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1. Overview of Technologies (features, specification, functions, owners, etc.)  

 

Low frequency electrical geophysical methods, primarily electrical resistivity, induced 

polarization and spectral induced polarization can be used to non-invasively image and 

characterize hydrogeological structure controlling groundwater flow and contaminant transport. 

Permeability (a.ka. hydraulic conductivity) variations can now be quantitatively estimated 

non-invasively using induced polarization measurements coupled to recent petrophysics 

relations. Electrical resistivity imaging can be used to monitor groundwater/saline water 

interactions and provide almost real time information non-invasive information at high spatial 

resolution. Waterborne measurements can be used to rapidly delineate locations of submarine 

groundwater discharge and identify areas of focused exchange between groundwater and saline 

water. Recent advances permit autonomous 4D monitoring under large grids of electrodes. 

 

The spectral induced polarization method is very sensitive to lithology, especially clay and silt 

layers, and provides the most reliable estimates of permeability (a.k.a. hydraulic conductivity) 

possible with non-invasive geophysical techniques. Unlike most geophysical measurements, two 

pieces of information on the subsurface properties are non-invasively obtained, from which 

permeability can be estimated using Kozeny-Carman like models. The method could be used to 

determine the hydrogeological structure in the vicinity of the plant and provide spatially extensive 

data that could be used to parameterize groundwater flow and transport models for the site. 

 

Professor Lee Slater is an internationally recognized expert with these techniques and has 

extensively applied them to major groundwater contamination problems involving surface 

water-groundwater interactions. He has made fundamental contributions to the development of 

the induced polarization geophysical method for environmental investigations, particularly 

estimation of permeability structure.  
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2. Notes (Please provide following information if possible.) 

- Technology readiness level (including cases of application, not limited to nuclear industry, 

time line for application) 

Slater led a major geophysical investigation at the U.S. Department of Energy Hanford site that 

demonstrated the readiness of these methods for imaging hydrogeological structures and 

monitoring the exchange of surface water with groundwater. These measurements identified the 

spatial distribution of the hydrogeological units channeling uranium-contaminated groundwater 

to the Columbia River. Information was acquired both on land and offshore. Slater was also 

involved in continuous resistivity monitoring experiments that were deployed to non-invasively 

determine the exchange of surface water and groundwater inland of the Columbia River.  

 

- Challenges 

Geophysical methods provide non-invasive, indirect information over unique spatial scales. Hard 

geological information (e.g. from boreholes) should be used, where possible, to minimize 

uncertainty in the interpretation of the geophysical images of the subsurface in terms of hydraulic 

properties (e.g. permeability) 
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