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What is Remediation 
Geology?



“Plume Chasing” Approach
…assume homogeneous and isotropic conditions, oversimplified representation of the subsurface

Contaminant plumeGroundwater gradient = Groundwater flow



ESS: US EPA Best Practice
• Step-by-step guidance document for CSM 
technical team (stratigrapher)

• Objective is to improve remedy performance
• 90% of mass flux contaminant transport at 
Superfund sites has been shown to move 
through only 10% of aquifer 
material…controlled by geology 

• It is US EPA expectation that stratigraphic 
analysis utilizing the methods presented in the 
new EPA guidance be considered at each site

• Link to paper: 
https://nepis.epa.gov/Exe/ZyPDF.cgi/P100TN2C.PDF?Dockey=P100TN2C.PDF

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


The Environmental Sequence Stratigraphy (ESS) Process

Research regional geology to 
determine depositional environment, 
the foundation of the ESS evaluation.

1 Map and predict
the subsurface permeability 

architecture away from the data points.

3Leverage existing lithology data: 
vertical grain size patterns indicative of 

genetic relationships.
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Depositional Environment / Hydrostratigraphic Units (HSUs)

6

Contaminant Transport HSU: High permeability 
coarse-grained (sand/gravel) channelized deposits.
Contaminant Storage HSU: Low permeability 
floodplain fines (silts/clays) sheetlike deposits.

Matrix diffusion



Expertise of the Practitioner
Geology 

Mineralogy Economic geology Geophysics Stratigraphy Marine geology

Volcanology Geochemistry Structural geology Sedimentology

Paleontology Seismology Hydrogeology Petroleum geology Tectonics

Engineering geology Geomorphology Igneous petrology Metamorphic petrology
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DoD Recognition of 
Remediation Geology
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ØAFCEC conducted an enterprise-
wide study to capture performance 
and lessons learned information 
related to application of ESS 
principles to inform site remedial 
approaches. 

Ø58 ESS reports at active 
Installations in the library 

ØReports range from 
regional/basewide to plume-scale 
to remediation-scale; additional 
reports in development

ØOver the next 4 years, AFCEC will 
be conducting an additional 43 
installation-level ESS CSMs

ESS Library



Ø In general, the ESS methodology provides a better understanding of the site geology 
and a more effective means of designing, installing, and optimizing a remedial 
system.

Ø Minimizing site uncertainties prevents overdesigning of remedial systems. 
Ø Increasing site knowledge and identification of key hydrostratigraphic units is critical to 

achieving ever more stringent regulatory requirements.
Ø Regardless of site status, implementation of the ESS approach in the remediation flow 

train can result in significant cost avoidance and/or reduce Life Cycle Costs.  
Ø Analysis has shown that ESS can accelerate the remedial process, on average 2–4 

years. 
Ø Experienced and formally educated Sequence Stratigraphers are essential.  
Ø Conceptual remedial designs to field deployment was achieved in < 1 year.  

Lessons Learned



Navy Recognizes ESS…
ESS Practice was the subject of 
NAVFAC OER2 Technology 
Transfer Webinar
• NAVFAC Headquarters 
sponsored this technical transfer 
to inform all Navy Remediation 
Project Managers (RPMs) about 
the value of ESS as a remedy 
optimization tool.



2022 NAVFAC 
Environmental 
Sequence Stratigraphy 
Fact Sheet



Why PFAS RIs Require a 
Remediation Geology 

Approach



Why PFAS RI Requires Remediation 
Geology Approach
1. Ubiquitous occurrence of PFAS, 
2. Low retardation
3. Part per trillion detection/screening level
4. High solubility
5. Changing standards
6. Expanding lists of regulated PFAS compounds

…not conducive to oversimplified “plume chasing” approach

.  



Example of Remediation 
Geology Approach



ESS is About Pattern Recognition
Alluvial Fan Facies Model

Meandering River Facies ModelGlacial Depositional Systems

Coastal Depositional SystemsExamples 
of Facies 
Models





Proglacial Lacustrine – 
Silts and Clays Outwash –

 Stratified 
Sand and gravelLodgement (Basal), Flow 

and Ablation Tills – Silt, Clay, Gravel

Aquitards

Aquifers
Ice-Contact Deposits –

(poorly stratified 
sand and gravel)

Glacial Facies Model: Aquifers vs. Aquitards 



Glacial Depositional Environments

Gravel Pit in North Central Indiana, Indiana geological surveyMatanuska Glacier, AK



Hydrostratigraphic Framework

Hydraulic 
Conductivity K (cm/s)     
Outwash: 10-0 – 10-2
Till:  10-5 – 10-6















• 4 till aquitards divide Dayton’s 
Buried Valley Alluvial Aquifer into 5  
hydrostratigraphic zones 

• Aquitard continuity greater at 
margins of Mad River Valley; 
depositionally controlled 

• CSM created context for 
understanding analytical data & a 
means for targeting PFAS 
transport zones

A A’

Glacial Facies Model: 
CSM Developed in Support of PFAS RI 



Example of Incorporation of 
Remediation Geology Into a 

PFAS RI Program 



United Federal Policy Quality Assurance Project Plan (UFP-QAPP)
Develop the preliminary Geology-Focused CSM used by the technical team to understand Data 
Gaps and Data Quality Objectives to be addressed in the Remedial Investigation Work Plan.

UFP-QAPP 
• The preliminary Geology-Focused CSM will be incorporated into the Pre-draft UFP-QAPP 
and used to guide sample placement and preliminary locations for installation of monitoring 
wells and will continue to be executed throughout the time frame of full preparation of the UFP-
QAPP (Predraft, Draft, Draft Final and Final). 

Remedial Investigation (RI) Addendum
• The revised CSM will reflect interpretation of newly acquired borings logs and potentiometric 

data.




