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Outline

• What is the right geophysical method or survey design for a specific 
question(s)? Using coupled hydrogeophysical modeling to develop 
effective measurement and monitoring strategies

• What do the red-blue geophysical images mean? Developing 
hydrogeologic interpretations—with uncertainty—from geophysical 
models

• A case study: Airborne geophysics to characterize aquifer structure in 
support of a managed aquifer recharge pilot study in Mississippi
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Seismic • monitor pressure changes during 
injection / recovery (diffusive)

• baseline structural mapping

• information is primarly near injection 
location

Resistivity • monitor extent of freshwater plume 
(advective)

• baseline structural mapping

• depth of freshwater plume is a 
challenge for surface resistivity



What do the red-blue geophysical images mean? 
Developing hydrogeologic interpretations, with 
uncertainty, from geophysical models
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Easy: given known 
properties, what is 
the geophysical 
response?

Hard: given geophysical 
data, what are the 
unknown hydrogeologic 
properties?

Uncertainty and non-
uniqueness from  
geophysical data -> 
geophysical model -> 
hydrogeologic properties



What do the red-blue geophysical images mean? 
Developing hydrogeologic interpretations, with 
uncertainty, from geophysical models
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Mississippi Alluvial Plain (MAP): An 
economic engine

Withdrawals by county 

$12 B
Agricultural
Economy

Economic Importance
(Alhassan et al. 2019)

Crop Revenue 
by County

(from Lovelace et al., 2020 based on 2015 data)



MAP AEM surveys 2018 - 2022
Total completed 82,000+ line-km over more than 250,000 km2 

covering parts of 7 states



Examples of translating geophysical results to hydrogeologic 
properties of interest

Surface 
recharge 
potential

River 
connectivity



Bank filtration, transfer, and injection: 
Mapping aquifer structure to inform 
aquifer recharge pilot project installation

Tallahatchie River

1 extraction, 2 injection wells
1.8 mile transfer



AEM survey shows complex geological 
heterogeneity
• Higher resistivity (warmer colors) represent coarser sediments
• Heterogeneity is a key control on groundwater flow and quality
• Variations in lithology likely contribute to soil piping at injection & extraction wells
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Slide credit: A.M. O’Reilly, USDA ARS



Resistivity models provide 
a 3D window into the 

subsurface

Elevation = 35 m above sea level

Extraction site

Injection site



17

Base of Confining Layer Elevation Base of Aquifer Elevation



AEM-Estimated Base of Fine Surface Layer 

AEM-Estimated Base of Aquifer

Injection 
Site

Extraction
Site

VIEW FROM WITHIN 
THE AQUIFER

• Identify the question: Before deciding on 
geophysical methods, think about the 
hydrogeologic question(s) that are most 
important to answer

• Find the right balance of technical approach, 
cost, and logistics

• Communicate uncertainty: What do the 
geophysical results tell us (or not) about the 
subsurface?

Summary

Contact:
bminsley@usgs.gov
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