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Application and modification of COREDFN

investigation and analysis methods to a 
PFAS-impacted bedrock site



Presentation Outline

▪ What is CoreDFN

▪ Site Introduction

▪ Field Sampling Approach

▪ Lab Method Development

▪ Results

▪ Site Implications
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Fractured Bedrock - COREDFN

• Groundwater transport is in the fractures

• Most of the contaminant mass likely in the primary porosity (rock 
matrix), not the fractures

• Much of the contaminant mass transport may be associated with small 
fractures, not the most transmissive ones

• Quantifying this contaminant mass with a defensible method

• Uses:
• Developing Sound Conceptual Site Models

• Inform Remedial Alternative Assessments

• Allow for Remediation Progress Monitoring
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Superfund Site

Northeast, PA 

The site was a former 
upholstery 
manufacturing plant that 
used TCE as a carrier in 
the application of stain 
repellents such as 
Scotchgard™ and 
Dupont Teflon™ to 
upholstery fabric.

Contaminants of Concern:

• TCE

• PFAS/PFOA

Stock image, not from the actual site



Site 
Background
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Groundwater TCE µg/L Groundwater PFOS and PFOA ng/L

Site Lithology
• Sandstone
• Siltstone
• Interbedded 

Sandstone/Siltstone
• Conglomerate
• Coal Seams

Estimated Depths of TCE Contamination – over 200 feet below ground surface
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Project Remediation Objectives

• Source Area

• In-Situ Thermal Remediation (ISTR) of 

TCE source area in bedrock beneath 

warehouse; and

• Temporary groundwater pump and 

treat of PFAS/PFOA above baseline in 

bedrock during ISTR at down-gradient 

property boundary.
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Confirm the TCE and PFOS/PFOA depth 
and mass in source area(s).

Understand TCE and PFOS/PFOA at the 
downgradient location (planned 
extraction wells).

Document TCE and PFOS/PFOA matrix 
diffusion as a groundwater attenuation 
mechanism in the far-field bedrock aquifer.



1. Core Extraction

2. Full Core

3. Sampled Core

5. Methanol  Extraction

4. Rock Crushing

1.

2.

3.

3.

4.

COREDFN Sampling and Preservation

Full Field QC

5.
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Purpose – Proof of Concept

1. How are we going to adapt our sampling technique?

2. What is the best extraction method for PFAS in rock?

3. How do we analyze for PFAS in rock?

4. What additional physical and geochemical data should we consider? 

5. What do we do with the data?
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Field Sampling and Sample Processing
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Top Bottom

• VOCs
• PFAS
• Total Solids

• Geochemical
• Physical Property

Sample Collection 



Shake-flask extraction and Microwave Assisted Extraction
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E1: Time Series Extraction
(25g rock sample with 50mL Methanol, shaken/sonified, 
extracts taken over time and analyzed via 537 Modified 
Method.)

• Time Zero (E1-0) 
• 14 days (E1-14)
• 28 days (E1-28)

E2: Cryomilled Extraction
(10g rock sample cryomilled, 5g aliquot extracted in 
Methanol and analyzed via 537 Modified Method.)

• Cryomilled down to 100-500 µm 
particles

Cryomill Laboratory Processing



Percent Extracted  by Method for PFOS in µg/L (select results)
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1. E1 indicates time series extraction 
followed by the days of extraction. 
E2 indicates cryomill extraction.

2. Non−detect values are plotted as 
open circles at the method 
detection limit. A horizontal line is 
plotted at the E1−28 value.

3. 30 samples were tested for 
extraction approach.E1: Time Series E2: Cryomill



Percent Extracted  by Method for PFOS in µg/L (select results)
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E1: Time Series E2: Cryomill



Kd Approach for Porewater
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Rock Solids
PFAS not 
mobile

Porewater

Secondary
Porosity
Higher PFAS 
mobility

COREDFN

Rock
Sample

Kd

Primary Porosity 
(exaggerated)

Secondary Porosity Groundwater 
Fracture
Sample



Kd Approach for Porewater
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Rock Solids
PFAS not 
mobile

Porewater

CORE-DFN 
Rock

Sample
Kd

• 20 discrete samples
• 90 grams crushed rock
• 180 mL deionized water
• No spike – just native PFAS
• 28 days (some time series)
• Daily shaker table for 2 hours
• Analysis of both water and 

cryomilled rock



Kd Selection
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20 Kd samples were analyzed. Samples that were both non-detect are not plotted.
The Kd calculation included consideration of the percent solids of the sample such that the result is not simply the solid result divided by the 
aqueous result.
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Kd Selection
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DFN-1 and DFN-2: TCE in Rock by Depth
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DFN-1 and DFN-2: TCE, PFOS, and PFOA in Rock by Depth
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1. Only data for depths of 100 feet or less are plotted.
2. Plotted PFAS concentrations are the method E2 extraction results.
3. Non-detect values are plotted as open circles at the method detection limit.



DFN-1 and DFN-2: Pore Water Concentrations - TCE, PFOS and PFOA
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93 ng/L

41 ng/L

<1 ng/L

<7 ng/L



22

• PFOS and PFOA presence at depth at both 
near source and downgradient locations

• PFAS matrix diffusion should be considered 
as a potentially significant attenuation 
mechanism 
• Present in porewater at environmentally 

relevant concentrations
• Partitioning tests indicate significant solid 

phase adsorption of  PFAS

• Core data showed TCE was not present in 
the matrix deeper ~64 feet bgs in the 
source area – significantly reducing the 
depths to which thermal treatment would 
be necessary

Site-Specific Implications/Advancing the Science: Next Steps

• Site specific Kd critical

• Defensible methods established 

• Ready to include PFAS rock 
analysis to other contaminated 
fractured bedrock sites



Acknowledgements

Harrison Roakes, P.E.
hroakes@sanbornhead.com
603.415.6156

Jessica Bulova, PMP
jbulova@sanbornhead.com
802.391.8513

Beth Parker, Ph.D.
Steve Chapman, MSc, P.Eng. Tadeusz Gorecki, Ph.D.

Nick Nigro

Daniel St. Germain, PG
Colin Mills

Brad Green, P.G.
bgreen@sanbornhead.com
603.415.6160

United States Environmental 
Protection Agency, Region 3

Frank Klanchar
Leslee Everett
Nathan Doyle

mailto:hroakes@sanbornhead.com
mailto:jbulova@sanbornhead.com
mailto:bgreen@sanbornhead.com


24

Part 1: COREDFN Overview and 
Application Focusing on VOC-

Contaminated Sites

Part 2: COREDFN

Adaptation to PFAS-
Contaminated Sites


