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ABSTRACT:  At developed ski areas the term post-control avalanches generally has been used to 
describe avalanches that occur after mitigation measures have been completed and when there has not 
been any subsequent snowfall between the time of the mitigation and the avalanche event.  The term 
post-control avalanche should/does not imply a causative reason for the avalanche but is a descriptor of 
the time frame of a given avalanche and the mitigation performed prior to the release.  Over the last 
decade, the number of post-control avalanches seems to have risen.  A number of post-control avalanche 
fatalities at developed ski areas over the past few years have brought greater interest to these types of 
avalanches.  Post-control avalanches can have a variety of causative and contributing factors.    An 
understanding of the common threads of post-control avalanches is important in reducing their rate of 
occurrence.   It is also important that practitioners have an understanding of the effects of explosives on 
the snowpack as it relates to post-control avalanches.  Existing methods to mitigate post-control 
avalanches exist and greater knowledge may lead to the development of new techniques.  Incidents of 
post-control avalanches should be investigated to improve our understanding of this phenomenon. 
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1.   INTRODUCTION 

     Since ski areas where developed in North 
America there have been avalanches at many of 
these ski areas.  The vast majority of these 
avalanches have been intentionally triggered with 
explosives during the course of avalanche control 
work or what some call avalanche hazard 
mitigation or avalanche reduction efforts.  Over the 
years avalanches have happened on open runs at 
developed ski area after mitigation measures have 
been conducted.  In addition, avalanches have 
occurred on open runs at ski areas in areas that 
have not had mitigation measures conducted.  
Tragically people have died in both kinds of 
avalanches at ski areas.  Despite the risks 
associated with avalanches, fatalities resulting 
from avalanches at ski areas in the U.S. are rare.  
In fact, statistics from the National Ski Areas 
Association (NSAA) show that there is less than 
one fatality from in-bounds avalanches at ski 
areas per one hundred million skier visits.  
Regardless of the rate of occurrence, history 
shows avalanches can happen on open ski runs 
although infrequently. 
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     There have been instances where avalanches 
have occurred after avalanche control work or 
hazard reduction measures have been conducted 
at ski areas.  These instances have historically 
been referred to as post-control avalanches or 
post-control releases.  This term is referenced in 
at least five different locations in the 1976 USFS 
Avalanche Handbook.  In addition, over the years 
a number of members of the American avalanche 
community have written papers on post-control 
avalanches, lectured on or used the term in other 
related papers.  The topic has also been lectured 
on and discussed at the National Avalanche 
School every two years.  
        This non-technical paper will not provide any 
hard scientific theories or conclusions regarding 
post control avalanches but will attempt to discuss 
a definition, some of the reasons they occur, the 
possible effects of explosives, methods for 
reducing their rate of occurrence, and the need to 
learn from post-control avalanches.  Additionally, 
the hope is that this paper will trigger discussion 
between scientist and practitioners about post -
control avalanches and through research lead to 
greater understanding and further reduction in the 
rate of occurrence of these avalanches.  This 
paper will primarily focus on post-control 
avalanches in the ski area setting but it should be 
understood that these types of avalanches have 
and can occur in road and other situations where 
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explosives are used to mitigate an avalanche 
hazard.   
 
2.  DEFINITION  
 
     Phrases mean different things to different 
people.  Control is a word that gives some people 
heartburn.  In the phrase post-control avalanche, 
control is not meant to imply absolute control. The 
word control refers to avalanche control which 
means activities aimed at the elimination and 
reduction of hazard and damage resulting from 
avalanches (Colorado Geological Survey website).       
Testing the slope is part of that control work. In 
Liam Fitzgerald’s paper Post-Control Avalanches 
he states, “Explosive control work is initially 
performed as a test of one’s evaluation or forecast 
to see if there actually is a hazard.  If these 
explosive tests produce significant avalanche 
activity, then reducing the hazard becomes the 
primary focus of control work.  If little or no activity 
is observed from a sufficient amount of these 
tests, control work is usually concluded ….”  
Regardless of the specific language used to 
describe the activities employed to minimize the 
hazards of avalanche at ski areas, practitioners 
have a clear understanding of what they are trying 
to accomplish and are very successful given the 
infrequency of serious inbounds avalanches.   
      A quick search of the internet resulted in only 
two readily available definitions.  At the Silverton 
Outdoor Learning and Recreation Center 
Glossary, “Post-control Release: An avalanche 
that releases naturally or artificially within minutes 
to hours following avalanche control measures."  
The Northwest Weather and Avalanche Center in 
its Avalanche Glossary says “post control 
release—a natural or artificially triggered 
avalanche that releases after application of 
explosive or other control measures. Such a 
release may occur minutes or hours after control 
and is thought to release as a result of internal 
changes and stress redistribution within the snow 
cover rather than from its response to changing 
weather conditions”.  The terms avalanche control 
and post-control avalanche are not included in the 
glossary link at the USFS National Avalanche 
Center’s website.  For his lecture at The National 
Avalanche School on explosives, Larry Heywood 
defines the term as “an avalanche which occurs 
naturally or artificially within minutes or hours of 
avalanche mitigation measures. It is assumed that 
there is no new snow, rain or wind loading since 
the time of mitigation.”  
      When talking about an actual event the phrase 
post-control avalanche should be accompanied 

with more details.  How long has it been since 
control?  What were the mitigation efforts that 
were conducted?  Was the avalanche a hard slab 
or soft slab? How big was it? What was the 
trigger?  What was the weather?  The accident 
forms in the American Avalanche Association’s 
SWAG book are an excellent resource to ensure 
the right questions are asked. The term post-
control avalanche is only as valid as the 
information used to support it. 
 
2.  CONTRIBUTING FACTORS 
 
      A post-control avalanche is an avalanche with 
all the characteristics and possible contributing 
factors as other avalanches with the addition of 
the possible influence of control measures.  In all 
but a few instances these avalanches are slab 
avalanches.  As with all avalanches, something 
has upset the stress versus strength equation 
resulting in a release.  Human factors can play a 
part in post-control avalanches. 
     One factor that has long been attributed to 
post-control avalanches is a rapid change in 
temperature.  A passage from the 1976 USFS  
Avalanche Handbook states,”…avalanche slopes 
in ski areas often seem to be stable when tested 
with explosives in the morning but release a deep 
slab in the afternoon.  It is sometimes said that 
such post-control avalanches are caused by an 
abrupt rise or fall of snow temperature.”  
Snowpack warming is, besides loading by 
precipitation and wind-transport, one of the major 
triggers contributing to natural avalanche release 
(Exner, et al., 2009 ISSW).  Warming the surface 
of a slab will reduce its average stiffness and 
stability (Jamieson, 2004).  Warming of the 
surface of the snowpack could be a natural trigger 
in some post-control avalanches.   
     One of the common themes in post-control 
avalanches is that they have happened early in 
the season on previously un-compacted or lightly 
skied slopes.  Often when ski areas open and 
patrol comes to work there is old snow on the 
ground.  It takes a certain amount of snow to be 
able access most of the starting zones and in the 
mean time the snow on the ground has faceted. 
When a storm is received that allows patrol to 
travel to and begin control efforts often they are 
faced with facetted layers underneath supporting 
layers.  This supporting layer would most likely 
have some maximum and minimum in strength 
and thickness which would allow for some delay in 
the new load exerting its influence directly onto the 
weak layer (Fitzgerald,NAS).  Within the span of 
two weeks in December of 2008 there were 3 
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inbounds post-control avalanche fatalities at three 
of the biggest resorts in the country. These events 
were a statistical anomaly.  Two of these 
accidents occurred on the first day the terrain 
where the incidents occurred was opened.  These 
slopes would have been previously un-compacted 
and relatively lightly skied with the presence of 
facetted layers when the accidents happened.   
          It would seem that different snow-pack 
regimes would have different tendencies that 
reflect the characteristics of that snow-pack when 
it comes to post-control avalanches.  From my 
experiences, in coastal snow-pack regimes they 
tend to occur in new snow interfaces.  When there 
are storms with lots of snow, that snow usually has 
multiple layers and instabilities can be missed or 
develop quickly.  The 2008 Squaw Valley post-
control avalanche that resulted in a fatality 
released within the new snow.  The accident 
reports from the post-control avalanche fatalities at 
Snowbird and Jackson Hole indicated the 
avalanches released in old layers of snow. In 
Continental areas, the post-control releases may 
tend to involve persistent weak layers.  According 
to one Montana professional, “For us, I think the 
primary cause (of post-control avalanches) is a 
deep enough burial and a “strong” enough weak 
layer that some charges are not effective”.  In all 
areas of the country it would seem that buried 
facet crust combinations could be problematic. 
     Spatial variability undoubtedly plays some role 
in just about every post-control avalanche.  Spatial 
variability at the slope scale can result in strong 
zones and weak zones.  If control measures hit 
the strong zones they may not produce results.  A 
skier may hit a weak zone resulting in a post-
control avalanche.  As communicated to me by 
Tony Sittlinger at Whistler/Blackcomb, “The type of 
weakness, elevation, rate of loading, degree of 
loading, distribution due to wind speed and 
direction, solar exposure, all play significant roles 
in the distribution of weak areas and subsequent 
load over that weakness.  This variability results in 
some slopes releasing on weak layers while 
others remain buried but uncreative due to 
insufficient loading (no tension on the weak layer 
yet).  False assumptions of stability can be made 
by decision makers after testing without result.  
Sudden and/or small changes can lead to 
previously tested slopes releasing despite 
previous negative results with active testing.” The 
hazards and potential trigger points of a given 
slope are always changing. 
 
3.  EXPLOSIVES 
 

    If the initial role of explosives in control work is 
to test the stability of the snow, it would stand to 
reason that there are times when the explosive 
test will result in a false stable indication.  Most 
existing snow pit test have false-stability rates of 
10% (Birkeland and Chabot, 2006).  One would 
expect explosive tests to have a much lower false 
stability rate than other tests but the rate is not 
zero.  Explosives tests can have one of three 
results.  Avalanche release with explosives 
indicates fair to poor stability on the test slope and 
probably on other slopes with similar wind loading, 
aspect, elevation, and snow conditions.  An 
explosive crater with cracks around but no 
avalanche release also indicated some weakness 
in the snowpack.  A crater without an avalanche or 
cracking tends to indicate stable snow (McClung 
and Schaerer, 1993)  Looked at in another way, 
when doing explosive tests we will get direct 
feedback that stress is greater than strength but 
we must infer from physical and visual clues 
whether stress equals strength or stress is less 
than strength.  It is important to understand that 
testing and hazard removal are different things.  
Assumptions that testing has removed the hazard 
can lead to a mistaken sense of safety/stability 
(Sittlinger, 2010).  The success of explosive tests 
and the effectiveness of avalanche control are 
influenced by our ability to deliver the right charge 
to the right place at the right time with the right 
interpretation of the results. 
     Some theorize that some post-control 
avalanches are a result of explosive weakening of 
the snowpack.  McClung and Shaerer state in The 
Avalanche Handbook from 1993, “The far more 
likely explanation of these delayed events (instead 
of temperature increases) is that, rarely, explosive 
control causes failure initiation without immediate 
fracture placing the slope in a highly unstable 
condition.  The great majority of documented 
cases of post-control releases have involved 
triggering by skiers and it is likely that the prime 
cause is because the slope was left in a weakened 
state by explosives.”  Although this seems 
possible on unstable slopes, perhaps caused by 
getting one of the rights wrong, it is difficult to see 
how explosives regularly used in avalanche 
control can make stable slopes unstable.  
     At times, during control work, explosives will 
collapse a weak layer with a “whumpf” and tensile 
cracks open up with no avalanche release.  Some 
people believe that post-collapse slopes are safer, 
having had their chance to release.  However, 
others treat the slope with more caution, noting 
that some of the slab boundaries have fractured, 
thereby causing a decrease in the peripheral 
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strength of the slab (Birkeland, et al., 2006). Over 
the past 15 years I have had a few occasions 
where slopes have “whumfed” or had visible 
fractures after initial control measures and then 
when hit immediately with an additional charge 
they released.  The potential for this type of 
activity was further illustrated by two case studies 
from Big Sky and Moonlight Basin where slopes 
where released with additional explosives after 
fractures with no release occurred during initial 
detonations (Birkeland, 2006). It is hard not to be 
suspicious of slopes that exhibit obvious 
weaknesses when tested with explosives.  Some 
areas will re-test the slopes immediately and 
others prefer to wait until the next day.  Many feel 
that fractured slopes may be in a state of stress 
equaling strength in the short term but gradually 
strengthen over the next 24 hours.   The rate at 
which slopes strengthen would seem to vary. 
Slope angle would also seem to factor into 
whether a fractured slope will release with 
additional control measures or triggers.  The 
steeper the slope perhaps the easier it is to 
release in a weakened state.  Whether the slope 
becomes more or less stable immediately 
following a fracture is an open question, and the 
answer probably varies from case to case 
(Birkeland, et al., 2006). 
     Much of what we know about how explosives 
affect the snowpack is from Gubler and Perla’s 
work done in the late 70’s.  Doing research on the 
effects of explosives in avalanche starting zones 
seems like a difficult undertaking. What we do 
know is that the size, speed and placement all 
influence the effectiveness.  Explosions above the 
snow surface can affect a larger area than 
charges placed in the snow.  The orientation of the 
blasting cap can influence the compression effects 
(Binger, et al., 2006).  Large charges have been 
used at Jackson Hole since 1985 to reduce the 
chance of post-control releases in certain 
situations.  Basically, “big bombs” set off 
avalanches in places even when small charges 
don’t (Livingwood, et al., 1990). At Big Sky, on the 
challenging paths of the South Face, they rely on 
1-2kg shots due to the ease of deployment and a 
history of effective results.  They, like others, 
prefer the “don’t put all your eggs in one basket 
approach” when facing terrain with a large degree 
of spatial variability (Savage, 2006).   Snow safety 
program have developed their own unique 
systems to effectively solve the problems 
presented by their given terrain, weather, 
snowpack, and operational parameters. More 
directed research (and funding) is needed to 

expand our understanding of the effects of 
different explosives in different snow packs.   

 
4.  MITIGATION METHODS 
 
     Over the years the industry has learned from its 
experiences and changed procedures to better 
handle the situations that could be encountered.  
The extremely low rate of in-bounds avalanche 
fatalities is direct evidence of this evolution of 
control programs.   
     Regarding mitigation methods to reduce post-
control avalanches, Liam Fitzgerald provides a 
good outline in his paper Post-Control Avalanches 
that has been included in the curriculum for the 
National Avalanche School.  The following excerpt 
is from that paper: 
 
“There may be several steps that we as field 
workers can take that may reduce the number of 
post-control avalanches in the future. 
 
Maintain an intimate knowledge of the snowpack: 
Continually monitor the changing conditions and 
recognize characteristics that have been 
associated with post control avalanches. 
 
Proper timing of control work: 
Performing avalanche control work when there is a 
higher level of instability may allow for an easier 
initiation of an avalanche in a snowpack that if left 
to sit could assume the characteristics often 
discovered in post-control avalanches. 
 
Positive affect of compaction: 
It is a fact that there are fewer post-control 
avalanches and fewer deep slab releases in 
general on compacted slopes.  Promote skier and 
other types of compaction whenever and wherever 
possible, the earlier the better. 
 
Reaching the sweet spot: 
It seems that since the increase in use of air blasts 
and big bombs the number of post-control 
avalanches has decreased somewhat.  Recognize 
situations where additional explosives testing with 
alternative techniques is advisable. 
 
Attitude: 
Be very thorough in your work.  When conditions 
warrant, investigate many different portions of the 
starting zone.  Don’t be too quick to believe that 
things are okay.  Remain objective and always a 
little suspicious.” 
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   In addition to the above, many areas now have 
aggressive boot-packing programs and/or they are 
employing grid bombing to disrupt weak layers 
that could lead to post-control avalanches.  At 
Whistler Peter Caravelli from Highlands Bowl 
presented his paper, Boot-packing and 
“Systematic Application of Explosives”: Shear 
Plane Disruption in the Continental Climate. 
This “SAE” technique could be adopted in most 
areas of the country if conditions warrant.   
     Control programs should consider developing 
redundancy.  The ability to control slopes in more 
than one way has advantages.  Bomb trams have 
been installed in many places to offer redundancy 
and allow for aerial blasts lower on the slope than 
can be done on skis without exposing personnel to 
the existing hazard.  The Avalanche Pipe is 
another option if exposure of personnel during 
control work is a concern.  Although expensive, 
mitigation tools such as the Gaz-Ex and the 
Avalanche Guard should be considered in the 
resort setting.  The ability to do initial control work 
without exposing people and without leaving the 
bottom can’t be bad. 
 
5.  CONCLUSIONS: 
       
     Evidence shows that avalanche control 
programs do an excellent job of reducing the risk 
of serious inbounds avalanches to close to zero.  
Serious incidents of post-control avalanches are 
investigated often resulting in procedural changes. 
Now more than ever, the strength versus stress 
equation is put to the test minutes after avalanche 
terrain is open.  Areas that once would receive 
100 tracks in a day; have 100 people on them in 
minutes. Places that were rarely skied twenty 
years ago are tracked out.  If a trigger point is not 
found with control measures, chances are a guest 
will find it. The success in minimizing the 
occurrences of post-control avalanches in this 
environment is commendable.   
     In this day and age, news or social media 
accounts of incidents of post-control avalanches 
spread quickly and are usually accompanied by 
pictures or video.  In some instances this can be a 
good thing as in the case of the large post-control 
avalanche at Mammoth a few years ago.  They 
were able to recreate the accident from media 
obtained from their guests to determine if anyone 
was missing and potentially buried. Additionally, 
the response to an incident may also quickly 
become a matter of public record. 
     It is very important to acknowledge that post-
control avalanches can happen but to do 
everything possible to prevent them from 

happening.  In instances when results are mixed 
or there is evidence of instabilities, investigate 
further.  Although difficult for a number of reasons, 
closure of terrain to allow for stabilization over time 
should still be considered an option for reducing 
the possibility of post-control avalanches. 
     In closing, the topic of post-control avalanches 
raises other philosophical questions about 
inbounds avalanches.  Should avalanche be 
considered an inherent risk of skiing and riding 
inbound avalanche terrain?  Should we inform our 
guests of the risk of avalanche and 
recommend/require them to wear and no how to 
use safety equipment?  I suppose opinions of 
practitioners and scientists cover the entire 
spectrum on these questions. What do you think? 
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