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1 INTRODUCTION

An opportunity arose on April 14, 2013 to go out on to
the frozen ice road on Great Slave Lake, Northwest Territo-
ries, and attempt to measure the underwater ambient noise in
Yellowknife Bay. Figure 1 shows the outline of Yellowknife
Bay with the dotted line being a GPS track along the ice road.
The ‘+” symbol denotes the location of the recording system,
which was just beside the ice road. During the recording, the
conditions were -12C, 6 kmh wind, the ice was 128 cm thick
with a hard 20-cm snow cover, the water depth was 25 m with
the hydrophone at 22 m depth, and the sun had risen 2.7 hr
earlier, but was very low in the sky. The sun is estimated to
be between 7 and 10 degrees above the horizon during the
measurements.

A DRDC-built low-noise hydrophone and recording sys-
tem were available for use along with a hot box to keep the
electronics warm in the cold air. The recordings were made
at a time when vehicular traffic on the ice road was at a mi-
nimum. Unfortunately, several vehicles did pass during the
recording period. These vehicles resulted in strong overloa-
ding and the records containing the vehicle noise were not
useful for the current purpose. These records were not used
and have resulted in gaps in the hour-long data record.

The remainder of this document describes the equipment
and presents the results of measurements of ice-cracking
noise events during the one-hour recording period.

2 EQUIPMENT

The sensing and recording equipment consisted of a cus-
tom built hydrophone, with a sensitivity of -203 dB, based
on a Channel Industries C-5500 piezo-electric cylinder. The
cylinder was closed with stiff carbon-fibre hemispherical end-
caps. A 30 dB pre-amplifier with a self-noise of 1.6 nV/root-
Hz was included inside the hydrophone with additional am-
plification located in a small pressure canister approximately
1 m distant. The amplifiers provided a 20 Hz high-pass fre-
quency and a 30 kHz low-pass frequency filter. The minimum
system gain of 60 dB was used for all recordings. The hy-
drophone is useful to a minimum sound pressure level (SPL)
of approximately 27 dB//1pPa for frequencies from under
100 Hz to more than 20 kHz.

A National Instruments USB-9233, 24-bit analogue-to-
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FIGURE 1 - Sketch map of Yellowknife Bay, the Detah Ice Road
route (dotted line), and the measurement site location denoted by
the plus sign.

digital (A/D) converter was used to sample the hydrophone
signal at 50000 samples/sec. This A/D has a 102 dB dyna-
mic range and a =5 V input range. This implies that the
useable SPL range of the recording system at 60 dB gain is
55-157 dB//1Pa.

An Acer Aspire One netbook running Windows XP was
programmed with NI Labview to collect a series of thirty
2-min long data files. These data files were subsequently
converted to WAV format and were analyzed to provide the
ice-crack rate of occurrence and spectral content.

3 RESULTS

Data files were inspected for vehicle noise contamination
and interrupted recordings resulting in short files. Out of 30
files, 22 were retained for analysis. From each of these files,
the number of crack events in the first 30-seconds were coun-
ted.

Cracks were manually counted using three different cri-
teria : 1. Cracks were detected in the time series by recogni-
zing the oscillatory nature and reverberation combined with
aurally listening to ensure the signals were ice crack events,
2. A sonagram (frequency vs. time and intensity image) was



created for each period and cracks were detected by searching
for wideband short duration signals in the frequency band 1—
5 kHz with particular attention to signals near 1.5 kHz, and
3. The number of signals strong enough to overload the sys-
tem (more than 5V at the A/D) were counted in the full 2-
minute file length (there were few overloads and a longer ob-
servation time was needed).

Each of these criteria result in a different rate of crack de-
tection. The spectral method is most sensitive and results in
the highest crack rate results. The time series method is stron-
gly dependent on the general noise level and misses many
cracks in the reverberation periods. The overload criterion
produces the lowest crack rates and it can be assumed that the
overloads are mostly counting the cracks that occur at short
range from the hydrophone. The results of the three crack
counting methods are shown in Fig. 2.
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FIGURE 2 - Ice cracks as detected by three methods versus recor-
ding time. Crack events were counted using the spectral method (tri-
angles), time-series waveform (squares), and input overloads (dia-
monds).

All three methods show that the crack rate is decreasing
with time during the one-hour observation period. All three
methods fit well with a linear decrease in the crack count ver-
sus time. The spectral method is the most sensitive and pro-
vides the best fit to the data with a linear trend. On average,
the spectral and time-series methods produce consistent re-
sults, with the spectral method returning 1.5 times more crack
events than the time-series method. This represents approxi-
mately 4 dB improvement for the spectral method.

Unfortunately, it isn’t possible to determine the areal
crack density from our single sensor as the detection range
of either method cannot be determined. We also cannot de-

termine the crack source level distribution, since the range to
crack events cannot be determined. A number of the crack
events do exceed the system dynamic range, so we can say
that the peak source levels of the larger crack events are consi-
derably higher than 157 dB. The spectrum levels for a period
near the beginning of the hour-long data and for a second
period near the end of the record are shown in Fig. 3. SPL’s
clearly reduce across the band as the sun rises. Most of the
crack energy is below 1500 Hz, but crack energy remains ap-
preciable up to 20 kHz. In general, noise conditions were high
throughout the recording interval.

140

120

100

Sound Pressure Level (dB)

100 1000 10000
Frequency (Hz)

FIGURE 3 — Sound Pressure Levels for one interval near the begin-
ning of the data record and another near the end. Thick lines (blue)
represent a quiet period and a cracking noise period near the start of
the data record, while thin lines (green) represent the same near the
end of the record.

4 CONCLUSION

Ice-cracking events dominate the underwater ambient
noise in Yellowknife Bay. The cracks were observed to oc-
cur at a rate of 1-2 a second during our 1-hour observation.
The crack rate constantly reduced during the observation and
it is presumed that this is due to the ice adjusting to the impact
of solar heating. Detection of ice-crack sounds is not a simple
matter, but three straight-forward approaches were described.
The spectral content method was the most sensitive.

Unfortunately, location and areal density of cracks can-
not be determined from our single omnidirectional hydro-
phone data. We can say that a range of ice-crack source levels
are to be expected and a peak instantaneous level well above
157 dB//114Pa has been repeatedly observed.
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