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RESEARCH OBJECTI VE

Non-i nvasi ve, high-resolution imaging of the shall ow subsurface is needed for
del i neation of buried waste, detection of unexpl oded ordi nance, verification
and nonitoring of contai nment structures, and other environnenta

applications. Electromagnetic (EM neasurenents at frequencies between 1 and
100 MHz are inportant for such applications, because the induction nunber of
many targets is snmall and the ability to deternine the dielectric permttivity
in addition to electrical conductivity of the subsurface is possible. Earlier
wor kers were successful in devel oping systens for detecting anonal ous areas,
but no quantifiable informati on was accurately determ ned. For high-resol ution
i magi ng, accurate nmeasurenents are necessary so the field data can be mapped
into the space of the subsurface paraneters. W are devel opi ng a non-invasive
nmet hod for accurately mapping the electrical conductivity and dielectric
permttivity of the shall ow subsurface using the EM i npedance approach
(Frangos, 2001; Lee and Becker, 2001). Electric and magnetic sensors are being
tested in a known area agai nst theoretical predictions, thereby insuring that
the data collected with the high-frequency inpedance (HFl) systemw || support
hi gh-resol uti on, nulti-dinmensional inmaging techniques.

RESEARCH PROGRESS AND | MPLI CATI ONS
W are in the first year of a three-year renewed project with the same project
obj ectives of the previous one (Project ID;, #60328). During the previous 3-
year project, a prototype 0.1 to 30 MHz system was assenbl ed using off-the-
shel f conponents including a magnetic dipole transmtter, electric and
magneti c antennae. The systemwas tested at sites of different electrica
properties and an interimreport (Lee and Becker, 2001) was prepared
denonstrating the proof-of-concept.

Thi s annual report summarizes work perforned over the past six nonths of
the renewed three-year project. The report consists of progresses in two
subj ects; inprovenment in electric field nmeasurenment and use of magnetic fields



for an i ndependent ground truth. The success in achieving the overal

obj ective of the HFI system depends on the accurate field neasurenents,
especially the electric field. OQur experience indicates that the electric
field is often contanminated with stray pick-ups caused by the wiring attached
to the antenna. Over the past few nonths we have been testing various system
| ayouts and wiring around the antenna. So far, we have been able to inprove
the data quality to within a 2% repeatability, but it is still not as good
when antenna orientation is reversed.

The other subject investigated involves an independent way of achieving
the ground truth. The ground truth is inmportant in calibrating sensors and
verifying neasured data. Electrical resistivity can be easily estimted using
DC resistivity nethod. An independent resistivity estimte can al so be
obtained using the ellipticity and tilt angle of the nagnetic field (Snmth and
Ward, 1974), which will be routinely nmeasured as part of the HFI survey.
Figure 1 shows conparisons in ellipiticity and tilt angle between those
nunerically simulated (using EMLD) and those obtained fromfield data
collected at the Richnmond Field Station. Nunerical nodel used consists of a
thin (0.37 m overburden of 120 ohmmresistivity over a 45 ohmm half space.
A DC resistivity sounding at this location, as well as the inpedance data,
shows good agreenent with the nodel. The permittivity is not well resolved due
to the low resistivity (Lee and Becker, 2001).
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Figure 1. The tilt angle and ellipticity for a vertical nmgnetic dipole source
derived from nodel sinmulations and field neasurenents. The red, blue, and

bl ack synbols and lines are for source-receiver separation of 4, 8, and 12 m
respectively. The solid lines are calculated results with EMLD whil e the
circles, crosses, and triangles represent field data for various separations.

PLANNED ACTI VI TI ES

For the remmi nder of the first year (FY2001) inprovenent in the accuracy of
the electric field nmeasurement will be continued. At the beginning of the
second year (FY2002), individual conponents will be assenbled and the



assenbl ed systemw ||l be field tested at a site to be chosen (SRS, |daho, or

Hanford). The field test will be thoroughly evaluated in terns of performance
of individual conponents and overall HFI objectives. In FY2003 a prototype HF
systemw || be finally assenbled for field denpnstration. Upon conpletion of

the project, the systemmy be field deployed to nonitor noisture contents of
clay caps at SRS, and to nonitor and predi ct vadose zone contam nant novenent
in the Hanford and other DOE sites.
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