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Specific DOE Problenms: 1) Miintaining physical integrity of clay caps to

i nsure isolation of hazardous waste at the Savannah River Site (SRS). 2) Lack
of advanced vadose zone characterizati on geophysical techniques for adequately
predi cting the novenent of contam nants in the Hanford and other DCE sites.

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 neasurenents at frequencies between 1 and 100
MHz are inportant for such applications, because the induction nunber of many
targets is small 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 inmaging the electrical conductivity and dielectric
permttivity of the shall ow subsurface using the plane wave i npedance approach
(Song et al., 1997). Electric and nmagnetic sensors are being tested in a known
area agai nst theoretical predictions, thereby insuring that the data collected
with the high-frequency inpedance (HFlI) systemwi |l support high-resol ution,
mul ti -di mensi onal inmaging techniques.

RESEARCH PROGRESS AND | MPLI CATI ONS

Following the initial sensor verification done |ast year for the frequency
range of up to a few \WHz, the project noved on to a wider portion of the radio
spectrumup to 30 WMHz to date. This step required devel opnent of a
transmitter systemin order to have signal at specified frequencies.
Additionally, we have refined the behavior of the toroid sensor. On the data
anal ysis part an inversion schene for |ayered earth (1-D) has been devel oped,
and the initial test using real data from Pt. Reyes appears successful

Transmitter System W acquired a function generator good to 30 MHz and
an anplifier with a bandwi dth of 250 kHz through 110 WMHz. W also built and
tested electric & nagnetic transmitter antennae good through at |east 30 MHz.
To minimze spurious pickup and parasitic radiation, coaxial cables have been
repl aced by optical fibers. Additionally, we set up and tested a digital data



acqui sition systemthat operates under control of a notebook conputer through
a GPIB interface.

Field Measurenents: In the initial developnent of the field system and
its verification, nmeasurenments were nade at the Richnmond Field Station (RFS),
University of California at Berkeley. The neasured i npedance showed good
agreenent with cal cul ated val ues through 10 MHz. Conditions at the RFS are
relatively conductive and, therefore, the electric field neasurenents are
proportionately snmaller and nore difficult to make. Furthernore, the
permttivity is relatively uninportant to the results. 1In a nore resistive
envi ronnent, such as the Savannah River Site clay caps, nmodel studies show
that the electric fields are greater and that the field ratio is nore
sensitive to the subsurface permttivity. Two attenpts at securing high-
frequency inpedance data in a resistive environnment have been nade to date.
The first attenpt was nmade at Donner Sunmit in the Sierra Nevada Range using

transverse and vertical nmagnetic dipole sources. Initial analyses show that
the horizontal -node i npedance data agree well with a sinple honbgeneous earth
nodel . The second attenpt was made in a very highly resistive environnment at

Poi nt Reyes National Seashore. Near-surface resistivities of 2,000 to 10, 000
ohm m have been neasured. Data fromthe survey and sinple 1-D inversion
results are shown below (Figure 1).
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Figure 1. Inpedance data (EJ/H) obtained at Pt. Reyes. 1-D inversion is shown
on the right. Solid line is the resistivity, dotted Iine the relative
permttivity.

Toroid Electric Field Sensor (Lee, 1997): Inprovenments in the shielding
and extraneous pickup problens with the prototype toroid have lead to an
i mproved response. However, the sensitivity of the device to the anbient
electric field needs to be further inproved for practical use. A ferrite core
may be used to enhance the magnetic induction for inproved sensitivity.

PLANNED ACTI VI TI ES



Future research will focus on cleaning up the signal neasured by the stub
di pol es and | oop antenna through optical isolation and better signa

conditioning. We will also investigate the phase calibration and stability of
the system W shall consider enhancing the toroid response anplitude through
the use of a high-frequency ferrite core. The prototype field systemw |l be

further evaluated by conducting additional field tests, analyzing the data and
conparing the results with other information. An overall evaluation of the
feasibility of the high-frequency inpedance nmethods will be nade as part of
the final project report to DOE and the end users.

| NFORMATI ON ACCESS

Lee, K H., 1997, High-frequency electric field nmeasurenment using a toroida
antenna, Lawrence Berkel ey National Lab Report LBNL-39894, UC-2040.

Song, Y., Morrison, HF., and Lee, K H., 1997, High frequency el ectromagnetic
i npedance for subsurface imgi ng, Proceedi ngs of the Synposium on the
Application of Geophysics to Engineering and Environnental Problenms (SAGEEP),
761-772.



	RESEARCH OBJECTIVE
	RESEARCH PROGRESS AND IMPLICATIONS
	PLANNED ACTIVITIES
	INFORMATION ACCESS

