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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 small and the ability to deternmine 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; Song et al., 2002). Electric and
magneti c sensors are being tested in a known area agai nst theoretica

predi ctions, thereby insuring that the data collected with the high-frequency
i npedance (HFI) systemwi |l support high-resolution, nulti-dinensional imaging
t echni ques.

RESEARCH PROGRESS AND | MPLI CATI ONS

This report sunmarizes work after 2 years of a 3-year project, which in turn
is a renewal of the previous one (Project ID;, #60328) with the sane project
objectives. During the previous 3-year project, a prototype 0.1 to 30 MHz
system was assenbl ed using off-the-shelf conponents including a magnetic

di pole transmitter, electric and magneti c antennae sensors. The system was
tested at sites of different electrical properties denonstrating the proof-of-
concept (Lee and Becker, 2001).

This report primarily consists of progress in the inprovenment of sensor
qualities. The success in achieving the overall objective of the HFl system
depends on the accurate field neasurenents, especially in the electric field.
Qur experience indicates that the electric field is often contam nated with
stray pick-up caused by wiring attached to the antenna. W have been able to



identify the main part of the pick-up by making neasurenents twice with
reversed pol arizations. The estimated pick-up is used to nmake a correction of
each neasurenment. The correction is valuable in inmproving data quality of the
exi sting system but it requires repeat nmeasurenents in reversed

pol ari zations, thereby requiring additional acquisition time. Furthernore,
the correction appears to be only effective in elimnating the first-order

pi ck-up by wires. The other spurious noise caused by the interference of
protrudi ng el ectronic conponents near the center and at the base of the
receiver unit remains unchecked. To nmake a fundanental inprovenent to the

exi sting sensor, we started redesigning the sensor by mniaturizing the

el ectroni c conponents and replacing all wires with optical fibers. Figure 1
shows two sensors, one the old stub antenna on the left (Figure 1-a), and the
ot her redesigned and repackaged stub antenna on the left (Figure 1-b). Al

el ectroni cs conponents have been mniaturized and packed together and
positioned at the center of the stub antenna (Figure 1-b). All comrunication
is done via optical fibers directly attached to the central el ectronics box.
Figure 2 illustrates electric field neasurenments using the old and redesigned
stub antennae. Figure 2-1 shows the conparison of the electric field (dots)
with the antenna in one direction and the electric field (line) with the
antenna in the reversed direction. These two neasurenents are significantly
different, especially at the high frequency end. Using these two
nmeasurenents, the pick-up by the wires is nunerically estimated and is used to
correct nmeasurenents, and the result is shown in Figure 2-2. The corrected
data conpare reasonably well except for those at frequencies below 0.3 MHz and
around 10 MHz. Finally, the redesigned stub antenna (Figure 1-2) was used to
nmeasure electric fields. Figure 2-3 shows fields in reversed polarizations
and they match very well for all frequencies. Notice that field
characteristics in Figures 2-2 and 2-3 are different because these two sensors
have different calibration factors, which need to be further investigated.

The other inportant inmprovenent has been the replacenent of the | ock-in
anplifier with the HP network analyzer. This allows nuch wi der operating
bandwi dth for the HFlI system well|l beyond 100 MHz with greatly inproved
efficiency. Wth the use of the network anal yzer, the separate function
generator is no |longer necessary either

Figure 1. Electric field stub antennae; the old one on the left (Figure
1-a), and the other redesigned and repackaged one on the right (Figure 1-b).
All el ectronics conponents have been mniaturized and packed together and
positioned at the center of the stub antenna. All comunication is done via
optical fibers directly attached to the central electronics box.
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Figure 2. A conparison of electric field nmeasurenents between the old
and the mniaturized stub antennae. Figure 2-1 shows electric fields neasured
with the old antenna in reversed polarization. After estimating the pick-up
correction is made to these neasurenents and the result is shown in Figure 2-
2. Figure 2-3 shows the electric fields in reversed polarization using the
redesi gned ant enna.

PLANNED ACTI VI TI ES

We are in the third and | ast year of the project. The project will be
finalized by conpleting the followi ng three subtasks: 1) Conpletion of system
i mprovenent by inproving performance of the nagnetic field sensor and the
transmitter. Bandwidth will be expanded up to 100 MHz. EMCO nmgnetic | oop, ARA
magneti c | oop, and Nanof ast antanna are under consideration for this purpose.
2) A prototype HFI systemwill be assenbled and field-tested at a site to be
chosen (SRS, I|daho, or Hanford). 3) Final project report will be prepared.

The report will include software for analyzing HFl field data in real time for
continuously profiling the |layered-structure of the resistivity and dielectric
constant (noisture content).
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