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Abstract.---The Chinook Pass avalanche control season
occurs in the spring starting in mid April. Warming is a
factor in all avalanches. Methods of avalanche control
that we have found effective for wet snow are discussed.
Timing of wet snow avalanche control is critical. The
methods that will help us achieve better understanding of
the snowpack and thus improve our timing are presented.
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INTRODUCTION

The Chinook Pass Highway, U.S. 410,
the north-south aligned Cascade Mountain
east to west in the state of Washington.

crosses
Range from

Chinook
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Pass is located 20km east and slightly north of Mt.
Rainier. The highway on the west side of the Pass
is in Mt. Rainier National Park. Pass elevation is
1,658m, and starting zone elevations are up to
1,980m.

Chinook Pass is a secondary, noncommercial
highway that is closed in the fall when snow
removal and avalanches become a problem and
reopened in the spring. The highway has existed
for more than 50 years. Like many highways in the
mountains, the integration of avalanche control at
Chinook into maintenance operations is relatively
new. Avalanche control is a tool that has been
used on the east side of the Pass for four years to
provide additional safety to maintenance crews



CONTROL PLAN DEVELOPMENT

In early March of 1983, we were asked what
could be done to reduce the hazard to the
maintenance employees working on the opening. We
took several tours for reconnaissance. We also had
a set of air photos taken. These were a big help.
Because of the magnitude of the hazard, full-time
avalanche control involvement was the only
reasonable recommendation.

In 1980, the avalanche crew at Snoqualmie PaSI
was asked to spend one day doing control work at
Chinook Pass. The hazard we encountered was
extreme. There was 1/2 to 1 meter of new snow over
a crust. There was fog at road level and bright
sun in the starting zones. Every shot put a large
slide into or across the highway. The maintenance
person down in the fog would have had no way of
knowing that there was bright sun just above.

up to our magazines with
The access to the magazine ~

fixed line and a Jummar for

We can now hike
little extra weight.
Knob 2 is by 135m of
safety.

The first year we also packed all of our
explosives up the mountain every day. Alpine skis
with mountaineering bindings, boots, rope, food,
water, clothes, pack, radio, and prudent safety,
and emergency gear for a day in the mountains wei~

about l8kg. We carried from 12 to 25kg of
explosives as well. This amount of weight reduced
our efficiency. The next fall we installed
magazines on top of the three mountains by
helicopter. We supply them by helicopter each
spring. Weight and energy savings on the way up
greatly increase the amount we can accomplish in a
day. Our injury rate has dropped as well.

It was apparent from the beginning that hand
control was feasible and the least costly choice.
All starting zone access is by foot up from the
highway. Avalanche control is a full day of ski
mountaineering with as much explosives as we can
carry. The first three weeks of the project we
tried to do it with just two controllers. We were
trying to find safe access routes and compose
logical control routes. On top of that, it was a
big avalanche year, and we were doing a lot of
control work. It was more than two people could
handle. It has been a four-person control prograa
ever since. In an extreme year, six controllers
would be necessary.

The last 5km to the summit, the highway
crosses mostly open, steep, south aspect, more or
less continuous, avalanche slopes. These are on
the west end of Knob 3, and all of Knob 2 and
Knob 1. Avalanches in this area are frequent. In
1984, maintenance was stopped for nine days at the
main chute of Knob 2, because of avalanches and
avalanche hazard. They would come to work and
clean up the avalanches from the previous day, and
the hazard would become too great once again. The
same thing would occur the next day.

TERRAIN HAZARDS

There should be little avalanche hazard to
maintenance crew for the first 2km as it works west
and up from the gate. Avalanche hazard would occur
in the third and fourth kilometer only in extreme
conditions. In this area, the highway is in the
lower portion of the avalanche paths, and they are
confined to water courses in the timber. However,
debris piles are encountered. Knob 3, 4 to 9km
west of the summit, receives less snowfall and much
more sun than the summit. This area will contain
only patches of snow by the time the pass opens.
Depending on spring weather, there may be no
decrease in the snowpack in the summit area by the
same time.

The Chinook Pass spring opening effort and
avalanche control season normally begins in mid
April and ends in early June. It could potentially
last into July. The latest opening date since 1935
was July 12, 1974. The earliest spring opening was
April 5, 1973. The average spring opening is
May 25. As with most mountain highways that are
closed in the winter, there is pressure from local
businesses for earlier opening dates. More expense
and more avalanche hazard are encountered to
provide an earlier opening.

On the east side, the highway is plowed all
winter to the Morse Creek gate, which is 9km east
and 460m below the summit. The east end of Knob 3
is at Morse Creek. Spring work begins from this
point when there is a meter or less of snow
remaining. At this same time there will be ±4m of
snow at the summit.

For our record keeping we have divided the
area east of the summit along terrain boundaries
into 97 separate avalanche paths. These average
over 35 degrees from starting zone to the highway.
The slope angles the last 100m of path above the
roadway average over 30 degrees. Thus, avalanches
can start from almost any elevation in the path.
More than likely if an avalanche starts it will run
to the roadway. The greatest vertical fall to the
highway is 535m. The average is about 300m. In
the highest hazard area, the last 5km to the
summit, there is an average of 200 vertical meters
of steep avalanche slope below the highway.

during the spring opening effort. It is also used
to provide safety to the traveling public after the
Pass opens.

The highway traverses an unnamed 6km long
ridge and two separate unnamed peaks on its way to
the summit from the east. The ridge includes Points
6515, 6097 and 5810 (the whole thing we have named
Knob 3). The next peak to the west is point 6200
(Knob 2), and the peak just east of the summit is
6240 (Knob 1). Somewhere in the neighborhood of
1,000' avalanches have occurred since the beginning
of avalanche control involvement in 1983. The
majority of these have come from Knobs 1 and 2, and
the western kilometer of Knob 3.
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WEATHER

There is a significant maritime weather
influence. The spring weather is most often cool
with snoW showers. There is only occasional rain
in the starting zones and only occasional large
snowfalls. Weather changes can be very rapid. An
afternoon clearing can see the weather change from
snow to strong sun and 12 degrees C, and back to
snow in less than an hour. The Yakima Valley is
just to the east and temperatures there in late May
and June can approach 35 degrees C. This time of
year starting zone temperatures can go from below
freezing to 20 degrees C in a few hours. During
high pressure with an east wind, it can get hot.

Mt. Rainier influences the weather by either
shadowing or intensifying precipitation amounts.
Just a few miles away, Crystal Mt. Ski Resort gets
approximately half the snowfall, mainly because of
Mt. Rainier.

When the wind blows on a warm day, several
opposing factors are going on at the same time.
The wind circulates more warm air to the snow than
would be available if there were no wind. If this
were the only factor involved, the snow would melt
faster, produce more free water, and more quickly
overload the snow packs capacity to handle it.
However, at the same time the snow surface is wet
and evaporation occurs which cools the snow
surface. The net balance is that the snow at ridge
top, where the wind is the greatest, is often
stabilized or even crusted by the wind. The snow
down lower, where it is sheltered, can be very
unstable.

STUDY PLOTS

We have an ideal study plot site at the
summit. However, we can't get to it for most of
the season. The Northwest Avalanche Center has
precipitation and temperature readings by satellite
telemetry from this site. The satellite telemetry
is not always reliable, and we only have access to
the data by telephone in the morning before we go
to work, which is 30 miles east of the summit.
They will have wind speed and direction from the
top of Knob 1 by radio link by next season.

We do measure precipitation and temperature
manually 5km from the summit. This is not a very
representative location, but it is accessible.
Hopefully, a radio repeater that has just been
installed will allow us better access to updates
from the instrumentation.

SNOWPACK

The typical snowpack that we will start
Working with in April will be quite strong. It
will have many ice layers, and because of earlier
Winter and spring rains, it will contain frozen
vertical water percolation channels. Sandwiched
between these ice layers will be fine grained ET
and coarse grained MF snow. The base of the
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snowpack will be MF. Layers of weakness may not be
continuous because of the vertical percolation
channels.

The effort to open the pass takes place during
the period of transition in the old snow from a
surface snowpack structure that is not well drained
to one that is. Sometimes this period of
instability lasts until there is not enough snow in
the paths to perpetuate an avalanche. This
occurred in 1983 and 1984. The two big avalanche
years. In 1985 and especially in 1986, the surface
layers appeared less capable of retaining melt
water. We had far less avalanches.

Most all of our avalanches are associated with
warming and temperatures well above freezing. All
avalanches so far have involved only the surface
layers except for a few crawler tractor triggered
avalanches below the highway. Weaknesses caused by
water retention deep in the snowpack haven't
resulted in avalanches because of the strength of
the crusts above. Explosive tests with plenty of
punch are the best for determining if a slope is
safe when there is a deeply buried layer with a
high water content.

It is unlikely that we will encounter
significant deeply buried TG. The reasons are that
most slopes are southeast, south, or southwest, so
it is less likely to form, and by April, what TG we
may have had, has been eliminated by rainwater
penetration.

We have had no climax avalanches. Though many
of the starting zones are steep and relatively
smooth grass. However, the most active paths can
each produce many avalanches during a spring
season.

The snow surface structure of new over a
nocturnal MF crust over very wet MF, which within
40 cm of the surface becomes moist MF (new/crust/
very wet MF/moist MF), has caused us the most
problem. When the crust weakens with the diurnal
warming, then all of the snow will avalanche down
to the moist MF. The density of this snow will be
about 45 to 55 percent. This will equal the mass
of a 100cm mid winter soft slab.

These can start either as a slab or point
release. They can often spread sideways, and
lateral entrainment can add much more snow. The
problem is that on all of the slopes, the crust can
weaken nearly at once especially if it is cloudy
until a midday clearing. This surface snowpack
condition persisted all of the spring of 1984. We
don't know why there is so much water retained in
the MF just below the crust. Nor do we know why
the condition persisted for two months. We suspect
that the new snow above the crust is an important
factor, but new snow over a crust certainly does
not guarantee this condition.

After the spring of 1984, we developed some
field tools to help us look at this problem and wet
snow in general. To be useful in an ongoing
control program, these tools must be durable,
light, easy and fast to use because our primary



need is to max~m~ze the amount of explosives we can
carry. These requirements were considered more
important than absolute accuracy.

This snow structure will be vary stable until
the top crust above the wet MF weakens. The
ability to measure the strength of weak crusts
appeared necessary. So we made a crust-o-meter.
We put a square centimeter end on the rod at the
top end of a Chatillon (cat 516-1000) scale.

The other device is a sling centrifuge to
measure water in the snowpack. We used an 8 oz.
plastic funnel lined with 5.5 mesh per centimeter
screen. To make it a direct reading, we attached a
graduated lOcc hypodermic syringe with the end
plugged. We used a 90cm sling attached to the
funnel. This hand swung centrifuge will produce
approximately 60gs of force. We centrifuge a 100cc
sample of snow for about 3 seconds. I will call
the amount extracted free water.

The surface condition of new/crust/very-wet
MF/moist MF has not occurred in the last two years.
Sufficient water has not been retained in the MF
layer under the crust after it forms at night.
There has been no opportunity to use the
crust-o-meter for its intended purpose. However,
in tests it continues to show promise.

The sling centrifuge has been useful as a MF
snow avalanche forecasting tool. Surface MF
avalanching the last two years has occurred when
there is greater than 6cc of sling centrifugable
water. In the Swiss Alps, work by Ambach and
Howorka (1965) indicated that there was a high rate
of avalanche occurrence when water content exceeded
7 percent by volume. At Chinook there is little
avalanche potential if this depth to which this
content goes is less than 7 centimeters. l5cm or
less equates to some potential. 20cm or more means
there is good potential and that natural avalanches
are likely.

We haven't compared the sling centrifuge to
any other methods of determining free water except
the hand squeeze test. Basically 0 to 5cc equals
moist, 5 to 6cc equals wet and 6 or more cc equals
very wet. These relationships vary with snow
texture about Icc.

We usually receive one or two large snowfalls
per spring. This snow usually will avalanche with
the first warm days after a storm with or without
our help. These stabilization periods just after a
storm can be counted on to produce extreme hazard.

Once the snow pack is all MF at 0 degrees C
with well established drainage and only surface
refreez~ng, then it is stable. The water that is
produced at the surface runs down through the
snowpack as fast as it is produced. This is
difficult to detect especially if it directly
follows a big slide cycle.
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OPERATION AND SAFETY

During March we take several ski tours for
reconnaissance and to dig pits. The spring opening
will begin with maintenance moving equipment to the
Morse Creek gate when there is a meter of snow or
less left at this location. They will start
plowing up the road. We will move equipment,
magazines, and explosives from Snoqualmie Pass.
Once maintenance reaches the avalanche areas, we
are working in the starting zones right above the••
just ahead of them, and behind them. When we
determine that conditions are hazardous,
maintenance pulls back to a safe location, and we
control the slope. The west side maintenance crew
first opens Cayuse Pass and then begins on Chinook.
We work with the west side crew only when they come
east of the summit.

The maintenance on the east side normally is •
four-person effort that consists of one TD 20 size
and one D8 crawler dozer, one large rubber tired
scoop, and one large snow blower. The lead machine
is one of the two dozers. When daytime snow
conditions present a high hazard, maintenance goes
to work at daylight. This allows them to get
something done before a possible shutdown because
of the hazard.

Each maintenance employee is equipped with a
transciever and a radio. A noise canceling head
set is used for the cat operators. One problem we
have found in our transciever training sessions
with maintenance is that the temporary hearing loss
caused by the loud equipment, even when ear protec
tion is used, can make immediate transciever search
difficult or impossible. We have found no suitable
solution for this other than that we are usually
not too many minutes away. Each piece of equipment
is equipped with a shovel and sectional probe.

Our vehicle is equipped with oxygen, a
sectional rescue sled equipped for vertical liftiDi
and with backboard to fit, an overnight rescue
pack, a dozen probes, snatch blocks, steel shovels,
and 215m of llmm rescue rope. Reliable radio
communication out of the Chinook Pass area has been
the major safety and operations problem. A
repeater is being installed this fall that should
cure this. We have prepared an extensive rescue
call-out list.

Radio communication for everyone, maintenance
and avalanche control, is necessary for safe and
proper performance of the job. Once we are workiDi
in the hazard area, the Morse Creek gate is locked
behind us while we are working. We also use signs
above the gate and in the summit area to warn ski
tours.

Each of us is equipped with a portable radio
in a chest pack, poles that make into probes, a
transciever, a backpack shovel, a diaper seat,
caribiners, Jummar ascenders when on Knob 2,
mountaineering bindings, webbing slings, and 46m of
5mm kevlar rope. We have developed a method of



constructing a rescue sled out of the victims skis,
shovel handles, ski poles, and a roll of strapping
tape.

AVALANCHE CONTROL

As a general rule printed material on
avalanches states that explosives and standard
methods of avalanche control are ineffective when
dealing with wet snow. Standard methods are
effective when wet snow is in its most unstable
condition, just before it naturals. It is not
desirable for most human uses of avalanche paths to
always let wet snow get to this most unstable
state. It is then often necessary to force
avalanches in snow that is somewhat resistant to
avalanching.

Our experience at Chinook Pass and Snoqualmie
Pass has shown that modification of standard
methods and increased quantities of explosives
elevated above the snow can be effective.

There is a daily cycle of nighttime stability
and daytime instability in the spring at Chinook.
When this instability will occur during the day is
best done with as many knowledgeable avalanche
controllers as possible in as many starting zones
as possible. There is no substitute for on site
evaluation in the spring.

Once an avalanche cleans out all of the
entrainable snow in a track with multiple starting
zones, it is less likely that the next avalanche
down the track will reach the highway. When
maintenance will be going back to work after
control, for this reason it is not always necessary
to control all the starting zones of a multiple
starting zone path. Once an avalanche occurs,
usually another will not occur in the same place in
the starting zone for the rest of the day and the
next day as well. One explanation for this is that
the freshly exposed layer is clean and highly
reflective.

During a sun break on a partly sunny day, the
snow can quickly become unstable. We might start
setting up a shot or start on a safe ski route and
then a cloud comes by, often with a breeze, then
the snow will become stable in a matter of minutes.
The planned control will be ineffective and
unnecessary. This is all too common. Once the sun
goes off the south aspect slopes on a clear day,
stabilization is quite rapid.

The object of spring control is to get enough
snow moving to start a self-perpetuating bulldozing
action. The techniques we have found that help
accomplish this are listed below.

Safe Skiing

. If we detect the possibility of deeper
:nstability, we test with explosives. If the
lnstability is just at the surface, a lot can be
accomplished with safe skiing. When the conditions
are ripe for lateral entrainment, safe ski produced
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avalanches can grow rather large by the time they
cross the highway and go to the valley floor.

In some conditions, safe skiing will produce
avalanches where single thrown hand charges will
not. This most often occurs when a weak surface
crust is present.

Caution must be used to stay above the moving
snow because even a small slide of wet 50 percent
snow can be impossible to get out of. Even the
downhill ski tends to get trapped in the snow from
the upper ski, and it's necessary to shift weight
to the upper ski and lift the lower ski to avoid
going for a ride.

It can be difficult to get spring snow going
by safe skiing. Simple ski cuts work only when
snow is most unstable. Sometimes a second ski cut
above a lower cut will release the snow. The best
technique we have found is to get up some speed
then sit back and push a one ski length column of
snow straight down the fall line with as much
energy as possible. It is often necessary to keep
with this column while enough snow builds up to
start the bulldozing action that will perpetuate
itself.

Safe skiing in this fashion often works, but
we loose elevation too quickly, so we take off our
skis and boot back up. A full route of this is
very energy consuming.

Hand Charging

We use 85 percent gelatin dynamite in the
3 inch by 8 inch size (approximately 1 kg), 70
second fuses, Martin Shaft pull wire fuse lighters,
and 18 grain Det cord. We prepare stuff sack fuse
bags ahead of time. These contain the number of
fuses needed for the day in a gallon size Ziploc
bag, ignitors in a sandwich bag, cap crimpers, and
a roll of 3/4 inch nylon strapping tape.

The first season we were not getting the
results we wanted with thrown or placed hand
charges, so we started picking up dead tree limbs
to tape the explosives to. These were placed in
the starting zones with the explosives above the
snowpack. They worked well.

We have been using alder poles for this
purpose on Snoqualmie Pass, so the next spring when
we supplied our Chinook magazines by helicopter, we
also distributed bundles of alder poles. We have a
never ending supply of alder on the west side of
the Cascades. We try to cut them with a forked
limb at the top to make explosive attachment
easier. We distribute more alder poles every year.
We tie the extras in trees. Now we have a supply
handy to most starting zones.

We usually use from 3 to 5kg of explosive per
bomb pole, 1.5 to 2m above the snow. We will link
several of these together 10 to 20m apart with E
cord, or we will link these stick bombs to surface
charges. If the snowpack has a surface crust, we
will sometimes walk in a fracture line above where



the stick bombs will be placed. The problem comes
on two controller routes that include many stick
bombs. We are always starting with the maximum we
can pack and still wish we had more.

Helicopter

We tried helicopter bombing when we supplied
our magazines in 1984. It was not very effective
at forcing avalanches. The explosives sink too
deeply in the snow. Bigger bombs sink even deeper.
It is as if the blast occurs in a sponge. The
shock wave attenuates too rapidly in wet snow.
However, it is a good way of getting a lot of
testing done in a hurry.

The same day we used the helicopter for
bombing, we also used it for mountain top access.
We got good action with stick bombs and with safe
skiing on the same slopes previously helicopter
bombed. If Chinook Pass were a major highway, the
use of a helicopter for transportation to the
mountain top would be the fastest and best control
method.
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Cornice Control

The cornices we have seen so far at Chinook
are small. The biggest hazard they create is that
snowball-sized pieces will falloff and trigger
avalanches on very warm days. They do make the
best available avalanche trigger when a section of
one is blasted out. This creates the desired
bulldozing action when no other method will. If
they are not hazardous, we will save them or shoot
only a section a day so they will be available to
help make an avalanche the next day.
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