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DOE Problems Addr essed

The problems being addressed are those that require imaging of the shallow subsurface
and include:
Detection and Characterization of large metal and concrete structures.
Improvement in the ability to characterize contaminant geological settings and
predict the movement of contaminants in the vadose zone whether the
dominant flow is matrix flow or fracture dominated.
Improvements in the ability to image shallow subsurface leaks from waste pits
or tanks.
Improvements in the ability to detect and characterize buried objects in waste
pits and delineate the boundaries of such pits.
The ability to more rapidly and accurately image the shallow subsurface in electrically
conductive earth can result in considerable savings in time and money in environmental
restoration or deactivation and decommissioning activites.

Resear ch Objective

The objective of this research is to enhance the state-of-the-art in electromagnetic
imaging of the shalow subsurface in eectrically conductive media where ground-
pentrating radar (GPR) provides insufficient penetration and time domain
electromagnetic (TDEM) systems provide insufficient resolution. This objective is being
pursued by instrumentation enhancements to the existing very early time electromagnetic
(VETEM) system coupled with physical and numerical modeling. Success in this
endeavor will improve the speed and accuracy of waste pit and trench location and
characterization, and could have additional applications to shallow DNAPL and LNAPL
spill and cleanup monitoring, clay barrier integrity assessment, and landfill stabilization
monitoring.  This could result in significant savings in time and money during
characterization, remediation, and decommissioning of facilities.



Resear ch Progress and Implications

This report summarizes work after 2.4
years of a 3-year project. We have made
substantial progress on both the
instrumentation and modeling and have
done one demonstration at the INEEL
Cold Test Pit, another at Pit 9, also at
INEEL, and a the Denver Federal
Center (DFC) over a buried WWII
former munitions foundry. Accurate and
rapid methods for modeling our antennas
over conductive earth have been
developed, and methods for calculating
fields from buried conducting and
dielectric objects have been obtained.
2D and 3D inverse methods have been
investigated, and a fast 1D Distorted
Born Iterative Method (DBIM) inversion
algorithm has been successfully applied
to VETEM field data from Pit 9 at
INEEL and the DFC foundry site. The
figure below is from the DFC foundry
ste.
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VETEM images were better than any
that have been produced by GPR or any
of the commercial EM systems that have
been used there to date.

Planned Activities
In the remaining months we planto try a

gradiometer configuration, begin moving
to an All-Terrain-Vehicle towed version

and finish documentation of the system.
We also plan some additional calibration
experiments.
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