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In 1974 an event occurred which caused a sudden increase 1in
avalanche awareness in Alaska. During a large storm cycle, an ava-—
lanche occurred on the Thane Road just south of Juneau. Clean-up
efforts commenced at once and while plowing debris away from the

first avalanche, an op rator was caught and killed by a second ava-—

lanche. All of this occurred at night 1in an effort to keep a road
open for approximately 30 residents. A ruling that operators would
not be allowed to plow avalanche debris atnight resulted. This

ruling still holds true today.

By 1975 Department of Highways felt that <control activities
needed to be expanded. Because of the long ranges involved 1in ar—
tillery firing and lack of visibility for visual fire during most
storms, it was felt best to use a 105mm recoilless rifle for con-—
trol work. Negotiations were begun with the U.S. Army and eventu—
ally resulted in a cooperative agreement between the State of
Alaska; Department of Highways andthe U.S. Army to provide for the
loan of a 105mm vrecoilless rifle for avalanche control. It was
decided the Department of Highways employees would fire the artil—
lery. This resulted 1in a general 1increase in avalanche control ac—
tivities on the Seward Highway.

Morrow experimented with helicopter bombing in 1975 during a
severe avalanche cycle and found it to be quite effective. Occa—
sional use of this method since then has proven it to be very reli—
able under certain conditions. During the March, 1979 avalanches,
helicopter bombing was used almost exclusively with approximately
200 10-pound charges placed 1in starting zones. This method of con-—
trol is relatively safe, rapid, and cost-effective.

In February, 1976, the 105mm arrived. From then wuntil today
this rifle has been the mainstay of the avalanche control progranm
and has fired approximately 800 rounds over the last three and
one-half years.

Blind fire data was 1initially taken from the Whiskey Gulch gun
mount in 1976 to allow shooting during storms and at night. This
still 1left the majority of Bird Hill without b" ind fire control

capability. In 1976 there was also an explosives handling school



at Mt. Alyeske <covering many aspects of explosives wused 1in ava-—
lanche control, including artillery. The Department of Highways
sent two employees to this school.

During the summer of 1978 a significant change in the progranm
took place when Morrow assumed the position as Assistant Manager of
Maintenance and Operations, leaving Larry Lucas directing the ava-—
lanche control work. Lucas carried the program through the severe
avalanche cycle of March, 1979 (peisonal conversations with Jack
Morrow October 1979).

Since the opening of the Seward Highway 1in 1952 there has been
a constant and severe avalanche threat to vehicles wusing this major
transportation corridor. Avalan®"hc control programs established to
date have responded to the threat 1in a sporadic and irregular man—
ner. There was a period of only three years, 1959-1962, where
full-time personnel were funded to work on research and control.
Since 1969 control efforts have been expanding slowly, but have not
made the transition to a full-scale, line item in any government
budget. Inevitable gaps have occurred where protection of the pub—
lic was compromised because of a Jlack of funding, manpower, and

equipment.

Case History

Modern avalanche control is based on several important pre—
cepts, one of which 1is the threat of personal injury or death can
be controlled to a large degree. Safety and economics will sooner
or later necessitate active control programs to avoid loss of life
and revenue. With this in mind, it would be worth documenting a
situation that graphically portrays these concepts.

January of 1979 saw the Chugach Mountains covered with a & to
8-foot snowpack, seemingly stable for the most part. Temperatures

had been moderate all winter, consequently, the snowpack was



stable until the end of the month when a light freezing rain fell
over the area. This rain froze forming a thin 1ice crust. A six-
week period of very cold weather followed, allowing Temperature
Gradient Metamorphism” just unde neath the thin ice crust.

A series of snow stores hit the area March 4 and continued un-—
til March 22. During this period, at the 3,000 foot Ilevel on Mt.
Alyeska, there was a total snowfall of 171 inches, which equated to
20.41 inches of water. Picture this amount of weight on an ex-—
tremely fragile layer and steep slopes - the results were obvious
and predictable.

Avalanches started immediately; growing 1in size and occurring
frequently until the end of the storm. Artificial release of ava-—
lanches started on the 14th and continued until the 26th of March.

During that time a lack of blind fire capabilities curtailed con-—

trol activities on Bird Hill. As a result, there was considerable
accumulation of snow. On March 19th avalanches started hitting the
road. The next week many avalanches released on tie highway with

the situation reaching a climax Jlevel on the afternoon of March

23rd. Four large natural avalanches ran within fifteen minutes of

each other, covering the road an average of 15 feet deep for nearly
one mile. Figure 1-2 shows the approximate area of one of the
natural avalanches and Figure 1-3 shows heavy machinery clearing
avalanche debris.

"Temperature Gradient Metamoiphism - The ground 1is near 32<F. for
the entire winter. The present- of <cold air on a shallow
snowpack creates a steeo temperature gradient between ground
level and air. Warm air rises slowly through the snowpack
bringing with it water v.por that has changed directly from a
solid (snow) to a gas (w-te. vapor). This process is *alled
sublimat jon. Water vapor then condenses onto snow crystals
higher in the 3nowpack 1in such a manner that the new crystals

present the maximum surface area possible in an effort to lose

heat. The end result 1is a large grained, 1loosley bonded crys—
tal commonly referred to as depth hoar. For this report all
references to this process will be referred to as T.G. meta—

morphism.
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The road was open, but fortunately there were construction
activities at Potter and traffic was detained several hours. Had
avalanches occurred later that day, there would certainly lave been
a steady flow of traffic and the outcome would have been catastro—
phic. Once the highway was blocked by the first natural ava—
lanche, traffic would have backed wup bumper to bumper in very
short order and additional avalanche activity would have virtually
inundated the roadway burying hundreds of people. The magnitude of
the avalanches were such that there would have been few survivors.
The first premise of avalanche control 1is that these situations are
avoidable for the most part. This particular situation could have
been avoided with an adequat avalanche control program.

For two days after the large natural releases of Friday,
March 23, <control activities continued to bring down more ava-—
lanches, resulting in a total of 1.6 miles of avalanche debris
along the highway. An almost <continuous daytime effort to open
the road resulted 1in t e removal of all debris by Sunday after—
noon. Not all costs tied to these problems <can be determined.
There are some figures for parts of the affected operations; snow
removal and avalanche control cost DOT/PF $60,000, Alyeska Resort
lost $60,000 1in revenue, the Alaska Railroad did not run for two
days, truck transport ceased between the Kenai Peninsula and An-—
chorage, and electrical transmission lines were damaged.

Had control activities occurred on a regular basis during
this severe storm the result would have been that numerous smaller
avalanche releases would have occurred with far less debris reach—
ing the road, fewer possibilities foi the 1loss of life, less dam—

age to facilities, and a much smaller economic impact.

Traffic Volume

Annual Averaqe Daily Traffic (AADT), Fig. 1-4 has 1increased
from 775 vehicles per day in 1959, +to 3,503 vehicles per day 1in
1978 at notter Flats, just outside of Anchorage. Monthly Average
Daily Traffic (MADT) for the winter of 1977-1978 ranged from
1,769 vehicles in December, 1977 to 3,795 vehicles in April,
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1978. Peak traffic periods, occurring on weekends, are roughly
50% greater than the MADT (DOT/PF, Traffic Recoruj 1976, 1977
1978).

This is only an average. Peak volumes must be considered in
order to understand the probability of an avalanche interfering
with traffic. On April 2, 1978, during the height of the ava-—
lanche season, there were 8,145 vehicles counted at Potter Creek.
By statistical computation, it can be assumed that an unexpected
avalanche on the h lhway to a width of 950 feet would have col—
lided with traffic on *-hat day. As traffic volumes increase, the
odds grow proportionately that traffic will be affected by an
avalanche.

These are the reaso s for the preparation of this avalanche
control plan. This plan is intended to provide a basis if
information for the implementation of a control program. This 1is
by no means a solution for all situations that will be encountered
in day-to-day activities. Flexibility, responsiveness, training,
and experience will allow this information to be utilised to its
fullest advantage in the establishment of a full-time avalanche

control program for the Seward Highway.
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Chapter 11

OPERATIONAL CONSIDERATIONS FOR
AVALANCHE FORECASTING AND CONTROL

Avalanche forecasting and control has becorre a faly exact
process in several _reas of the country. In these areas many years
accumulation of data and knowledge among seasoned forecasters has
resulted in programs which operate within small margins of error.

Forecasting and control activities go hand 1in hand and cannot
be separated in an assignment of responsibilities. Some forecast—
ing judgments are based upon results of control work, and control
work 1is done on the basis of a forecast. It is quite common for a
forecast to be revised during control operations because of unex—
pected activity or lack of activity.

There are some considerations in the operation of the more in—
tensive control programs that need mention. When artillery control
is used it should release avalanches most of the time. Efficient
closures and resultant scheduling of the <control operation will
help keep public sentiment towards the operation on a positive
note. Timing of the control opetations should be done to achieve
the best results, particularly if there 1is a severe instability,
however, traffic flow will have to be considered, to a certain de—
gree, in this timing. Avalanches could trap several thousand
people at Alyeska on a heavy traffic day. These are just exam-—
ples, but are representative of some of the considerations wused in
other control programs and 1is noteworthy in this situation.

A plan such as this can, at best, provide a solid basis of in—
formation for tho implementation of a full-time control progranm.

It has taken fifteen to twenty vyear in areas with comparable
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problems to amass the data and experience necessary to run a so-—

phisticated program. These areas have also been fortunate 1in at-—
tracting and keeping some of the finest people in the business
today. Without this continuity of personnel much of the inituitive
knowledge acquired in day-to-day operations is lost. This intui—

tive knowledge 1is perhaps the most 1important factor 1in the fore—
casting and control operation. It is extremely difficult for even
the most competent forecasters to say why they do the activities
necessary at the times they are done. There 1is usually good 1input
from various objective parameters such as wind speed and direction,

precipitation, and snowpack analysis, but there seems to be strong

input from recollections of a similar storm years ago, or the dis—
tance a particular avalanche travelled, or an observation thought
to be insignificant a few days earlier. This 1is the kind of infor—
mation that 1is lostby shuffling personnel regularly and 1is probab—
ly every bit as important as the objective data gained and re—
corded.

There 1is no set procedure for running an avalanche forecasting
and control program. Snow and weather conditions change constantly
and as a consequence the flexibility of the program mujt be main—
tained to have the ability to re id to problems as conditions
dictate. No plan can encompass al. the potential problems and this
plan specifically avoids doing that.

There are some specific limitations to the set-up of this con-—

trol progranm. These various topics are discussed below:

Limitations to Controllability

Occasional <conditions occur which result in widespread, de —
structive avalanching commonly referred to as ciimax avalanches.
These occur as extreme avalanches with Jlonger than thirty years
average return interval. Vegetation along the Seward Highway 1is
relatively sparse due to climate factors and for the most part does
not present much resistance to large avalanches. For this reason

is entirely possible that over a long period of time there will



be climax avalanches occurring, opening new avalanche paths. Sever —
al areas along the highway present evidence of vegetation damage
indicating chat this has occurred. This plan does not include all
potential locations where this can occur, but an attempt was made
to identify some of them. These are listed in the avalanche map—
ping by a slide path number (Chapter VI). It has been noted that a
common misconception 1is that control work eliminates the possibil—
ity of these climax avalanches. While it is true that control work
can reduce the effect of these widespread avalanches a good propor—
tion of the time, there will always be conditions occurring that
are resistant to the shock of artillery explosions, but react to

other disruptive factors such as rapid accumulation of new snow.
Uncontrolled Avalanche Paths

Attempts were made 1in this st idy to locate gun positions that
would effectively control all avalanche release zones. For the
most part this was accomplished leaving some exceptions.

Until all of the fixed mounts are installed there will be
problems in hiini firing at certain avalanche paths. The U.S. Army
should be contacted this winter to aid 1in setting up a means of
using the mobile gun truck in conjunction with predetermined marks
on the highway pavement and triangulation stakes for blind fire.
This should be done at ail locations requiring blind fire data
(these locations are explained wunder Control Criteria) and at as
many Jlocations not specifically requiring blind fire data as time
will allow. Eventually blind fire data should be accomplished on
all avalanche paths, however, this will take a considerable amount
of time.

Before Gun No. 3 1is emplaced Slide Path (SP) 15 cannot be con-—

trolled effectively without <considerable risk to the gun crew.



Without this mount the only means of firing on this release zone is
from the highway immediately underneath the runout zone of the area
being controlled.

On the Rocky Creek slide path (SP93) there are three large
basins that constitute the release zone. Any of these three basins
can independently reach the roadway. When emplaced, Gun No. 7
will be capable of firing on the north facing wall of the central
basin; and there is a location 200 yards north of SP93 that the
mobile gun truck could be used to fire on the south facing wall of
the central basin. This still leaves an area approximately one-
half mile across facing west that cannot be <controlled from any
position due to terrain features. Gun No. 8 controls the north and
south basins. This area in the central basin could reach the road
by 1itself so considerable care will have to be given to forecasting
in this location.

SPIA cannot be controlled due to terrain features. Helicopter
bombing can be wused on any of these paths wunder favorable condi —

tions, but is not reliable as the sole means of control.



Selection of Control Criteria

In order to establish a priority level for dealing with the
avalanche paths on the highway, they were delineated 1into four dif—
ferent classifications: Infrequent or Frequent occurrence with an
approximate return interval of three ye -s dividing the two; and
High or Low hazard according to the relative degree of Ilvzard to a

vehicle.

THIS CLASSIFICATION IS STRICTLY FOR PURPOSES OF ESTABLISHING
CONTROL PRIORITIES AND DOES NOT IMPLY THAT HAZARD DOES NOT EXIST IN
A LOW HAZARD AREA.

In low hazard areas avalanches usually occur infrequently,
there are terrain features that somewhat buffer impact from ava-—
lanches, or the area is on the edge of maximum vegetation damage or
run-out distance. The high hazard areas commonly have a run-out
into water, or there 1is a steep bluff, bank, or cliff above which

assures maximum impact to a vehicle.

Frequent Return Interval, High Hazard

Fixed mounts are recommended for firing on these paths. This
will allow very accurate blind fire data to be “maken frr control
work to be done at any time of the day or night. Guns for these
fixed mounts should be brought in by a gun truck when control s
needed. This has an obvious drawback 1in that avalanches can occur
which prevent movement of artillery f->r control work. There may be
a problem with security on the highway and therefore guns cannot be
left on the platforms. Gun Position No. 2 1is the exception to this
if regulations will allow for a perman®.nt storage facility and gun
emplacement at - reasonable distance from the highway and public

view. These fixed mounts are:



Gun Position No. Type Weapon Mi lepost

1 105 RR 09
2 105How or 75 How 96
3 105 RR 92.7
4 105 RR 90.8
5 105 RR 44
7 105 RR 22.6
8 105 RR 20.5
RR - .ecoilless Rifle; How - Howitzer

The availability of weaponry will determine the type and location of
the No. 2 mount. This m«-jnt is extreme”™ important for it controls
the highest hazard area of the highway, Bird Hill, in such a manner
that weapons do not have to be moved across the three miles of con—
tinuous avalanche path on the »ill. It provides the mechanism to as—
sure control activities on this section even 1in the most severe storm

cycles.

Frequent Return, how Hazard

An additional mount 1in conjunction with the previous ones cover

these paths from the following location:

Gun Posit ion No. Type Weapon Type Mount Milepost
6 105 RR Fixed 37.4 (see
attached

gun position
sheet)



Infrequent Return, High Hazard

These paths are covered by previously mentioned mounts or are
controlled during visual fire conditions. Pavement marks and blind
fire data should be acquired as time permits, but on a lower prior—
ity than the previous classifications. Some of these [aths will

present a significant hazard during large storm cycles.
Infrequent Return, Low Hazard

These can wusually be controlled by visual firing. There may
be paths that the Jlead forecaster requires artillery control on
during storms, therefore, blind fire marks on the pavement and data
can be acquired. By firing on these paths after large storms the
control crews should be able to accomplish releases, reducii3 the
volume ot snow in the starting zone sufficient enough that hazards
to the road will be reduced, 1if not controlled, for the remainder

of the winter.

Following an? some topics pertinent to the forecasting and

control program.
Avalanche Forecasting and Control Of. ice

A centra office for the <collection of information and dis—
semination of forecasts, control activities, and all related work
needs to be established. This 3hou|d be somewhere in the vicinity
of Bird Hill, hopefully at the location of Gun No 2. This would
not only provide for security of the gun, but would allow control
work to be accomplished through the most critical section of the
highway regardless of avalanche conditions. Due to the fact that
the entire Bird Hill section is subject to some degree of avalanche
hazard, moving control <equipment through this area would be very
hazardous during critical periods. By stationing a gun crew and
equipment in Girdwood, and maintaining the forecasting office near
Bird Point and Gun Position Nos. 1 and 2, the possibility of run-—
ning 1into a situation where plowing cannot be accomplished because

of a lack of control, and control cannot be accompl.shod because of
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a lack of plowing, 1is sufficiently reduced. The siting of Gun No.
2, which 1is dependent on the type of weapon available, will probab—
ly determine the location of this office.

Living quarters could be built to allow for 24-hour coverage.
This set-up will allow for continual control activities to take
place on the most hazardous section of the highway, security of the
weapons and ammunition, and a rapid response to a rescue call-out.
Any reference to this headquarters will hereafter be termed S.H.A.

(Seward Highway Avalanche) forecast office.

Staffing Requirements

A minimum of five persons should be hired to cover the full-—
time staffing requirements; including a lead forecaster to coordi—
nate the program, two assistant forecasters and two gunners. These
neopie would probably need to work for nine months, seven months,
tird six months a year, vrespectively. This arrangement would have
to be augmented by the use of two assistant gunners on an on-call
bas.s. There is a large quantity of data that, needs to be gathered
to have a sophist irated forecasting system. Much of this is ga—

thered on a daily basis, but more 1is acquired on a regular schedule

by field observations. These field trips must include two people
for safety purposes. The forecast office must be staffed by at
least one person on a 24-hour basis. Considering the necessity for

time off and field observations, any less than five people full-—
time for the avalanche season would be compromising the integrity
of the systenm. Since all facilities will not be built this year
there may not be need for all of the projected positions to be
filled. It may be more advantageous to wait until well-qualified
personnel are available than to move too hastily to fill key

positions with personnel not fully qualified.
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Hazard to Highway Maintenance and Avalanche Control Crews

Hazards to these people are very high because of the long per—
iods of exposure in avalanche run-out =zones. More than ten miles
of roadway between SP1 and SP97 is capable of being buried by ava-—
lanche activity. This 1leaves a one-in-cight chance of being in an
avalanche path along this part of the roadway. Add to this the
amount of time spent clearing avalanche debris by stationary equip—
ment and the exposure level becomes critical. Some of this expo—
sure 1is part of the jJjob and a certain amount of risk is accepted.
The rest of this exposure must be relieved by the control program.
There can be no hard and fast rules applied to this situation, but
procedures can be forged by a time-tested and proven control pro—
gram. This 1is where the importance of establishing a team of pro-—
fessionals oi both crews is evident. Well-qualified and trained
personnel are indispensible to an operation of this nature.

A few simple guidelines will help Jlower the risk factor. A
three-level personnel warning system could be initiated and posted
in strategic locations. In order to identify hazard they would be
white (low hazard), vyellow (moderate hazard), and red (high haz-—
ard). A sample sheet from British Columbia containing the informa—
tion to be included 1in a red hazard sheet 1is contained in the fol—
lowing page. During periods requiring display of the yellow or red
3heet, <crews should not move through hazard zones without making
the forecasting office aware of its objectives. There should
always be an avalanche watch posted when crews are clearing debris.
This watch must have a fool-proof method of warning crews should
the need arise. All crows should wear functioning electronic loca—
tors during yellow and red hazard periods. bight rescue equipment
such as collapsible probes and a shovel should be carried on all
vehicles operating through avalanche zones. Radios are needed in

all equipment.
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HIGH

AVALANCHE HAZARD

Date:

Time:

Snowpack: Special layers
Temperatures

Weather: New snow

Storm snow

Temperature: Maximum
Minimum
Present

Wind: Speed
Direction

Avalanche Occurrences:
(Slope tests)

Stability of snow:

Hazard to Highways:

Weather Forecast:

Hazard Prognosis:

Avalanche Cor.trol  Road Closu'eat
Control begins at
Order of gun positions
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Plowing Avalanche Debris at Night

This plan specifically avoids encouraging or discouraging the
practice of plowing avalanche debris at night. Control work or
closure will be necessary at night, therefore, without debris remo—
val the road would remain closed all night. On the other hand, the
avalanche watch will probably be wunable to see an 1impending ava-—
lanche, thereby reducing the safety margin for the crew.

Plowing at night 1is an accepted practice at Roger®"s Pass, B.C.
where a high level of integrity in a difficult situation has been

maintained for a number of years 1in the folLecasting and control op-—

eration.
Coordination with the Alaska Railroad
T. Alaska Railroad runs parallel to the Seward Highway from
Anchorage to cortage and again around Kenai Lake. The same ava-—

lanche paths that threaten the highway create a hazard to the rail—
road.

This would not be a major problem if not for the fact that the
railroad h. i numerous operational <contingencies they are required

to follow which 1inhibit the timing of avalanche control operations

on the highway. When a rail barge arrives in Whittier it must be
off-loaded at the high tide. The crain must then make the passage
to Anchorage in less than eight hours, including barge off-load

time, or it is left sitting.

Union regulations are cited as being the cause for such a sit-—
uation. If avalanche control operations delay the train the DOT/
PF could be charged for expenses incurred. This plan does not en-—
compass any operational consideration for this as there 1is no way

of knowing what working relationship can be established.

Weather in Avalanche Formation

Climate patterns in Southcentral Alaska vary radically in a

relatively short distance. (Figure 2-1). Take for example the

difference in annual precipitation between Whittier (175 1in./yr.)
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Collection of a Data Base

There are probably numerous records related to avalanche prob—
lems on the highway; considerable data was collected from 1958 to
1963, however, somehow misplaced or 1lost over the years. M1 of
these records need to be acquired and assimilated into existing
data. Future climate studies should take place to aid in fore—
casting. Specifically, this would include water content survey in
all avalanche release zones this coming March (198C) to establish a
set of parameters to judge storm accumulation in starting zones
using the base level observations. Snowpack and water content ob—
servations can be gathered at various levels in the area to aid in
establishing an 1idea of the relative difference in precipitatnn
caused by local orographies. Combining this information with
850mb air flow patterns would be helpful for the development of an
overall view of the orographica* effects in the entire Chugach

Range.
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Chapter 111

AVALANCHE FORECASTING
FOR THE SEWARD HIGHWAY

Successful avalanche hazard forecasting 1in any area requires
a good Dbackground in avalanche meteorology. Changes in the
weather provide the most accurate warning as to when and where
avalanches are likely to occur. With current technology, 1t 1is
possible to directly observe subtle changes 1in the srowpack that
signal the onset of failure and avalanche release. Avalanche
workers are not required to have a knowledge of weather forecas-—
ting, however, they must be able to communicate with meteorolo—
gists at the National Weather Service. Avalanche workers are
supplied with a forecast, and 1in return, supply the meteorologists
with data to improve forecasts. This exchange works best when
avalanche workers and meteorologists are familiar with one ano-—

ther®s work .
Storm Watch and Analysis
It is a "*nown fact that the vast majority of avalanches re—

lease during or shortly aft*™r storm periods. In this text, the

term "storm period" 1is used 1in its broadest sense to include peri—

ods of snowfall, snow transport, or both. Each storm 1is a unique
combination of meteorological variables. The combinations are al—
most infinite. Meteorological data cannot be gathered at every
avalanche path of interest, therefore, for practical reasons,

wind, precipitation, temperature, etc., are measured at strategic

locat ions.



There are two broad categories 1in storm trends - the stan—
dard trends<and 1inverted trends. In the standard trends, 1initial
storm temperatures are vrelatively high and temperature falls as
the storm progresses. In the 1inverted trend, the initial tempera-—
tures are relatively cold and temperature rises as the storm pro-—
gresses. Tnere are times when, for instance, a northwesterly flow

will hover over the Anchorage 3rea and predominate through to the

Turnagain Pass area producing a cold cap over that region. Preci—
pitation, in the form of snow, 1is possible during this time. This
is a storm in the standard trend. It is common 1in the Sevard area

for a heavy low front to move in with a southeasterly air flow.
The end result 1is a storm 1in the inverted trend. These two situ—
ations would produce a different set of circumstances for the
forecaster®s consideration, both in areas of snow build-up and in
the stability factor of the snow 1itself. This points out the need
for good roteorologi”al avalanche data from two or three strategic

sites along the Seward Highway.
Stability Evaluation

Stabili*/ evaluations are based on six different categories
of information. These include quantitative meteorological mea-—
surements, such as study plot precipitation and ridge crest winds,
as well as such qualitative ob3crvatinns rj explosive tests, test
skiing, and visual observations of avalanche path loading. Sever —
al categories require close liaison between the control team and
the person who makes the evaluation. At most of *he sites, stabi—
lity evaluation for a slope must be based on knowledge of recent
avalanche activity on the nearby slopes.

The 1location of the Mt Alycska ski area 1ir certainly a boon
to the Seward Highway Safety Program. This 1is where a dost work—

ing relationship between the Alye.<a Avalanche Technician, the



Forest Service Snow Ranger there, and the Seward Highway lead
forecaster will be of great and mutual benefit. Stability evalua—
tion and control work are generally performed either by the same
team or by teams working in close cooperation. Often stability
evaluation and contiol work are so interlinked that the boundary
is not clear. This interlinking 1is a unique feature of avalanche
technology in contrast to .. forecasting and control of wild-—
fires, earthquakes, and other natural hazards. Generally, working
systems of mountain rangers around the world follow similar lines.
An experienced forecaster 1issues broad directives about the Ilike—
lihood of instability and, 1in most cases, supervises the control

work. These systems rely almost entirely on human jJudgment.

Snow Cover Distribution, Current and Past Avalanches

For the most part, these are simple, visual observations,
however, they form the basis for the most reli ble stability
evaluations. Snow cover distribution is determined by direct,
visual observation of whetner an avalanche path is filled with
snow primed for release. To begin with, significant avalanches
cannot occur on a pat.i until terrain irregularity such as boulders
and brush 1is covered with snow, and then additional snow 1is de—
posited on this smooth foundation. For most paths, this requires
about 2-1/2 to 3 feet of snow 1in the starting zone and track. The
exceptions are paths on permanent snow fields, smooth rocks, dirt,
grass, etc. where avalanches may run with as little as 6 inches
coverage 1in the starting zone. Normally, the beginning of an ava-—
lanche season in a particular slope can bo anticipated from visual
observations of snow cover amount and distribution and conditions
in the starting zone and track. Most of the 60 slide paths along

the Seward Highway have good visual observations from the highway.
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It is also helpful to statistically correlate the earliest
significant, avalanche on a given path. Mr. Jack Morrow has
compiled a report from his diary which gives valuable information
on avalanche occurrence along the Seward Highway from 1968 to
1978. This information 1is contained in Appendix II. No other
specific material is available for this time period for the entire
length of the Seward Highway. After the beginning of the
avalanche season direct observation continues to provide the most
reliable information on snow build-up in the starting zones.
Periodic visits by use of helicopter into areas above 3ird Hill
slide paths should begin on a regular basis since it would allow
the forecaster to dig study pits near the actual areas of release.
The proposed remote weather site on Bird Hill is an excellent
location to be wused as a study plot. That location 1is quite

large, flat and the snow depth there would be fairly uniform.

Observation of Slopes with Common Aspects

Loading 1is sensitive to wind direction so avalanches tend to
occur on slopes that have a common aspect. For example, after a
storm it may be noted that avalanches or avalanche activity is
most 1intense on south-facing slopes as would be the case on Bird
Hill slide paths | through 6. South-facing slopes that did not
avalanche during the storm should be suspected of instability. In
fact, the slide paths beyond Bird Point 7-20 would also be sus-—
pect.

Observation of Slopes with Common Elevations

In an area that has a wide range of starting elevitions, it
may be observed that avalanche activity 1is confined to a particu-—
lar elevation zone. For example, the higher zones may be rela—

tively 1inactive, but serious instability may exist at lower eleva—



tions. This phenomenon 1is usually caused by wind or temperature
patterns and could be particularly true on Bird Hill. When ava-—
lanche control activities are underway this fact should be kept 1in

mind.

Forecasting Relationship between Frequent and Infrequent Paths

Based on historical dcta, avalanche paths can be classified
according to frequency of occurrence. It is an accepted practice
in a control program to defer the stability evaluation of infre—
quently running paths until the stability conditions of more fre—
quently running paths are known. If frequently running paths are
moderately wunstable, instability can be expected on other paths.
Conversely, if frequently running paths are stable, it 1is usually

possible to evaluate the stability of infrequently running paths.

Thaw Warnings

As spring approaches, free water will accumulate with"n the
snowpack. Many small, wet avalanches will appear .n loose snow or
wet slab to give ample warning that wet avalanches of increasing
size can be expected. explosives are often not an of ectivc tool
when attempting to trigger this type of avalanche. A useful reme—
dy 1is to close off the area of concern during the warmest part of

the day.

Snowpack Structure

During storms the forecaster keeps track of storm parameters.
Between storms the forecaster has time to investigate the condi—
tions of the deeper snowpack. This cculd be accomplished at the
remote weather site on Bird Hill. Diagnosis of snowpack structure
involves searching for weak layers; some kinds of weak layers that
are Jefinitely correlated with instability are those that contain
TG grains, loose cold snow, surface hoar, graupel, radiation crys—

tals, weak rocrystalized grains, or wet snow.
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Local Meteorological Data

Field observations of snow build-up on or near avalanche re—
lease zones are not often feasible because of weather. When con—
ditions are especially critical, it is rarely possible to tour re-—
lease zones of high elevation paths that threaten highways.
Therefore, it is necessary to rely heavily on meteorology study
plots, precipitation measurements and ridge top wind measurements.
The requirement for catastrophic snow failure is rapid loading to
a critical level Thus, the basic problem in making stability
evaluations from meteorological measurements 1is to infer from the
study plot and ridge top wind data whether the rate of loading and
total load are approaching critical 1levels in the avalanche paths
in question. The simplest way to use the numerical data furnished
by instruments 1is to 1identify for each path or group of paths the
following critical conditions: (1) wind directions that load the
paths in question, (2) wind speed requirement for leeslope load-—
ing, (3) critical precipitation intensity, 4) critical total
water equivalent. Each storm is monitored and analyzed. The
slopes in question are evaluated as unstable when the four criti—
cal conditions mentioned above are satisfied simultaneously. The
critical 1lev®l of the fouj conditions f<r each path or group of
paths 1is derived from at least three to five years of records of
meteorological measurements and avalanche conditions. New data is
used continually to improve awareness of critical conditions. The
success of this method depends on careful vrecord keeping of mete—
orological and avalanche observations. For avalanche problems 1in
general, the importance of good records cannot be overemphasized.

Meteorological measurements are useful for evaluating wet
snow 1instability. The important variables to monitor, at least
qgualitatively, are rainfall, radiatian and air temperature. Heavy
rain causes wet snow instability by adding weight, decreasing co—
hesion in the surface layer and Jlubricating a potential sliding

surface. The amount of rain required for instability depends on



the temperature of the top layers of the snowpack. If these lay—
ers are near zero centigrade before the rain, relatively little

rain can cause avalanches. Cold snowpacks have a nigh capacity
for absorbinn rain. Wet -now 1instability grows more intu®w from
inid-afternoon on, shortly after solar radiation reaches its peak.

The mel \ng process accelerates because wet snow absorbs far more
solar radiation than dry snow, therefore the onset of wet snow in—
stability may seem to occur rapidly. Usually wet snow instability

is confine® to the most recently deposited layers, to a depth of

about three feet. Prolonged thawing occasionally triggers deeper
or even full dept.i slabs. These deep, wet slabs may release any
time during a prolonged thaw. As mentioned earlier, explosives

seem to have little effect 1in activating vet avalanches; they re—
lease when ready.

Air temperature trends are known to correlate with slab sta-
b lity. Rising air temperature during a storm 1is considered an

unstable trend because heavy snow is being deposited on Jlighter

snow. This trend would be true more of tori than not along the
Seward Highway. Falling air temperature is considered a stable
trend. This was mentioned earlier in this report as standard

storm trends anu inverted trends, an important factor for the fore-—

caster to be aware of along the Seward Highway slide paths.

Nat ional Weather Service Data

The National Weather Service may assist the forecaster by pro-—
viding data on wind, temperature, and humidity at the wupper lev—
els. Short-term forecasts are provided to guide immediate control
decisions and extended forecasts for operational planning. Ial-
luon wind data supplements local measurements for estimating the
avalanche path loading 1in a large region. When Jlocal wind instru—
ments are rendered inoperative by rime, lightning, or some other
cause, balloon wind measurements must be used as a backup. Wea—

ther service personnel should, without a great deal cf effort, be



able vo -.upply the raw balloon data to the avalanche forecaster.

Howev™ interpreting t”e data and 1issuing forecasts for specific
avalanc. areas requires some effort and time on the part of the
Weather Service and a reciprocal effort by the avalanche fore—
caster. It is easy to understand that interpretations and fore—
casts of small scale or local weather are inaccurate.

Forecasting mountain weather 1is especially complex. Neverthe —
less, with existing physical models, reporting networks and experi—
ence, weather forecasters usually do an effective job of predicting
air temperatures, wind speeds and directions and the likelihood of
precipitation. Forecasters still have trouble, however, determin—
ing the amount ot precipitation for mountainous areas. Good com—
munication between the field and the forecast center, especially
during storm periods, help forecasters to adjust the precipitation
forecasts and, in the long run to improve their forecasting
skills. This communication 1is established first by working through
appropriate channels; the avalanche forecaster must determine which
weather center is 1in position to 1issue special forecasts and ex-—
change information directly.

A pre-season meeting 1is then set wup between the avalanche
forecaster and the meteorologist in charge of the designated sta-—
tion. This could 1involvi two stations in different locations when
both have 1input determined valuable to the control effort. A plan
for exchanging information should be developed. There will no
doubt oe need for renewal and 1improvement each year. Routine com—
munication should 1involve telephone, radio, or teletype. A direct
telephone 1link to the forecast center would seem most Jlogical and
limit operational problems. Unlisted telephone numbers which in-
aure prompt service may be obtained, if agreed to by the meteorolo-
g ist.

It may help for Weather Service personnel to vls.t the ava-—
lanche forecaster®s areas of concern and the avalanche forecaster
may benefit from inspection of tho weather center. Generally, the

communication plan should provide for a morning exchange of routine
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information with updates during emergencies. Each morning, at an
established time after the balloon data 1is available, the avalanche
forecaster should phone the Weather Service. The purpose of this
call will be to furnish the Weather Service with local weather in—
formation following a format set up in a pre-season meeting.

The following types of Ilocal information may be useful to the
forecaster: present state of weather, present precipitation rate,
cloud cover, present temperature, dew point, Jlocal wind speed and
directions, observed freezing levels, maximum and minimum tempera—
tures during the last twenty-four hours, precipitation rate during
the last twenty-four hours, evidence of front passage or other
special weather phenomena. Other information that could be com—
municated by the Weather Service to the public includes, highway
conditions, avalanche warnings, possible highway closures for con—
trol work and the times work will take place.

In return, the Weather Service may supply the following infor—
mation to the “evalanche forecaster: maximum and minimum forecast
temperatures fur the next twenty-four hours, expected amount of
precipitation 1in the next twent*. -four hours and expected times -~f
precipitation surges, trends 1in ridge top wind speed and direction,
freezing levels, cloud cover, and extended forecast of general
weather for the next two days, three days, and seven days. How
well the weather forecaster <can pinpoint precipi.ation surges or
lulls may depend on his experience and knowledge of local effects.
Weather stations often have personnel with special interest in
mountain weather, avalanches, skiing, etc. The avalanche fore—
caster 3hould 1learn who these people ar.. and work with them during
critical periods.

Since weather patterns can differ at times between the Alyes-
ka area and Seward, it would be wise to set up a system or a net-—
work of observers. People living in or near areas of <concern
could provide support by reporting storm progre33, taking snow
samples for water content and density, monitoring the temperature,

cruising the highway 1in their area, and checking for any kind of



instability of the snowpack. Information would then be transmitted
to the S.H.A. Forecast Office. Some of these persons could be on a
part-time basis-some would be volunteers. As the area of known
avalanche activity is vast and the responsibility for forecasting
and control so critical, it is recommended there be a lead fore—
caster ar.d two assistant forecasters. It would be necessary that

they live in the area of concern.
Control by Explosives
The strategy of artificially releasing avalanches above high-—

ways is intended to produce small avalanches that clear out the

track and either stop short of the road or deposit only small loads

on the road bed. lIdeally, the avalanche should stop just short of
the road. Experience demonstrates that it 1is much more efficient
to plow off many small deposits than one very large deposit. Also,

the release of many small avalanches in the winter prevents large
avalanches from running 1in the spring thaw. This type of control
program is 1in effect in Little Cottonwood Canyon, Utah, and has
proven very effective over the years. Jn highway control, the re—
lease of many small avalanches has a strategic advantage over wait—
ing for one large avalanche.

Hazard forecasters, called upon to blast with artillery, hand
charges, etc. must be released from liability before control be—
gins. This may require a civil ordinance delegating authority to
perform control on specific slopes for general public welfare, in
full understanding of risks a. d uncertainty of results, since the
slide paths could effect something other than the highway itself,
such as power Jlines, railroads or personal property.

Inaccessible avalanche paths over highways are routinely con—
trolled by artillery or helicopter. 0Of these two principal tech-—
niques, artillery 1is apt to be the more expensive since artillery

ammunition combined with the purchase and maintenance of weapons



entails a greater expense than hand-thrown charges and the heli—
copter time. It should be noted that helicopters are Jlimited to
favorable weather conditions. Since visibility constraints should
not be imposed if control 1is to be most effective, helicopters are

best wused in combination with artillery, rather than as a sole

technique. The avalauncher 1is a weapon being widely used now by
ski areas throughout the west. This particular weapon has been
tested to some extent 1in Little Cottonwood Canyon, Utah. For the
most part, it did not have sufficient accuracy oi range. The max—

imum range 1is 1400 yards and most shot points in Little Cottonwood
Canyon run over 2000 yards. This 1is also true for most all ranges
on shot points along the Seward Highway.

Because range 1is a problem, most highway control is performed
with artillery weapons. Whenever possible, weapons should be

fired from fixed mounts that permit accurate indirect aiming dur—

ing poor visibility. Firing positions should be chosen to mini—
mize avalanche hazard to firing crews. Recoilless rifles and how-—
itzers, 75mm to 105mm, arc suitable. Fixed mount Jlocations for

the Seward Highway, type of weapons and number of weapons are dis—

cussed in another section of this report.



Chapter 1V

DESCRIPTION OF ROUTINE FORECASTING
AND CONTROL OPERATIONS

Since the Seward Highway crosses 68 slide paths in 1its dis—
tance between Anchorage and Seward, a good <cooperative effort
among various agencies must be westablished to provide adequate

public safety.

Several agencies will most 1likely be 1involved in the opera-—
tion of a control progranm. At the time of this writing, a formal—
ized structure of responsibilities and authority have not been
established. The following 1is an attempt to define the roles and
responsibilities of various agencies that will most likely be 1in—
volved. This could change once formal agreements are placed in
affect, but it does constitute a general scope of combined respon-—
sibilities. Should one of the agencies mentioned below decide
against involving themselves with the <control program then the

outlined work will have to be done by another agency.

Outline oi Public and Private Entities |Involved 1in Avalanche

Safety on the Seward Highway:

A. U.S. Forest Service; Division of State and Private Fores—
try
B. Alaska State Department of Transportation and Public

Pacilities
U.S. Weather Service
Alaska State Troopers

Alaska State Parks; Chugach State Park

m m o O

Private Entities 1. Alyeska Resort
2. Summit Lake Lodge

3. Bird House or Scottish 1Inn



Summary of Roles, Responsibilities and Authority of Agencies

A. U.S. Forest Service; Division of State and Private Forestry

Responsibility for avalanche forecasting and control has
been assumed by the U.S. Forest Service in several areas of the
country. This agency has the greatest expertise in dealing with
avalanche problems of any public agency.

1. Maintain weather and snowpack tecord~, make daily
weather and snowpack observations, consult daily with
U.S. Weather Service 1in Anchorage, and prepare ava-—
lanche forecasts on a site specific basis for the
Seward Highway.

2. Recommend road closures for DOT/PF based on hazard
forecasts; advise DOT/PF of weather, snow, and ava-—
lanche conditions.

3. Supervise and implement avalanche control activities
including use of artillery and helicopter borne ex-—
plosives on starting zone targets above tho highway.

4. Via the S.H.A. Forecast Office, keep other agencies
and the general public informed with
regard to weather and avalanche <conditions, time—
tables of impending road closures and openings, and
give status of on-going avalanche work.

5. At the request oi the Alaska State Troopers, or in
their absence, provide leadership and technical as—
sistance 1in avalanche searches and rescues.

6. Provide training and supervision necessary for the
safety of all personnel involved in avalanche control
operat ions.

7. Procure artillery ordinance from the U.S. Army and

supervise its transportation, storage, and use.
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B. Alaska Department of Transportation/Public Facilities
The DOT/PF has wultimate responsibility for highway safety,
and consequently has final authority to decide road closures and
openings necessitated by avalanche hazard.
Specific responsibilities are:
1. Remove snow and avalanche debris “roin Seward High—
way as service priorities permit.
2. Notifyother cooperating agencies andthe general
public of planned road closures or openings; through
recorded telephone messages or electronic message
boards, keep the general public informed of road con-—
ditions and avalanche control activities.
3. Maintain avalanche signing system, avalanche closure
gates, and other public warning devices.
4. Participate with the U.S. Forest Service and other
agencies to cover the direct cost cf avalanche pro-—

tection on the Seward Highway.

C. U.S. Weather Service

Through 1its Anchorage oft ice weather forecasts are 1issued for
much of Southcentral Alaska. Due to the extensive area covered by
the highway, a reliable exchange of weather information will bene—
fit all agencies and the general public.

1. Issue weather forecasts on a locality specific basis
to the S.H.A. Forecast Office.

2. Provide technical assistance for tho construction and
maintenance of remote weather recording installa-
tions.

3. Provide interfacing necessary to establish high-speed
data exchange and other related cooperative weather

information exchange and recording.
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D. Alaska State Troopers
All rescue activities, including avalanche, are under the
Troopers jurisdiction.
1. Direct all avalanche rescue 1in cooperation with U.S.
F.3., Division of State and PrivateForestry; S.H.A.

Forecast Office.

2. Provide comnunications tacilities as needed.

3. Provide hel copter on a cost basis for snow studies
work.

4. Respond to emergency situations as requested by the

S.H.A. Forecist Office.

E. Chugach State Park
1. Provide permits necessary for forecasting and control
activities arks land.

2. Relay avalanche and weather data to S.1l1.A. Forecast

Of fice.
3. Maintain weather recording facility 1in Bird Creek.
F. Private Entities

1. Alyeska Resort
a. Voluntarily relay avalanche and weather data to
S.H.A. Forecast Office.
2. Summit Lake Lodge
a. Voluntarily maintain weather recording facility.
b. Voluntarily close avalanche gates at Summit Lake
in emergency situations.
3. Bird House or Scottish 1Inn
a. Voluntarily <close avalanche gate at Bird Flat in

emergency situations.



The success of an avalanche program on the Seward Highway
depends on (1) flexibility of response to changing conditions, (2)
cooperation among vresponsible public and private agencies. The
following description of events is entirely hypothetical with

regard to times and locations of personnel and equipment.

Night storms. The 1lead forecaster for the Division of State
and Private Forestry, stationed at the S.H.A. Forecast Office, has
been on a storm watch during most of the night. The amount of
precipitation he has noted since the start of the storm at 1U p.m.
is the indicator of the rate of hazard formation and the density
an indicator of the nature of snow buildup. He has also been
checking the ambient air temperature and wind speed and direction,
with this information coming from a remote site on Bird Mill and
Andy Simons Mountain above Kenai Lake. The anemometer readings
are indicators of specific locations of hazard formation.

At 4 a.m. the hazard forecaster will start his calls; possib—
ly his first call will be to the National Weather Service for
another <check on the direction of » storm. After he has ga-—
thered information from his own /ations, he may also have
received some calls from the part-time observers and volunteers

located toward Seward.

He has, by this time, made his evaluation; control 1is neces—
sary. It would mean control by 1indirect (blind) fireonto indica—
tor shot points or specific locations of hazard formation. The

hazard forecaster®s next call, then, would be to the Department of
Transportation. The time would be 4:30 a.m., asking for a road
closure at 6 a.m. so control work can start at thattime at gun
position No. 1 firing 1indicator shot points 102, 107, 116, and gun
position No. 2, shot point 204, 206, 212, and 218. Gun position
No. 4 might shoot points 404 and 408 if a high hazard exists. The

Department of Transportation, after receiving this information
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from the hazard forecaster, <calls the State Troopers, informing
them of the road closure. They could possibly ask for assistance
in sweeping the highway, making sure no automobiles or pedestrians
are in tne area and actually close the gates.

Concurrent with the above, the 1lead forecaster will have to
make decisions regarding control activities for the highway south
of Girdwood based on field observations from the weath.-r reporting
network. Arrangements will need to be made to implement the clo—
sures and control work necessary. At this point, the Department of
Transportation relays a message to the public througn the Weather
Service regarding road closure. Gun crews and maintenance crews
are dispatched for implementation of control activities and in pre-
pukc “ion for clearing of avalanche debris.

Afte ® firing the 1indicator shot points from gun positions #1

and #2, i e hazard forecaster makes a quick visual assessment and

decides 1immediately 1if more control is needed. If hazards show up
as extreme, little decision 1is needed. Full control is imple—
mented. Tn this case, road closure will have to be extended. If

hazard 1is not ex*remc the highway will be opened to traffic by
08:30. In this case, more control work could bu carried on fronm
10:00 a.m. to noon, when traffic volum"™ 1is not increasing. If big
avalanches occur in the area of control work, the maintenance crews
are there to clear and open the road as soon as possible.

IT a moderate hazard exists control work may be deferred un-—

til 10 a.m. This allows Girdwood-Anchorage commuters into work and
Alyeska skiers to the ski area. There is a drop-off in traffic
volume from 10 a.m. to noon, as noted in Appendix |I. This is a

good time to do major control work as there is continual daylight.
DOT/PF does not remove avalanche debris at night. Exact details of
control activity timing will have to be worked out as the progranm
becomes operational but this gives some general guidelines for con-—

trol of night 3torrr



Day storms. Storms that build a hazard during the day will
require a somewhat different tactic. IT it is anticipated that a
hazardous Jlevel will be reached 1in the Jlate afternoon or evening
control activities will have to be timed to allow for c. san-up of
avalanche debris before dark. This would mean road closure would
occur at 1:30 end graduate to a later time as daylight allows dur—
ing the latter part of February, March, and April. Control acti—
vities could commence at 2:00 firing from all gun positions si—
multaneously to be done with control at 2:20, allowing 40 minutes
for avalanche debris removal. If debris 1is not removed by dark
the road will remain closed all night. If it is decided to forego
control activities during day storms, a road closure will have to
be put into effect sometime during the night. It should be obvi—
ous there are many problems with these procedures that can only be

worked out after the control program becomes operational.

Thn lead forecaster and his assistants would collect and re—
cord weather, snow cover and avalanche data, analyze all technical
data and prepare forecasts of avalanche hazards, order <closures
for the highway, determine when and where to use artillery or hel—
icopter bombing, conduct avalanche control activities and do re—

search for 1improving forecasts.

Public Information and Warning. An important part of ava-—
lanche hazard control is public information and education, c»
vincing the public that =zoning ordinances, ski run closures or
highway restrictions are in their best interest. The avalanche
worker has much on his side. Avalanches are spectacular and can
be portrayed 1in exciting and convincing presentations via televi—
sion, radio, newspapers, ski magazines, films, lectures and pam-—
phlets. Besides the general public, some groups that may benefit
from avalanche information and education include ski clubs, public
utilities crews, state highway crews, ski area operators, sSsnow —

mobile clubs, rescue organizations, sheriff"s departments, state



and federal agencies, ski schools, mountaineering clubs, local
planning commissions and mining corporations. The more avalanche
education for all of the public, the easier it is for the DOT/PF
to close the highway for periods of control. The information pro—

gram should underscore the common sense of avalanche safety.
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Chapter V

AVALANCHE RESCUE

In order for a rescue to bo successful, the utmost speed must
be used in running the operation. Statistically, a victim"s chance
of being recovered alive falls to less than 50% after one-half
hour. In all probability the fact that the victim of a highway
avalanche 1is 1in their vehicle increases the |Ilikelihood of a live
rescue and consequent time values, but the naif-hour figure does
reflect the necessity for speed.

As there 1is not a large staff of professional rescue people
available to the Seward Highway control program, any rescue opera-—
tions will probably involve a large variety of volunteers, DOT/PF
personnel, avalanche control crews, U.S. Forest Service, and State
Troopers. The latter has full responsibility for all rescue opera-—
tions within the state, 1including avalanche. Cooperative training
efforts betweeen the State Troopers, DOT/PF personnel, and the con—
trol crews <could result in a reasonably efficient response to
call-out. Much effort must be put forth to establish communica-—
tions links, lines of authority, and Jlayout ot equipment and man—
power for rescue operations in order to have the speed necessary to
perform a live rescue.

In the set-up ot rescue operations, the ability to wutilize
personnel immediately adjjccnt to the affected area 1is important.
Because of the large distances involved, responses will have to
come from Girdwood for the Portage-Bird series of avalanche paths,
and from Moose Pass for the 19-mile-Summit Lake series. Transpor —
tation times involved from any other Jlocation, with the exception
of Summit Lake 1itself, will preclude the probability of a live res—
cue. A net of potent al rescuers could be established in each lo—
cation to accomplish i minimal response time by utilizing the Gird-—
wood Mountain Rescue Group, U.S. Forest Service personnel stationed

in Moose Pass, and supplementing these with local volunteers.
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Protection of rescue personnel is of the highest priority. It
is unacceptable to place severe risks on the large number of people
associated with a rescue teanm. For this reason the lead forecaster
should be the person that guides rescue activities, as he is the
most qualified to make the critical decisions involved. This 1is
contrary to the mandate of the State Troopers requiring them to run
all rescue operations, but <cooperative ties <can and should be
worked out to allow this practice to take place under the direct or
indirect supervision of designated troopers. There 1is a limited
number of troopers acquainted with directing an avalanche rescue,
therefore, in an effort to eliminate miscoinmunications, designated
troopers should be involved. Local troopers could become trained
to perforin this function from Girdwood or Moose Pass 1in conjunction
with the base rescue operations 1in Anchorage.

Guidelines need to be established as to the degree of hazard
to which rescue operations can be committed. Each situation will
be different and demand individual attention, but a few generali—
ties can be made. Control work may be necessary in order to commit
personnel; always a difficult proposition because of the likelihood
of worsening the situation of the victims. Avalanche paths with
multiple release zones should be dealt with very <cautiously as
there 1is a good chance that only part of these areas will have had

activity, with the rest of the release zone being very prone to

avalanching. Many accidents have occurred during rescues due to
this situation. Regeneration of snow deposits 1in the release zone
presents a hazard to long-term rescue. In a case where it seems

certain that a vehicle is caught with a high hazard of more ava-—
lanches, it could be deemed justifiable to commit a small group of
professionals to a rapid search, provided backup manpower is 1im—
mediately available. This type ot decision is extremely difficult
to make without a solid background 1in avalanche forecasting, con-—

trol, and rescue.



Continual training will be necessary to establish the effici—
ency of movement necessary for a speedy response. Call-outs should
take place several times a year to keep a polished edge on the res—
cue operation.

Equipment must be purchased and stored at Moose Pass and Gird—
wood to expedite a call-out. A cache could also be established at
Summit Lake to facilitate any problems there, but this would not
have to be as extensive as the Level 1 caches at the other two
locations. Periodic checks should be made to insure the readiness
of this equipment.

Night rescue operations present unique difficulties and haz-—
ards. It would be difficult to commit personnel to such a rescue
without substantial evidence of vehicle entrapment. Nevertheless,
it will be necessary to make arrangements for emergency lighting
facilities should the circumstance arise.

Speed and safety are the most important concepts 1in an ava-—
lanche rescue. Training of personnel, cooperative ties among agen—
cies, and use of the most qualified people 1in decision making can
accomplish duality of purpose.

Following 1is a listing of the positions 1in the chain of com—
mand of a rescue and a description of the responsibilities of each
position. A 1i3t of necessary equipment follows.

There should be instructions for each phase of the rescue con—
tained 1in either manila envelopes or binders at various Jlocations.
In communications stations these instructions could be centrally
located so they could bo readily accesrible to highway crews and
other people ir * lved.

These instructions are:

1. Immediate Action: The first person to learn of an ava-—
lanche will probably notify either a government agency in the vici—
nity or a public facility. Basically, the person receiving this
notice should: hold the witness to accompany the search party and
sound the general alarm which will notify qualified rescue leaders

on a priority basis.



2. Person Receiving General Alarm: The first qualified res—
cue Uleader reached by the general alarm proceeds to the nearest
communications station and becomes dispatcher unless relieved by a
superior in the plan"s structure. Contained 1i.n this person®s in—
structions 1is a list of procedures used for the 1immediate dispatch
of columns of rescuers to the scene and a series of follow-up ac-
tions.

3. First Column Leader: Instructions for the person ap-—
pointed by the rescue leader to lead the search column must be
available 1in each avalanche rescue cache, including guidelines for
screening volunteers, selecting a safe route to the accident site,
and procedures used 1in searching for the victim. Several methods
could be used according to the resources available, including dog
search, use of a metal detector, course probing, or use of an

electronic locator.

4_Accident Site Commander: Instructions for the person des—
ignated by the rescue leader to assume <command at the accident
site. This may or may not be eho hasty search or first colunm
leader. Organizational guidelines should include organizing probe-

lines, reporting progress to the rescue leader, removing exhausted
workers, obtaining medical and transportation assistance, obtaining
backup assistance, and terminating rescue operations.

5. Column Leaders: Instructions for persons appointed by the
rescue loader to 1lead groups of rescuers to the accident. These
are similar to tho first column leader®s instructions, but do not
include some of the preliminary work -hat 1is to be accomplished by
the first people at the scene.

Immediate action envelopes should be distributed and explained
in all areas where an avalanche 1is likely to be reported. General
alarm packets should only be 1issued to designated rescue leaders.
The other three sets of instructions should be Jlocated at the ava-—
lanche rescue caches. Following 1is the recommended <cache loca-

tions:



1. Girdwood Maintenance Station, DOT/PF - Mile
cache

2. Summit Lake Lodge - Mile 46 - Level 2 cache
3. Moose Pass - U.S_.F.S. Station - Level 1
Following is a recommended Level 1 cache. Level
much equipment for the most part.

Quant ity
Trapper Nelson pack frame 2
Collapsible probes 20
Small snow shovels 6
Headlamps 30
Flares 100
Markers (wands with flags) 200
Wool blankets 4
Warning horn
Large first aid kit 1
6 volt hand lamp 6

Portable radios (walkie-talkies)

3
100

l-piece probes

Shovels, Jlarge scoop 30
Toud hailer

Horn refill 1
Metal detector 1
Tobbogan I
150" rope 3
Lighting unit on trailer 1
Snowshoes 10
Electronic locater 24
Stretchers 2
(from B.C. Highways, 1979)
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Chapter VI

AVALANCHE MAPPING

A record of identified avalanche paths 1is necessary to design
and implement the control system. For this purpose aerial photo—
graphy was used to identify avalanche paths in order to define the
starting and runout zones. Incorporated into these photographs is
a description of target points to be used in the control progranm,
gun positions, and location of other facilities necessary for the
control progranm.

For a cc"cise view of the topography and relation of one path
to another, a record of the avalanche paths was produced on
1:63;300 scale U.S.G.S. topographical maps. These contain a re—
cord of the avalanche path perimeters in red, gun positions, maxi—
mum line-of-fire, mileage marks, and remote weather stations in
black. Avalanche paths designated with a numLar but no perimeter
marks either run close to the highway or there 1is evidence of veg-—

etation damage.

V. - visual fire target points
MP - milepost
GT - mobile gun truck position
List of Figures Slide Path #

6-1 Bird Hill topographical map

6-2 Bird Flat 1-6

6-3 Bird Point 3-6, 7-8
6-4 Bird Hill 7-14

6-5 Bird Hill 13-17
6-6 Bird Hill 16-20

6-7 Side view of Bird Hill



6-8

6-9

6-10
6-11
6-12
6-13
6-14
6-15
6-16
6-17
6-18
6-19
6-20
6-21
6-22
6-23
6-24
6-25

Kern-Peterson topographical map

Kern

Between Kern Creek andPeterson Creek
Peterson

Turnagain Pass-Silvertip topographical
N. Side Turnagain Pass

S. Side Turnagain Pass

S. Side Turnagain Pass

Summit Lake topographical map

S. of Summit Lake

Summit Lake

Seward-Sterling Y topographical map
Seward-Sterling Y N. Side
Seward-Sterling Y S. Side

KenailLake topographical map

Kenai Lake

Kenai Lake

Snow River

96

map

21-22
23
24-27

40-42
43-46
47

54-56
70-73

74
75-77

90-92
93-94
95-97



BIRD HILL
FIGURE 6-1

-57-



- ——— I

v 77/






212

t07A

20AC

FIGURE

202C

(

AN
o



et seea»-yoj
d S TP fv *ss

301*
som 9088 303c 804" 30%%*

»0«A

jo7*

WA 80788 g705" A

8,2






ir

"4 » v %
*81 X*v %" m n n
V W >

t v '

V MaV 1 *"t

fsex v SNAEE A
\%
07,'r
w3 Ay
LA
FIGURE 6-7

-03-



FIGURE 6-7



erVb-rn
\h A x> |

glY* 1

GT
MP

J?

[ B ‘ Saur‘u‘]nn_

| Kimp

% 2F

MPR4<

KERN-PETERSON

FIGURE 6-8

LT
for
\% c=*
/ "H
r ST sb K,
ot Y/L
M ==
e
O
*5»S* s 0
x* J
W m re
W/ T5tjfy; ..
)r vV o,n»



FIGURE 6-9
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FIGURE 6-10
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FIGURE 6-13
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SUMMIT LAKE
FIGURE 6-16
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SEWARD-STERLING
FIGURE 6-19
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Chapter VII
SIGNING SYSTEM

During the course of this project a trip was taken to Dritish
Columbia, Canada to review the signing system in wuse 1in several
different highway Jlocations. There are numerous highways that are
threatened by avalanches in B.C. Funding 1is available for artil—
lery control only on certain critical passes, largely due to the
high cost of acquiring weaponry 1in Canada. Because of this they
have establishes signing as their first priority 1in dealing with
avalanche problems.

The situation in Alaska somewhat parallels the Canadian one.
There are several highways with low traffic volumes which are not
practical to control. The Seward Highway 1is not one of these.
Hazard to the public can be reduced considerably by reducing the
amount of time spent in avalanche run-out zones. The use of signs
is an attempt to alert the public to the fact that they should not
stop 1in certain areas. Should a natural avalanche block the pas—
sage of vehicles it is possible that someone will remember the
warning sign and leave the hazardo s area. With any luck, they may
also have the common sense to warn other traffic. This will help
reduce the 1likelihood of a number of cars being buried as a result
of stopping 1in a run-out zone.

In setting up a signing system there should be considerable
attention paid to the placement of the <closure gates and large
electronic message boards 1in order to have efficient closures and

the least possible inconvenience to the public.



Type 1 "Avalanche Area - Do Not Stop"

Type 2 "Avalanche Area next __ miles - Do Not Stop"
Type 3 "End of Avalanche Area"

T "pe 4 Closure gates, two types

Type 5 Electronic Message Board

Type 6 Electronic Closure Sign

Type 1 and Type 3 signs must be 1installed on all potential ava-—

lanche paths.

Type 2 signs should be used at locations specified 1in the inven—

tory.

Type 4 gates should be installed at miles 1d,24,30, on two direc—
tions of the Sterlinj-Seward "Y", miles 46,46.5,80,90,90.6, and
99.5

Type 5 signs would be on a priority because of the high cost.
First priority would be at Potter Flats and Girdwood to cover Bird
Hill. As more money becomes available, DOT/PF might consider es—

tablishing these on the outskirts of Kenai and Seward.
Type 6 signs will probably be the Ilowest priority but could be
used at Bird adjacent to the Scottish |Inn and at the Sterling-

Seward "Y"

Figure 7-1 Avalanche Area Warning Signs

Figure 7-2 Electronic Message Board
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FIGURE 7-1

FIGURE 7-2
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Type (Northbound) Type (Southbound) Milepost

2 17.8)
22.8)(5 Miles)
31.6
31.8
33.8
34.6
35.0)
38.5)(3-1/2 Miles)
43.9)
45.9)(2 Miles)
46.9
47.1
48.4)
49.4)(1 Mile)
59.0)
60.0)(1 Mile)
62.4
62.6
65.9)
66.9)(1 Mile)
71.1
71.
83.
84.
85.
85.
86.
87.
90.6)
95.6){5 Miles)
97.0)
99.0)"2 Miles)
104.9
105.1

B oy A O N~



