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Abstract

Electromagnetic crosshole methods are promising for imaging conductivity, permitivitty and
permeability variations in the earth. Radio and radar frequencies with electric field antennae offer
advantages for resolution and sensitivity in awide range of environments. However, scattering difficulties
created by small, near-field inhomogenities and attenuation issues have limited the use of such systems. Our
modelling studies have indicated the usefulness of |ower frequency antennae in awide range of applications
but antennae lengths and efficiencies under conventional design have prohibited application at this|ower
range. The use of norma mode helical antennae (NMHA) provides the opportunity to exploit a range of
frequencies lower than those employed with conventional antennae design while retaining the resolution and
sensitivity advantages of these techniques. We have found these lower frequencies are accessible using a
NMHA system with the antennae providing acceptable efficiencies from a compact downhole device both in
length and thickness. The broadband effectiveness of the NMHA allow for effective multi-frequency
investigation with a single antennae.

In conjunction with instrument development, we have developed simulation capabilities both for the
antennae radiation pattern and el ectromagnetic wave scattering in a three-dimensional environment allowing
for contrasts in resistivity, electrical permittivity and magnetic permeability. A variety of useful data
representation techniques have been devel oped to display data effectively in one, two and three dimensions.
Useful tomographic techniques have been developed for the system allowing for near-field scattering and
curved boreholes.

Survey techniques and data will be presented for several different types of applications. Datawill be
presented from a calibration site with detailed logs, a landfill site with |leachate contamination, an industrial
stewith industrial cleaning solution contamination, and a survey to study groundwater geometry in a glacial
till environment.

I ntroduction

In many situations, the use of either surface or surface to borehole electromagnetic techniques are restricted
or provide insufficient resolution. For example, surface infrastructure or surface noise prohibits the use of such
techniques. The size of the subsurface structures required to be detected can also limit the use of surface techniques.
Although borehole or crass borehole radar systems can be used in some situations, the distance “seen” from the
boreholes is limited. We wished to develop a system suitable from application to geotechnical, environmental and
mine devel opment applications.

The use of crosshole el ectromagnetic systems has long been considered potentially useful and devel opments
have been carried for both electrical and magnetic antennae. With the use of modelling software, we were able to
determine that for a range of applications electric field transmitters with electric receiving antennae offered
sensisitivity advantages for awide range of applications. Moreover, to reduce energy loss through attenuation and
scattering from small objects, we determined that low radio frequencies would be desireable. Thus, we sought to
develop a system which would enable us to work at frequencies between 100 KHz and a few megahertz.

Although such systems have been available with the use of traditional line antennae, their application has been
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restricted due to the required lengths of such line antennae at the desired frequencies. In addition, it was felt that to
provide such equipment for use in geotechnical and environmental applications, the equipment should be relatively
inexpensive and easy to use.
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Figure 1: NMHA FreeSpace Resonance Conventional one-

eighth wavelength antennae design requires antennae lengths which are too long for most geotechnical and
environmental holes and too long for detailed target resolution for mining applications. We considered a
compact antennae design utilized in cell phones. These antennae are known as normal mode helical
antennae which the requires the wrapping of conductive wire around a non-permeable core with radiation
characteristics varying depending on diameter, number of turns, length and pitch.

As an example, Figure 1 illustrates the variation in freespace resonance as a function of length with
the diameter and number of turns held constant. One can see immediately the advantage in length over
standard quarter wave or one-eighth wave antennae.

The red arrow in the figure shows our initial choice of antennae length. In practice, the antennae
length was 3m utilizing 883 turns of wire for atotal wire length of 125m. Figure 2 shows a picture of a pair
of these antennae with the signal wave generator and data collection system in the back of the truck.

Figure 3 shows a series of spectra showing the resonance band in free air. In free air, we get afairly
rapid increase in reactance away from resonance with a corresponding loss of power.



Figure 2: Antennae and Acquisition System

One remarkable aspect of the NMHA st within earth materials, the efficient frequencies for
radiation decrease from the freespace resonance frequency and the efficiency band widens often
providing a fairly wide frequency band in which to perform our experiments. Figure 4 shows an

example dthe received power peak at about 500Khz in glacial till.
This aspect of the antennae to broaden their resonance characteristics within earth materials proved

to be crutia to utilizing such antennae. Due to their effectiveness in picking up radio transmissions, we
discovered that there is a great deal of noise in the radio band from a variety of unexpected sources. Also,
the ability to work within afairly broad frequency band allowed us to collect data at several frequencies

with the same antennae.

In later work, a series of antennae were built for thinner holes and also shorter antennae (1.4m) to provide
better resolution in very short holes



