% 0.012 160

b = 1.6 kg/L
t = 0.40 L/L
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Ratio of Porewater to SPLP Leachate
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Conclusions

• Porewater samples are reproducible and representative

• May be used for remedial decision-making (e.g., Mass discharge)

• SPLP was not representative of PFAS in porewater

• Large LLDF

• Adsorption at air-water interface affects PW but not SPLP

• SPLP may overestimate short-chain Kd

• May need longer SPLP tests to improve Kd estimates (TBD)

29



Recommendations

• Mine your laboratory analytical reports for moisture content data

Critical for vadose zone assessments

• Soil samples vs. depth to confirm vertical PFAS attenuation

• Check influence of SPLP test duration (18 h) on Kd estimates

• CSM improved with lines-of-evidence approach

• PFAS LEACH model for SSLs and mass discharge estimates
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Extra Slides
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PFAS Attenuation in Soil

Sw Ct

Low water saturation
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Inset Map

B

B’

FFTA Cross-Section

Cross-Section Data
• Geology
• Soil concentrations
• Porewater concentrations
• Water saturation, Sw
• Semi-continuous clay layer
• Water table surface
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SPLP versus Porewater Concentrations

SPLP
PW-2022

Non-detect

LYRI-13 Carey et al. (2026b)
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PFAS Composition: SPLP versus Porewater
a) SPLP b) Porewater

Carey et al. (2026b)



PFAS Leach: Mass Discharge at Former Burn Pit

Area = 6500 sq ft (LYDG-4 polygon)
Md based on PW: 0.20 g/y

Md based on Model: 0.08 g/y

https://github.com/GuoSFPLab/PFAS-LEACH-Tier-3-4

(PFOA)
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3-D Stacked Bars (Porewater at Deep Lysimeters)

Former Burn Pit

OU-1

PFOS

PFHxS
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6:2 FtS

PFOA

PFHpA

PFHxA



RI Lysimeters

April 2022

November 2021

Maximum
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