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The webinar will begin promptly at 12:00 pm ET, 
9:00 am PT 

 You have two options for accessing the webinar
1. Listen to the broadcast audio if your computer is 

equipped with speakers
2. Call into the conference line: 303-248-0285

Required conference ID: 6102000

 For any question or issues, please email 
serdp-estcp@noblis.org or call 571-372-6565 
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Welcome and Introductions

Rula A. Deeb, Ph.D.
Webinar Coordinator
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Agenda
 Webinar Logistics (5 minutes)

Dr. Rula Deeb, Geosyntec Consultants

 Overview of SERDP and ESTCP (5 minutes)
Dr. Andrea Leeson, SERDP and ESTCP

 Geophysics 101: Realistic Expectations for Geophysics When 
Used for Site Characterization and Remediation Monitoring
Part 1 (50 minutes)
Dr. Lee Slater, Rutgers University
Dr. Judy Robinson, Rutgers University

 Final Q&A session
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How to Ask Questions

6

Type and send questions at 
any time using the Q&A panel
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In Case of Technical Difficulties
 Delays in the broadcast audio

• Click the mute/connect button
• Wait 3-5 seconds
• Click the mute/connect button again
• If delays continue, call into the conference line
− Call into the conference line: 303-248-0285
− Required conference ID: 6102000

 Submit a question using the chat box
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SERDP and ESTCP 
Overview

Andrea Leeson, Ph.D.
SERDP and ESTCP
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SERDP
 Strategic Environmental Research and 

Development Program
 Established by Congress in FY 1991

• DoD, DOE and EPA partnership
 SERDP is a requirements driven program 

which identifies high-priority environmental 
science and technology investment 
opportunities that address DoD requirements
• Advanced technology development to address 

near term needs
• Fundamental research to impact real world 

environmental management
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ESTCP 
 Environmental Security Technology 

Certification Program 
 Demonstrate innovative cost-effective 

environmental and energy technologies
• Capitalize on past investments
• Transition technology out of the lab
 Promote implementation

• Facilitate regulatory acceptance
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Program Areas
1. Energy and water
2. Environmental restoration
3. Munitions response
4. Resource conservation and 

climate change
5. Weapons systems and 

platforms
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Environmental Restoration
 Major focus areas

• Contaminated 
groundwater

• Contaminants on ranges
• Contaminated sediments
• Wastewater treatment
• Risk assessment
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SERDP and ESTCP Webinar Series

13

Date Topic
July 14, 2016 Remote Methods for Water Conservation
July 28, 2016 Geophysics 101: Realistic Expectations for 

Geophysics When Used for Site Characterization 
and Remediation Monitoring – Part 2

August 11, 2016 An Environmentally Acceptable Alternative for Fast 
Cook-off Testing, Demonstration, Validation and 
Implementation Efforts

August 25, 2016 Assessment of Redox-Based Groundwater 
Remediation Technologies
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SERDP and ESTCP Webinar Series

http://serdp-estcp.org/Tools-and-
Training/Webinar-Series
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Geophysics 101: Realistic Expectations for 
Geophysics When Used for Site 

Characterization and Remediation Monitoring

Lee D. Slater, Ph.D.
Rutgers University
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Agenda
 Introduction to geophysical methods 

• Pros and cons of geophysics vs. conventional invasive sampling
• The toolbox: methods, properties, and relevant hydrologic parameters
• Method selection: The Fractured Rock Geophysical Toolbox Method 

Selection Tool
• Characterization vs. monitoring

 Pre-modeling for go/no-go decisions for geophysics
• SEER: Scenario Evaluator for Electrical Resistivity

 Follow-on webinar in this series on July 28, 2016

 Key message: Geophysical methods have potential to reduce 
characterization and monitoring costs while improving results, but 
which method(s) to use should depend on study goals and site 
characteristics. Avoid overselling of geophysics capabilities! 
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Introduction to Geophysics
 Pros

• Minimally invasive
• Relatively low cost
• Can cover a large area
• ‘Sees’ in between wells

 Cons
• Indirect – correlation or 

interpretation requires
• Limited resolution 

17



SERDP and ESTCP Webinar Series (#36)
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interpretation requires
• Limited resolution 
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Note: There is NO 
such thing as 

geophysical X-ray 
vision! No silver 

bullets!
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Note: There is NO 
such thing as 

geophysical X-ray 
vision! No silver 

bullets!
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Introduction to Geophysics
 Pros

• Minimally invasive
• Relatively low cost
• Can cover a large area
• ‘Sees’ in between wells

 Cons
• Indirect – correlation or 

interpretation requires
• Limited resolution
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Note: There is NO 
such thing as 

geophysical X-ray 
vision! No silver 

bullets!
Not an either/or proposition!
Geophysics is most powerful when 
used in combination with conventional 
measurements!
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The Toolbox
 Surface resistivity imaging in 2D/3D  electrical 

resistivity structure, lithology, tracer movement
 Surface induced polarization imaging in 2D/3D 

chargeability structure, surface area, lithology, grain/fluid 
interface

 Crosshole resistivity tomography  electrical resistivity 
structure, lithology, tracer movement

 Crosshole induced polarization imaging  chargeability 
structure, surface area, lithology, grain/fluid interface

 Borehole geophysical logging (caliper, electromagnetic, 
gamma, neutron, nuclear magnetic resonance, induced 
polarization, fluid conductivity/ temperature, spontaneous 
potential, televiewer)  high-resolution measurements 
indicating lithology, fracture presence, etc.
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The Toolbox (Cont’d)
 Flowmeter logging (single and crosshole) 

estimates of transmissivity associated with single 
fractures or fracture zones; far-field heads

 EM induction  electrical conductivity structure, 
lithology, TDS

 Borehole radar reflection  fracture location and 
orientation

 Borehole radar transmission tomography 
electromagnetic structure, tracer movement

 Others: Seismic, time-domain EM, airborne EM…
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Method Geophysical 
Property

Relevant Hydrologic 
Property/Parameter

Acquisition
Method(s)

Seismic refraction and 
reflection

Seismic velocities and 
reflectivity (bulk and shear 
moduli)

Depth to bedrock, water 
table, aquifer boundaries

Lab, borehole, crosshole, 
surface

DC electrical resistivity (ER) Electrical resistivity Water content, salinity, pore 
fluid, porosity, lithology

Lab, borehole, crosshole,
surface

Induced polarization (IP) Chargeability Surface area of 
pores/grains, lithology

Lab, crosshole, surface

Spontaneous potential (SP) Spontaneous potential Flow through porous 
medium, redox potential

Lab, borehole, crosshole, 
surface

Ground penetrating radar 
(GPR)

Dielectric constant, 
electrical conductivity

Water content, salinity, pore 
fluid, porosity, lithology

Lab, crosshole, surface

Electromagnetic (EM) Electrical resistivity Water content, salinity, pore 
fluid, porosity, lithology

Lab, borehole, crosshole,
surface, airborne

Conventional borehole 
logging: caliper, gamma, 
sonic, etc.

Many Many: fracture locations, 
clay content, lithology, etc.

Borehole

Advanced borehole logging: 
ATV/OTV, flowmeter, etc.

Many Many: fracture locations, 
lithology, transmissivity, etc. 

Borehole
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FRGT Method Selection Tool
 Excel-based tool used 

to identify methods that 
(1) address project 
goals and (2) are likely 
to work at the given site

 Goal
• Provide project managers 

and regulators with tools 
for ‘numerical gut checks’ 
to help evaluate 
geophysical proposals 
and strategies for specific 
sites

 http://water.usgs.gov/ogw/frgt 
 Day-Lewis, F.D., Johnson, C.D., Slater, L.D., 

Robinson, J.L., Williams, J.H., Boyden, C.L., 
Werkema, D., Lane, J.W. 2016. A Fractured Rock 
Geophysical Toolbox Method Selection Tool, 
Groundwater

 Funding
• ESTCP (ER-200118 and ER-201567-T2)
• EPA

24
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FRGT Method Selection Tool
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Goal of Geophysical Characterization
 Understanding spatial 

variations in
• Lithology
• Hydrologic properties (e.g., 

porosity)
• Total dissolved solids or pore 

fluids
• Depth to water table or bedrock

 Must translate geophysical 
results into geologic 
interpretations or cross 
sections or volumes of 
relevant properties
• Real conductivity image
• Imaginary conductivity image
• Translation to geology based 

on assumed relation

26

Electrical imaging example
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The Goal of Monitoring
 Understanding of changes in:

• Contaminant mass
• Tracer concentration
• Amendment distribution
• Aquifer properties
• Example: ER-0717

27

Time-lapse electrical geophysical 
monitoring of changes in bulk 
conductivity and chargeability induced by 
the injection of a biostimulant during a 
bioremediation effort in Brandywine, MD. 
(a) Field set up and electrical property 
characterization. (b) Spatiotemporal 
changes in bulk conductivity post 
injection (Johnson et al., 2015. 
Groundwater)
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Realistic Expectations
 Forward or ‘pre-modeling’
 Predict what you will 'see’ based 

on one or more conceptual 
models, survey designs, and 
noise levels

 Some degree of pre-modeling 
should be performed prior to 
any field campaign
• Simple analytical models
• Rigorous numerical models
• User-friendly decisions support tools

 Forms the basis for: 
• Survey design
• Interpretation
• Go/no-go decision

28

Can we image this?
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Realistic Expectations

29

Forward or ‘pre-modeling’ workflow
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Pre-Modeling: DNAPL

࢒ࢋࢊ࢕࢓	࢒ࢇ࢛࢚࢖ࢋࢉ࢔࢕࡯

 Borehole electrodes 
substantially improve 
resolution of the plume
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Pre-Modeling: LNAPL

࢒ࢋࢊ࢕࢓	࢒ࢇ࢛࢚࢖ࢋࢉ࢔࢕࡯

Note: Examples shown 
do not include geologic 
heterogeneity!
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Pre-Modeling: DNAPL in 
Heterogeneous Medium

32

࢒ࢋࢊ࢕࢓	࢒ࢇ࢛࢚࢖ࢋࢉ࢔࢕ࢉ	ࢊࢋ࢔࢏࢈࢓࢕࡯

࢟࢒࢔࢕	࢙ࢋࢊ࢕࢚࢘ࢉࢋ࢒ࢋ	ࢋࢉࢇࢌ࢛࢘ࡿ

ࢊࢋࢊࢊࢇ	࢙ࢋ࢒࢕ࢎࢋ࢘࢕࡮

ࢋ࢛࢚࢘ࢉ࢛࢚࢙࢘	࢒ࢇࢉ࢏ࢍ࢕࢒࢕ࢋࡳ
࢒ࢋࢊ࢕࢓	ࢋ࢓࢛࢒ࡼ
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Electrical Resistivity 
Anomaly (Plume)

“The needle” “The haystack + needle” “Blurry haystack”

Monitoring vs. Detection
The Detection Problem

A 2-D Crosshole GPR Example: Finding a Plume 

 Plume is masked by geologic heterogeneity

ohm-m ohm-m ohm-m

Electrical Resistivity 
Cross Section

Electrical Resistivity 
Tomogram
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The Monitoring Problem: Difference Against Background

 Plume is revealed by subtracting out pre-injection background, removing 
unrelated spatial contrasts (i.e., we removed the haystack)
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Monitoring vs. Detection
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Excel-Based Pre-Modeling for 
Electrical Resistivity Imaging 

Conductivity (σ) 
σ1 = vadose zone
σ2 = saturated zone
σ3 = DNAPL

For a given site, a user will be able to enter:
 Proposed number and spacing of surface electrodes*
 Effect of adding borehole electrodes*
 Assumed location of target
 Assumed conductivities of target and surrounding region
 Assumed noise levels*

In terms of determining the resolution capabilities for a particular subsurface 
structure, these variables have the greatest effect  

σ1

σ2

σ3

*Selections given
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SEER
Scenario Evaluator for Electrical Resistivity 

Spreadsheet functionality
 Simple, user-friendly, 

requires no proprietary 
software

 Predict survey outcomes for 
hypothetical target and 
measurement scenarios

 3 template targets included 
in the spreadsheet can be 
modified by the user
• DNAPL plume
• LNAPL plume
• Blocks

 Plan to serve from USGS 
website and publish in a 
peer-review journal
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SEER 
Will Reduce Misuse/Overselling of Geophysical Technologies

 Misrepresentation 
of geophysics 
capabilities by 
service providers 

 Effective 
technology transfer 
activities can 
address this issue 
and empower 
RPMs to make 
informed decisions

37
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Other Topics Covered in the 
Geophysics 2-Part Webinar Series

 June 30, 2016
• Geophysical tomography (imaging) - next
 July 28, 2016

• Borehole geophysical logging
• Geophysical characterization of the 

hydrogeologic framework at remediation sites
• Geophysical monitoring of remedial treatments

38
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Conclusions
Take-away messages
 Geophysical methods have potential to improve 

site characterization and performance monitoring 
while reducing costs

 Geophysical methods complement and do not 
replace conventional approaches

 Pre-modeling surveys are critical to ensuring 
appropriate applications of geophysical technology

 New, user-friendly tools will facilitate pre-modeling 
and support informed method selection
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Benefits of Using Geophysics 
(Correctly)

 Time and cost reductions
• Reduce drilling costs needed to characterize site 

hydrogeologic framework and contamination
 Expanded spatiotemporal information

• Fill gaps in space that plague direct data (interpolation)
 Minimally invasive sampling

• Reduce likelihood of cross-contamination and human 
exposure associated with drilling

 Scale
• Scale-appropriate information for parameterizing flow 

and transport models

40
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Acknowledgments
 Fred Day Lewis (USGS, Office of 
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 Carole Johnson (USGS, Office of 

Groundwater, Branch of Geophysics)
 Steve Hammett (NAVFAC EXWC)
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Speaker Contact Information
Lee Slater

lslater@rutgers.edu; 973-353-5109

https://serdp-estcp.org/
ER-201567-T2

Geophysics: A Technology Transfer Program for Facilitating 
Effective use of Geophysics for Environmental 
Characterization and Monitoring at DoD Sites



SERDP and ESTCP Webinar Series (#36)

SERDP and ESTCP Webinar Series

Q&A Session 1
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Geophysical Tomography
Electrical Resistivity Tomography (ERT) 
Concepts: Opportunities and Limitations

Judy Robinson, Ph.D.
Rutgers University
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Agenda
 Overcoming limitations of traditional 

hydrogeological characterization
 Electrical resistivity tomography (ERT) 

• Concepts and field implementation
• Guidelines to a successful field campaign

 Surface and borehole examples

 Key message: When used appropriately, ERT (1)
can help resolve the hydrogeologic framework 
controlling fluid flow, and (2) may provide indirect 
information on subsurface transient processes
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Hydrogeological Characterization 
Challenges

 Boreholes
• Expensive
• Spatial interpolation required
• Small sampling volume of 

cores/borings

 Subsurface heterogeneity
 Drilling creates unwanted 

hydraulic pathways/exposure 
to contaminants
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Geophysical Characterization
 Geophysical data

• Improved spatial coverage
• Minimally invasive
• Cost-effective

 However…
• Limited resolution
• Resistivity/conductivity must be linked to 

parameter of interest
• Most powerful when interpreted jointly with other 

geophysical or hydrologic data
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Goal of Geophysical Characterization
Inversion Automated Resistivity 

Instrument

 2D or 3D distribution of 
resistivity and/or chargeability

 Petrophysical transformations 
may be used to map 
parameters of interest
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Introduction:
Electrical Resistivity Tomography (ERT)

 Electrical Resistance (Ω): the ability of a material 
to conduct an electrical current

 Tomography: a method of producing a 3D image 
of the internal structures of a solid object

49

The Geoscience equivalent of medical imaging
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C+ P- C-P+
a a aElectrode

KRa ⋅=ρ

Apparent resistivity Geometric factor, K

Wenner

C+ C-P-P+
a a a

K = 2πa

C+ C- P-P+
na aa

Dipole-Dipole
K = πn (n+1) (n+2) a 

Resistance (W)
Current (A)

Voltage (V)

C = current electrode
P = potential electrode

ܴ ൌ Δܸܫ
Δܸܫ

Electrical Resistivity Tomography (ERT)
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Field Implementation

51
field deployment

SURFACE BOREHOLE

Electrodes

Metal stakes Hose clamps
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Borehole Electrode Arrays
Design complements field application

52

Airline to one or 
more packers 
(orange tubing)

Water 
sample line 
(white 
tubing)

Packer

Packer

Electrodes

Electrode Array

Hose clamps
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Field Implementation

53

instrumentation

field deployment

SURFACE BOREHOLE

Resistivity instrument 
can be operated 
on-site or remotely
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3D ERT Surface Implementation
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Difficult to view 
small changes at 
each time-step

Difference imaging 
focuses on changes 
in subsurface

Time-Lapse ERT Inversion

55

Slide credit: Timothy Johnson, PNNL
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GUIDELINES TO A SUCCESSFUL 
ERT CAMPAIGN
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Survey Design
Q: What is the depth and 
spatial extent of the intended 
target? 

1. As electrode spacing 
increases:

• The depth of penetration 
increases

• Resolution of features 
decreases

2. Resolution of features 
decreases as the distance 
from electrodes increases

57

Increasing model sensitivity to field data 

Electrode
(in 
borehole)

x (ft)

D
ep

th
 

(ft
)

Ideal if 
D/H < 
0.75

D

H



SERDP and ESTCP Webinar Series (#36)

Survey Design (Cont’d)
3. Nested arrays: better at 

resolving horizontal layering
Dipole-dipole arrays: 
better at resolving vertical 
contacts (lower signal-to-
noise ratio)

4. The number of 
measurements is likely to 
be controlled by:
• The time available to acquire 

field data
• Spatial and instrument 

limitations at the site 
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Wenner (nested)

C+ C-P-P+
a a a

C+ C- P-P+
na aa

Dipole-Dipole



SERDP and ESTCP Webinar Series (#36)

Log10 resistivity (Ω-m)
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Realistic Expectations: Example 1
 Simulations can 

determine if the 
electrode spacing and 
measurement 
sequence is 
reasonable to resolve 
an expected model

59



SERDP and ESTCP Webinar Series (#36)

Realistic Expectations: Example 2

60

Synthetic resultModel
100 electrodes
1 m spacing
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deep
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ERT SURFACE EXAMPLE

61

Hanford 300 Area DoE ER64561
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Investigating the Hydrogeological 
Framework at Hanford

62

Contaminated aquifer A critical boundary directing flow towards river

Paleochannels incised into the Ringold unit suspected to 
channel flow towards the river
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Line 0

Line 2

Line 4

2D ERT lines Surface resistivity 
survey line

2D Resistivity Surface Imaging
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Geophysical Reconstruction of Controls 
on Groundwater Flow

 Elevation of Hanford-
Ringold contact compared 
to temperature anomalies 
(from distributed 
temperature sensing 
[DTS]) showing (1) 
groundwater-surface 
water exchange locations, 
and (2) contours of 
uranium concentrations 
(mg/L) in aquifer from 
boreholes

64

Geophysical imaging of paleochannel 
controlling contaminated groundwater flow 
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ERT BOREHOLE EXAMPLES

Brandywine DRMO
ER-0717

Former Naval Air Warfare Center (NAWC) 
ER-201118
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NAWC Characterization ERT Image
 3D cross borehole 

optimized ERT 
sequence

 Alternating 
conductive and 
resistive layering 
partly resulting from 
the alternating 
laminated and 
massive 
mudstones at the 
site

66

Fractured mudstone sequence at the Naval Air Warfare Center 
(ER-201118)



SERDP and ESTCP Webinar Series (#36)

Injection

elapsed time (t)

t=1 t=3

t=4 t=6

t=7 t=8

NAWC Time-Lapse 
ERT: Amendment 
Injection into Outer 
Borehole
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ERT/IP Well

Sample Well Injection #2

Electrodes

Sample
Ports

Injection #1

Groundwater
flow to West
~60 ft/year

Brandywine DRMO
 8 Chem sample 

wells
 7 ERT/Chem wells
 35 Chem sample 

ports
 65 electrodes 

• ERT wells: 15 
electrodes @ 2 feet 
spacing. 2 inch 
Sampling ports at 
11,19 and 26 feet

 Sampling wells: 
sampling ports at 
11 and 19 feet. 
Well screen at 
bottom (26 feet)
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 8 Chem sample wells
 7 ERT/Chem wells
 35 Chem sample ports
 165 electrodes

(a) Background

(b) Time-lapse

 Continuous, automated, 
monitoring

Slide credit
Timothy Johnson, PNNL

Brandywine Time-Lapse ERT

69



SERDP and ESTCP Webinar Series (#36)

Conclusions
Take-away messages
 ERT can help define hydrogeological 

framework and structures controlling 
groundwater flow and transport
 ERT can detect proxies of contaminants 

and transformations
 ERT cannot visualize contaminant 

concentration (e.g., DNAPL) directly
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Benefits
 Time and cost reductions

• Reduce drilling costs needed to characterize site 
hydrogeologic framework and contamination

 Expanded spatiotemporal information
• Fill gaps in space that plague direct data (interpolation)

 Minimally invasive sampling
• Reduce likelihood of cross-contamination and human 

exposure associated with drilling
 Scale

• Scale-appropriate information for parameterizing flow 
and transport models
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Survey Reminder

Please take a moment to complete the 
survey that will pop up on your screen 

when the webinar ends


