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Overview

♦Why is EPA creating this document?
» Geologic principles are underrepresented

in remedial technologies
» Historical use of geotechnical approach

(rather than mining or O&G/ESS)
» Observation of lagging/ineffective

remedies due to incomplete
understanding of GW flow pathways

» Improve site team’s knowledge and
ability to speak to the working CSM

» “Geological Renaissance” Coming soon!
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Topics

1-3

♦Building the conceptual site model (CSM)
♦Understanding geological environments for site

remediation
♦Testing/validating a CSM with 3D exploration
♦Developing a 3D CSM
♦Applying the CSM



Building a Conceptual Site Model (CSM)
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♦ Applicable to any stage of a project
lifecycle

♦ Remedial decision-making drives CSM
needs

♦ Work from large scale to small scale
♦ Sources of data (What remedial processes

are possible & what data is needed to
support the CSM?)

♦ What are typical depths of water supply
wells in the area? Which unit(s) are they
screened in?



Six Stages of the Project Life Cycle CSM



Role of the Project Geologist

♦Designs data collection activities
♦Assists with development of the CSM
♦Understands the regional and local geologic setting
♦Uses geologic principles to analyze data in three or four 

dimensions to support decision making throughout the 
project lifecycle 

BP: Use an experienced project geologist to design data 
collection plan and to interpret data



Basic Principles of Geology

♦Uniformitarianism
♦Superposition and 

original horizontality
♦Cross-cutting 

relationships
♦Lateral continuity
♦Heterogeneity

https://www.nps.gov/subjects/geology/fundamental-geologic-principles.htm

https://www.nps.gov/subjects/geology/fundamental-geologic-principles.htm


Understanding geological environments for site remediation 
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Overburden Fractured Rock
Pathways, storage 
compartments
• Depositional environments 

(apply ESS)
• Variability/Thickness
• Heterogeneity

Characteristics of fractured and 
host rock
• Rock types
• Structural Style
• Fracture Variability

Scale issues - work from large 
to small scale (key theme)

Presents unique challenges for 
CSMs and remedy 
selection/design

Transitional Environment (top of bedrock)
Shape, variability, weathering

Road cut showing the transition between competent bedrock 
(bottom) to fractured bedrock, saprolite and soil (EPA)



Where to Start?

♦Regional and local geologic setting including topography, 
major lithologic units, and structures

♦Site-specific geology and lithology including the vertical 
and spatial extent of units and subunits, the soil texture 
(grain size, sorting, layering) or bedrock type and 
competency.

Preliminary CSM (EPA)



Zoom in to Site Scale

♦ Site scale geologic mapping
» Work within the regional framework
» Reconnaissance of the greater site area
» What geological characteristics or features 

are important at the site (e.g., overburden, 
frac rock, deep plume, etc)? 
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» Develop a mapping strategy that emphasizes 
ID & mapping of appropriate features

Measuring fractures with a Brunton (Bill Brandon, EPA)

Regional Watershed Local Site Borehole Sample



Scales of Heterogeneity

1-11

Location Setting
Horizontal K 
correlation 
length (m)

Vertical K 
correlation 
length (m)

Investigator

Chalk River 
Ontario Aeolian/fluvial 

medium to fine 
sand

1.5 0.47 Indelman et 
al. (1999)

Borden CFB
Ontario, Canada Beach sand 2.8 0.12 Sudicky (1986)

Otis ANG Base
Cape Cod 

Massachusetts
Glacial sand and 

gravel 2.9 – 8 0.18 –
0.38

Hess et al. 
(1992)

Columbus AFB, 
Mississippi Fluvial gravel 12.7 1.6 Rehfeldt et al. 

(1992)

Aefligen
Hydrothermal 

Site Switzerland Glacial gravel 15 – 20
0.05 –
0.06

Hufschmied
(1986)

♦ Like geologic features, 
heterogeneity occurs at all 
spatial scales

♦ The scale of the study and CSM 
should be considered to inform 
the investigation strategies

♦ Minor variations in hydraulic 
conductivity in the horizontal 
or vertical direction (table on 
left) can have significant 
implications on groundwater 
flow and contaminant 
transport



Publicly Available Geologic Data Sources

♦ National Geological Survey
» Geologic maps; publications

♦ State or Local Agencies
» Geological survey; mining agencies; water resources

♦ Universities
» Theses & dissertations

♦ Professional Societies
» e.g. GSA, AAPG, AIPG

♦ Environmental Agencies
» Cleanup site documents 

♦ Other: Roadside Geology; field trip guides 



Tips for Choosing Data Sources

♦ Use peer-reviewed published technical sources
♦ Use and cite primary data source

» If not available, reference appropriately (e.g. “Jones, 1967, 
cited in EPA 2019”) 

♦ Use quality control checks for boring logs 

♦ Best Practice: Apply quality control procedures before using 
and interpreting boring logs.



How to Express a Geologic CSM

Your chosen CSM depends 
on: 
♦What do you want to 

show?
♦How complicated is your 

site?
»As site knowledge 

increases, the CSM can 
become more detailed
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Common Expressions of the Geologic CSM
Category Subcategories

Geologic Feature 
Plan Map

Soil, Bedrock, Structural, 
Geophysical, or Depositional 
Environment

2D Profiles Cross Sections; Fence Diagrams
Stratigraphic Column Overburden, Rock, Combined

Block Diagram General Site Features; Geologic 
Environment

Visualization
Geostatistical – 3DVA; 
Environmental Sequence
Stratigraphy

Tables, Charts, 
Figures

Geologic Units; Fracture Data; 
Grain Size and Permeability Data

Other Supporting 
Data Images; Conceptual Diagrams



2D CSM: Plan View Maps

♦ Initial data collection activities can focus on 
the larger scale geologic components such as:
» Faults
» Fracture traces
» Depositional environments
» Surficial geologic materials

♦ At the site scale, plan view maps are also 
useful in showing more details like:
» Lithology
» Thickness/topography of permeable and non-

permeable zones
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» Bedrock topography
» Other geologic characteristics Geologic plan view map showing depositional environments 

during one depositional cycle



2D CSM Profiles: Cross Sections and Fence Diagrams
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Cross sections:
» Provide interpretation of the sequence of 

geologic layers vertically and horizontally
» Boring logs are commonly used to produce cross 

sections, along with geophysical, test pit and 
other subsurface information

Fence Diagrams:
» When 3 or more intersecting cross sections 

are presented in perspective, a fence 
diagram allows the viewer to infer 3D 
relationships from the 2D cross sections



2D CSM: Stratigraphic Columns

♦ Provides the sequence of geologic materials at 
the site

♦ Helpful in planning field work as it provides an 
understanding of the anticipated geology

♦ Best Practices:
» Planning: Consider the objective
» Constructing: Use consistent terminology, colors 

and patterns. Provide depth scale or ranges
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» Content: Keep the descriptions general and 
describe how the units vary geographically

» Interpretation: Include detailed descriptions of the 
units and sitewide variability in the text



Other 2D Geologic Data Representations

♦ Any useful geologic or data representation can become part of the CSM
» Tables, graphs, photographs, and figures
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♦ Best Practices:
» Planning: Use supplemental representations 

to show site condition details
» Constructing: Cite the origin of diagrams, data 

sets, and photographs. Identify scales, graph 
axes, and orientation of photographs. 

» Content: Identify the key features of interest 
using highlights, circles, lines, and arrows. 

» Interpretation: Explain how the data supports 
the CSM. Conceptual Diagrams in CSMs. Left - Conceptual diagram of 

heterogeneous geologic conditions in a stream. From EPA Clu-In 
Sediments, Conceptual Site Models



Developing an initial 2D CSM – Fractured Rock Example 

Compile & evaluate existing information 
» Map the site to identify key geologic features

1-19

♦

» Identify general fracture styles & characteristics 
mapped at larger scale 

» Identify key fractures at site scale--orientation, 
lateral & vertical extents, aperture, hydraulic 
conductivity 

» Evaluate: If possible, develop a working model 
of the fracture network integrating mapping 
and subsurface data

» Evaluate and identify additional data needs if 
necessary

» Iterate as needed and update CSM
Fracture trace map (EPA)



Testing the CSM 

♦ Test/validate conceptual model with 
3D exploration 
» Use drilling, test pitting, 

geophysics to assess vertical 
dimension 

» Assess lateral & vertical 
connectivity using hydraulic 
or tracer testing 

» Assess hydraulic gradients in 
conjunction with geologic 
information 

» Revise and update the CSM
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Correlation between boreholes 
and resistivity survey 

(Appalachian State University)

Hydraulic Gradient at Pease AFB



Develop 3D CSM

♦Are additional phases of work 
needed to fill data gaps?
» Surface geophysics
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» Borehole geophysics
» Hydrological testing
» Emerging techniques
» HRSC
» Targeted drilling & monitoring well 

installations 



Conceptual Block Diagrams

♦ Used to express the relationship of geologic features in 3D
♦ Advantageous in focusing on key features and using images familiar to the reader 

such as houses, wells, streams, and lakes

♦ Best Practices for conceptual block diagrams:
» Planning: Consider the objective. Decide on 

the level of detail and the key features
» Construction: State the scale and vertical 

exaggeration. Mark the diagram with 
compass directions. Use a viewing angle that 
maximizes the 3D content

» Content: Identify the most important 
geologic features with labels

» Interpretation: Do not overinterpret the 
content

Example of a block diagrams at a complex site showing geologic 
features that support the interpretation of manganese speciation
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3D Visualization & Analysis (3DVA)

♦ Data-based geospatial representation of surface and subsurface conditions
♦ Uses geostatistical interpolation to provide estimated values where data 

are sparse
♦ Common frameworks include:

» Lithology-based – Organizing geologic layers 
based on predominant grain size (gravel, 
sand, gravelly sand, silty sand, silt/clay)

» Formation-based – Formation names are 
useful in correlating units over long 
distances

» Depositional environments or facies-based –
When enough geologic information is 
available to interpret the depositional 

3DVA diagram example (EPA) environments
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Considerations When Preparing and Interpreting 3DVAs
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Is s ue C ons iderat ion
Data Density Interpolation between widely s pac ed data points  (either s patial or depth) has  les s  

c ertainty than c los ely s pac ed points . 
Extrapolation beyond outs ide data points  has  high unc ertainty and c an be 
mis leading.

Boring Log Quality Drilling methods  may affec t the logged intervals  and quality of the s amples . Boring 
logs  prepared by different loggers  may not be c ons is tent or may have different 
level of detail and ac c urac y in des c riptions . 

Boundary Effec ts Data is  often s pars e at the boundaries  of the s ite or model domain. Interpolations  at 
the edge of the model domain tend to have more unc ertainty bec aus e there is  no 
bounding data. 

G rouping versus  
Splitting Layers

G eologic  des c riptions  c an be grouped together to s implify the development of 
3DV A. High res olution data is  more helpful in unders tanding fate and trans port of 
c ontaminants  but may not always  be prac tic al. 

Outputs The final produc t of mos t 3DV As  are renderings  of the data c omponents . They are 
viewed us ing 3D PDFs , online tools , or s oftware- s pec ific  data viewers . Data s ets  
us ed in the vis ualization are generally  available as  s preads heet files , but the final 
files  are not eas ily  trans ferred between platforms  or c ontrac tors . 



Scoping your Geologic CSM

♦ Planning for scoping
» Uncertainty in the CSM is addressed and 

decreased throughout the project life 
cycle by implementing a strong scope
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» Planning activities that precede scoping 
include assembling a team and 
conducting Systematic Project Planning
(SPP), which includes 
developing/revising the CSM

» Several tools and technical guides are 
available at EPA to help the project team 
balance the cost and benefit of geologic 
data collection and develop a strong 
scope, such as the Smart Scoping guides 
at right



Estimating Data Density Needs

Distribution of K at CFB Borden – Beach Sand
(adapted from Sudicky, 1986)

1279 K measurements
Mean K= 9.75x10-3 cm/sec
Range = one order of magnitude Source: Ed Sudicky, University of Waterloo
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♦ Each CSM has different data density needs, 
which is determined by the underlying 
geology

♦ Reviewing existing geologic data can give 
an understanding of how consistent the 
geologic features are and the depositional 
environments

♦ There is no agreed-upon rule of thumb for 
determining the number of borings needed, 
but the scale of heterogeneity and the 
acceptable level of uncertainty in the CSM 
will provide guidance
» In general, source areas need more 

closely spaced data than downgradient 
areas
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Scoping Best Practices

♦ Scope from large scale to small scale data needs
» Review and assimilate the regional scale data before refining the data needs and approach for 

collecting the site scale data

♦ Scope by project objectives and decision points
» When developing the scope, the team should clearly identify the objectives of the geologic data 

collection and how the data will be used for response actions

♦ Use a Dynamic Work Strategy
» The dynamic approach may include iterative investigation phases or contingent investigations to 

address new data

♦ Utilize all available resources
» EPA resource documents
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» EPA regional hydrogeologists, mining engineers and other experts
» State geologic agencies 
» Colleges and universities 



Applying the CSM

♦ Use the CSM to guide remediation 
» Cache La Poudre River in CO
» Understanding geology helps in 

selecting more effective remedies

♦ Validate or update CSM periodically 
(Lifecycle CSM)
» LTM and subsequent remedies are 

commonly needed
» Remedial performance 

monitoring 
» Documents the most up to date 

CSM

Design CSM

Conceptual Site Model and Cross-
Section of the Poudre River Site at 
different phases in the project life 
cycle (EPA)
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Preliminary CSM



More Geology Best Practices Coming Soon…

Geology Best Practices - coming in 2023!
Meanwhile, these documents are available…
♦ Environmental Cleanup Best Management 

Practices: Effective Use of the Project Life 
Cycle Conceptual Site Model

♦ Smart Scoping for Environmental 
Investigations Technical Guide

♦ Smart Scoping of an EPA-Lead Remedial 
Investigation/Feasibility Study

♦ Strategic Sampling Approaches Technical 
Guide
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Document Development Team

♦ Cindy Frickle, 
frickle.cynthia@epa.gov
Office of Superfund Remediation 
&Technology Innovation (OSRTI)
U.S. Environmental Protection Agency
Washington, D.C.
(202) 566-0927

♦ Bill Brandon, 
brandon.bill@epa.gov
Office of Resource Conservation and 
Recovery (ORCR)
U.S. Environmental Protection Agency
Boston, MA
(617) 918-1391

♦ Jim Rice,
jim.rice@icf.com
ICF (contractor)
Cambridge, MA
(617) 250-4280

♦ Ed Gilbert, 
gilbert.edward@epa.gov
Office of Superfund Remediation 
&Technology Innovation (OSRTI)
U.S. Environmental Protection Agency
Washington, D.C.
(202) 566-0928

♦ Herb Levine,
levine.herb@epa.gov
Pacific Southwest Office (Region 9)
U.S. Environmental Protection Agency
San Francisco, CA
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