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Research Objective

Our goal is toimprove geophysical imaging e vadose zone. We withchievethis goal by
providing new methods to improve interpretatiorfield data. Thepurpose of thi€MSP project

is to develop relationships between laboratorgasured geophysical properties and porosity,
saturation, and fluid distribution, for partially saturated soils. Algorithms for relationlsbip&en
soil composition, saturation, and geophysical measurements will provide new methrdegptet
geophysical field data collected in the vadose zone at sites such as Hanford, WA.

Research Progress and Implications

This report summarizes work after 10 months of a 3-pegect. We havenodified a laboratory
ultrasonics apparatus developed in a previBMSP project (#55411) sothat we canmake
velocity measurements fgrartially-saturatedamplegather than fully-saturated ary samples.
We are testing the measurement apparatus using standard laboratory sand sampleStrawh as
sand samples. Preliminary resultslicate that we cameasure both compressional and shear
velocities in these sand samples. We haeeivedHanford soil samples (sanff®m split-spoon
cores from amuncontaminated site) and expectni@ake ultrasonicmeasurements on them also.
We have used the LLNL x-ray facility to perform x-ray computed tomography (XCT) imaging for
several partially-saturated Ottawand and.incoln sand samplesand have alsaisedthe DOE
Advance Photon Source at ArgonNational Laboratory tanake higher-resolution images of
some sand samples. Preliminary resirticate that we cammage amount and distribution of
fluids in homogeneous sand samples. Continuing irank the previousEMSP project, we are
testing anew dataanalysis method for seismdata that is expected tmprove interpretation of



seismic data fronthe vadose zone bghowing howpartial saturation affectseismic parameters.

Our results suggest that the planned approach for this research is appropriate, that microstructure is
an important factor for measured geophysical properties, and that seismic field experiments should
be designed to collect both compressional and shear wave velocity daéae i continuing to

develop algorithmdor relating geophysical properties to sa@bmposition and hydrological
parametersThe leadP.l. attended th&aMSP Principal Investigator Orientation Meeting held in
Richland,WA, in November, 1999and presented preliminary resultstla¢ Advanced Vadose

Zone Characterization Workshop that was held in Richldid, in January, 2000, asell as the

EMSP National Workshop held in Atlanta, GA in April, 2000. Results have also been presented at
scientific meetings and in journal papers as listed below.

Planned Activities

We plan to continuenakinglaboratorymeasurements of compressional and skeéocities for
partially saturated soils at low pressures, in the first two years of this project. We will also continue
to make XCT images of partially saturated samples during the first two years of this project. In the
second year, we willocus on using rock physics theories daobratorymeasurements telate
measuredvelocities to saturation ancbmposition for soils. This work alswill make use of
results from a previouEMSP project (#55411) andother availablegeophysical data. In the
second and third years ttie project, we willfocus ondeveloping algorithmgor relationships
between composition, saturation, and geophysical measurements.

We arealso networking with other current aformer EMSP projectP.l.’s (e.g., C.Carrigan,
LLNL, E. Majer, LBL, D. Steeples, UKansas, R.J. Knight, Stanford/U. British Columbia) to
plan possible future collaborations dield experiments to teshe lab and theoryesults of this
EMSP project, since thi€MSP project is developingnethods for improvingnterpretation of
field experiment data used for subsurface imagiig P.1. for thisproject providedadvice about
geophysical field experimewkesign for subsurface imagingthe Hanfordsite, at the Advanced
Vadose Zone Characterization Workshop and in follow-up discussions.

This project and thereviousprojectfor which it is acontinuation(#55411) produced twpatent
applications (listed below).
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