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INTRODUCTION

Resistivity gages discussed in this manual rely on the measurement
of electrical resistance between conductors mounted along a
cylindrical probe (see Figure 1) to determine where the soil is frozen
and where it is thawed. This determination is based on the wide
difference between the volume resistivity of frozen soil (from 500,000
up to several million ohms) and thawed soil (20,000 to 50,000 ohms
normally). Frost penetration is determined by making sequential
resistance measurements between adjacent pairs of electrodes down the
resistivity probe and documenting at what depth the resistance goes
from a high to a low value. It is not even necessary to actually read
the resistance since a readout circuit may be used in which voltage
measurements for each probe section may be ratio'ed to a fixed one
megohm resistor located in the output circuit. This arrangement will
work just as well as the actual resistance measurement since it is the
shape of the curve that contains the frost depth information, not the
absolute value of the measurements. Figure 1 is a sample resistivity
installation. Typical curves are shown in Figure 2. For comparison,
two curves of temperature vs depth are also shown, one at mid-winter
conditions and one during spring thaw. The resistivity gage
measurements were made by reading the resistance (or voltage drop)
between solid copper rings spaced evenly on a buried PVC rod using an
alternating current (ac) voltage source.

PROBE DESCRIPTION

Resistivity gages are made from PVC rods. A typical resistivity
gage assembly is shown in Figure 3. The diameter of the rod is 1 and
1/4 inches. The bare copper rings on the gage must be in actual
electrical contact with the soil particles over their entire surface
area to insure that a representative resistivity value is obtained.

The length of the gage varies with the application but should be at
least one foot below the expected frost depth. The extra one foot is
to inSure that resistivity measurements of unfrozen soil be available
throughout the entire freeze/thaw season.

Spacing between the measurement rings is 2 inches (although other
spacings up to 3 inches will work). THIS SPACING MUST BE UNIFORM FOR
THE ENTIRE LENGTH OF THE PROBE. The requirement for uniform spacing
is based on the need to maintain constant dimensions in the equation

R = F’L/A where R is the measured resistance

is the resistivity of the soil

is the surface area of the bare copper rings
is the spacing between the bare copper rings

£ D

As long as the A and L are constant, the only variable in the
resistance measurement is the resistivity of the soil thus the
resistance is a true indicator of the frozen or thawed condition.



The bare copper rings are made 0.2 inches wide to insure adequate
surface area is exposed to the so0il particles. Although there are a
number of ways to position these copper rings at each measurement
point, it is important to insure that they are firmly anchored to the
PVC rod so that frost heaving during a freeze/thaw season doesn't push
the rings out of position. The method used for fabrication of the
probes described in this manual was to crimp the copper rings into the
groove used for the readout wires. Then, when this groove was filled
with a potting compound, the rings were firmly fixed in their proper
pPlace. Three important characteristics of this potting compound are
(1) it must have high resistivity (good electrical insulation) (2) it
must have low moisture absorption (absorbed moisture will freeze and
expand, possibly cracking the compound itself and thus destroying its
usefulness as an insulator and its ability to hold the rings in proper
position) and (3) it should have a low pour viscosity, less than 1000
centipoise at 25 degrees C (so that all the voids will fill properly).

A separate #22 or #24 stranded hookup wire is used to connect
individual rings to the surface readout station. This connection is
made by soldering the hookup wire to the ring. Color coding is used
to insure easy identification of these hookup wires at the surface
readout station. This color coding facilitates mounting the output
connector at this end of the cable and also provides an easy way to
repair the cable should it be cut inadvertently.

Since a solid PVC rod is used, the probe's fabrication follows the
standard procedure of machining a groove the entire length of the rod,
bringing the hookup wires to the surface in this groove, and then
sealing the wires permanently into the groove using a potting
compound. This potting compound's viscosity must be less than 1000
centipoise at 25 degrees C) so that it fills all the voids around the
wires. Once the potting compound has set up it forms a tough but
flexible water tight seal and has enough mechanical strength to
protect the hook up wires from damage, especially during installation
of the probe in the drill hole.

INSTALLATION

The readout wires should be lead away from the probe in a trench.
This arrangement is most easily accomplished by bringing the readout
cable''out of the probe between rings #4 and #5. An installation of
this type eliminates stress on the cable due to sharp bends such as
would occur if it were brought out from the top of the PVC rod. A
trenching type installation is of course necessary if the gage is
under a pavement or roadway, but regardless of the application, it is
absolutely essential that the top of the probe be buried, six inches
below the surface being a good representative value. If for any
reason the top of the probe should protrude above the surface or is
even too close to the surface, then any surface snow melt or even an
early spring rain will cause water to enter the annulus between the
probe and the soil, penetrate this annulus for the entire length of
the probe and cause all measurements to indicate an erroneous thawed
condition.

Typically, resistivity probes are installed in the following manner:

(1) drill the hole to the proper depth, slightly larger in
diameter than the gage itself



(2) dig out the trench from the hole to the readout station

(3) place the gage in the hole (to a depth of six inches or
even more) and measure the depth to the top of the gage.
This depth measurement is extremely important since it
ultimately will be used to establish frost depth. If very
accurate depth measurements are being sought, it may be
necessary to determine the position of the top of the gage
with a convenient benchmark.

(4) backfill the gage in the hole using the material removed
during the drilling process. At this point it is very
important to insure that the backfill material is in close
contact with the sensor rings on the gage. This requirement
is so critical that it is advisable to use a simple tool
such as a small wooden dowel to tamp the replaced soil
every few inches during the backfilling process just to be
certain that the gage is in close electrical contact with
the soil.

(5) lead the readout wires out the trench and backfill the
trench. Care should be -taken to insure that the insulation
on these leads is not inadvertently damaged during this
procedure since leaks in the insulation could cause an
actual frozen condition to appear as a "thawed" condition if
bridged by soil moisture in the trench. Such a condition is
very likely to exist if the gage is installed under a
highway or runway where surface water has its freezing point
depressed due to the application of salt for snow and ice
control. Another point to consider is that the
thermoplastic insulations normally used on hook up wire
become very brittle and crack when flexed at low
temperatures; therefor, if possible the resistivity probes
should be installed during warm weather (above 32 degrees
F). Installation during warm weather has the added
advantage of making it possible to obtain a good set of base
line data before the frost season begins.

(6) if a specially designed hand held readout device is to
be used to take the measurements, it is probably easiest to
install the readout wires on a connector and use the readout
instrument to switch between positions along the probe. of
course, any hardware that makes the sequential reading
process easy may be used; barrier strips, terminal strips,
and multi-position switches (see Figure 5 for instance) are
all good examples. Whatever method is used for the readout
connection, it is advisable to keep it well up off the
ground and to place it in a plastic bag when left out in the
weathér since any moisture (rain, snow melt, etc.) will
cause a "short" between the leads and thus give erroneous
data. An above ground weather shelter is an even better
idea!!

(7) the readout wires may also be connected directly to a
data logger for automatic reading although this process will
use a very large number of channels on these devices. This
use of a data logger is not always required since the
freeze/thaw process in many instances is very slow so that a
once a week reading is sufficient. REMEMBER: the readout of
these gages requires an alternating current (ac) voltage.



Therefor, the direct current (dc) voltages normally .
available in commercially available data loggers cannot be
used for resistivity gage measurements!!

After the readings have been recorded, they should be graphed or
otherwise analyzed to insure that the measurement is reasonable and
that it agrees with any other available data (such as temperature
probes for example). This data reduction process should not be left
for too long a period of time after the data has been taken. For
example it is not a good idea to process and review the data just once
a month since after a thirty day period it will be too late to
discover the cause of any extraneous readings!! The best approach is
to graph or otherwise analyze the data the same day it is recorded.
If it is not possible to process the data the same day that it is
taken, then at the very least a weekly analysis of the data is highly
recommended! !

READOUT EQUIPMENT AND TECHNIQUES

As previously mentioned, the activation energy for these gages must
be an alternating current (ac) voltage. The reason for this is that
direct current (dc) voltages polarize the electrodes due to reactions
with dissolved minerals etc. in the soil water. To prevent this from
occurring, the voltage is reversed every half cycle and thus a true
resistivity measurement is obtained. Frequencies as low as 40 hertz
and as high as 2000 hertz have been used. It is advisable to use some
frequency other than 60 hertz or a multiple since it is possible to
get erroneous data through '"noise pickup" of the line frequency. &
typical readout circuit is shown in Figure 4. Any ac circuit that
measures the resistance or ratios the voltage drop to a fixed known
resistance will suffice. It is always advisable to use a sine wave as
the readout voltage if true resistances are desired. Other wave
shapes, such as a square wave for example, will work perfectly well
for a frost measurement, but it is probable that non-sinusoidal
waveshapes will produce readout voltages unsuitable for resistance
calculations. This situation is somewhat dependent on the voltmeter
being used and the process chosen to calculate the resistance
(ratio'ing resistances or voltage/current measurements for example).

It is also advisable to use as low a frequency as practicable in
order to reduce the chances of erroneous voltage readings caused by
the shunting effect of the capacitance between the wires in the
readout cable.

SUMMARY
gagevmaterial PVC rod
rod size 1 and 1/4 inches
gage ring material copper
gage ring size 0.2 inches wide

readout wire size #22 or #24



readout wire insulation

ring spacing

installation

PVC, (but polyethylene or any
thermoplastic that has good low
temperature performance and is an
effective moisture barrier is usable)

2.0 inches normally (1 to 3 inches
acceptable) whatever spacing is
chosen, this spacing must be
maintained for the entire length of
the probe!! T

(1) top of gage to be at least six
inches below the surface

(2) the backfill process should
insure that the soil makes good
electrical contact with the probe's
sensor rings

(3) care should be taken to insure
that the insulation on the individual
hook up wires is not damaged during
the installation process.

(4) protect the readout end of the
cable with a weather shelter if
possible. Otherwise, make
arrangements to keep the readout
connector off of the ground and
protected by a plastic bag or some
other type of weather protection
device.
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#22 or #24
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Resistance Calculations for this circuit

rY = @out X 10%/(€1in - Cout)

=—=6.75V

, Off ‘&"'6'75\/ r = soil resistance measurement

; —>\]<—_6 75V ein = oOpen circuit oscillator voltage
=86.75V ) eout = measured output voltage between
- two rings .

notes: (1) ein may be found by measuring

Battery Operated Version an open circuit voltage (zero
switch position)

(2) the 10 is the series 1 megohm
output resistor

READOUT CIRCUITS

Figure 4
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