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Research Objective

Our goal is to improve geophysical imaging of the vadmsee. Wewill achievethis goal by providing
new methods tamprove interpretation of fieldlata. The purpose of this EMSProject is to develop
relationships between laboratory measured geophysical propertiegsoersity, saturationand fluid
distribution, for partially saturatedsoils. Algorithms for relationshipsbetween soil composition,
saturation, and geophysical measuremenlisprovide new methods tonterpret geophysical fieldata
collected in the vadose zone at sites such as Hanford, WA.

Research Progress and Implications

This report summarizesork after 20months of a 3-year project. Wrodified a laboratory ultrasonics
apparatus developed in a previous EMSP project (#55411) so that weakarvelocity measurements for
partially-saturated samples rather than fully-saturatedrprsamples.Modifications included adding
tensiometers and changing the flegstem sathat pore fluid pressurecan be controlled andapillary
pressurecan bedetermined. Wemade a series of measurements to deteripioperties ofpartially
saturated Ottawa sand samples and are currently working on sand-clay samples. Future measilrement:
be made on a Hanford sample of sands from split-spoon cores frantamaminatedite. Resultgrom

the measurements on Ottawa sand show that for pressure conditions equivalent to the top few meters o
subsurfacecapillary forces can be of the samerder asthe externally appliedtress. Afully drained
sampleshowed velocitieincreasing ovetime due tochemicaleffects. Adhesion andapillarity at grain
contacts affect wave amplitudes, velocities, and frequency content for the partially saiasateWenave
usedthe LLNL x-ray facility and the DOE Advanced Photon Source (APS) argonne National
Laboratory to perform x-ray computed tomograg®ZT) imagingfor several partially-saturatedttawa

sand and.incoln sand samples. High resolutiamages fromthe APS allow us toimage amount and
distribution of fluids in homogeneous sasdmples. Weéhave analyzegbrevious measurements on dry
sand-clay samples to understand how composition is related to measured velocities. Weaftanitidlly

the compressional velocity increasggh increasingclay content as clay cements tbend grains and
initially fills pores, but then compressional velocity decreases when the sample behavior is controlled by
continuous claymatrix. Shear velocities decrease as a monotonic functioriagf contentdue to the
difference between the rigidity of quartz and the rigidityclalys. Weare using rock physics methods to
analyze the laboratory dasad will develop algorithms relevafdr interpreting field seismiclata. Our
results suggesthat the plannedipproach for this research is appropridtegt microstructure is an
important factorfor measured geophysical properties, dhat seismic field experimentshould be
designed to collect both compressional and shear wave velocity data cotiédiovave amplitude as well



as velocity informationwhen possible. Resultave been presented at several scientific meetings
(including EMSP workshops) and in journal papers, as listed below.

Planned Activities

We plan to continue making laboratory measurements of compressional and shear Vielogaesally
saturated soils at low pressures, for the rest of this fiscal year. We will also continaketdCT images

of partially saturated samples during this fiscal year. In the third year, we will continue to use rock physi
theories to interpret laboratory measurementglaiemeasured velocities to saturation and composition
for soils. This work alsowill make use of results from a previous EM$®Roject (#55411) andother
available geophysical data. Waewill focus on developing algorithmsfor relationships between
composition, saturation, and geophysical measurements.

We arealso networking with other current and former EMSP anddibjectP.l.’s (e.g., C.Carrigan,
LLNL; E. Majer and Jil Geller, LBL; D. Steeples, U. Kansas; R.J. Knight, Stanford/U. B@udimbia;
Mike Waddell, U. SoutiCarolina) to plan pasble future collaborations on field experimentddst the
lab and theory results of this EMSP project, since this EMSP project is developing nfethiatisroving
interpretation of field seismic data used for subsurface imaging.

The leadP.l. alsoparticipated in the Non-invasive Characterizatidork Group forthe DOE Complex-
Wide Vadose Zone Scienemd Technology Roadmdpr Characterization, Modeling and Simulation of
Subsurface Contaminant Fate and Transport.
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