


Table 1: Zones 1, 2 avalanche summary, 2007/08. 

Processing Avalanche
Target Detections Avalanche Interference
Zone 1 49 31 18
Zone 2 51 29 22

Resultant Classification

 
 

 

Figure 12: 2/1/08 Zone 2 White Pine event 
 
An example of a successful avalanche 

classification by the DSAM processing targeting 
Zone 2 is shown in Figure 12.  This artillery 
controlled class 3 White Pine avalanche exhibited 
a large dust cloud and deposited debris on the 
highway.  The avalanches that were erroneously 
classified as interference were typically small 
events that did not travel far enough to meet the 
signal source movement pattern recognition 
criteria.  Such avalanche events were manually 
recognized through user inspection and 
interpretation of the infrasound signals assigned to 
the interference classification.   

While false classification of any detected 
avalanche signals as interference is not ideal, the 
signal source movement pattern recognition 
criteria was purposely configured to be more likely 
to error in this manner instead of a manner that 
falsely classifies detected interfering signals as 
avalanches.  As was previously discussed, there 
were a total of two false avalanche classifications 
of detected Zone 1 and Zone 2 interfering signals.  
At the same time over 1100 other detected Zone 1 
and Zone 2 interfering signals were properly 
classified as interference!  Considering these 
facts, the performance of the two DSAM 
processing instances targeting Zone 1 and Zone 2 
was considered adequate and as anticipated.  

Not yet discussed is the performance of 
the DSAM processing instance that targeted Zone 
3.  It was found that simultaneous signal detection 
of small targeted avalanches by all three 

monitoring nodes was marginal.  However, larger 
avalanche events did indeed result in robust signal 
detection and resultant reliable Zone 3 avalanche 
classification.  As the 2007/08 progressed, the 
Zone 3 DSAM processing instance was more 
commonly used to verify that explosive ordinance 
both detonated and hit the desired target, while 
the Zones 1 and 2 DSAM processing instances 
were utilized for recognizing targeted mid-canyon 
avalanche events.  Occasionally, the monitoring 
system was also utilized to investigate avalanche 
events occurring outside of the targeted mid-
canyon region. 

Thus far, the infrasound avalanche 
monitoring system has been implemented with 
great success in LCC and is seen as a valued 
utility for the applied avalanche forecasting 
toolbox.  Given the success of this system in 
detecting and identifying natural and artificial 
avalanches as well confirmatory artillery reports, 
further installation in other areas along the LCC 
highway corridor are seen as desirable. 

 
5.  TECHNOLOGY ISSUES 
 

Although there has been considerable 
success demonstrated via the WYDOT and UDOT 
applications, the deployed infrasound monitoring 
technology still has limitations and desired 
improvements.  As in typical infrasound 
applications, the monitoring methodology uses 
ground placed porous soaker hoses in sensor 
waveguides that help limit the detrimental effects 
of localized wind.  Deployment of the porous hose 
is problematic as the hose can be crushed in 
heavy or dense snow conditions, which limits the 
sensors ability to gather infrasound signals.  
Various hose configurations have been tested in 
the winter environment with a successful 
arrangement of rigid and porous hose shown in 
Figure 13.  Providing future structural protection 
for critical sections of porous hose is being 
considered. 

Even with the use of noise reducing 
porous hose waveguides and the correlation 
based beamforming algorithm that is robust to 
high noise environments, extreme wind noise can 
effectively mask sensor detection of infrasound 
signals; especially small signals.  This is a 
constant challenge at the WYDOT application 
where the high elevation (2570 meters) of Teton 
Pass exposes the sensor array monitoring nodes 
to strong and variable mountain winds.  In 
comparison, the UDOT sensor array monitoring 
nodes are located near the floor of LCC, which 
provides more forgiving calm winds. 
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Figure 13:  Typical sensor waveguide of hoses. 
 

While large avalanches do generate 
infrasound signals that propagate vast distances, it 
is believed that sensor array monitoring nodes 
must be place in close proximity to the targeted 
slide paths for effective use in practical 
applications where information regarding small 
avalanche events is desired.  The sensor array 
monitoring nodes must also be situated with a 
proper relative orientation to the targeted slide 
paths to ensure adequate location estimates for 
the signal source movement based pattern 
recognition technique to work effectively.  Thus, 
the technology must be deployed in a custom 
fashion as allowed and dictated by each particular 
application.  This can be cost prohibitive 
depending on terrain and size of the avalanche 
monitoring area. 

Another newly encountered problematic 
situation exposed by the UDOT application is the 
existence of simultaneous infrasound signals 
emanating from differing locations.  Such multi-
path signal scenarios are common in LCC when 
various entities are performing snow control 
measures at the same time, and it is common for 
nearly simultaneous explosive and or avalanche 
signals to originate within the targeted monitoring 
region.  Even during natural avalanche cycles 
there were often sympathetic events resulting in 
simultaneous avalanche signals.  Not surprisingly, 
the largest signal encountered in such multi-path 
scenarios dominates processing and can confuse 
signal classification techniques. 

Information of avalanche run out distance 
and precise location of avalanche debris is 
valuable in highway applications and for 
estimating avalanche size and classification, but 
such information has not always been readily 
available in near real-time monitoring results and 

can be difficult to ascertain from manual driven 
post processing results.  It is hypothesized that the 
elongated nature of an avalanche creates a multi-
path signal scenario for which larger signals 
originating higher in the avalanche track 
supersede smaller signals originating near the 
debris pile and hence locations estimates are 
assigned away from the where the avalanche 
eventually terminates.  Complicating this is that 
certain parts of an avalanche track appear to be 
more or less conducive to generating infrasound 
signals due to physical differences of the track. 
 
6.  CONCLUSIONS 

 
In addition to the ability to identify naturally 

occurring avalanche activity, both the UDOT and 
WYDOT monitoring systems have demonstrated 
the capability to provide verification of explosive 
avalanche hazard mitigation activities.  It is clear 
that the systems ability to provide confident 
knowledge of both whether explosive control work 
does or does not create avalanches is highly 
valued.  Similarly, the ability of the systems to 
confirm the detonation of explosives and whether 
launched ordinance actually hits the desired target 
was repeatable proven valuable.  As such the 
WYDOT and UDOT infrasound monitoring 
systems are now considered viable operational 
tools that are relied upon. 

Since the WYDOT Teton Pass system 
uses SSAM node processing to target a desired 
slide path, the signal source movement based 
pattern recognition is limited to the estimated 
azimuth angle of the infrasound signals.  This 
produces inferior results to the UDOT LCC 
situation where DSAM node processing is utilized, 
which allows the signal source movement based 
pattern recognition classification technique to be 
applied to three-dimensional location estimates of 
detected infrasound signals. 

It is now easy to conclude in a defensible 
manner what has long been suspected; Utilization 
of signal source movement based pattern 
recognition on location estimates derived from 
properly sited and time synchronized DSAM nodes 
virtually eliminates all occurrences of falsely 
classifying detected interfering signals as targeted 
avalanche events!  However, this capability is 
balanced by the fact that there certainly will be 
some false classifications of short traveling 
avalanche events as interference.  Still, the longer 
traveling avalanche events will likely be properly 
classified.  This type of cumulative system 
performance does indeed provide high confidence 
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in the reliability of detected signals that are 
classified as targeted avalanche events. 
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