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• More than 126,000 sites across the U.S. require 
remediation

• More than 12,000 of these sites are considered 
"complex" 

• “…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

The Problem of Aquifer Heterogeneity



US Air Force Critical Process Analysis (CPA) Project Review

Primary Finding was Improved CSM = Remediation Optimization



Address the greatest uncertainty, the subsurface

• Start with using existing data…investment has already 
been made by the client!

• Defines subsurface “plumbing”: Identify groundwater flow 
paths and preferential contaminant migration pathways

• Optimize data gap programs, groundwater monitoring 
programs, and remediation design

Benefits of Geology-Focused Approach

GEOSYNTEC CONSULTANTS

Focus your site strategy to save significant time and money
Key

Point 



Paradigm Shift    Remediation Geology



ESS is a Geology-Focused Conceptual Site Model

GEOSYNTEC CONSULTANTS

Ref:  Murray Einarson, 2023



Groundwater Production Industry
Traditional Approach to the Subsurface

Groundwater supply studies based on assumptions of 

homogeneous and isotropic conditions, steady-state observations



Traditional Focus on Hydrology

State of the practice is to apply Darcy’s law,

assume homogeneous and isotropic conditions within layers of interest

Contaminant plumeGroundwater gradient = Groundwater flow



Traditional Focus on Engineering

Unified Soil Classification System (USCS):

Standard Practice for Classifying Soils
(Chart from ASTM)



Lithostratigraphic Correlations

Connect sands to sands, clays to clays



Why

Environmental Sequence Stratigraphy (ESS)?

The Challenge of Subsurface Heterogeneity



Definition of ESS

Environmental Sequence Stratigraphy or ESS: 

Refers to the application of the concepts of sequence stratigraphy and 
facies models to the types of subsurface datasets collected for 
environmental investigations.



• Early days of exploration and production, once 

oil reservoir was discovered, production was 

limited by facilities capacity (engineering 

focus)

• As production declined, geology became 

increasingly critical for economical operations

• Billions of dollars have been invested in 

research and development of stratigraphic 

controls on fluid flow

Emergence of Petroleum Geology in the Oil Industry



• Step-by-step guidance document for CSM

• Objective is to improve remedy performance

• 90% of mass flux moves through only 10% of 
aquifer material…controlled by geology 
➔…the geology controls where the groundwater flows and, 
thereby, where contaminants migrate.

• Link to Groundwater Technical Issue Paper: 
https://nepis.epa.gov/Exe/ZyPDF.cgi/P100TN2C.PDF?Dockey=P100TN2C.PDF

ESS: US EPA Best Practice – 2017

https://nepis.epa.gov/Exe/ZyPDF.cgi/P100TN2C.PDF?Dockey=P100TN2C.PDF


Environmental Sequence Stratigraphy (ESS) and 
Remediation Geology



Environmental Sequence Stratigraphy (ESS) and 
Remediation Geology

• ===REMINDER, it’s all about the K!
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Expertise of the Practitioner



Geosyntec’s
Environmental Sequence Stratigraphy (ESS) Practitioners

Ken O’Donnell
Stratigrapher, 

Professional Geologist 

Washington DC Office

ken.odonnell@geosyntec.com

Colin Plank, CPG

Stratigrapher, Sr. Principal

Grand Rapids, MI Office

colin.plank@geosyntec.com

Mike Shultz, PhD

Stratigrapher, Sr. Principal 

Minneapolis, MN Office

mike.shultz@geosyntec.com

Stone Urban
Stratigrapher, 

Professional Geoloist

Lakewood, CO Office

stone.urban@geosyntec.com
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ESS is About Pattern Recognition



Alluvial Fan Facies Model Meandering River Facies Model Coastal Depositional Systems

Glacial Depositional Systems

ESS is About Pattern Recognition



Examples of Lithology Data

Boring Logs CPT Logs Geophysical Logs

ESS is the Means to Optimize Existing Data



ESS is About Pattern Recognition (cont.)



ESS is About Pattern Recognition (cont.)



ESS is About Pattern Recognition (cont.)



ESS is About Pattern Recognition (cont.)



• “All we have are these lousy USCS boring 
logs” 

• USCS is not a geologic description of the 
lithology

• Different geologists 

• Different drilling methods

• Different sampling intervals

• Etc.

Getting more from existing data



Graphic Grain-Size Logs (GSLs)

• Alternative to the standard of posting 
USCS symbols

• Existing data is re-formatted for 
stratigraphic interpretation

Reveals the “hidden” stratigraphic 

information available with existing 

lithology data

Key

Point 

Gravel, Sand w/gravel

Coarse Sand

Coarse Sand w/fines

Medium Sand

Medium Sand w/fines

Fine Sand

Fine Sand w/fines

Silt-Sandy Silt

Clay

Clay-rich sediments

Silts and silty sands

Clean Sands

Gravel, gravelly sand

Grain Size Log
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Getting more from existing data



Question…

GEOSYNTEC CONSULTANTS

Why would you manage your remediation project with an 
inferior understanding of the subsurface?



• 996-acre site in Santa Clarita, California

• Complex geology, more than 600 feet of 
stratigraphy, dipping beds

• Impacted mainly with perchlorate (ClO4-), 
but locally CVOCs, including TCE

• Awarded contract to implement 
containment pilot study for agency-
approved RAP based on existing CSM

• But wait…

125’ extraction interval

Pre-existing three-layer CSM

Case Study #5 from USEPA Technical Issue Paper



125’ extraction 

interval 

(includes non-

impacted strata)

After ESS 35’ extraction 

interval 

(impacted 

strata only)

Before ESS

Significantly reduced 
quantity of extracted 
groundwater (by 75%) 

Significantly reduced cost 
of remediation (by >$50 
million)

Cost of Oversimplifying Subsurface Heterogeneity



Case Study #1 from USEPA Technical Issue Paper 



Case Study #1 from USEPA Technical Issue Paper

GEOSYNTEC CONSULTANTS

Lithostratigraphic correlations using USCS



Case Study #1 from USEPA Technical Issue Paper

GEOSYNTEC CONSULTANTS

Lithostratigraphic correlations using USCS

Groundwater flow interpretations assuming 

homogeneous/Isotropic conditions



Case Study #1

Grain Size Trends and Graphic Grain Size Logs

Depositional Environment – 

Meandering River Boring Log GSL



HSU 1 HSU 2

Case Study #1
Posting GSLs/Channel 
Interpretation



GEOSYNTEC CONSULTANTS

ESS-based correlations based on graphic 

grainsize logs

Groundwater flow interpretation based on 

ESS definition of hydrostratigraphic units

Case Study #1 from USEPA Technical Issue Paper



• Applied to over 80 Air Force 
Facilities

• AFCEC conducted an 
enterprise-wide study 

• 58 ESS reports at active 
installations in the library 

• Lead remediation engineer 
concluded, remediation 
design requires an ESS-
based CSM to adequately 
represent the subsurface

Air Force ESS Projects from 2010 to 2023



Why would you not do a geology-focused evaluation of your 
groundwater project?

Question…

GEOSYNTEC CONSULTANTS



New Areas of Focus: Groundwater Management (SGMA) 
and Geotechnical Support 

GEOSYNTEC CONSULTANTS



ESS Application to Groundwater Management

GEOSYNTEC CONSULTANTS



California Groundwater Basin Characterization Program

GEOSYNTEC CONSULTANTS

 Detailed permeability architecture defined through the application of Environmental Sequence Stratigraphy 



► 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”

• Stratigraphic Flux type approaches

Advanced Methods of Data 

Interrogation and Visualization:

Advanced Methods of CSM 

Delivery:

► Digital CSMs

• Web-Application approaches

• XYZ data and Strat Surface Files

• Increasing direct connectivity with 
numerical modeling approaches 

The State of the Practice

“Marry” Geophysics 

Interpretations to Geologic Model

► Geophysics have helped 
provide a first line of evidence 
of subsurface structure

► Need a better understanding of 
electrical properties vs. 
hydraulic properties vs geologic 
features



“While many seem to think AEM provides the definitive ‘x-rays’ 
and nothing further is needed, I have suggested that AEM only 
provides about 30% of the ‘answer’ in the quest to better define 
the regional hydrogeologic architecture. There remain some 
massive hydrostratigraphy research and characterization 
opportunities in CA, especially in the Central Valley.”
- Dr. Graham Fogg, 2024

Professor of Hydrogeology, UC Davis

Geophysics and CSMs

GEOSYNTEC CONSULTANTS









Thank you!

Rick Cramer

rick.cramer@geosyntec.com
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