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Outline
• The Geophysical Toolbox

• Scale vs. Resolution Tradeoff

• Characterization vs. Monitoring

• Method Selection

• Desktop Feasibility Assessment

• Recent Advances

▪ ERT

▪ Mobile EM surveying

• Summary
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Conventional 

hydrologic 
measurements

(calibration and 

groundtruth)

Borehole geophysics

(high resolution, near-
hole information)

Crosshole 

imaging
(information 

between holes, 

time-lapse 
potential)

NO SINGLE TOOL CAN WORK FOR 

EVERY PROBLEM/SITE

SYNERGY BETWEEN METHODS – 
JOINT INTERPRETATION

Surface geophysics

(large areas, 
inexpensive)
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[after Day-Lewis, F.D., Slater, L.D, Johnson, C.D., Terry, N., and Werkema, D., 2017, An overview of geophysical 

technologies appropriate for characterization and monitoring at fractured-rock sites, Journal of Environmental 

Management, http://dx.doi.org/10.1016/j.jenvman.2017.04.033]
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http://dx.doi.org/10.1016/j.jenvman.2017.04.033
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Scale vs. Resolution
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Another way to look 
at this tradeoff

• Time vs. coverage

• Resolution vs. coverage

• Drones (especially UAV) 
have potential to 
transform and overturn 
these tradeoffs

[Mangel et al., 2022]
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The Goal of Characterization

Conceptual Model / Hydrogeologic 

Framework:

• Aquifer architecture/plumbing network; 

i.e., the spatial distribution of high-

permeability features, geologic 

contacts/boundaries, fracture zones, etc. 

• Understanding (statistical?) of aquifer 

heterogeneity not deterministically 

identified  

Simulation Model / Attaching #’s to the 

Framework:

• A quantitative description of aquifer 

properties in 3D: Hydraulic conductivity, 
porosity, etc. for input to MODFLOW, 

STOMP, PFLOTRAN, etc. 

[Robinson et al., Env. Proc., 2022]

Hanford GFM and ERT cross sections
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The Goal of Monitoring

Understanding changes in:

• Tracer migration

• Amendment effects

• Contaminant migration (needs 

contrast)

• Precipitation reactions (porosity 

reduction)

• Biostimulation 

• Moisture dynamics

• Pore clogging

• Examples: Hanford

Examples of stage-driven aquifer/river interaction 

(Credit: Tim Johnson, PNNL)
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Method Selection Tools

Spreadsheet-based tools to 
identify methods that:

• Address project goals (e.g., 
develop CSM vs. develop 
numerical model)

• Are likely to work at the given 
site (e.g., based on lithology, 
infrastructure, well 
construction)

• Helps PMs & regulators 
evaluate geophysical 
strategies

• Caveat: Only a guide
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.
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Desktop Feasibility 
Assessment

Pre modeling:

• Will the method work under site-specific 
conditions with resolution needed to ‘see’ 
targets?

• How can we understand what’s real vs. 
what’s artifact?

• Which regions of the images are reliable 
vs. poorly resolved?

Strategies to mitigate risk:

• Pre-modeling feasibility assessment 
before going to the field

• ‘Synthetic’ or ‘in silico’ experiments & 
image appraisal to aid interpretation

Conceptual Model

Step 1
Assign Properties

Assumed ‘True’ Image

Step 3 

Add Noise to 
Simulated Data 

Step 4
Invert 

Simulated Data 

Inverted Synthetic Image

Step 5
Compare Inverted 
And True Images

Co
m

p
ar

e

Step 6
Revise Survey 
Go To Step 2

GO/NO-GO
Decision for
Geophysics

[after Day-Lewis, F.D., Slater, L.D, Johnson, C.D., Terry, N., and Werkema, D., 2017, An 
overview of geophysical technologies appropriate for characterization and monitoring at 
fractured-rock sites, Journal of Environmental Management, 
http://dx.doi.org/10.1016/j.jenvman.2017.04.033]

Step 2
Simulate Field Data

(forward model) 
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Realistic Expectations

‘Pre-modeling’:

• Predict what you will 'see’ based on one or 

more conceptual models, survey designs, 

and noise levels

• Pre-modeling can be performed using E4D 

and many COTS and public-domain 
geophysical software:

• Rigorous numerical models

• Simpler approximate tools (Resolution 

matrix, e.g., SEER)

• Forms the basis for 

• Survey design

• Go/No-Go decision

• Interpretation

Can we reliably ‘see’ or 

detect:

• Contaminant?  

• Geology

If not, can we change our 

survey to do so?

→COMMONLY NOT EXPENSIVE OR BURDENSOME
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Excel-based pre modeling

Spreadsheet Functionality:

• Simple, user-friendly
• Predict survey outcomes for LIMITED 

hypothetical target and measurement 

scenarios
• 3 template targets included in the 

spreadsheet can be modified:

• Underground storage tank (UST)

• DNAPL plume
• LNAPL plume

•  

→ PNNL has more sophisticated 

tools for this (e.g., E4D, PFLOTRAN)

[Terry et al., GW, 2017]
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Translation

Tools:

• Petrophysics

• Geostatistics

• Coupled inversion

• Qualitative

Issues:

• Resolution/smoothing

• Non-uniqueness and 
uncertainty in 
petrophysical relations

[Terry et al., GW, 2022]



2023 

Global 

Summit 

16

• Geophysical Toolbox

• Tradeoffs 

• Characterization vs. Monitoring

• Guidance for method selection
• Matching goals and site-based 

conditions

• Importance of pre-modeling
• Go/no-go basis

• Survey design

• Aids interpretation

• Approaches to translation

Summary
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