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Persistence – Extremely resistant to 
environmental and metabolic degradation

Diverse range of potential sources

Very low regulatory screening  
concentrations,  e.g. parts per trillion 
(pptr.)

In U.S. we are dealing with Residential 
Screening Levels (RSLs) as low as 4 pptr.

Motivation- PFAS Requires A Different Approach



Persistence – Extremely resistant to 
environmental and metabolic degradation

Mobility- Readily transported long 
distances in air and water

Diversity- A wide range of potential 
sources

Very low regulatory screening  
concentrations, e.g. parts per trillion 
(pptr.)

In U.S. we are dealing with Residential 
Screening Levels (RSLs) as low as 4 pptr.

PFAS Presents New Challenges 



What Does This Mean for PFAS Groundwater Investigations?

We are tasked with defining large and dilute 
groundwater plumes

Groundwater plumes ~10 km2 in area

Multiple potential sources encompassed.

Support of Interim Remedial Actions

The industry standard  “Step-out” approach, 
guided by concentration is inefficient and 
expensive.

May not provide key data targeted with 
respect to subsurface heterogeneity 
necessary for remedial alternatives analysis 

PFAS Requires a More Advanced Approach To Groundwater Investigation

3 km



► Environmental Sequence 

Stratigraphy

• ESS brings facies models back to 

future

• Sequence strat. principles guide 

correlation of subsurface 

permeability 

Advanced Methods of 

Stratigraphic Correlation:

► Mapping Software and Database 

Management

• Increased use of legacy and regional 

data 

► 3D visualizations of HRSC data 

constrained by stratigraphic data:

• Fence Diagrams and “dummy points”

Advanced Methods of Data 

Interrogation and Visualization:

Advanced Methods of 

Delivery:

► Digital CSMs

• Web-Application approaches

• XYZ data and Strat Surface Files

• Increasing direct connectivity with 
numerical modeling approaches 

What Does An Advanced Approach Mean? 

ESS is Step 1 in an advanced approach to groundwater remediation



The Challenge of the Subsurface

National Academy of Sciences defined 12,000
groundwater remediation sites as “complex”

And concluded that “…. Due to inherent geologic 
complexities, restoration within the next 50-100 
years is likely not achievable

Alternatives for Managing the Nation's Complex Contaminated 

Groundwater Sites 

National Academy of Sciences Committee on Future Options for 

Management in the Nation's Subsurface Remediation Effort, 2013

Geologic complexity is a recognized 
impediment to progress .



Why Advanced Methods of Stratigraphic 
Correlation Are Key:

The groundwater gradient is not the 
principal control on flow, the 
stratigraphy is.

Critical to recognize these types of 
nuance and tackle them head on.

Site geology provides The Conceptual 
Site Model’s (CSM) foundation:  The 
Plumbing



ESS- A Best Practice Approach to Stratigraphy   

Based on principles and a 
knowledge base developed in the 
world of petroleum exploration

Emphasis on moving past your 
“postage stamp” of data

Context and research that allows 
you recognize key observations in 
lithologic logs

Utilize spatial distribution of 
grainsize trends

Create geologically defensible 
correlations

https://cfpub.epa.gov/si/si_public_record_report.cfm?dirE
ntryId=341373&Lab=NRMRL

Before ESS

After ESS

https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=341373&Lab=NRMRL


A Three Step Process

Short headline for this content goes here



Depositional Models and Modern Analogues

Depositional environments have distinctive vertical grain size 
distributions



Reformat existing data to 
represent vertical grainsize 
trends

Pay attention to log details 
(rounding, sorting, biological 
indicators) 

Examine grainsize trends 
spatially and use facies model to 
constrain scale and geometry

Applying the Basic Methodology

Example from GW site in S. CA, USA

500 feet



Applied at Over 60 United States Dept. of Defense Locations



Midwestern River Valley PFAS Site

Task: Create CSM to guide remedial 
Investigation

Direct Push- Vertical Aquifer Profiling (VAP) 
and Electrical Conductivity /Hydraulic 
Profiling Tool (EC-HPT)

Goals: PFAS delineation, planning of “final” 
monitoring well network

The unusual plume geometry initially 
presented in a preliminary site assessment 
suggests stratigraphic heterogeneity

PFAS Remedial Site Investigation Guided By ESS 

748



Fluvial Analogue and Facies Models: Evolution from Braided 
Fluvial to Meander Belt

15

▪ Ample cause to expect 
heterogeneity shallow 
and coarser grainsizes 
at depth.

▪ Clay-plugs, levee silt, 
and point bar sands in 
upper 25 ft. 

▪ Complex bars of sand 
and gravel with 
discontinuous silts 
from 25 ft to bed Rock



Historical Analysis Provides the Answer 
(For Upper 25 ft…)

16



PFOA

Overview Of Site Stratigraphy and Initial CSM Elements
17

Bounding Units

K  

Low K, Heterogeneous Facies
(Storage Zones)

~ 0.3-13 ft/d

~ 0.3-13 ft/d

~0.03 ft/d

K  

High K, Bedded Coarse Facies 
(Transport Zones)

120-600 ft/d

13 to 50 ft/d

~ 13 to 50 ft/d

NW SE
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25 Investigation Locations
2 phases

EC-HPT data collected first

8 with detailed ESS lithologic logging to 
calibrate, test CSM

VAP groundwater grabs at all locations 
with depths based on findings

Point distribution supports flux transect 
approaches (yellow)

Planned RI Investigation
18



ESS –Graphical Approaches to Core Logging
19
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Updated ESS Cross Sections and Conclusions
21

PFOA: >6ng/l

PFOS: >4ng/l

▪ HSUs modified to reflect HPT 
results

▪ Right hand turn in plume 
controlled by drainage and 
contact with high K braided 
fluvial deposits at depth

▪ Plume appears to rise to river, 
with easterly flow in absence of 
pumping



Confirmed impact of Clay plug on 
isolating/deflecting GW shallow

PFAS Plume Drawn under during pumping

Shallow Migration eastward in absence of pumping 
potentially facilitated by relict chute channel

11 Wells Located During Working Sessions of RI 
Team 

Approximate Position Of Proposed Wells

The Outcome: Targeted Well Placement 



General Conclusions

ESS is an established best practice for improved CSM 
development

The three-step process is possible to implement 
with the types of lithologic data traditionally 
available in the environmental industry

An ESS CSM creates a predictive framework and 
improved context that can guide a more efficient 
and effective PFAS investigation

https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=34
1373&Lab=NRMRL

https://cfpub.epa.gov/si/si_public_record_report.cfm?dirEntryId=341373&Lab=NRMRL


FOR YOUR TIME



A Major Obstacle For Performance : The Inherent Complexity of the 
Subsurface

Complexity Consists of:

Stratigraphic Geometry

• Real vs. Interpreted 
Hydrostratigraphic unit 
continuity

Lithologic Heterogeneity

• Scale of detection vs. 
reality

Van Etten Creek, Oscoda, MI



Geologic Complexity: Geometry and Heterogeneity

Heterogeneity

Diffusion of mass into fine-grained storage
zones can lead to back diffusion and prolonged 

remediation time frames

Modified from Gillham and Cherry, 1983, Fig. 10

Depositional geometry of HSU’s can significantly impact hydraulic connectivity, well 
performance, and/or amendment efficacy and so must be addressed. 

Geometry 

Well 1 Well 2 Well 3

However, we often impose this:
“The A-Aquifer consist of Interbedded sands and silt”

HSU 1

HSU 2

HSU 3

Clearly not all 
geobodies are tabular



Preliminary Relative Flux Transects :



Growing Interest in 
Stratigraphic Analyses and PFAS
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(Newell et al.,2020, Remediation (30), 7-26) 

► 2013 Battelle Program: “Geology” not found

► 2022 Battelle Program: “Geology” 70X, Stratigraphy 35X


