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"An Act authorizing the state, through the Department of Public Safety,
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DEPARTMENT OF TRANSPORTATION AND PUBLIC FACILITIES
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yy@ym%ﬁ%m 99811

January 31, 1980
000H

Re:  0O0OH-
Avalanche Control Programs

Honorable Mike Miller
Alaska State Legislature
Pouch V

Juneau, Alaska 99811

Dear Representative Miller:

During your teleconference hearing on January 21, 1980 concerning ava—
lanche control programs and the Avalanche Warning Center, Mr. Marco A.
Pignalberi, Assistant Deputy Commissioner for Maintenance and Operations
testified on behalf of DOT/PF.

The consultant report he referred to in his testimony came off the press
on January 22, 1980. Enclosed are eigh* copies for your committee.
Please bear in mind that this consultant®s report has not yet been re—
viewed by our Department. The reconnendations contained in it may be,
in some cases, already Implemented or planned or discounted. We will
review the report and incorporate appropriate parts in our avalanche
control plan.

We appreciate your interest in this important effort to protect our
highway users.

Sincerely,

Robir~/~Ward
Commissioner

CC: Patrick P. Ryan, Deputy Commissloner M&O
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FOREFT SERVICE
P.0. Box 1628, Juneau, Alaska 99802

3200
January 2, 1980

The Honorable Mike Miller

Alaska State House of Representatives
Pouch "V" State Capitol Building
Juneau, Alaska 99811

Dear Representative Mike:

As we discussed a few days ago, | am enclosing revised budgetary
data to explain the two proposed appropriation bills for f—nding
the Statewide Alaska Avalanche Warning System.

This financial plan essentially follows the original projrct proposal
of 8/1/79 that you have, however, it is updated to reflect greater
capital investments needed during the first-year of implementation.
From then on for State participation, 1 would expect a financial need
in the neighborhood of $150,000 per year. This would enable continued
operation and maintenance of the system.

If any problem develops with the line-item appropriation approach, we
would then have to consider existing capabilities of individual
benefitting Departments to help cazry the load. This would be
unfortunate, as progress would probably be a lot slower in that case.
Thanks for your interest and help in this project, Mike. There seems
to be good momentum for support right now, and I"m optimistic that
significant progress can be made in the year ahead. Should you want
to go over the financial plan in more detail, please give me a call.

Sincerel”?,

Deputy Director of State and Private Forestry

Enclosures

MOO-LL (M)
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Amendment#
FIRST-YEAR FINANCIAL PLAN (PROPOSED)

Table is in Thousands of Dollars

Direct Funding-mCoop Acct// Indirect 1o¢al

1/1-6/30/80 7/1-9/30/80 10/1-12/31/80 Total Support

US DA

FS-RI10 30 1A 15 59 21 80
FS-RM - - - - 5 5
SCS - - - - 9 9
usDncC

*NWS - - - - 20 20
usDlI

BLF 1 20 - 30 10 AO
uUsDoT

AR - - - - 5 5
State of AK

DOT & PF AO 20 25 85 16 101
DNR AO 20 20 80 30 110
DPS 15 5 5 25 10 35
Boroughs

Juneau - 2 1 3 2 5
Anchorage - 2 1 3 2 5
Private

Alyeska 1 - - 1 2 3
Ski Resor

Totals 136 83 67 286 132 A18



ALASKA AVALANCHE WARNING SYSTEM
and
FIRE WEATHER FORECASTING SERVICE

Implemention Plan

I. Objective: Commence first-year operations in January, 1980, with

core-group staffing of the Warning Center in Anchorage installation

of field observation stations, and capital investment items.

Il. Direct Financing Needed: For the period January 1, 1980 through

December 31, 1980, there is a total need of $286,000. Details are

provided below. This amounts to 67% State, 31% Federal, and 2% other.
1. Indirect Financial Support: For the same period noted above,

$132,000 of contributed support is furnished by various cooperators.

This amounts to 53% Federal, 42% State, and 5% Other.

IV. Direct Financing Details:

A. Anchorage Warning Center (AWC) Personnel

1. Lead Forecaster (GS-12 0 $36,972/yr)
for period 2/1-12/31/80 ... e a e $30,810

2. Assistant Forecaster (GS-U 0 $30,862/yr)
for period 4/1-12/31/80 e $25,720

3. Two Fire Meteorologist Tecnicians
(GS-7 0 $20,826/yr) for period 5/1-9/30/80....... $17,355

4. Moving costs for two permanent forecasters..$30,000

5. Travel and per diem for training, etc........ $ 8,000
6. Office communications, rent, etc..... .. ...... $ 6,115
$118,000
B. Field Stations. |Installation and contractual $ 20,000
agreements.
C. Capital Investments
1. Data Collection Recall Program................. $ 6,000
2. Instrumentation . ......oiiiir i $10,000
3. Orographic Precipitation Models. Contract
for two: Southcentral 0 $76M; Southeast
L0 7 R $116,000
$132,000
Sub Total $270,000
D. Overhead Assessment (0 6%) 16,000

Totai “Smroiftr



REOLUTION

NATIONAL SKI PATROL SYSTEM INC. - ALASKA DIVISION
Annual Meeting - Anchorage, May 25-26, 1979

WHEREAS, The National Ski Patrol System, Inc. is a non profit volunteer
organization of 23.000 individuals, with more than 300 patrollers in
Alaska dedicated to protecting the health and safety of thousands of
winter recreationists including, but not limited to alpine and nordic
skiers using both developed and undeveloped mountainous terrain, and

WHEREAS, The State of Alaska had the highest number of fatalities, (29)
in the Nation due to snow avalanches since 1970, followed by the States
of Colorado and Washington with 24 and 21 deaths respectively, and

WHEREAS, Snow avalanche hazards exist throughout the State of Alaska,
with: (@ 180 known avalanche paths that cross public highways and
railroads; (b) over 500 human occupancy structures lying directly in
avalanche paths; (c¢) thousands of avalanche paths within heavily used
developed and undeveloped public recreation areas; (d) the Juneau area
posing “he greatest potential threat than anywhere in North America for a
catastrophic avalanche, with resulting loss of many lives and immeasurable
property damage, and

WHEREAS, central snow avalanche warning systems have proven effective
In the States of Colorado, Washington, and Oregon, and

WHEREAS, there is a need for a Statewide Avalanche Warning System in Alaska, t
alert iIts citizens to changing snow conditions conductive to severe show
avalanche danger, and

WHEREAS, the U.S. Forest Service through Its Oivision of State and Private
Forestry in the Alaska Region, has proposed a cooperative project to
implement an Alaskan Avalanche Warning System (AAWS) with joint financing
by various Federal and State agencies, now

THEREFORE BE IT RESOLVED, the Alaska Division of the National Ski Patrol
System, Inc. strongly supports the proposed Alaska Avalanche Warning
System and urges first-phase implementation to start for the winter of
1979-1980, and

BE IT FURTHER RESOLVEO. the State of Alaska Legislature is urged to adopt

legislation to authorize the establishment and continuation of a line item

annual appropriation to the Department of Public Safe*y, for the purpose

of representing the State"s interests in the part* ip.iting Departments of

Public Safety, Transportation, and Neural Resources; the annual appropriation
* should tie consistent, with the enclosed suggested financial plan, based upon

benefitting State agencies.



ALASKA AVALANCHE WARNING SYSTEM

SUMMARY

5-10-79

Situation: Alaska Avalanche potential exists year around which
has resulted in Alaska being the highest in avalanche fatalities
in the Nation since 1970. Approx. 500+ structures are directly
exposed to avalanches with the Juneau area posing the greatest
potential for catastrophic avalanching in North America. There
are approximately 180 avalanche paths crossing public highways
and railroads. There are thousands of avalanche areas within
noted developed and undeveloped recreational areas with
significant potential for avalanche fatalities.

Need: a) Main Objective - Establish an interagency Alaska
Avalanche Warning System (AAWS) on a statewide basis to inform
outdoor users of changing snow conditions and related hazard
potential. Institute public awareness programs through lectures
and formal schooling in snow management.

b) Secondary objective: Provide fire weather forecasting and
mountain meterology for mountain climbers during the summer
months; provide flooding forecasting in areas covered by the
Orographic Precipitation Model.

Organization: The USDA-Forest Service, Division of State and
Private Forestry will be the lead agency with AAWS located in
Anchorage at the National Weather Service Office comprising of a
project leader and two meterologists. There will be six primary
field stations manned by a Temporary Snow Mgt. Tech. and 25
supplemental fielu stations either manned by contractual
arrangements or remote instrumentation. Field Stations will be
scattered throughout Kenai-Anchorage-Mt. Mckinley and Juneau
Areas. USDA-FS will provide personnel ceilings for permanent
employees and administrative support.



4. Project cost (Estimated)
AAWS Operating Cost *
1) Staffing 170,000
2) Supplemental Station Contracts 24,000

3) Travel for training and Supervision by Staff 15,000

4) Project Travel for field personnel 10,000
5) Commercial Communications 10,000
6) Station Mtc. & Supplies 5,000
7) Equipment Replacement 15,000

8) Staff office space, clerical, data

transmission & meterological support 18,000

9) Cooperative agreements on remote site mtc. 3,000
10) Overhead Cost 42,000
Total 312,000

Capital Investments (Initial)

1) Weather instruments & radio equipment 30,000
2) 5 remote weather instrumentation stations &
installation cost 75,000

3) Orographic Precipitation models for South-

central, Mt. McKinley, Southeastern 100,000
4) Overhead cost 28,000
Vocal $233,000

* Portion of this estimated cost can be absorbed through present
agencies operating program.



FINANCIAL PLAN;

Suggested financial plan by Agencies based upon beneficial

By Fiscal
AGENCY 79 80
or-
USDA - FS 50 90
RMF 25 -
SCS 9 1
UsSDC - WS 3 10
UsSDIl . BLM** - 25 **
NPS
USDOT -AR - 5
State of Ak. - 53
DNR SP (252)
GS (102)
FL&W (102) - -
DOT (502) - -
DPS (52) - -
BOROUCHS - Juneau - 2
Anchorage A
Private - Alyeska Ski Resort 2 1
TOTAL 89 187

Year

81

115

10

25

25

20

82

297

in

1

itir

oy
82

115

35

25

11

112

10

342

Dollars

83

100

30

* 25

20

10

112

312

Cooperators

*

** For Fire Weather forecasting only. cost estmatedl at $25,000 per year
which is based upon the meterologist salaries for 4 months.
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5. ACTION PLAN

PHASE 1- (FY

FY 79 -

PHASE Il (FY

A.

PHASE 111

PHASE 1V (FY

A.

79 & 80)
a. Install remote weather instrumentation on Max"s Mt.
b. Activate Primary Stations at Cirdwood, Juneau and

Chugach State Park

C. Activate Supplemental Stations at Thompson Pass,
Isabelle Pass, Bird Cr., Turnagain Pass, 6 Mile,
Grandview, Tazlina Lodge, Summit Lake, Hatcher Pass,
Eaglecrest Ski Area, Salmon Cr. Reservoir, Chugach
State Park and Alyeska Ski Resort.

d. Project Leader duties will be carried out by present
S&PF Staffing.

81)

Hire Project Leader GS-12

Hire one CS-I1 Meterologist *

Activate Primary Station at McKinley National Park
Activate Supplemental Stations at Arctic Valley Ski Area,
Kluckwan, White Pass, Kahiltna Glacier, McKinley National
Park Hdq.

Contract Orographic Precipitation Model for Mt. McKinley
Install remote weather instrumentation on Mt. Juneau

(FY 82)

Activate Primary Station at Moose Pass and Valdez

Activate supplemental St...ons at Sitka and Hyder

Install remote aeather instrumentation sites at Mt.
McKinley, Mt. Troy, and Eagle River Area

83 and on) - AAWS in full operaton.

Activate supplemental stations as needed.

* Will be oired during third quarter of FY 80 if BLM enters into a

cooperative agreement with AAWS to perform Fires Weather forecasting.
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SEWARD HIGHWAY

AVALANCHE SAFETY PLAN

Prepared by: Alcan Avalanche Services

in collaboration with: Alaska Department of Transportation
and Public Facilities; Central Region,
Maintenance & Operations and Graphics
Sect ion

December, 1979
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The need for a comprehensive report on avalanch-. forecasting
and control for the Seward Highway developed from the unusually
large and frequent avalanches of March 1979. Recognizing the
long-term nature of avalanche problems, Marco Pignalberi (DOT/PF)
concluded it was necessary to upgrade the avalanche control pro-—
gram. These conclusions brought to the surface the necessity of
preparing this report. Marco has provided invaluable direction
and assistance, without which this report vould not have been pro-—
duced as comprehensively.

Field observations were essential to provide an information
base. A wealth of information was provided by Jack Morrow (DOT/-
PF) who 1is probahly more knowledgeable of the Seward Highway ava-—
lanche problems tl an any person interviewed. Without his assis—
tance there would be an absence of substantive data on which to

base the control p * ranm.

Forecasting avalanches 1is a difficult task. Describing the
techniques one uses in forecasting 1is even harder. For this
reason | asked Bengt Sandahl to write Chapter 1V, AVALANCHE FORE —

CASTING FOR THE SEWARD HIGHWAY, as he 1is one of the foremost fore—
casters in the country. Currently he 1is the forecaster for Little
Cottonwood Canyon, Utah, but his experience with avalanches in
Alaska from 1954 to 1964 has proven 1itself invaluable.

Assistance was provided by Geoff Freer (B.C. Ministry of
Transportation, Communications, and Highways), and Peter Schaerer
(Canada National Research Council), in the review of signing sys—

tems and avalanche defenses in use in Br>ish Columbia. Fred



Schliess, the Head Forecaster for Rogers Pass, B.C., gave a con-—
cise and revealing interview on avalanche forecasting and control
at that location.

Interviews on the history of avalanche control on the highway
were provided by Bob Bursiell, Bengt Sandahl, and Jack Morrow, of—
fering a clear perspective on previous work.

To all these people and more go my thanks for assistance
given in preparation of this document. Without this help the in—

formation contained in this document would have been 1inadequate

for the purpose intended.



PREFACE

The primary purpose of this plan is to make the need for ac-—
tive avalanche control on the Seward Highway obvious to all parties
providing monetary and material support. In addition, this plan is
hoped to provide a basis of information fot t>3 implementation of a
full-time control program.

This plan gives an historical perspective on problems, docu—
ments the current situation, and pro ides recommendations for the
direction of r control progranm. Numerous problems will surface as
this program becomes operational and revisions will be necessary to
achieve the goal of avalanche safety.

This plan cannot encompass any of these operational problems,
as each is wunique and will have to be dealt with individually,
therefore, flexibility 1is emphasized.

No government or private agency may use arty of the material
contained herein for the purpose of establishing avalanche zoning.
Only those avalanche paths nertinent to highway operations have
been documented.

The authors and consulting agency take no responsibility for
any legal actions arising f jm the operation of a control progranm
on the SewardHighway. Clearly this document 1is only intended as
an aid to theprogram and 1in no way 1is connected with the opera-—

tional aspects of an avalanche control program on the Seward High-—

way .

The problems in documenting this information under tight time
constraints have been significant. Other similar plans have taken
years to design and draft. Because of the great magnitude of the

avalanche problems wunder discussion some minor discrepancies may
arise. As a result of this and the evolution of the program it—
self, it willbe necessary to revise this document on a yearly
basis.

The program®s integrity will rest upon the willingness of gov-—
ernment and private agencies to cooperate and provide the resources

necessary to run a sophisticated program.



Chapter |

AN INTRODUCTION

The Seward Highway 1is located 1in Southcentral Alaska and runs
128 miles from Seward to Anchorage. Leaving Anchorage, the road
soon enters the Chugach Mountains in a parallel <course with the
Turnagain Arm of Cook Inlet. Steep mountains rise directly from

the water, therefore the road bed 1is restricted to the hillside

above tidal flats. As the highway runs across Bird Hill, 40 miles
from Anchorage, it must travel across a five-mile section of
almost wuninterrupted avalanche terrain. This section constitutef
the most severe avalancheexposure on the highway. After Bird

Hill, the highway continues through the Chugach, intersecting 42
different avalanche paths, and joins the Sterling Highway at Mile
37, terminating at Mile 0 in Seward.

There are 68 identified avalanche paths i tersecting the
highway between Mile 18 and Mile 105 near Indian. Several other
areas show evidence of avalanche activity by damage to vegetation.
There 1is a concentration of paths clustered from Mile 18 to 24
around Kenai Lake (7 paths); from Moose .ass to the Sterling/
Seward "Y" (10 paths), around Summit Lake (4 paths), and on most
of the section from Girdwood to Bird (20 paths). The remaining 17
paths are scattered between these clusters (Figure 1-1). Many
paths will not reach the road regularly, primarily because of

highway Jlocation.

History of Avalanche Control on the Seward Highway

Avalanche <control and the systematic evaluation of weather
conditions that lead to avalanche formation began on the Seward
Highway 1in 1955, just three years after the Highway was completed.
During Territorial days, the Highway was wunder the jurisdiction of
the Bureau of Public Roads. After statehood, the Highway came
under the Department of Highways and in 1977 th>* ""hanged to the

Department of Transportation and Public Facilities.



FIGURE 1-1
9.



From 1955 to 1957 Bob Goodwin and Bengt Sandahl established
weather data“"as a basis for avalanche forecasts. They were able to
call on the National Guard during periods of critical instability
in an effort to control avalanche activity with artillery. During
the winter of 1957-58, Bob Bursiel replaced Sandahl and efforts
continued along the same lines.

In 1958 a formal research scudy of avalanche problems was 1ini—
tiated by the Bureau of Public Roads with major work being done on
the Seward Highway and some work on the Glenn Highway. The project
continued after statehood wunder the Planning and Research Section,
Special Projects Division of the Department of Highways until the
winter of 1961-62 when the Special Projects Division was disbanded.

This Division was able to work out an agreement with the U.S.
Army for artillery control in weather that allowed for visual fir—
ing. This most often occurred just shortly after a storm, so the
control work released avalanches approximately 50% of the time.
The percentage of releases was greater in mid-winter, but there
were reasonably good results even during the heavy snows of spring.
Experience of U.S. Army crews in 1960 resulted in a smooth control
program, which was difficult to attain 1in previous years due to ro—
tation of gun crews. The end result was an 1increase 1in the percen—
tage of avalanche release to rounds fired. This 1insight should
speak for itself in terms of establishing the same continuity and
team approach 1in projected control programs.

In 1959 weather instrumentation was situated on Bird Hill.
From sea level to 3,500 feet, a !0-strand 1-inch cable was run from
the research station Jlocated near the Whiskey Gulch mount to the
top of Bird Hill. Thermistors were Jlocated at various levels to
gain air and snowpack temperatures; and, an anemometer was placed
at the top of the ridge to measure wind speed and direction. The

thermistors worked quite well, but the wind system rimed*

*Rime - An accumulation of granular ice tufts on the wincward
sides of exposed objects that 1is formed from supercooled fog

or cloud and built out directly against the wind.



heavily and eventually blew apart 1in a 120 m.p.h. wind. In addi —
tion, there were snow stakes Jlocated up the ridge that <could be
read with binoculars during clear weather. Observations showed an
appreciable difference in both temperature and precipitation be-—
tween sea level and ridge top stations. Using 1instruments and
Weather Service information, the forecasters were usually able to
keep a day ahead of avalanche activity which effectively aided the
control aspects of the program. Using the thermistors in particu—
lar, observers could determine when milder temperatures began 1in—
fluencing the snowpack. When the snowpack temperatures rose, con-—
trol activities were usually called for.

The winter of 1959-60 generated wunusually severe avalanche
activity. This was Jlargely due to an intense storm jJjust before
Christmas Jleaving 11 feet of snow in the Girdwood Valley. After
the fir t three to four feet, it was obvious to the forecasters
that avalanches were going to run; therefore, a request was made to
close the highway. There had never been a clear procedure estab—
lished for closing the highway on the basis of an avalanche fore—
cast. Avalanches had already closed the road by the time permis—
sion was received. There were 42 avalanches that ran between Gird-
wood and Bird, one of which narrowly missed the research station in
the middle of the night. Three new pa*hs were opened through coni—
fers during this storm rycle, but generally speaking, vegetation
damage was not thoug)t to be as severe an the <cycle of March,
1979.

This was the only period that full-time personnel were 1in-—
volved 1in the study and control of avalanches on the Seward High-—
way . The Planning and Research Section of the Department of High—
ways did work on the Taku Glacier to determine the rate of advance
in terms of h jhway location, permafrost studies near Glennallen,
and winter recon on several highway routes to analyze avalanche and
drifting snow problems. (Interview with Bob Bursicl Sept. 1979)

In 1963 the Planning and Research Section dr<pped the Special

Projects Division and there was Jlittle or nothing done on the



Seward Highway avTlanche problem wuntil 1967. These intervening
years were periods of relatively light avalanche activity.

During the period of 1963-73 one of the most significant prob—
lems that hampered efforts to deal with avalanches was a Jlack of
adequate equipment. It should be kept 1in mind that an equipment
operator is one of those most susceptible to injury by avalanches
in that his work necessitates exposure to potential run-out zones
for long periods of tinme. Large machinery was not available for
various reasons.

In 196/ Jack Morrow was named Anchorage District Superinten—
dent and avalanche problems fell under his jJurisdiction.

During the early spring of 1968 there was a period of ava-—
lanche activity ™ich caused a great deal of concern. Faced with
an absence of artillery, permission to helicopter bomb was re—
qguested from tt. FAA. They 1immediately decided to squash the 1idea.
It has only been since 1975 in Alaska that this method has proven

itself a relatively safe and cost-effective means of avalanche con-—

trol. During the spring and summer of 1968, Morrow worked with
Charles Matlock, the District Engineer, to obtain a cooperative
agreement with the U.S. Forest Service providing for the use of a

75mm  recoilless rifle to be fired 7~y the Snow Ranger, Chuck
O"Leary. Once the rifle was obtained, there existed a shortage of
ammunition. This was soon resolved by Ret. Col. Henry M. Turner of
the Alaska Disaster Office. Finally in January of 1969, all of the
equipment had arrived and artillery control was accomplished on
Bird Hill.

From 1969 to 1975 the 75 mm recoilless rifle was used as a
means of control during and after storms that could potentially re—
sult 1in avalanches. There were certain Ilimitations to the control
program mainly due to the lack of full-t* e personnel and the ne-—
cessity to shoot only under visual fire conditions.

During 1972 Department of Highways sent the Anchorage District
Superintendent to the National Avalanche School. This specialized

training was necessary for the activity level which was expected.



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.

-13-



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

14



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
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FIGURE 6-10
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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
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Chapter Vlir
ARTILLERY CONTROL

Control of avalanches by systematic firing of military and
commercial artill *ry has become a standard practice in the United
States and Canada. As eatly as 1945 this method was used by the
Swiss, mostly with the employment of mortars.

In 1946 Monty Atwater, the snow ranger in Little Cottonwood
Canyon, Utah, Jlearned of the use of artillery 1in Europe, and de—
cided to pursue its use here in the United States. He was able to
reach an agreement with the U.S. Army to fire on the slopes over—
hanging the highway and town of Alta. Immediately following sev-—
ere storms he would call upon the Army to assist in shelling po—
tential avalanche areas. Realizing that this was somewhat ineffi—
cient, the next year he arranged to have the gun left up the can-—

yon, leaving only the gun crew to be called out for the drive and

subsequent shooting. By the third year Atwater was doing the
firing. Thus was born Forest Service involvement in artillery
avalanche control. (Cottonwood Canyors Highway Safety Plan,
1979) .

Since that time the Forest Service has focused on artillery
use for public safety by means of a cooperative agreement with the
U.S. Army for procurement of artillery supplies. This has made
these supplies available to permittees of the Forest Service for
controlling avalanches, primarily in ski areas, but also 1in some
locations on highways. In some areas the use of military artil—
lery has become a prerequisite for the safe movement of large num-—
bers of people.

Federal 1law presently dictates that military weapons be fired
by federal employees or state employees who havj a cooperative
agreement with the U.S. Army. Several states, itcluding Alaska,
have pursued agreements on their own to procur = equipment toi
highway control programs. State employees are then allowed to

(H" weapons after intensive tra.aing.



According to the latest information artillery control is now

being used 1in 18 ski areas and 6 state highway departments 1in the

U.S. to provide for safe travel 1in mountainous terrain. Approxi —
mately 13", 300 rounds are fired per year nationwide. This 1is caus—
ing some depletion of surplus reserves; and, in some cases, parts

have had to be reinanufactured in order to use existing hardware
(Anderson, 1975).

In 1975, as a result of an 1investigation Jnto usage and sup-—
ply hj the National Ski Areas Association, Congress made $300,000
avail ble to the Forest Service for purchase of ammunition, guns,
and parts through a revolving account. Thisprepurchase procedure
tied up a considerable number of rounds and all remaining surplus
weaponry deemed suitable for avalanche control. It was found at
the time that breeches and vent rings for 75mm and 105mm recoil-
less rifles were 1in short supply or non-existent. Money was ap-—
propriated from the revolving account for remanufacture of vent
lings and breeches to match the supply of barrels and ammunition.
Users of this supply are expected to pay the fund actual costs of
procurement, thereby insuring a continuing flow of money lor the
purchase of equipment. This system coulo go on for years sc long
as supplies are available (Anderson, 1975).

It is possible that there will be other weapons systems made
available 1in the future. Improved communications between the U.S.
Army s Rock 1Island procurement division, the U.S. Forest Service,
and 1interested state agencies would result in a more comprehensive
view of the artillery hardware available for avalanche control.
Of particular interest to this study would be the possibility of
obtaining a 135mm Howitzer for Gun Position No. 2.

Artillery control has proven itseli to be the most reliable
and cost-effective method of controlling remote slopes. In spite

of this, there are some drawbacks to artillery use. Safety 1is of



primary interest. A single fatal accid” it would, in all probabil—
ity, result in the abatement of all artillery avalanche control.
Recoilless rifles are based wupon the principle of half the
blast propelling the projectile out the front and half the blast
being vented out the back to balance the forces. There 1is a large
area adjacent to the rear of the gun that could cause a fatality
should a round go off while a person 1is exposed. Two close calls

with rounds that overshot their targets and landed near populated

areas have occurred in Wyoming and Utah. Hearing Jlosses occur
regularly to gunners. Handling ammunition has a long-term possi—
bility of accident exposure. Care must be taken and proper proce—

dures set and practiced to avoid a serious accident.

There is not a commercial substitute for military artille*y
that can reliably fire long distances in high winds without visi—
bility. A compressed air cannon called the avalancher has been

developed but 1is severely restricted 1in range and adversely af-—

fected by winds because of its slow, lobbing trajectory. Helicop—
ter bombing 1is limited to clear weather with [little wind - a rare
occurrence 1in coastal Alaska. Military artillery continues to be

the only delivery system of explosives to remote locations that

combines speed, safety, and "ost-effeetiveness.

Weapons Available and Characteristics

Weapons Max imum Range Ireful Life (grounds)
75mm Recoilless 2,r00 yaids 500/breech 2,000/barrel
105mm Recoilless 3,500 yards 500/breech 2,000/barrel
75mm Howitzer 5.000 yards 20,000

105mm Howitzer 8.000 yards 20,000

The above are max imums wused in existing control programs and might

disagree with off icial estimates of maximum range.
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EXPLOSIVES FOR AVALANCHE CONTROL

Inventory of Weapons and Ammunition for Avalanche Control

Vent Vent / Vent Vent Adjusted /
Weapons in Potential Assembly Assembly / Assemblies Assembly Potential/ Rounds in
Storage  x Tube Life * Rounds » Life 5 heeds / in Storage x Life Rounds / __  Storage .
————— TH— " up loin

75 nn
Howltze, 5 20,000 100,000 N/A N/A N/A N/A 100.000 20,800 20.800
75 m
Recoilless
Rifle 31 2,000 62,000 500 124 61 500 30.500 27,500 55,000 = 82.500
105 mi
Recoil less
Rifel 18 2,000 36.000 500 72 28 500 14,000 30,500 35,000 » 65,500

Corrected figure of useable rounds based on available weapons,
available vent assemblies, tube life and available aroiunltlon.

75mi Howl tier - 20,800
75im Recoilless Rifle - 30,500
105ctii Recoilless Rifle - 14.000

Unservlceable Weapons

TWi Howitzer *= 8

75nm Recoil less Rifle 251
10Snw Recoil less Hifle 249

Plans call for re-vamping of unserviceable weapons to replace weapon: that i >comr inoperative due to expiration of lube life
or malfunction after Inventories on this chart are exhausted.

MgureS - U.S. Army and U.S.f.S. 10/79

There are considerable differences in several letters ob—
tained concerning quantities of ammunition. It is entirely pos-—
sible that there 1is considerably more ammunition than 1indicated in
the 1979 report. "his 1is an area where further <communications
with the Army will help to obtain accurate reports. In recent
communications with various people it seems there 1is a good possi—
bility that the amount of 75mm Howitzer ammunition has been under—
stated. A 1975 report showed <considerably fewer 75 howitzer
rounds than the 1979 report. There seems to be an absence of re—
cords reflecting the availability of 105mm Howitzers and ammuni-

tion.
Gunnersl Qualifications and Training
Standards for the training and certification of gunners vary

somewhat according to geographical location. It is not <clear

whether the U.S. Army requires a particular course of training.
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There 1is an excellent publication by Region 6 of the U.S. Forest
Service that can be used as a basis for training which 1is included
in the related letters section of this rep rt, an unpublished col—
lection of information.

There are some guidelines that can be generalized as stan—
dards. All gunners should receive a formal training course (20 to
40 hours) every two yealS and refresher courses should occur every
year (0o hours). There 1is a natural progression of involvement be—
ginning with occasional evposure to artille*y, then assuming the
role of assistant gunner and eventually becoming a gunner. Nor —
mally this process takes two years or more, however, 1if this pro—
gression 1is intensified by virtue of considerable expenditure of
ammunition, this familiarization period could be made shorter.

Of primary importance 1in the use of artillery is the appli—

cation of common sense and caution. These weapons can be ex—
tremely dangerous if used in a casual manner. Diligence, adher—
ence to stri< ; procedure, and alertness in every firing mission

should preclude the possibility of an accident.

Storage, Handling, and Transport

Ail of these operations must be done 1in adherence to federal
and military rules and regulations. It is beyond the scope of
this plan to outline all of these, as manuals are available, but
several aspects of these procedures should be noted.

Storage requirements presently dictate that all recoilless
rifle rounds be stored 1in separate compartments with a minimum of
4-1/2 inches of sand separating each round. In addition, the
walls of the storage ucility must be 12-inch reinforced concrete
or cinder block poured with concrete, the root 12-inch reinforced
concrete, and the door 1/2-inch steel plate with a 2-inch hardwood
backing. Doors must be double 1* ked with safety shields to pro-—

hibit the locks from being cut off with a hack saw.



All handling and transportation should take place at a
distance from public areas with vehicles in good repair and
equipped with explosives waning signs. Care should be taken 1in
handling and transport to avoid sudden stops or jarring of the
ammunition.

Response Time

During critical periods of the wirier avalanche conditions
can develop 1in a very short period of time, particularly with the
advent of wind 1increase. Most active control programs can respond
to changing conditions with control work in an hour or less. At
present, conditions here may not allow for such vrapid response,
but efforts should be made to react this guideline in the future.
There should be no problem with establishing a maximum two-hour
response time for this coming season. Forecasting ahead of the
hazard will be necessary considering this time requirement. A
method of alerting the gun crews to standby status will help re—
duce response time. This might requite some extra funds but will
greatly increase the efficiency of the operation. Another consi—
deration in terms of response time is the fact that 1instability
can rectify itself almost as quickly as it occurs, therefore, tim—
ing of artillery control 1is very important to achieve the test re—

sults possible.

Cont inu ity

Every effort should be made to utilize the same gun crews
year after year. Many hours will be spent by each crew in Ini-
tially Identifying all of the target points from each gun position
and becoming familiar enough with the terrain so that confusion

over targets 1is eliminated. Thorough training 1in artillery pro-
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cedure also takes considerable time. The combination of these
factors makes continuity of the gun crew an important prerequisite

to a smoothly functioning control progranm.

Helicopter Bombing

This method of avalanche control has been successfully wused in
many areas of the country. Since 1975 it has been used occasion—
ally by the DOT/PF to control avalanches on the Seward Highway. It
has been proven to be an accurate and cost-effective method, but
there are certain limitations. Clear and calm weather is an impor—
tant prerequisite. This means that helicopter bombing can be done
only a few times each year. The use of a large helicopter can ex—
tend these weather Jlimitations somewhat. There are considerable
target points on the highway. Because the price of helicopter tinme
is much greater than extra explosives, it could be considered more
ef"ective to carry a large number of bombs on each individual run.
The helicopter bombir.g done during the avalanche <cycle of March,
1979, ~could have wused 1in excess of 100 charges had they been on
board at that time. The number of <charges necessary 1is another
justification for using a large ship such as the Bell 212.

Safety of the crews is a difficult proposition when wusing two
such potentially dangerous elements as helicopters and explosives.
The use of a twin turbine Bell 212 will somewhat reduce the hazard
presented by the helicopter. Adherence to strict procedures in
handling the explosives while airborne will reduce the possibility
of an accident from the powder. Nevertheless, there 1is always the
possibility that the ship could go down with explosives on board,
therefore the powder must always be contained in a wood box, en-—
abling jettisoning the load should a mechanical problem develop.

The design of the avalanche control system 1is such that there
is no necessity for helicopter bombing. This technique can be

valuable at times, but must be used with much discr tion.
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Gun Positions

An inventory of gun positions 1is given below. Positions for
visual fire are not given as they can remain flexible. Some of the
gun positions listed were established 1in years past, and some were
installed this year (fall, 1979) to provide a reasonable degree of
control coverage until the full program comes on line. Related com

ments are provided.

* @§s an existing mount

# is the recommended mounts for this control design

Gun Target Total no. Type Type
Posi tion Po ints of Targets Weapon Mount Milepost Comments
*1A 103-108 9 105RR Fixed 99.2 Avalanche safe,
protect ion
shots to allow
gun crew to 1ID
and 1.
1B 101-116 105RR Mobile 98.15 bow probability
of 1inundation.

«1 102-116 32 105RR Fixed 97.1 Avalanche safe.
*2A All P west 105RR  Mobile 95.7 Protection shots
of 201 for 2B.
2D 201-208 105RR  Fixed 95.3 High probability

of inundation.
"2C 209-219 105RR Fixed 94 .3 Low probability

of inundation.
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Chart (continued)

Gun Target Total no. Type Type

Position Points of Targets Weapon Mount Milepost Comments

H2 201-219 50 75/105 Turntable Bird Avalanche safe
Howitz. Point if located pro-—
perly. Could
combine S.H.A.

Forecast Office.

13 30: -313 26 105RR Fixed 92.74 Low probability
of Inundation
Earthworks de—

fense required.

"3A 305-313,401-404 105RR Fixed 92.05 Low probability
of inundation
High probability
of skipped round

into Girdwood.

#eld 401-409 21 105RR Fixed 90.7 Avalanche safe,
eliminates skip—
ped round poten—

tial.
15 501-510 10 105RR Fixed 44 Avalanche safe.
'6 601-614 14 105RR Fixed 37 Avalanche safe.
701-708 8 105RR Fixed 22.6 Avalanche safe,
long range to
shots 707 and

708.

°*8 801-811 14 105RR Fixed 20.5 Avalanche safe.



Figure

Figure

Figure

Figure

Figure

Figure

Figure

105 mm recoilless rifle

75 mm Howitzer on turn-—
table mount

Ammunition storage for 75
Howitzer

Mt. Alyeska ammunition
storage facility

Detail of ammunition
storage faciii*-"/

105 RR fixed gun mount
Snowshed at Rogers Pass

wi i 105 mm turntable
mount 1in foreground

FIGURE 8-1
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FIGURE 8-3
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FIGURE §-4

FIGURE 8-5
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PER DAY

VEHICLES
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Appendix 11
HISTORICAL AVALANCHE ACTIVITY ON THE SEWARD HIGHWAY
This record was Jlargely compiled from DOT/PF records. There
are several intermediate years between 1968 and 1979 for which no

avalanche activity reached the higway so these years have been

deleted from the survey.

Slide Path # 68/69 70/71 74/75 75/76 76/77 77/78 78/79 Avg/Yrs

1 2 1 1/4
2 2 4 1/2
3 1 2 2 5712
4 1 1 1 1 173
5 1 4 5712
6 1 1 1/6
7 1 1/4
8 1 1 1/6
9 1 1 1/6
10 2 4 172
11 1 1 2 3 7/12
12 1 2 3 172
13 2 1/3
14 1 4 3 1/1°<1/2
15 2 1 174
16 1 1 2 2 1/2
17 2 2 1/3
18 3 2 5/12
19 1 1 2 2 1/2
20 1 2 1/4
22 1 1 1/6
23 1 1712

A 111



Chart (Continued)
HISTORICAL AVALANCHE ACTIVITY ON THE SEWARD HIGHWAY

Slide Path # 63/69 70/71 74775 75/76 76/7V T77/78 78779 Avy/Yrs

24 1 1 1 1/4
25 1 1 1/6
26 1 | 1 2 5/12
27 1 1 1 1/4
28 1 1/12
41 1 1/12
42 1 1/12
43 1 1/12
45 1 1/12
49 1 1/12
50 1 -/12
51 1 1 J/6
52 1 1 1/6
53 1 1/12
70 1 1/12
73 2 1/6
74 1 1/12
75 I 3 1/3
76 3 1/4
77 3 1/4
78 2 1/6
79 2 1/6
92 1 1/12
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H STORICAL AVALANCHC ACTIVITY ON THE SEWARD HIGHWAY

Slide Path # Years Avg/Yrs
92 Nov. 11, 1976 1/12

93 May 11, 1974, 1978 1/6

94 1974, 1978 1/6

There has been a considerable number of avalanches reported
the last two years, either as the res-.It of wunusually heavy win—
ters or better reporting. While this section does give a good in—
dication of the relative frequency of each path it was not wused

exclusively in establishing a frequency vrating for these loca-—

tions. It is possible that unreported or recorded avalanches did
occur. The overall record spans too short a time to be used reli—
ably in establishing frequency ratings. As a consequence the fre—

quency ratings given in Appendix V are based loosely on historical
information. Primary 1input was provided by field personnel that
have been working with these avalanche paths for a number of

years.



Appendix 111

SUPPLEMENTAL WEATHER INFORMATION

The collection of weather data 1is essential to the formation of
an avalanche hazard forecast. Recording all previous weather and
avalanche occurrence uata will take a considerable amount of time.
This appendix 1is therefore limited to graphing two storm per®ods that
induced large scale avalanching. Good records exist for these per—
iods and were used to compile the graphed data.

For purposes of graphing the information was split into two geo—

graphical sections - north and south of Silvertip Maintenance Sta-—
tion. Seward weather observations were wused for the section south
and Mt. Alyeska tor the northern section. Temperature graphs had to

be adjusted to the wind graph for each location.

These graphs can be reproduced on a daily basis by the forecast-—
ing office for use as an aid to stability evaluations. Operation—
ally, the graph works such that when the wind speed, 1increasing down—
ward, crosses the minimum temperature line a favorable wind speed/
temperature for instability exists. When the precipitation rate
crosses 1into the wind speed it can be presumed that Ileeslope loading
is reaching a critical level.

On the north section graphs i 1is interesting to compare ava-—
lanche activity at Alyeska to the Sewaro Highway. The difference is
largely due to control being done during storms at Alyeska, and after
storms on the highway.

The Alyeska Avalanche Index (AAl) was derived by multiplying the
number of avalanches times a magnitude scale. The magnitude scale
was derived on the basis of Class 12 and #3 avalanche runouts being
on the perimeter of the area, Class 14 avalanches running well into
the area, and Class 1S going completely through the area. Because of
the hazard 1level to people a proportionately higher scale had to be

applied to Class 14 and #9. A value of 6 was applied to Class 14 and

Alll - 1



10 applied to ""lass #5. For a day that had 3 class #3, 1 Class 14,

and 1 Class #5, the magnitude factor would be (3x3)+(1x6)+(1x10)

25 -5 =5 magnitude factor x 5 avalanches =25 AAIl.

4 Class #3 and 1 Class 04 would produce a scale of (4x3)+"tx6)
18 j = 3.6 magnitude factor x 5 avalanches = 18 AAIl.

The final part o. this appendix 1is a collection of 850 mb. wind
flow patterns that produced differential precipitation between Sew-—
ard and Alyeska. More work needs to be done on this phenomenon, how—
ever, it was possible during this report to isolate these <cases to
find if there cas a similarity in flow patterns. Type 1 storms pro-—
duced heavier precipitation in Girdwood, and Type 2 produced heavier
precipitation 1in Seward. These are cert inly limited examples but a

cursory study does show a good correlation in pattern.
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N
CHAPTER K0 |.i._:.,
PLANNING COMMISSIONS — STATE AND COUNTY
AREAS AND ACTIVITIES OF STATE INTEREST |ii,I
Mf%\}%ﬁn.”guléta s%'n.I '\{a”mlm K&E\Ft)cRrE%EI[NnTt%TlR\éﬂ% a”ce,msootrg'anr{\%Cc?Q.nc.{{n'%rr{lsp%i e:ré,lsMoil%rN/-F\) dOieRSFAI\ﬂI ?r{&n]l;:,/cekeli)haﬁw.'
Johnson. Pluck. H Urown. DcUcrttd. L. Fowkr. G*rnsey. Jackson. Kkm~ McCormick. Schiclfclm. Stockton. and Strickland

AN ACT

CONCERNING LAND USE. AND PROVIDING FOR IDENTIFICATION, DESIGNATION,
AND ADMINISTRATION OF AREAS AND ACTIVITIES OF STATE INTEREST. AND
ASSIGNING ADDITIONAL DUTIES TO THE COLORADO LAND USE COMMISSION
AND THOE DEPARTMENT OF LOCAL AFFAIRS. AND MAKING APPROPRIATION'S
THEREFOR.

He it emitted by I\e Central Assembly uthe Stale of Colorado:

Section 1. Chapter 106, Colorado Revised Statutes 1963, as amended, is
amended BY TII"; ADDITION OF A NEW ARTICLE to read:

ARTICLE 7
A Areas and Act *itios of Stale Inlcicsl
PART I

GENERAL PROVISIONS

10Ti-7-101. Legislative declaration. (1) In addition 10 the legislative
declaration contained in section 106*4-1 (1), the general assembly further finds
and declares that:

(a) The protection of the utility, value, and future of all lands within the
Mate, including the public domain as well as privately owned land, is a matter |
of thepublic interest;

(b) Adequate information on land use and systematic methods of dcfinitii n, 1> >

classification, and utilization thereof arc either lacking or not readily available
to land use decision makers;

(¢) Itis the intent of the general assembly that land use, land use planning, L
and quality of development arc matters in which the state has responsibility ' \
for the health, welfare, and safety of the people of the state and for the
protection of the environment of the slate.

(?) Itis the purpose of this article that:
(@ The general assembly shall describe areas which may be of state interest

Cai'iail litnrs iiulualt ~ material 1//<w la rtltim/t slalultt, dashes through tennis Oulu ah- th liant i
from tsisling tlaiules ami >,, h material m fhin of at I
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and activities which may be of slate interest and establish criteria Tor the
administration of such areas and activities;

(b) Local governments shall be encouraged to designate areas and activities
of state interest and. after such designation, shall administer such areas and
activities of state interest and promulgate guidelines for the administration
thereof;and

(c) Appropriate slate agencies shall assist local governments to identify,
designate, and adopt guidelines for administration of matters of state interest.

106-7-102.  General definitions. As used in this article, unless the context
otherwise requires:

() "Development™ means any construction or activity which changes the
basic characlc. or the use of the land on which the construction or activity
occurs.

(2 “1Local government™ means a municipality or county.

(3 “<1Local permit authority®” means the governing body of a local
government with which an application for development in an area of state
interest or for conduct of an activity of state interest must be filed or the
designee thereof.

(4) “Matter of state interest” incans an area of state interest or an activity
of state interest or both.

"Municipality” means ahome rule or statutory city, town, or city and
county or a territorial charter city.

(6) “Person”™ means any individual, partnership, corporation, association,
company, or other public or corporate body, including the federal govern*
mcnl. and includes any political subdivision, agency, instrumentality, or
corporation nf the state.

106-7-103. Definitions pertaining to natural hazards. As used in thi>art*cle,
unless the context otherwise requires:

(D "Aspect" means the cardinal direction the land surface faces.character—
ized by north-facing slopes generally having heavier vegetation cover.

(@ "Avalanche" means a mass of snow or ice and other material which
may hccomc incorporated (herein as such mass moves tapidly down a moun —
tain slope.

(3) “Torrosive soil”” means soil which contains soluble salts which may
produce serious detrimental effects in concrete, metal, or other substances
that arc in contact with such soil.

(4) “Debris fan floodplain™ means a floodplain which is located at the
mouth of a mountain valley tributary stream as such stream enters the valley
floor.

(5) “Dry wash channel and dry wash floodplain™ means a small watershed
with a very high percentage of runoff after torrential rainfall.

(6) "Expansive soil and rock™ means soil and rock which contains clay
and which expands to a significant degree upon wetting and shrinks upon
drying.
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(7) "Floodplain®”means an area adjacent to a stream, which area is subject
to flooding as the result of the occurrence of an intermediate regional flood
and which area thus is so adverse to past, current, or foreseeable construction
or land use as to constitute a significant hazard to public health and safety
or to property. The term includes but is not limited to:

(@ Mainstream floodplains;

(b) Dehris-fan floodplains; and
(¢) Dry wash channels and dry wash floodplains.

(8) "Geologic hazard"™ means a geologic phenomenon which is so adverse
to past, current, or foreseeable construction or land use as to constitute a
significant hazard to public health and safety or to property. The term
includes but is not limited to:

(@ Avalanches, landslides, rock falls, mudflows, and unstable or poten—
tially unstable slopes;

(b) Seismic effects;
(c) Radioactivity; and
(d) Ground subsidence.

(©) "Geologic hazard area"™ means an area which contains oi is directly
affected by a geologic hazard.

f10) "Ground subsidence" means a process characterized by tx* downward
displacement of surface material caused by natural phenomena such as
removal of underground fluids, natural conso® “ution, or dissolution of under —
ground minerals or by man-made phenomena such as underground mining.

an "Mainstream floodplain” means an area adjacent to a perennial stream
that is subject to periodic flooding.

(1?) "Mudflow™ means the downward movement of mud in a mountain
watershed because of peculiar chara feristics of cxticmcly high sediment
yield and occasional high runoff.

(13) "Natural hazard" means a geologic hazard, a wildfire hazard, or a
flood.

14 "Natural hazard area"™ means an area containing or directly affected
hy a natural hazard. *

(15) "Radioactivity" means a condition related to various types of radiation
emitted by natural radioactive minerals that occur in natural EDOSItS of rock,
soil, and water.

(16) "Seismic effects"” means direct and indirect effects caused by an
cnithgiink =or an underground nuclear detonation.

(A7) "Siltalion" means a process which results in an excessive rate of
icmovnl of soil and rock materials from one location and iapid deposit thereof
in adjacent areas.

15) "Slope™ means the gradient of the ground surface which is definable
by degree or percent.
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(19) <tnstable O potentially unstable slope" means an area susceptible
to a landslide, a mudflow, a rock fall, or accelerated creep of slope-forming
materials.

(20) "Wildfire behavior”’”means the predictable action of a wildfire under
given conditions of slope, aspect, and weather.

(21) "wildfire hazard" means a wildfire phenomenon which is so adverse
to past, current, or foreseeable construction or land use as to constitute a
significant hazard to public health and safety or to property. The term
includes but is not limited to:

Uy (a) Slope and aspect;
] (b) Wildfire behavior characteristics; and
m 1 (c) Existing vegetation types.

(22) "Wildfire hazard area™ means an area containing or directly affected
- A ill by a wildfire hazard.

2 =t _’ 106-7-104. Definitions pertaining to other areas and activities of state inter—
\ Y\ &V est. As used in this article, unless the context otherwise requires:

() "Airport" means any municipal or county airport or airport under the
jurisdiction of an airport authority. o

(@ "Area around a key facility”means an area immediately and directly
affected by a key facility.

(3 "Arterial highway" means any limitcd-acccss highway which is part
of the fcdcral-aid interstate system or any limitcd-acccss highway constructed
under the supervision of the state department of highways.

(4 "Collector highway" means a major thoroughfare serving as a eoriidor
or link between municipalities, unincorporated population centers or recrea—
tion areas, or industrial centers and constructed under guidelines and stan—

i.Vjrv "F- dards established by, or under the supervision of. the state department of

highways. Collector highway docs not include a city street or local service

N road or a county road designed for local service and constructed under the
e supervision of local government.

. s \I’X 1 . ) .
°1 1 o) Domestic water and sewage treatment system" means a wastewater
L er,\eJ-"1 treatment plant, water treatment plant, or water supply system, as defined
in section 66-38-2 (6), (7), and (8), C-R.S. 1963. and any system of pipes,
structures, and facilities through which wastewater iscollected fur treatment.

[} -

_ -—T'V\}ID.;.t—"f (6) "Historical or archaeological resources of statewide importance"
means resources which have been officially included in the national register
of historic places, designated by statute, or included in an c aablishcd list
of places compiled by the state historical society.

= rX.Tka (@) Key facilities" means:

(@ Airports;
eii.fie (b) Major facilities of a public utility;

i. ‘l[l (©) Interchanges involving arterial highways;

vE.
>
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(d) Rapid or mass transit terminals, stations, and fixed guidcways.
@® "Major facilities of a public utility” means*®
(@ Central office buildings of telephone utiliti

(b) Transmission lines, -ver plants, and substations of electrical utilities;
id

(©) Pipelines and storage areas of utilities providing natural gas or other
--trolcum derivatives.

(9@ "Mass transit" means a coordinated system of transit modes providing
msporlation for use by the general public.

(10) "Mineral™ means an inanimate constituent of the earth, in either
<d. liquid, or gaseous state which, when extracted from the earth, isusable
us natural form or is capable of conversion into usable form as a metal,
metallic compound, a chemical, an energy source, a raw material for manu-
during, or construction r atcrial. This definition doc. not include surface
ground water subject to appropriation f>r domestic, agricultural, or indus-
i purposes, nor docs it include geothermal resources.

(11) "Mineral resource area™ means an area in which minerals are located
sufficient concentration in veins, deposits, bodies, beds, scams, fields,
ols, or otherwise, as to be capable of economic recovery. The term
Judes but is not limited to any arc: in which there has been significant
ning activity in the p.iM. there is significant mining activity in the present,
lining development is planned or in progress, or mineral rights arc held by
meial patent or valid mining claim with the intention of mining.

11?) “Natural resources of statewide importance” is limited lo shorelands
major publicly-owned rescivoirs and significant w ildlife habitats in which
c wildlife species, as identified by the division of wildlife of the department
natural resources, ina proposed area could he endangered.

(13) "New communities” me ms the major icvitali/ntion of existing
unicipalitics or (tie cstablisinnci t of urbanized growth centers in unincor-
erated areas.

(14) "Rapid transit” means the element of a mass transit system involving
mechanical conveyance on an exclusive lane or guidew ay constructed solely
<drat purpose.

106-7-105. Effect of article — public utilities. (I) With regard to public
nifties. nothing in this article shall tic construed as enhancing or diminishing
c power and authority of municipalities, counties, or tire public utilities
einmission. Any order, rule, or directive issued by any governmental agency
isunnt lo this article shah not be inconsistent with oi in contravention of
iy decision, order, or find ng of the public utilities commission with respect

public convenience anu necessity The public utilities commission and
ihlic utilities shall lake into consideration and, when feasible, foster cornpli-
ewe with adopted land u-c master plans of locul governments, regions, and
e state.

(? Nothing in this reticle shall be construed as enhancing nr diminishing
- tights and proccdu.es with tcspccl to the power of a public utility to
quire properly and nghtvof-wuy 1 eminent domain lo serve public need
the most economical and expedient manner.



106-7-106. Effect of article - rights of property owners - water
rights. (1) Nothing in this article shall be construed as:

(@ Enhancing or diminishing the rights of owners of property as provided
by the state constitution or the constitution of the United States;

(b) Modifying or amending existing laws or court decrees with respect
to the determination and administration of water rights.

106-7-107. Effect of article — development.; in areas of state interest and
activities uf state interest meeting certain conditions. (I) This article shall not
apply to any development in an area of state interest or any activity of state
interest which meets any one of the following conditions as of the effective
date of this article:

(@ The development or activity is covered by a current building permit
issued by the appropriate local government ;or

() The development or activity has been approved by the electorate; or
(©) The development or activity is to be on land:

(O Which has been conditionally or finally approved by the appropriate
local government for planned unit development or for a use substantially the
same as planned unit development; or

() Which has been zoned by the appropriate-local government for the
use contemplated by such development or activity; or

(1) With respect to which a development plan has been conditionally
or finally approved by the appropriate governmental authority.

106-7-108. Effect of article - state agency nr commission
responses. (1) Whenever any person desiring to carry out development as
defined in section 106-7-102 (1) is required to obtain a permit, to be issued
by any state agency or commission fur the purpose of authorizing or allowing
such development, pursuant to this or any other statute or regulation promul —
gated thereunder, such agency shall establish a reasonable time period, which
shall not exceed sixty days following receipt of such permit application,
within which such agency must respond in writing to the applicant, granting
or denying said permit or specifying all reasonable additional information
necessary for the agency or commission to respond. If additional information
is required, said agency or commission shall set a reasonable tune period
for response following the receipt of such information.

(@ Whenever a state agency or commission denies a permit the denial (
must specify:

@ The regulations, guidelines, and criteria or standards used in evalu—
ating the application;

h) The reasons for denial and the regulations, guidelines, and criteria or
standards the application fails to satisfy; and

© The action that the applicant would have to take to satisfy the state
agency 3or commission”s permit requirements.

(3 Whenever an application for a p"-mmit as provided under this section
contains a statement describing the proposed nature, uses. auJ activities in
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onccptual terms for the development intended to be accomplished and is
iot accompanied with all additional information, including, without limitation,
nginccring studies, detailed plans and specifications, zoning approval, or
(here a hearing is required by the statutes, regulations, rules, ordinances,
r resolutions thereof prior to the issuance of the requested permit, the
zcney or commission shall, within the time provided in this section for
espouse, indicate its acceptance or denial of the permit on the basis of the
onccpt expressed in the statement of the proposed uses and activities con-
ained in the application. Such conceptual approval shall he made subject
.0 the applicant filing and competing all prerequisite di ailed additional
"formation in accordance with the usual filing requirements of the agency
scommission within a reasonable period of time.

(4 All agencies or commissions authorized or required to issue permits
or development shall adopt rules and regulations, or amend existing rules
nd regulations, so as to require tilat such agency or commission respond
- the time and manner required in this section.

(B) Nothing in this section shall shorten the time allowed for responses
rovidcd by federal statute dealing with, or having a bearing on, the subject
fany such application for permit

(6) The provisions of this section shall not apply to applications approved,
icnicd, or processed by a unit of local government.

PART 2
AREAS AND ACTIVITIES DESCRIBED
CRITERIA FOR ADMINISTRATION

106-7-201. Areas of state interest - as detenu ncd by local

lu-rnments. (1) Subject to the procedures set forth in part 4 of this arti-
:Ic, a local government may designate certain areas of state interest from
unong the following:

(@ Minci. Tresource areas;
Natural ha/./d are; >;

(©) Areas containing, or having a significant impact upon, historical, natu-
il. or archaeological resources of statewide importance; and

(d) Areas around key facilities in which development may have a material
sffect upon the facility or the surrounding community.

106-7-202. Criteria for administration of areas of state interest. (1) (@)
lireral resource area, designated as areas of state interest shall be protected
ml administered in such a manner as to permit the extraction and exploration
4 minerals therefrom, unless extraction and exploration would cause sgpiifi-
ant danger to public health and safety. If the local government having juris*
iction. after weighing sufficient technical or other evidence, finds that the
.onomic value of the minerals present therein is less than the value of
nolhcr existing or requested use, such other use should be given preference;
luwcver. other uses which would not interfere with the extraction and
xploration of minerals may be permitted >n such areas of state interest.

(b) Areas containing only sand, giavcl, quarry aggregate, oi limestone
rsed for construction purposes shall be administered as provided by article
(-of chapter 92, C.R.S. 1%).

W 0, o™ »Xr. o,
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accomplished in a manner which causes the least practicable environmental
disturbance, and surface areas disturbed thereby shall he reclaimed in
accordance with the provisions of article 13 or article 32 of chapter 92. C.R.S.
1963. whichever isapplicable.

@ Unless an activity of state interest has been designated or identified
of, unless it includes part or all of another area of atale interest, an area of
and gas or geothermal resource development shall not be designated as
an area of stale interest unless the state oil and gas conservation commission
identifies such area for designation.

(2 (@ Natural hazard areas «hall be administered as follows:

() Floodplains shall be administered so as to minimize significant hazards
to public health and safely or :o property. The Colorado water conservation
board shall promulgate a model floodplain regulation no later than September
30. 1974. Open space activities such as agriculture, recreation, and mineral
extraction shall he encouraged in the floodplains. Any combination ol these
activities shall he conducted in a mutually compatible manner. Building of
structures in the floodplain shall be designed in terms of the availability of
flood protection devices, proposed intensity of use. effects on the accelera—
tion of floodwaters, potential significant hazards to public health and safety
or to property, and other impact of such development on downstream
communities such as the creation of obstructions during floods. Activities
shall be discouraged which, in time of flooding, would create significant haz—
ards to public health and safety or to property. Shallow wells, solid waste
disposal sites, and septic tanks and sewage disposal systems shall be pro—
tected from inundation by floodwaters. Uillcss an activity of state interest
is to tie conducted therein, an area of corrosive soil, expansive soil and rock,
or siltation shall not be designated as an area of slate interest unless the
Colorado soil conservation board, through the local soil conservation district,
identifies such area for designation.

(1) Wwildfire hazard areas in which residential activity is to take place
shall be administered so as to minimize significant hazards to public health
and safety or to property. The Colorado state forest service shall promulgate
a model wildfire hazard area control regulation no later than September 30.
1974 If development is to take place, roads shall be adequate for service
by fire trucks and other safely equipment. Firebreaks and other means of
reducing conditions conducive to fire shall be required for wildfire hazard
areas inwhich development isauthorized.

(I  In geologic hazard areas all developments shall be engineered and
administered in a manner (hat will minimize significant hazards io public
health and safety or to property due to a geologic hazard. The Colorado
geological surve- shall promulgate a model geologic hazard area control regu—
lation no later than September 30, 1674.

() After promulgation of guidelines for land use in natural hazard areas
by the Colorado water conservation board, the Colorado soil conservation
board through the soil conservation districts, the Colorado state forest
service, and "Sc Colorado geological survey, natural hazard areas shall be
administered by local government in a manner which is consistent with the
guidelines for land use in each of the natural hazard areas.
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(3) Areas containing, or having a significant impact upon, historical, natu-
il. or archaeological resources of statewide impcrtance, as determined by
he state historical society, the department of natural resources, and the
ippropriatc local government, shall be administered by the appropriate state
geney in conjunction with the appropriate local government ina manner that
Ml allow man to function in harmony with, rather than be destructive to,
hose resources. Consideration is to be given to the protection of those areas
exsential for wildlife habitat. Development 1in areas containing historical,
irchacological. or natural resource shall be conducted in a manner which
will minimize damage to those rcso-ir*cs for future use.

(4 The following criteria shall be applicable to areas around key facilities:

(@ If the operation of a key facility may cause a danger to public health
ind safety or to property, as determined by local government, the area
iround the key facility shall be designated and administered so as to minimize
-.rich danger; and

(b) Areas around key facilities shall be developed in a manner that will
discourage traffic congestion, incompatible uses, and expansion of the
demand for government services beyond the reasonable capacity of tire
community or region to provide such services as determined by local govern—
ment. Compatibility with nomnotorized traffic shall be encouraged. A
levclopment that imposes burdens or deprivation on the communities of a
region cannot be justified on the basis of local benefit alone.

(B) In addition to tire criteria described in subsection (4) of this section,
the following criteria shall be applicable to areas around particular key facili-
ics:

(@ Areas around airports shall be administered so as to:

(O] E courage land use patterns for housing and other local government
weds that will separate uncontrollable noise sources from residential and
ilhcr noise-sensitive areas; and

0il A oid danger to public safety and health or to property due to aircraft
crash *s.

(b) Areas around major facilities of a public utility shall be administered
S0 as to:

(D) Minimize disruption of thi service provided by the public utility; and
(I) Preserve desirable existing community patterns.

() Areas around interchanges involving arterial highways shall be admin—
istered so as to.

() Encourage the smooth flow of motnn/cd and nonmotorized traffic;

(Il) Foster the development of such areas in a manner calculated to pre—
serve the smooth flow of such traffic; and

(I1) Preserve desirable existing community patterns.

(d) Areas around rapid or mass transit terminals, stations, or guidcways
shall be developed in conformance with the applicable municipal master plan
adopted pursuant to section 139-59-6, C.R S. 1%3. or any applicable master



plan adopted pursuant to section 106-2-7. If no such master plan has been
adopted, such areas shall be developed in a manner designed to minimize
congestion in the streets; to secure safety from fire, flood waters, and other
dangers; to promote health and general welfare; to provide adequate light
and air; to prevent the overcrowding of land; to avoid undue concentration
of population; to facilitate the adequate provision of transportation, water,
sewerage, schools, parks, and other public requirements. Such development
in such areas shall be made with reasonable consideration, among other
things, as to the character of the area and its peculiar suitability for particular
uses, and with a view to conserving the value of buildings and encouraging
the most appropriate use of land throughout the jurisdiction of the applicable
local government.

106-7-203. Activities of state interest as determined by local
governments. (1) Subject to the procedures set forth in part 4 of this arti—
cle. a local government may designate certain activities of state interest from
among the following.

(@ Site selection and construction of major new domestic water and
sewage treatment systems and major extension of existing domestic water
and sewage treatment systems;

(b) Site selection and development of solid waste disposal sites;
(c) Site selection of airports;

(d) Site selection of rapid or mass transit terminals, stations, and fixed
guidcways;

© Site selection of arterial highways and interchanges and collector
highways;

(0 Site selection and construction of major facilities of a public utility;
(@ Site selection and development of new communities;

(h) Efficient utilization of municipal ind industrial water projects; and
(@@ Conduct of nuclear detonations.

106-7-204. Criteria for administration of activities of state interest. (1)
(@ New domestic water and sewage trcatmc tsystems shall be constructed
in areas which will result in the proper utilization of existing treatment plants
and the orderly development of domestic water and sewage treatment sys—
tems of adjacent communities.

()] Major extensions of domestic water and sewage treatment systems
shall be permitted®"in those areas in which the eanticipated growth and
development that may occm as a result of such extension can be accommo —
dated within the financial and environmental capacity of the nr . to sustain
such growth and development.

(&) Major solid waste disposal sites shall be developed inaccordance with
sound conservation practices and shall emphasize, whcic feasible, the
recycling of waste materials. Consideration shall be given to longevity and
subsequent use of waste disposal sites, soil and wind conditions, the potential
problems of pollution inherent in the proposed site, and the impact on adja—
cent property owners, compared with alternate locations.
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(@ Airports shall he located or expanded ina manner which will minimize
disruption to the environment of existing communities, will minimize the
impact on existing community services, and will complement the economic
and transportation needs of the state and the area.

4 (@ Rapid or mass transit terminals, stations, or guidcways shall be
located in conformance with the applicable municipal master plan adopted
pursuant to section 139-59-6. C.R.S. 1963. or any applicable master plan
adopted pursuant to section 106-2-7. If no such master plan has been adopted,
such areas shall be developed in a manner designed to minimize congestion
in the streets; to secure safety from fire, flood waters, and other dangers;
to promote health and general welfare; to provide adequate light and air; to
prevent the overcrowding of land; to avoid undue concentration of popu—
lation; to facilitate the adequate provision of transportation, water, sewerage,
schools, parks, and other public requirements. Activities shall be conducted
with reasonable consideration, among other things, as to the character ol the
area and its peculiar suitability fir particular uses, and with a view to con—
serving the value of buildings and encouraging the most appropriate use of
land throughout the jurisdiction of the applicable local government.

(b) Proposed locations of rapid or mass transit terminals, stations, and
fixed guidcways which will not require the demolition of residences or busi—
nesses shall be given preferred consideration over competing alternatives.

(© A proposed location of  rapid or mass transit terminal, station, or
fixed guideway that imposes a burden or deprivation on a local government
cannot be justified on the basis of local benefit alone, nor shall a permit
for such a location be denied solely because the location places a burden
or deprivation on one local government.

(5) Arterial highways and interchanges and collector highways shall be
located so that:

(@ Community traffic needs are met;
(b) Dcsiiable commui it) pa terns arc not disrupted; and

(©) Direct conflicts with adopted local government, regional, and state
master plans arc avoided.

(®) Where feasible, major facilities of public utilities shall be located so
as to avoid direct conflict with adopted loc.i. 3mnnenl, regional, and stale
master plans.

(7) Yhen applicable, or as may otherwise be provided b> law. a new
community design shall, at i minimum, provide for transportation, waste
disposal, schools, and other governmental services in a manner that will not
overload facilities of existing communities of (lie region Piiurily shall be
given to the development of total communities which provide for commercial
and industrial activity, as well as residences, and for internal transportation
and circulation patterns.

() Municipal and industrial water projects shall cinphnsl/c the most effi—
cient use of water, including, to the extent permissible under existing law.
the recycling and reuse of water. Urban development population densities,
and site layout and design of storm water and sani"alio" systems shall be
accomplished in a manner mat will prevent the pollution of aquifer recharge
areas.
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(©)) Nuclear detonations -hall he conducted so as to present no nmlon.il
danger to public health and safety. Any danger to property shall not be dis—
proportionate to the benefits lo be derived from a detonation.

PART 3
LEVELS OF GOVERNMENT INVOLVED AND T1IEIR FUNCTIONS

106-7-301. Functions of local government. (1) Pursuant to this article, it
is the function of local government to:

(@) Designate matters of state interest after public hearing, taking into
consideration:

(D The intensity of current and foreseeable development pressures; and

an Applicable guidelines for designation issued by the applicable stale
agencies;

(b) Hold hearings on applications for permits for development in areas
of state interest and for activities of state interest;

©) C mt or deny applications for permits for development inareas of
state interest and for activities of state interest;

(d) Receive recommendations from state agencies and othe- local
governments relating to matters of state interest; "

(e) Send recommendations to othci local governments and the Colorado
land use commission relating lo matters of state interest; and

(P Act. upon request of the Colorado land use commission, withregard
to specific matters of state interest.

106-7-302. Functions of other Mate agencies. (1) Pursuant to this article,
it is the function of other state agencies to;

(@ Send recommendations to local governments and the Colorado land
use commission relating to designation of matters of stale interest on * c basis
of current and developing information; and

(b) Provide technical as«istance to local governments concerning desig—
nation of and guidelines for matters of stale interest.

(2) Primary responsibility for the recommendation and provision of 1 h
nical assistance functions described in subsection (I) of this section is upon:

(@ The Colorado water conservation hoard, acting in cooperation with
the Colorado soil conservation board, with regard to floodplains;

(b) * > Colorado state forest service, with regard to wildfiic hazard
arcus;

(c) The Colorado geological survey, with regard to geologic hazard areas,
geologic reports, and the identification of mineral resource areas;

(d) The Colorado division of mines, with regard to mineral extraction and
the reclamation of land disturbed thereby ;

(&) The Colorado soil conservation board and soil conservation districts,
with regard to resource data inventories, soils, soil suitability, erosion and
sedimentation, floodwatcr problems, and watershed protection; and
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® The division of wildlife of the department of natural resources, with
regard to significant wildlife habitats.

(©) Pursuant to section 106-7-202 (1) (d). the oil and gas conservation
commission of the state of Colorado may identify an area of oil and gas
development for designation by local government as an area of state interest.

PART 4
DESIGNATION OF MATTERS

OF STATE INTEREST — GUIDELINES FOR ADMINISTRATION

106-7-401. Designation of matters of state interest. (I) After public hear—
ing. a local government may designate matters of state interest within its
jurisdiction, taking into consideration:

(@ The intensity of current and foreseeable development pressures; and

(b) Applicable guidelines for designat n issued by the Coloiado land use
commission after recommendation from other state agencies, if appropriate
In adopting such guidelines, the Colorado land use commission shall be
guided by the standards set forth in this article applicable to local govern—
ments.

(@ A designation shall:
(@ Specify the boundaries of the proposed area; and

(b) State reasons why the particulai area or activity is of slate interest,
the dangers that would result from uncontrolled development of any such
area or uncontrolled conduct of such activity, and the advantages of
development of such area or conduct of such activity in a coordinated man —
ner.

106-7-402. Guidelines - regulations. (1) The 1local government shall
develop guidelines for administration of the designated matters of state inter—
est The content of such guidelines shall be such dS to facilitate administration
of mullets of state interest consistent with sections 106-7-202 and 11)6-7-204.

(@ A local government may adopt regulations interpreting ami applying
its adopted guidelines in ielation lo specific developments in arcus of state
interest and to specific activities of state interest.

(3 No provision in this atticlc shull bc constimil as prohibiting a local
government from adopting guidelines or regulations containing requirements
which arc more stringent than the requirements of the crilciiu listed in sec—
tions 106-7-202 ami 106-7-201.

106-7-40.1.  I<iliuii.il and fiu.imial assistance. (I) Appropriate state agen—
cies shall provide technical assistance lo local governments in order lo assist
local governments in designating matters of stale interest and adopting guide—
lines for the administration thereof.

(&) (n) The department of local affairs shall oversee and coordinate the
provision of technical assistance and provide financial assistance as may be
authorized by law.

(b) The department of local affairs shall dctcuuinc whether technical or



financial assistance or both arc to be given to a local government on the
basis of the local government®s:

(@ Showing that current or reasonably foreseeable development pressures
exist within the local government®s jurisdic..on; and

(1) Plan describing the proposed use of technical assistance and expendi—
ture of financial assistance.

106-7-404. Public hearing — designation of an area or activity of state inter—
est and adoption of guidelines by order of local government. (1) The local
government shall hold a public hearing before designating an area or activity
of state interest and adopting guidelines for administration thereof.

(@ (@ Notice, stating the time and place of the hearing and the place
at which materials relating to the matter to be designated and guidelines may
be examined, shall be published once at least thirty and not more than sixty
days before the public hearing in a newspaper of general circulation in the
county. The Iocar government shall send wiitten notice to the Colorado laud
use commission of a public hearing to be held for the purpose of designation
and adoption of guidelines at least thirty days and not more than sixty days
before such hearing.

(b) Any person may request, in writing, that his name and address be
placed on a mailing list to receive notice of all hearings held pursuant to
this section. If the local government decides to maintain such a mailing list,
it shall mail notices to each person paying an annual fee reasonably related
to the cost of production, handling, and mailing such notice. In order to have
his name and address retained on said mailing list, the person shall resubmit
hisname and address and pay such fee before January 31 of each year.

(3) Within thirty days after completion of the public hearing, the local
government, by order, may adopt, auopl with modification, or reject the par-
ticu®ar designation and guidelines; bi tthe local government, inany ease, shall
have the duty to designate any matter which has been finally determined to
be a matter of state interest and adopt guidelines for the administration
thereof.

(4) After a matter of slate interest is designated pursuant to this section,
no person shall engage indevelopment in such area and no such activity shall
be conducted until the designation and guidelines for such area or activity
arc finally determined pursuant to this article.

() Upon adoption by order, all relevant materials relating to the desig—
nation and guidelines shall be forwarded to the Colorado land use commission
for review.

106-7-405. Report of local government®s progress. (1) Not later than one
hundred eighty days after the effective date of this article, each local
government shall report to the Colorado land use commissirn. on a form to
be furnished by the Colorado land use commission, the progress made tuwaid
designation and adoption of guidelines for administration of matters of stale
interest.

(2 Upon the basis of the information contained in such reports and any
information received pursuant to any other relevant provision of this article,
the Colorado land use commission ivay take appropriate action pursuant to
senior) 106 4-J (2) (@)-
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106-7-406. colorado land use commission review of local government <Tiler
containing designation and guidelines. (l) Not later than thirty days after
receipt of a local government order designating a matter of state interest and
adopting guidelines for the administration thereof, the Colorado land use
commission shall review the contents of such dcr on the basis of the rele—
vant provisions of part 2 of this article and shall accept the designation and
guidelines or recommend modification thereof.

(2 If the Colorado land use commission decides that modification of the
designation or guidelines is required, the Colorado land use commission shall,
within said thirty-day period. subrnM to the local government written notifica—
tion of its recommendations and shall specify in writing the modifications
which the Colorado land use commission deems necessary for compliance
with the relevant provisions of part 2 of this article.

(3) Not Ilater than thirty days after receipt of the modifications recom—
mended by the Colorado land use commission, a local government shall:

(@ Modify the original order in a manner consistent with the recom—
mendations of the Colorado laid use commission and resubmit the order to
the Colorado land use commission; or

(b) Notify the Colorado land US€ commission that the Colorado land US€
commission®s recommendations arc rejected.

106-7-407.  Colorado land use commission may initiate identification, desig-
nation, and promulgation of guidelines for matters of stale interest. (I)
(@ The Colorado land use commission may submit a formal request to a
local government la take action with regard to a specific matter which said
commission considers to be of state interest within the local government®s
jurisdiction Such request shall identify the spcciiic matter and shall set forth
the information required in section 106-7-401 (2) (@) and (2 (b) Not later
than thirty days after receipt of such request, the local government shall pub—
lish notice and hold a hearing within srsty days pursuant to the provisions
of section 106-7-404. and issue itsorder thereunder.

(b) After receipt by a local government of a request from the Colorado
land use commission pursuant to paragraph (&) of this subsection (1), no
per suit shall engage indevelopment in the area or conduct the activity specifi
cally described in said request until the local government lus held its hearing
and issued itsorder relating thereto.

(c) |If the local government 3 order fails to designate such matter and
adopt guidelines lltvrcfoi, or. after designation, fails to adopt guidelines
ihcrcfoi pmsuanl to standards set forth in this nttide applicable to local
governments, the Colorado land use commission may seek judicial review
of such order or guidelines by a dial dc novo in the distiict court for the
judicial district in which tin; local government is located. Dining the pendency
of such court proceedlngs, no person shall engage in development in the area
or conduct the activity specifically described mi said request csccpt on such
terms and conditions as authorized by the court



IART 5
PERMITS FOR DEVELOPMENT IN AREAS OF STATE INTEREST
AND FOR CONDUCT OF
ACTIVITIES OF STATE INTEREST

106-7*501. Permit for development in area of state interest or for conduct
of an activity of state Interest required. (1) (@ Any person desiring to
engage in development in an area of state interest or to conduct an activity
of state interest shall file an application for a permit with the local govern—
ment in which such development or activity is to take place. The application
shall be filed on a“"form prescribed by the Colorado land use commission.
A reasonable fee determined by the local government sufficient to cover the
cost of processing the application,, including the cost of holding the necessary
hearings, shall be paid at the time of filing such application.

()] The requirement of paragraph (a) of this subsection (I) that a public
utility obtain a permit shall not be deemed to waive the requirements of arti—
cle 5 of chapter 115, C.R.S. 1963, that a public utility obtain a certificate
of public convenience and necessity.

@ (@ Not Ilater than thirty days after receipt of an application for a
permit, the local government shall publish notice of a hearing on said applica—
tion. Such notice shall be published once in a newspaper of general circu—
lation in the county, not less than thirty nor more than sixty days before
the date set for hearing, and shall be given to the Colorado land use commis —
sion. The Colorado land use commission may give notice to such other per—
sons as itdetermines not later than (vurtccn days before such hearing.

(b) If a person proposes to engage in development in an area of state
interest or for conduct of an activity of state interest not previously desig—
nated and for which guidelines have not been adopted, the local government
may hold one hearing for determination of designation and guidelines and
granting or denying the permit.

(© The local government may maintain a mailing list and send notice of
hearings relating to permits in a manner similar to that described in section
106-7-404 (2 (b)-

(3 The local government may approve an application for a permit to
engage in development in an area of state interest if the proposed develop—
ment complies with the local government 3 guidelines and regulations gov—
erning such area. If the proposed development docs not comply with the
guidelines and regulations, the permit shall be denied.

(4 The local government may approve an application for a permit for
conduct of an activity of state interest if the proposed activity complies with
the local government 3 regulations and guidelines for conduct of such activ—
ity. If the proposed activity docs not comply * ilh the guidelines and regula—
tions. the permit shall be denied.

(5) The local government conducting a hearing pursuant to this section
shall:

(&) Slate, in wiiting, reasons for its decision, and its findings and conclu—
sions; and

(b) Preserve a record of such piocecdings.
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(6) After the effective date of this article, any person desiring to engage
a development in a designated area of state interest or to conduct a desig—
ned activity of state interest who docs not obtain a permit pursuant to this

ction may be enjoined by the Colorado land use commission or the appio-

iate local government from engaging in such development or conducting

ich activity.

106-7-502.  Judicial review. The denial of a permit by a local government

ency shall be subject to judicial review in the district court for the judicial

strict inwhich the major development or activity is to occur.

Section 2. Article 3 of chapter 106, Colorado Revised Statutes 1963. as
itended. isamended NY THE ADDITION 01- A NEW SECTION to read:

106-3-9. Slali-wide program for Identificiition of matters of state interest as
art of local land use planning. (1) The department of local affairs shall
onduct a statewide program encouraging counties and municipalities to prc-
-irc. as a part of the comprehensive plan provided for in section 106-2-5
nd article 59 of chapter 139, C K S. 1963. a complete and detailed identify
ation and designation of all matters of slate interest within each county by
one 30. 1976. The general assembly shall appropriate funds for this purpose
u the department of local affairs for distribution to participating counties,
ach county desiring to participate in the identification and dcsij nation of
natters of state interest program established by this section shall be allocated
m equal amount by the department of local affairs from the funds so appro-
"intcd. to be expended by each COUNtY separatefy or through on organized
loop of counties or counties and municipalities. The department of local
iffairs. in cooperation with applicable state agencies, shall establish reason—
able standards relative to the scope, detail, and accuracy of the program and
<hall insure that all information is comparable for each county Each county
sh.dl. after consultation with the municipality, prepare such identification and
designation for territory located within these municipalities which request
such preparation and in an\" municipality which fails to undertake an identifi—
cation and designation program Each county shall, upon request of the
municipality, assist the municipality in its identification anJ designation pru-
giam.

(@) The general assembly shall appropriate to the department of local
affairs funds to assist counties and municipalities participating in the identifi—
cation and designation of matters of state inteies Tograin. where additional
assistance is deemed by the department of local allan.s lo be ncccssaiy. The
department of local affairs shall also allocate such funds upon request of
any county participating in the identification and designation of mailers of
slate interest program under subsection (1) of this section for implementation
of supplemental planning in that county, or lo any municipality.based upon
priorities established by the department of local affairs and on the need and
capabilities of each county and municipality.

Section 3. IW. 4 3 (2) (@- Colorado Revised Statutes 1963 (1971 Supp ).
isamended to read:

106-4-3. Duties of the commission — temporary emergenry power. (2 (8)
Whenever in the normal course of its duties ns set forth in this article the
Commission determines that there is in piogress or proposed a land develop—
ment ...licit) which constitutes a danger of inepnriible injury. lon, ni damage
of serious and major proportions to the public health, welfare, or safely, the



Tommission shall immcoi itcly give written notice to the hoard ol
commissioners of each comity involved of the pertinent facts and dangers
with respect to such activity. If the saiil hoard of county commissioners docs
not remedy the situation within a reasonable time, the commission may
request the governor to review such facts and dangers with respect to such
activity. If the governor grants such request, such review shall he conducted
by the governor at a meeting with the commission and the boards of county
commissioners of the counties involved. If. after such review, the governor
shall determine that such activity docs constitute such a danger, the governor
may direct the commission to issue its written cease and desist order to the
person in control of such activity. Such order shall require that such person
immediately discontinue such activity. If such activity, notwithstanding such
order, is continued, the commission may apply to any district court of this
state in which such activity is located for a temporary restraining order, pre—
liminary injunction, or permanent injunction, as provided for in the Colorado
rules of civil procedure. Any such action shall be given precedence over all
other matters pending in such district court. The institution of such action
shall confer upon said district eouit exclusive jurisdiction to determine finally
the subject matter thereof. -

Section 4. Article 4 of chapter 106. Colorado Revised Statutes 1%3. as
amended, isamended BY THE ADDITION OF A NEW SECTION to read:

106-4-5. Commission staff to assist counties and municipalities. The
commission, within available appropriations, shaft assign full-time profes—
sional staff members to assist counties and municipalities in the program
established under article 7 of this chapter and to monitor progress in the
same. No later than February 1. 1975. the commission shall issue its report
to the general assembly as to progress being made in such program and shall
include in its report those items required by section 106-4-4 (4) (b) and (4)

©-.

Section 5. App opriallon. (1) There 1is hereby appropriated to the
department of local affairs, out of any moneys in the state treasury not
otherwise appropriated, the sum of two million sevcenly-fil * thousand dollars
($2,075,000), or SO much thereof as may be necessary, to implement the
provisions of section 106*3-9. C.R.S. 1963. which moneys shall become avail—
able upon passage of this act and remain available until June 30, 1975. to
be allocated as follows: Identification and designation of matters of state

interest program one million five hundred seventy-five thousand dollars
($1,575,000): supplemental planning - five hundred thousand dollars
($500,000) .

(&) There is hereby appropriated out of any moneys in the state treasury
not otherwise appropiiatcd. to the Colorado land use commission, for the
fiscal year beginning July 1, 1974, the sum of three hundred thousand dollars
($300,000). or so much thereof as may be necessary, to provide assistance
to counties and muncipalitics pursuant to section 106-4-5. C.R."™ 1963 (10.0
I"TE. five of which shall be full-time professional staff pursuant to said
section 106-4-5).

Section 6. Safely clause. The general assembly hereby finds, determines,
rind declares that this act is necessary for the immediate preservation of the
public peace, health, and safety.

Approved: May 17. 1974 k

N.
«f o
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LEGISLATIVE AFFAIRS AGENCY

MEMORANDUM July 25, 1979

SUBJECT: Appropriation to Department of Public Safety for
state participation in the Alaska Avalanche Warning
System (Work Order 7292)

TO: Representative Mike Miller

FROM: John B. Chenoweth
Legislative Counsel

After speaking with Bob Janes, | am suggesting that the ap—
propriation requested be increased to 3135,000, combining

the requests for FY 80 and 81. Assuming the bills pass
during the 1980 legislative session, the first $53,000 would
be available immediately to meet the state share of costs of
implementation in the 1979 - 1980 season, as the progranm
funding estimate indicates, with the remaining $82,100 avail*
able for payment as the state®s share during the 1930 - 81
season. In subsequent years, this would have the effect of
providing a state appropriation the amount of which 1is known
by participants in the program in advance of the wirter ava—
lanche season. If, by legislative or executive action, the
full amount of the state®s share were not provided, other
federal or local government participants might be able to
compensate.

The fiscal note on this would appear

FY 80 $ 53,000
135,000
FY 81 82,000
FY 82 (based on figures
provided) 112,000
FY 83 (based on figures
provided) 112,000

IT this approach does not comply with your wishes, please
advise me.
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/.laska Avalanche Warning System

Situation: The combination of the permanent ice and snow
fields in the mountain terrains of Alaska with the
associated neavy snow fall during the winter creates a
potential avalanche danger on a year around basis.
Because of these conditions, during the period
1970-78, Alaska has had more fatalities due to snow
avalanches than any of the other eleven Western States
of the United States. Out of 109 deaths, 29 has
occurred in Alaska, or 27% of the total. Colorado is
second with 24 fatalities and Washington third with
21. The number of persons caught in a snow avalanche
in Alaska and survived are unknown. A good estimate
would be over 100 victims since 1970.

In reviewing Art Judson®s (Snow Management Specialist
from the USDA - Forest Service Mountain Snow and
Avalanche Research Center in Fort Collins, Colorado)
report on the Alaska Avalanche situation, there are
500+ structure directly exposed to avalanches with the
City of Juneau posing the greatest potential for
catastrophic avalanching in North America. In
addition there are approximately 180 identified
avalanche paths crossing public highways and railroads
that compose a constant hidden danger to the limited
land transportation corridors in the state. The
public is forced to use these avalanche prime routes
since there arc no alternative safe roads to use.

The report also points out there are thousands of
avalanche paths, both in developed and non developed
recreation ureas, with significant potential for
avalanche fatalities to skiers, snowmobilers, mountain
climbers and hikers in a year round basis.

With a young outdoor minded population in the State, a
prolonged winter condition, and the nucleus of the
population living within minutes of the mountains,

they are constantly using the snow covered mountain
terrain for recreation activities with little or nj
knowledge of how the unseen changing snow pack
structure and what can cauJc an avalanche could turn a
pleasant cutdoor outing into a catastrophic phenomenon
within seconds.



2.

Need:

Alaskans with a desire of rural type of living along
with a desire to obtain a vast view of the country
side are pushing higher into the apline r :aches of the
mountains seeking a place of residency. A high number
of these persons are not aware or concerned of the
lurking snow avalanche danger that may exist high
above them when selecting and constructing their

home. Their interest lies mainly in the unobstructive
view they are seeking. This creates not only an
avalanche hazard situation to the owners but a demand
for public access thus creating more risk exposure in
high prime avalanche country to the public and
work maintenance crews.

Three geogrpahic areas have been identified in Alaska
that have a high snow avalanche danger associated with
a high concentration of outdoor users. They are the
Chugach-Kenai-Talkeetna Mountains, Mt. McKinley and
the Coastal Range of Southeastern Alaska in the
vicinity of Juneau and Sitka. A fourth potential area
has been identified in the Haines-Skagway area. There
are numerous smaller isolated areas where human
activity in relative small.

In the Chugach-Kemi-Talkeetna Mountains the outdoor
visits are increasing tremendour®"/ between population
growth and more people seeking the outdoor experience
with no awareness of the snow hazard situation
involved in mountainous terrain. Housing is expanding
into the avalanche zones of Eagle River Drainage,
Indian Creek and Rainbow Creek and in other areas of
the State which is lacking both municipalities and
Statewide avalanche zoning regulations.

In the Juneau area, Behrends Ave. and the immediate
vicinity poses the greatest risk in North America for
a catastrophic avalanche to happen. Thirty-three
homes, a motel, a high school auditorium and 453 boats
located in the harbor along with the numerous cars
passing by the area arc exposed to a 3,000 foot
vertical avalanche pnth that has a record of causing
se.vere damage to the home in the area. This condition
also exist in several other areas around Juneau which
effects five other homes and several electrical
transmission lines and towers.

More people are seeking the winter outdoor experience
in Juneau with the opening of Eaglecrcst Ski Area in
1975, thus increasing the avalanche risk exposure and
the need for a more intense avalanche awareness
program.



Whereas on Mt. McKinley, the mountain climbers are
knowledgeable on avalanche phenonemon and are aware of
the extreme avalanche danger and adverse weather
elements found on the mountain. What their lacking is
adva ice notice on predicted wealL.ier changes that could
change the climb from a pleasant expedition to a
halooaot within hours. The proposed establishment of
a cummer-winter visitor center in the Petersviile area
on the sour"™ side of McKinley National Monument will
open up a = >le new area of avalanche exposure to the
public.

The Haines-Skagway area which includes Klondike Gold
Rush Historical Park exterds into Canada which
encompasses both the Providence of British Columbia
and Yukon Territory. The Park, because of its
historical volume, has and will attract more people to
hike over the historical trails during the winter time
which are noted for their avalanche hazards. In order
to fully provide an avalanche warning service to this
area, V cher stations will have to be installed in
CanaH- which vjuld involve obtaining an international
agr ement with the Canadians. Once the AAWS becomes
operational, negotations with the Canadian Government
will be made to otain their cooperation on the project.

With the few vital avalanche prone transportation
corridors in Alaska, there exist a potential for all
unaware travelers being caught in a snow slide along
with maintenance crews clearing the blockage. The
unsuspected closure of the road by the slide* can also
cause short term economical losses to both the public
and business in addition to the high cost of opening
up the roads to traffic. Travelers and maintenance
crews should be aware of the existing hazards in
advance 1in order to plan accordingly to cope with the
situat ion.

The high avalanche problems in Alaska points to a need
in developing a reliable and systematic state wide
avalanche warning system along with a well organized
public awareness and educational program.

3. Proposal: That an interagency Alaska Avalanche Warning
Systom (AAWS) be established on a stare wide basis
for the purpose of;

a. Forecasting snow avalanche conditions through out
the State with main emphasis in Southcentral and
Southeastern Alaska.

b. Coordinate a public awareness program on
avalanche.



Coordinate an annual Alaska Avalanche School.

d. Identify and catalog a comprehensive atlas of
avalanche paths and slide occurrences.

e. Assist state and local governments in developing
snow avalanche zoning regulations and
identificaton of avalanche zones.

f. Providing a historical depository for avalanche
snow data collected in Alaska.
N ar
With the main thrust if the AAWS being orinated,

the slack summer montnsA can be devoted to providing:

a. Statewide fire weather forecasting

b. Special mountain weather foretasting for Mt.
McK;nley

C. Flood forecasting in areas coveted by the

orographic percipitation model

Organisation: The USDA-Forest Service, the most noted
historical government agency in snow management
research and applied science is the most logical
choice as being the agencyoperatjn* then .
AAWS. The AAWS-PS™ Division of State and Private
Forestry who has the responsibility of providing
forestry and related technical assistance to State and
private land owners.

The AAWS organization structure comprises of three
component parts - The Alaska Avalanche Warning System

Center, (AAWSC) Primary field stations and
supplemental field stations. Their structures and
functions are:

AAWSC: The center will be located in Anchorage and
housed in the National Weather Service
Forecasting Office. It will bu staffed with
three Forest Service permanent p ifessional
employees - a projeeleader who has
administrative and snow management experience, d
mountain mcterologist specialist who will be in
charge of the forecasting and one mountain
metorologist specialist assistant.



Their primary duty will be to provide a seven day
service on avalanche forecasting during the
period October 1 - May 15 and fire weather
forecasting along with mountain weather and flood
forecasting within the areas covered by the
orographic precipitation model during the summer
period. Secondary duties will be to assist in
training and supervising the field personnel,
assist in developing and carrying out an
avalanche awareness program, conduct formal
training sessions on mountain and fire weather
meterology, catalog®avalanche paths and record
their activity, and provide technical assistance
in developing avalanche zone regulations and
zoning identification.

Primary Field Stations: Six field stations, have been
identified to date which will be staffed with a
temporary snow management technician between the
period October 1 - May 15. The position could be
a Fore="st Service or a cooperating agency employee
who would either be detailed or assigned the
primary du-y of assisting the AAWSC.

The stations and where they will be housed at are:
Station Housed at

Juneau National Weather
Service Off ice

Girdwood Forest Service Office
at Alyeski Ski Resort

Moose Pass Forest Service Kenai
Lake Work Center

McKinley McKinley National Park
Headquarters - McKinley

Valdez Dept, of Transportation
State Highway Office

Cliugach State Park Handled by the Park
Kongers 1in Anchorage



The primary duties of the snow management technician
are to provide on the ground weather conditions, snow
pack conditions and avalanche activity to the AAWSC;
carry out a public awareness program in the area;
identify and catalog avalanche paths in their area of
responsibility; read and record supplemental weather
stations located in the immediate vicinity of their
duty station.

Supplemental Field Stations: Twenty five supplemental field

Regional Aren

Type
Southcentral

stations have been identified to furnish weather data
to the AAWSC. Additional ones will be added as the
need arises to assist in increasing the accurac/ of
the forecasting or expand the operation into nev
areas. There will be weather instrument station¥*
located in an area where either a resident cooperitor
on a contractual arrangement or an employee from *
cooperating agency who is assigned the task as part of
his regular assignment can collect and forward the
data to the AAWSC. The resident cooperator will also
be requested to submit reports on any avalanche
activity observed or investigated to the AAWSC.

In selected areas, remote sites will be established in
high altitude locations to monitor the snow pack and
weather conditions near the avalanche starting zones
using the Meteor Burst System of Telemetry for
recording and transmitting the data to the AAWSC.

The location of the site and type are:

Site T-1 r«-
Tnzlina Lodge Resident Cooperator
Thompson Pass Cooperating Agency
Isabelle Pass Cooperating Agency
Hatcher Pass Resident cooperator
Cranview Cooperating agency
Alycskn SKki Resort
Max*®"s Mt.
(Alycnkn Ski Resort” Remote site
Arctic Valley Resident Cooperator
Bird Creek Cooperating Agency
Turnagain Pass M M
Summit Lake Resident Coopcr.n.or
Six Mile Cr.(Sunriac> H H
Chugach State Park Cooperating Agency

Cambpell Cr

Indian Cr.

Ship Cr.

Eagle Cr.

Rabbit. Cr.

Eagle River Remote site



McKinley Kahiltna Glacier(7000") Resident cooperator
(Summer only)

Mt. McKinley Remote site

McKinley National

Park Hdq. Cooperating agency
Southeastern Eaglecrest Ski Area Cooperating agency

Salmon Cr. Reservoir Resident cooperator

Mt. Juneau Remote site

Klukwan Resident cooperator

White Pass Resident cooperator

Sitka Cooperating agency

Hyder Resident cooperator

fe-»TI0Y REm«ly ].fl@



AAWS Project Cost

The following is an estimated cost of setting up and operating

the AAWS on an annual

basis.

a. AAWSC operating cost

1) Staffing

Project leader GS-23 35.000
Meterologist in charge CS-12 35.000
Assist, meterologist 28.000

2) Travel for training and supervison

by staff

15,000

3) Staff office space, office equipment,
clerical, data transmission and
meterologist support 18,000

4) Commercial Communications 10,000

Subtotal 141,000

b. AAWS field station operating cost

1) Staffing

Snow Manaaement Tech. CS-~N?/?

0 £12,

72,000

2) Project travel for field personnel 10,000

3) Station Mtc. and Supplies 5,000
4) Supplemental Station Cost 24,000
5) Equipment Replacement 15,000

6) Cooperative agreements on remote

site rate.

3,000

Subtotal 129,000
Overhead cost £42,000

Total operating cost $ 312,000

The USDA-Forcst Service, Regional Office \ 1 provide the
administrative support for the AAWS.

The above operating costs are based upon the AAWS being tot. 71y

financed as a separate

identity without any cooperative support.

The overall package can be reduced by the cooperating agencies
absorbing part of the cost by intergesting various items into

their regular on-going
individuals additional

programs such as assigning certain
duties to perform a required task.

Example - a state highway empoloyee wu assigned the duty of
reading the supplemental weather station at Thompson Pass.



The National Weather Service has stated they will furnish the
office space, office equipment, clerical staff, data transmission
of the forecasting and meterological support for the AAWSC.

C. Capital Investment
The following is a breakdown of the estimated capital
investment cost needed to make the AAWS fully operable

1. Weather instruments for the supplemental

field stations 25,000
2. UHFM radio for field personnel 5,000
3. Remote instruments and installation

cost 5@ 15,000 75,000
4. Orographic Precipitation models *

for Southcentral, Mt. McKinley and

Southeaster 100,000
5. Overhead cost 28,000

Total £233,000

A computor program designed for Hydrometeorological use to
determine the ability to diagnose the effect of topography on
we-LtLon precipitation over various time periods for differing
wind regimes, employing upper air data and a fine-mesh
topographic grid. Attached in the appendix is a summary report
on the orographic precipitation model.

Action Plan

Phase 1 - Fiscal year 1979 4 1980

FY 79 0. Install remote weather instrumentation on
Max®"s Mt.
b. Contract orographic precipitation model for

Southcentral and Southeastern.
PY 80 a. Hire one meterologist CS-11/12

b. Activate primary stations at Girdwood, Juneau
and Clnigach State Park.



(o Activate supplemental stations at;
Thompson Pass, Isabelle Pass, Bird Cr,
Turnagain Pass, 6 Mile Cr, Grandview, Tazlina
Lodge, Summit Lake, Hatcher Pass, Chugach
State Park, Alyeska Ski Resort, Eaglecrest
Ski Area, Salmon Cr. Reservoir.

d. Project leader duties will be carried out by
present USDA-FS, Division of State and
Private Forestry Staff.
Phase 1l - Fiscal Year 1981
a. Hire project leader GS-12

b. Hire one Meterologist CS-11/12

C. Activate Primary Station at McKinley National
Park

d. Activate supplemental Stations at Arctic
Valley Ski Area, Kluckwan, White Pass,
Kahiltna Glacier, McKinley National Park Hdq.

e. Contract Orographic Precipitation Model for
Mt. McKinley.

f. Install remote weather instrumentation on Mt.
Juneau.

Phase 11l Fiscal year 1982

a. Activate primary station at Moose Pass and
Valdez.

b. Activate supplemental stations at Sitka and
Hyder.

C. Install remote weather instrumentations on

Mt. McKinley, Mt. Troy near Juneau, and one
other site to be selected in Southcentral
area.

Phase IV - Fiscal year 1983 and on - AAWS in full operation.
a. Activate supplemental stations as needed.
Will be hired during third quarter of FY 80 if ni.M enters Into a

cooperative agreement with AAWS to perform fire weather
forecast ing.



7. FINANCIAL PLAN:

Suggested financial plan by agencies based upon beneficial
Cooperators.

By Fiscal Year in "M" Dollars

AGENCY 79 80 81 82 83

USDA - FS 50 90 115 115 100

RMF 25 - 10 - -

SCS 9 1 2 2 2

USDC - WS 3 10 25 35 30
UsbDI - BLM** - 25 ** 25 ** 25 ** 25 %%

NPS - - 20 25 20

USDOT -AR - 5 6 11 10

State of Ak. - 1 82 112 112

DNR SP (252) . .

CS (102) - - - - -

FLAW (107.) - - - - -

DOT (502) - - - - -

DPS (52) - - - - .

BOROUGHS * Juneau - 2 6 6 6

Anchorage - - - 10 7

Private - Alyeska Ski Resort 1 1 1 | 1

TOTAL 89 187 297 3A2 312

+* For Fire Weather forecasting only. Cost estimated at $25,000 per year
which is based upon the meterologist salaries for A months.



Append ix

1. Memorandum from John A. Sandor, Regional Forester to David
E. Herrick, Director, Rocky Mountain Station dated 2-1-79.

2. Letter from J.E. DiFalco, Chief, Operations Division,
National Weather Service - Anchorage to Bob Janes, Deputy Director
State and Private Forestry dated 3-14-79.

3. Alaska Avalanche Report by Art Judson, Researcher, USDA-FS
Mountain Snow and Avalanche Project, Fort Collins, Colorado
dated 3-20-79.

4. Orographic Precipitation Model for hydrometeorology use by
J. Owen Rhea, excerpts from Atmospheric Science Paper No. 287,
March 1978.

5. U.S. Ski Association - Alaska Division. Resolution supporting
AAWS, adopted May 12, 1979.

6. Anchorage Times newsclipping of 5-12-79 re a Mount Hunter
Avalanche fatality.
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NAT IONA VFATHER SERVICE - ALASKA RECION
701 C Street, Box 23, Anchorage, AK 9951"~

March 14, 1979 OA/WFALI/ALC: i
(1304-55)
Mr. Robert C. Janes
Deputy Director
State and Private Forestry
U. S. Department of Agriculture
Box 1628
Juneau, Alaska 99801

Dear Mr. Janes:

We agree with the proposal that a Statewide Avalanche Warning System
(SAWS) should be developed and implemented. Statistics indicate that use
of State and Federal land will steadily increase.

It is logical that the Avalanche Warning Center (AWC) be coloc; ted
with WSFO Anchorage. We assume that one of the people manning the AWC
would also be designated as the SAWS coordinator. This 1is necessary for
two reasons: (1) Considerable time and talent will be needed to coordi—
nate, implement, and maintain the system, and (2) the coordination function
will enable management to justify a grade of at least CS-12 at the AWC.

At any lower grade wc would get very few applicants for the job, moat
would be young and relatively inexperienced - not only in avalanche work
but in meteorology as well, and finally they wouldn®"t stay around long
enough to acquire the expertise needed to do a good job.

The coodiuator will have to work with feA-ral, state, municipal, and
private groups, lie/she should have a strong iyr.ic.il science background.
llc/slic should be able to communicate well from middle management levels
to recreation groups. He/she will have a supervisory function and should
be knowledgeable about communicate mis and instrumentation. It"s been our.
experience that we can get fairly good talent and some longevity at the
CS-12 level, and good to excellent talent and good longevity at the GS-13
level

As to the financial plan, we cannot at this time provide any support
other than to provide space, office equipment, and secretarial support.
If there is general agreement to go ahead, and if additional resources arc
required, we"ll have to request funds through the normal budget process,
or develop a reimbursable from the Forest Service to tl, NWS.
Sinccr ly yours,

James E. DiFalco
Chief, Operations Division
cc: O0A/WJ
WSFO Anchorage



3210 Cooperative Programs
2300 Recreation HD 1

Snow Avalanche Assistance

David E. Herrick
Director, Rocky Mountain Station

We appreciate Dr. Pete Martinelli and Art Judson®s recent assistance
trip in helping to conduct the Alaska Avalanche School 1in Anchorage,
January 12-14, 1979.

The attendance of 250 participants, and many more being turned away
because of size limitations, testifies to the interest and importance
of the subject in this State. The school was a good example of effec—
tive interagency cooperation, and | am pleased we could play a rather
lead role.

Following the session, Pete and Art stopped by Juneau for a day and |
was able to have a brief chat with them. Their number one recommenda—
tion, regarding Alaska®"a needs, was to develop and implement a State—
wide Avalanche Warning System at the earliest possible time. I intend
to followup on this with the Alaska Land Managers Cooperative Task
Force, a group of Federal-State and private entities that may be able*
to get such a project underway.

Another of their re<onuiendations pertained to Juneau®"s extreme ava—
lanche problems. Here, there is a need to strengthen and improve the
local warning system. In this respect, and because of Art Judson's
previous work on Colorado®"s system that could be applicable, wo hope
to further utilize his expertise. Our goal would be to get a local
system developed and operable by next winter.

Decause of the Interagency coordination that could be involved in the

overall effort, 1 am asking Dob Janes, Deputy Director of our Division
of State and Private Forestry, to serve as our liaison. Bob also has
personal qualifications and interest that should be useful. If agree—

able with you, Bob will set up and maintain direct contact with Dr.
Martinelli regarding further plans.

JOHN A. SAFIDOR
Regional Forester

cc: Marv Meier, Dr. Martinelli
Ray Clark , Art Judson



1 0
FOREST SERVICE

ROCXV MOUNTAIN FOREST AND RANGE EXPERIMENT STATION
240 Wan ProtpKi SIirMt
Fort Coll.ni, Colortoo 8052(1

March 20, 1979

Robert C. Janes
Deputy Director
State & Private Forestry, R-10
Juneau, Alaska

RE: Alaskan Avalanche Report

Dear Bob:

Alaska®"s widespread and varied avalanche problems are summarized
in Tables 1-4. Approximately 500 structures are direc Zly exposed
to avalrnches, not to mention the ones I did not see on my last
two t*ips. The Juneau area avalanches alone, pose the greatest
potential for catastrophic avalanching in North America. Strong
positive action is needed to alleviate this problem in Alaska.
The fatality count from 1970 to date ranks first in the nation
with 29 deaths. Eighty pprcent of these were mountain climbers
but the records are much too short to indicate any definitive
trend. The number of people exposed to avalanches along highways,
in permanent structures, and at recreation areas justifies a
warning program now. The Forest Service should:

- 1. Establish a statewide avalanche warning service.

— 2. Obf.in orographic precipitation models for two
sections of Alaska.

— 3. Publish a comprehensive atlas of avalanches
along Alaskan highways, recreation areas, and
railroads.

— 4. Continue annual avalanche schools.
- 5. Institute public awareness programs.

- 6. Initiate a vigorous research program to provide
instrumentation needed for effective operation
of the warning network.

- 7. Start zoning avalanche areas on d contractual
basis.

Development in the Eagle River drainages 1is rapidly increasing
avalancne encounter probabilities there. Avalanche zoning Iis

needed at that site now. This requires highly specialized personnel.
The RM Station has the necussary contacts for such work, and we



would be pleased to recommend qualified personnel for this work.

The Division of State and Private Forestry is best suited to
coordinate the entire avalanche program in Alaska, because of
the numerous interactions with Federal, state and private land—
owners affected. We support your efforts, and will be glad

to help in any way possible.

Central warning systems have proven effective in Colorado,
Washington, and Oregon. The mechanics of running such systems
have been solved over the past 10 years by the Forest Service
with good results. Existing programs in Colorado and Washington
have wide public acceptance, and afford unusual opportunitits
for Federal, state and local governments to give the general
public Immediate returns for their tax dollars. The primary
thrust is to save lives. Because these programs have been
successful, | strongly recommend immediate action. It takes
years to establish a complete program, but you will find it a
gratifying and worthwhile venture.

Precedence

Authorization for an avalanche warning program is covered in the
March 4, 1974 Memorandum of Understanding signed by the Chief

of the Forest Service and the Director of the National Weather
Service (NWS), enclosed. Specific application is authorized

by local memorandums of understanding between the F.rest Service
(FS) and Weather Service Forecast Offices (WSFO"s). The
memorandum for Colorado 1is enclosed. Operations are detailed

in the NWS Operations Manual Letter 1-75, also cnclosec.

Some minor changes for vour proposal of 1/25/79

Primary Station No. 4, Chugach State Park, could be more
tratlgically located at Moose PaJds. Proposed additional
supplemental stations include: Chugach State Park sites: to ba
selected, DOT maintenance stations at Thompson Pass and Isabelle
Pass, Grandview (railroad stop), Tsalna Lodge near Thompson Pass,
Klukwan, SilLka, White PasJd, Hydcr and Salmon Creek Reservoir.
Other supplemental stations are needed,but these can be gradually
brou .c on stream when the warning system becomes operational.
Both Meteor Bur3t Telemetry Systems - NWS and SCS should be
incorporated In the data acquisition scheme. A standard
"Vescvide" wind system could be located at Arctic Valley,
preferably at cha Army Radar Site. Thorough am "complete records
on weathor, snow, and avalanches will be ossentiil. Alaskan*
avalanche records are nearly non-existent at the moment. This
was ch"> weak paint of the early studies conducted by Che Bureau
of Public Roads near Glrdwood In the 1950 %. I have studied their
data In detail and am sorry to say that the avalanche data arc
sadly lacking in documentation.



Research needs

The number one research priority relative to the warning system

is to develop a heated, non-moving part anemometer. I am working
with the Chief of NOAA"s Laboratory Support 3ranch on this problem.
A prototype model has been developed, but needs additional work,
and a full winter of testing at a manned severe weather site-
possibly Mt. Washington, N.H. Our project has already committed
510,000 toward this program and more will be needed. With luck

we Mmay have a working unit available for use in R-10 by 1981.
Standard systems and heavy reliance on upper air data will be
necessary for the present.

FM - CN Unit

We are working with the National Bureau of Standards Electro—
magnetics Division to develop a snow and water equivalent monitor
which has great potential for measuring snow accumulation rates,
loading races, and avalanche occurrence in remote starting zones.
The system uses frequency modulated continuous waves which penetrate
the snow cover from an emitter buried in the ground. Present
results show a one on one correlation with snow depcn and water
equivalent for snowpacks in the central Colorado mourtains. Further
testing is underway 1in deep snowpacks on the west co .sc. If we

are lucky, the system will provide a major breakthrough in avalanche
forecasting and warnings. I can foresee employment of several

of theso units in the starting zone areas of Behrends Avenue
avalanche and at ocher critical locations.

Other Research

The Station®s Mountain Snow and Avalanche Project has numerous
studies underwav which include quantitative measurements on blowing
snow, acoustic emissions from stressed snow, avalanche dynamics,
numerical models for simulating avalanche danger, wind flow in
mountain terrain, passive seismic monitoring of mountain snowpacks,
and analyses of seismic signals associated with avalanche slopes

to mention a few. > ,ny additional studies arc underway, and all

of these are pertinent to avalanche problems in Alaska and elsewhere.
I know the Director i very interested in helping you solve some

of Alaska®"s many avalanche problems, and our project knows the
avalanche situation In R-10 requires action. We will do everything
possible to help make Alaskan winters safer from an avalanche scandnolnt.

Thank you for invit"ng us to Alaska for a first-hand look ac your
avalanche problems. Our recent trips have been extremely interesting,
and thanks to your unusual dedication, interest and hospitality;

d great deal has been accomplished in record t*ne.

Sincerely,

ARTHLR JUDSGN
Mountain Sncw i Avalanche R. earch



Table 1

Developments with homey or other structures In avalanche zones as of March 1979
TECHNICAL STUDY FY A QUALIFIED AVALANCHE DYNAM.CS MAN RECOMMENDED AT AULAS OTHER THAN BEIIKENDS AVENUE

Return Encounter Siverity
Frobablllty of problem

l.ocat lon Number and Type of

Structures Interval Danger Trend

Juneau Area

liidirends Avenue . ]1 lioufl 11 yeura very high extreme constant
Ail boats
/ 1 motel
2 ) - :
1 high school unknown high high constant
ami Lliii lui.i
White Suhillvikloti 3 homes unknown high high constant
Nortli ol ColJ Creek 1 home unknown unknown moderate constant
Notway |'Niot 1 home unknown high high constant
hue't Uh.im Project several power | tries unknown unknown unknown const ant
l'outi Ilm-Tliine Hoad J power towers unknown linknoun unknown conutant
Am lull agr-SewntJ
Eagle River several homes unknown high moderate lucre.mling
Rilnl « L>eel. lew hiime» unknown high moderate const ant
Alycske 1 lodge unknown high high unknown
several other u known high high com 'ant
hiim lurn! X
Imlini i wml few liiinh n urn nown mil noun low unknown
Moose' Fan* Mile IT unknown, homes unknown unknown unknown unkuoun
W. ol LimulidJr 1amilug few homes unknown unknown unknown unknown
Valiter I high school unlnown low low tonnlaut
I home unknown high moJitale iunitaut

1M1 InHe of tile niimlier ol hoats mi upli'll I> ID percent

* At elllram e to Iveigteen bowl toward rcuuTary.

Y 4=
1Bt i Awe?it section must exposed
p . Stmetlllal damage to north wall possible, Imt uullktl/--

pill king lot to last Is highly expubid to Infleipii'Ut avalanches.



Tubl.- 2

Avalanches nffeetinn state highways and other roads na of March )9/9

Notci Avalanche advisories und/or warnings recommended n>! areas
Loc.it lon No. of Av.ilunchu No. of Miles No. of Paths with Present Kecomncndntions
I'atlm Frequency * oue/yr. Control Inlenaillv
Seward Highwa i
g y VO 90 M i arl lllery light Intensify control
ATh P .
ompson Puss 30 a; 7 none periodic closure
Juneau Area 16 .
10 2 art 11leiy 1iglit Intensify control and
training
Isabel le I'uas 10 b unknown none S none
Hitcher Puss acveial mvio unknown none periodic closure
Six Mile Creek ticveral >5 unknown unknown periodic closure
l.lelin Highway several >1(10 uuknoun none periodic closure
fugle River several unknown unknown none none
Chit no "
! several niiknuwn none vRm none
Uenon.i Canyon several unknown nonu - none
Aldlc Valle
y 1 0 none none
Alin*; Not y 1llied
ly.ik-Cordnva 7 unknown UOlle none
llydvr Ate.i lew unknuwn i0i
k . .
Hjyiivs*K1 iikw.in ko ot P o 1 closures
jy } . few unknown unknown none nolle
111.NUIL1 hay to Pile llav i .
Yy sever il unknown 3 none |I||||KU|| nl.in spring open lii|t
di:rlii]; si il.lv
- o White Pan o cundlllon
aQWJY_ o ite P.ihn liviuvinua--ncv.l e problem when highway Ik opened to winter tiuvel iii mo'do.
Aleut rui 1siands blivural - -lent 1™ nhot yet warranted.
.I pson lass has large destructive avalanches at luftequcnt Intervals In add'l lon In vsitunclieu |ton 7 frequent paths. At
le.ml one ol luo newly planned bridge*. tii rmuvent lug the tunnel at the uppei end nl Keystone Canyon *.|Il he dlteilly cup. |
im M.~"es”. “ ,tlu” *”i0° fcil v, "<lc.i] *al* to bridge). ALASKA I11.0.T. IHSICN 1"IKS.MMII. SHOW |I CUNTACr A OHAL.INIL. il
sue 1, 1%iu i W *,Ai,L"t KITttu"HUMS 10N THIS HKIIXd . PLTtR St"HAI U.K. NAT IONA L KISIAIftll COUNCII OFf CANAHA,
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locallor

McKinley National Park

Chugach State Park

Turnapjln Pass
Independence Mine
Alyeska

tugtccrcst

Juneau Region

Ilye.i to lake helmet|

Sllka-S 11vci Hay lo Blue
Sec.ild KeglInn
'Il.nuipson Paws

MI. St. 11llas

Recrcjtionul areas with oignifleant potential

Avalanche Paths - Ho.

thousands

thousands

>100
MOO
>J0

numerous small
paths

>100

luimei ous

numuroiiu
numerous
numerous

thousands

Table 3

of Fatalities
1970-1979

Primary Use No .
climbing 8
al) winter uses 5

skiing, snowinolil 1lug
skiing
skiing

skiing

all uses

tk 1 lug

skiing, unnwiunh 11 lug
sklin ;, climbing
skiing

climbing

for avalanche fatalities

Degree of
Hazard

extreme

very high

liodetate

Tow

high
high
high

exit emu

Comment

Constant danger, no viable
means of hazard reduction.
MI. McKinley is an inter-
nut lonjl drawing card.

Public warnings and
avalanche uwurcu.
Haloing most ell. live.

Same as above.
Same ns above.
excellent control program.

Good control program.

Public warnings.

Uamlinga and avalanche
aw.il cljgnt, training most

cl IvCLllvo.
Same as above.
Same as above.
Same as jlhivo.

Santo uu MI. McKinley



Spencer to Huntei

Moraine to Whittier

Skagway to White hass

Ho. of Pattt

11

unknown

unknown

Table A

Avalanches affecting Alabkan

Severity of Problem

lilgll

low

very high

railroads

Control

artillery

none

none

Control Intenslly

Keennoicend.it ion

Heavier control,
avalanche warnings.

Avalanche warnings.
On ground evaluation,

avalanche advisories
and warnings.
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nr.d ccmparei :u observed *prir.R sunr-er runet'C ires

vsryir.g sibe. Corneienicn «,f > « » = sensenelly-sur=e<i medei

vatersr.ad prcc.;. vi,u -J

P *

iar.,O —Ios_.\’-f—. *ey é'tuSC)'fctir. 7nos«2—. r.r.d 0osf£-<©

jr.d 0.34. Cn a csily

vacici; sccccir.cs e:<:iw, bui r..cc. i.c s c —ee

pracipicaticr. rctals apper-s rjanstic.

A 13 year r-odel mean precipitation cap \-»; found to agree quite veal

in mountainous areas wish a: fsob.yM.il asp r.r.s-.ruatad ay IStX a. the

U.S. Separtuent a: Curnwrte using preeintt.-.tion ana snc-s-courso data vlth

er.pirical correlation to to-ographic id. f----- - *a..i.

breed valley precipitation in =s.-r c-saa.

Tiac quantitative precipicaticr. forecasts Zura uaca Cane

conmur.icatcd c,i"y to the S. Forest Ser/ico) frc: lovcub.r, 1573, to

-re. 1976, uslPS vine lirection-dopandant sod*1l Sitcom zap- a* ob %ct-

d*. liohyecs on tktise pattern m-ps -re cull =4 » <ora*Mt

vino speed, solaturn depth, duration, areal cavor.. and e- a-

suro. Skill scoreu for 2- hour -}?Ffs r-r.;-: frcr. 0.1-3 to 3.o07.

lhc derived ratkod has utility U) A "sess-r.g the av ra”e zagni-

t.de anc the int-r-season variation of topographit effects .n winter pre—

cipitation. in woatern Cwleroda tru (b) a, -r. abjicci-.e nio for quali —

tative prac ipfacia:-. ioredaSClrtg. It has iubaiancizl P} a c>

as input to hylroioule prnce” wdvlu fur MfcMU"lev «o focnntThe

basic approach he transferable to other t”v v.-.iphic.li./ conp-cx

areas which ate do* Istated hv xtr.itlfare pr cl?U .ti.«t.

wur\ Qe imii

"Jopar incite of Atmsphwr .c acicnce
*olcr...*) atale e.nvcrp«./

7crt C-1.ini, daicrude C5*.>
Sori.jr, 1v77



usir.j vir.d direction-dependent attorn s from rcdol us objective

aaau. iser.vecs on tnes«_ patter-. v--S *"cr. euli":r..t.d -lair.: forecast
values of wind sceic, rrcisture dor.::., duration one. urtal coverage, and
aiouu ter.perat”ure. Skill scores for -1 huur qruor.titutivo precipitation
Um O — atG mi v - 0 co few/ -

Cwr.clui -.ns

?oon this study a nur.ber c: conclusion.} can bo -rnvr. and tiesa are

listed

1 It nos bean detainscrated .aui"--- tu uS".-su t-c
o T IRVWEIN /M B O WP X V9 o (R A R [
affects on winter sc-usr. prude it-lion in tie noun:-ir.o-a joc-
tion of Colorado using er.lv routinely available app.r air ir.-
r'orr.acion, a fine r.tsh tap.graphic pri-, -ad a sir,tie orographic
precipitation i.-iul.
Coe? atatier.* o: a.odei vo.ViSe pr.ciittcticn aver vur.a-u water —
sheds i;t cue study area sn.w strar.. poaici".e correlation to
observed soring ar.d sunr.ur rur.o::. "iws the eve ;c :as
substantial potential far providing input to hydrolopic

process codeia for atroar.fleu forecastin<, especially

for watersheds o» great r t.»m d ¥*square .lilk—i . T,;is

input could consist or cor.puted areal and te.norcl u.a-
tributionn *F winter pr. cl|tlt.»tion unln*. oni = routin-. ly
available app”r :ir data 1is no*m .its it is collected.

Thu ef[ 1oy~* r.t of rj-eei u .tid-Jir.*ct .on t putt rn “U;:u

of precipitation as objective uidu to g-mtlt-tivc precipitation
forecasting in rcuuhtainouu uruuu 1is quitj useful or.a khauiu

continued.



and cc-pured zu observed sprir.fi w.d sussor runoff :ror. watershed* of

varvir.g siac. Correlation zaei _-.ir.zs batv/ear. ses:sor.ally-sur.r.ed r.uzaa

vatershad praci-icnzizr. and observed rur.cz. rur.qa r.zmly betvaen C..a

jr.d 2.3A.  0On o daily eesz large diuzrepar.cizs becve®.r. no-el and obser-

vazicr. sozzccir.es exist, buz n.cue. zrcquency .i.oz.. .or. o.

precipitation zozais appan.s realistic.

A 12 year rzodel rear, precipitation nap VU found zo agree quite va.l

in rzountaincus areas with an isohyazai v.np constructed by ESE.\ or the

U.S. Ceoartr.ent of Corrzorzc ustnq precipitation and .r.~.-cour-.0 :..zr vich

empirical correlation to topographic features. The naze. -r.c.reszz-.azoz

broad valley ?recipization in r.s.z cases.

Uasz quantitative precipitation forecasts ware aa-e "ar.z

ojrzzunioazed caily co zhe V. S. Forest Service) tror Uavw.natr, Ib. a, zo

Uurca. 197<j, us.ng vir.d .ireocier.-cooa-...ur.z modal pat-arr. r. os as ab:uc:-

ivc aide. Isohyncs «=imthasa pattern tzape .re c-iierated usir.5 torecast

wins speed, moisture depch, duration, areal czvcrvia, and c.ued tempera—

ture. Skill scares for 2- hour rar/j.z Trcr. 0.12 zo C.a7.

Tho derived rethod has utility (a) if. aasous.:.q zhe average na-r.i-

tudc anc the inter-season variation of .cyograuhi: utfacts -a uinter ?re-

cipitazion in vzstern dwloradu df.C (b) os -f. oojc zz7Ze nit f.'r quur.ti-

tetive precipitation forecasting. Ic has substantial potentt-1 utility

as input to hydroioulc proton* aat!*.U fur Ntro.m"lvv tur. ear.Zi«(Q.

basic approach Id be truvs.ernble to other t.p.-; .jp-uaai.-" complex

areas which arc ioainat. d b? stratiform procipU-tiou.

John Uwen ithvu

Department i_tru-.plieria science
CelbfiUJ statu *alvursle/

Fcrz Collinn, Color-de 20522
Surz.jr, Ivtt

Iv



4 . The basic rtodci Sb0U|U be .rar.Sfcrab t to Other aouncninoua
cross vivlm ! are c dor.in* ted by onr.voctive precipitation. i"ara-
retor rc-ualihrnt"or. vouLi. ;. required dcyore"In": on raeh things
as latitude, altitude. terrain seale-sino and rricrc-p°r.yslcal
characteristics c: the r.cist

r. ciistecrie.-.1 ore;;rap"da rrouirLtaclon cor.r.ucations usir.;; real
upper aia infarr.ation as redr-i input require corrections for
..ir.idity sensor la; if r.erningfal —carl results are to De¢ ob-

WU*< »V V. «

3.3 till ration 5 s Irnk

Hade! patter:-mmo: precipitation -re su'].iliorstiy realistic to sue—
des: several inr.taiatcly u.crul r.pplicatior.i. Ser.” cf those ure briefly
discussed belov.

First of all. the shill accrts ict-.ir.e I fror. the 1~75-76 *.:ir.ter of
test quantitative procipitcci;n fere:aatin- C IT) arc sufficiently high
to vnrrar.t the construction and use of r.ob I cittern ftps far IF ai-s
in other trporr:;.. irally ccr.-"e:: irc"-a as vc*i u the continued use a;
t-enthoc for Coi-ru<io.

A second e-d.avor **hi :h vould lihely y.a_d useful rcvcitc vould in—
volve the interfacing of this orographic at aipitatiur. -cdei to radolu
Jf hyircirjic prccuii?titf nr.d Slwlni; anew to obtain runoff cstinrtes.
Snowcourata and or eclpltjtior. gauge d.»ra “nr adjustire the noujl volurw
vatcrbhed precipitation »hot:l i "»c incorporated In *hc -cchod, vMlo ti.rn
usinr, tho adjusted prvclpltsr ,"cn -odii output to dafine the areal rela—
tive distribution a; prc~Ip*tuticn >ver the w*.:*ru :c. Adapts.lon oi the

bleviny, annv r.Jel Schr.i-It ( DFi» <or use vich intcnclated vinds aioft



data is recortr.:a:".ded us a toehni. ex :-or cut::i..tit: e citbliruitive vat-f
losses iron blowing snow in cue ...sine *..°,

T..e cur.bir.cd usage af the orographic pri-civcMtion :.:-jdd and u
bloving sncw r.udol naLurully su/,.:iiC:> tl.e ineorpe r..tier. of the result—
ing output into urs avalanche dynamics r.o-.i currently being a.-velcpad
by the X.5. Forest Service, ilei.itcd to c.iz:., out --re cw.pirico- in
r.uture would be a ciiruatolcgicnl study ci: the ...udol-indicate. :roc.uer.cv
0- conditions conducive to avalanche occurrence utilising r.udd preci—
pitation ami upper air ewind 1:Ziuxu®.i):..

historical upper air iui‘crvitis.: ..t«nuin. previous r .c.u peine
snowfalls could be input to tne r.del ter . : co:: .ru.cion of r..ps of
project sr.uwsccns'", an exercise which su-uln bu
puanr.ir.g purposes.

i..e griddci arrays .* to... outp.. .or cue:. .. direct-ar. wcuid

bo ir.tcdiately useful for idcnt-f ;.. vi.dy scptrated pci:*..- .avi. g a

vide rar.ye of wind :ireations, doth .r.icr: -tier,

selection of pric"pitaticn r.eusure-.e.it sites fcr

cation target and control areuu. I"'no tcci.niqui cou__ also .. employed
to stmt*. :ic lly locate gauges 1in .. i:;*trot..-teorolo.;ic-1 r.otvwrh to
naxiriuc the inforauticn gained :ran .. uu .crier of ja_n.a.

Fith adequate spatial ar.J tcai.orul tvnolui u* «" upper . r sound-—
ings, uad *i output would ci* a i;uicv uuefnl u-.ta .ot .or Jit'e.t u”c as
uovartute (equivalent to a :ancrcl area ,r._.ipltit-c:. *tation.J for re—
ducing the utkx)lair.ed variance In e-e0ath r :toclflc-.ior. tar/.*, .nvc
precipitation ar.d shun r.inlr..alr.j re «.:r.*c e-r...w.i a: *.. e::?%ri-

ner.c for obtaining r.eanir.jfui rueel-



Finally, the rusher iracuiti visual nv. quansitucive depiction of
terrain shadcvir.;-: effects I:i rod* 1 uncput shut cunlif.tive in-
sighc into the passible dovr.wind a:iC8to o. vanthwr r.diivicarior. miens
be gained iron a series model -cr. :ltiv=ty tost:: employing apatiu.My
variable prccipit-.sijr. cffiaioncy v.iluo;.

3. Itile -csulcs from ;hij si-ple appro.-..:: to the orographic precipi-
tatier, problem are crcoersginc and -cir.t to its inrediatc util Il f for
certain purposes, limitations inherent ir. bcth the aodcl sir.oliciry and
in the input data should he hepc ir. mind. ."used on this study end those
0o: several other invest*.;atcr:; referenced h.-rei::. .-.trcurucy I"-de:: v.n
vith adequate irrut data for computing preciaiftiun over periods o; 6
nours or lcs» saoult >0 rear a value .. .7 for ha _.errolat-an coeffi—
cient setveen rodel ar.d naat-rer.or.t. Susstncian of tZcse short period
computations over d- hour ravicdv right .v.tni~a ccr-elatfor. cocif.-
ci.nt s; aporoxir it*.iy p.f. reason.
to attain peak co-relation o0.“r.0.-r cr ju : sly

Accuracy beyond -has stated -:beve -.eill lihcly r.guira (.} csr.jl:-
Aratitn of thrae-disenaior...! eilectj on ..irflcv, C -r.-.rhcdly improved
hr.ovleda- precipitation .~dicier: *, ;< improved n .rasoter.nation
of a*so-scale banded preei lit.itior. 3hcr.srk.nu, arc (A) setter tr-pcrcl

ar.d scat! :1 rccalutior. of upper sir moisture profiler.

cemev .n*: *y ) - hrlk: Rme
CencinueJ eurouit o.* ah < problem «* mal ore ra thic "Ti-cir. *:a-
. eatinatlan IN recormr.nuod ! . e
In particular the irplicari - fro* Jcutdvit 7 .v-."-.c - cttcspt tc

quantity efia.t- 1iron (a) terrain "muling. 0) ridrcs aliened vitl. the

vir.d, cr (c) isolated ye .. ;he . pro is *lo. Objective -reaimitation



Ise tdaids of either sorisuntcl .orturbniiur. locitv or -rtical no—

tion obtained from a Lrce-diroor.sicnal to tnase :-ror. the
observed runoff xnvLIs be tasted ur . _b for sever-1 aubsecuer.t
years. Ir. particular tests ahc-lo ;a anm

extremely dry :r -.a years.

eviso, it v.ouid be instructive 10 test the » prs..c..: fur jl.a:. areas.

.l.->>) ’;’_ - W -
€% Shew AKXy A . | 0]...*..* ..... — cure or
ret.

An attempt snoul-o :o J- to f£i.

tapegra; teaw ——>wpP n«we>  rilljo Wee. j- ..: -
oeve.opins corrc-"tior. factors tor ccrr :: o-el lia.rin.*

Jl ar.d attend e<Cat! . . R R A..-_ comoc .or.
factors Sight then be useful c\,r a :i::i;.d area ¢, .-tins.. pr ..ita-
Cior. a.: the su:-.-rid scale.

finally, the made Zui.ju"d € cu: ._.ee v.il*. _a n-sp « *ic Vutor
eomsl. . UNMC mX iivtii I .not. rtilddl thw mX : . " et t .» .l e e« ...e., me
U0> vj .c:e qu.ett 1w *ik> ij-.t»*tI*:i mu:'. ¢ jper i.i. e.elo .. _ Of.-.fjpliii
Kodtl *J uci".i.ted to .. e 0.. rfbuto i . -r.-." it ....... dxior.slv*
usage wf inter:ofated upper .ir tcupar-ture, we.., _ 1 aar.i it/ aata

shou.d be rade t'.iis itfedv no: mil/ for ooc cototlo-.0o tut also
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WHERE AS:

WHERE AS:

WHERE AS:

WHERE AS:

U. S. SKI ASSOCIATION - ALASKA DIVISION
RESOLUTION

STATE-WIDE AVALANCHE WARNING SERVICE IN ALASKA

The U. S. Ski Association-Alaska Division, a non—
profit organization for the promotion and development
of Alpine and Nordic skiing and comprising of 750 mem—
bers, is vitally concerned for the safety of both their
members and non-members participating in these sports,

and

Snow avalanche hazards in Alaska have resulted in the
highest number of avalanche fatalities in the Nation

since 1970, and

More than 500 human habitable structures are directly

exposed to avalanches in addition to 180 avalanche paths
crossing public highways and railroads and thousands of
avalanche paths within heavily used developed and unde—

veloped public recreation areas, and

the establishment of a State-wide avalanche network 1s
needed 1in ordur to alert our State citizens tt T"ehanging
snow conditions and to inform outdoor use of r.lated

avalanche danger, and



WHERE AS:

WHERE AS:

WHERE AS:

WHERE AS:

U. S. SKI ASSOCIATION - ALASKA DIVISION
RESOLUTION

STATE-WIDE AVAI ANCHE WARNING SERVICE IN ALASKA

The U. S. Ski Association-Alaska Division, a non—
profit organization for the promotion and development
of Alpine and Nordic skiing and comprising of 750 mem—
bers, is vitally concerned for the safety of both their
members and non-members participating in these sports,

and

Snow avalanche hazards in Alaska have resulted in the
highest number of avalanche fatalities in the Nation

since 1970, and

More than 500 human habitable structures are directly

exposed to avalanches in addition to 180 avalanche paths
crossing public highways and railroads and thousands of
avalanche paths within heavily used developed and unde—

veloped public recreation areas, and

the establishment of a State wide avalanche network is
needed In order to alert our State citizens to changing
snow conditions and to inform outdoor use of related

avalanche danger, and



WHERE AS:

THEREFORE

such a network could provide important supplemental
benefits for flooding and fire weather forecasting, and
mountain weather forecasting for mountain climbers, and
thus resulting in a year-round life and property saving
service to all our citizens.

BE IT RESOLVED:

the U. S. Ski Association - Alaska Division urges the
State of Alaska Legislature to provide financing for a
cooperative State-wide Avalanche Warning Service in

Alaska, and

BE IT FURTHER RESOLVED

that such a service should involve State and Federal
Agencies, Municipalities ar w*rivate enterprises for
the purposes of a jointly Tinanced and operated Alaska

Avalanche Warning Service.

ADOPTED BY, the U. S. Ski Association - Alaska Division at their

President

annual meeting on 12 May 1979.

- USSA - Alaska Division



2 The Anchorage Times, Saturday, May 12,1979
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"~ Climber Killed -:
By Avalanche- 1A
~=|n AlaskaRange

« i~ A Japanesemountain* climber
was the victim-Wednesday of the
o Lo 11%1 climbing fatality of the season
in the Alaska Range -but his death :
| as no% reportedh Ué]ﬂ angay W?en
v * (lis partner reached a landirig stri
, E)n the Southeast fork of the thntrﬁ
¢ e=__Glacier. “
Dead is Masamitsu hﬂayama 29"
j e1m % Yutaka Shmo ara it the part-.
_ ner who survived, He waj taken to
| . Providence Hosp|ta| and has been .
I ' -released.
> Both were members of Shizuoka
, C||mb|ngC|ubofJa an, - ¢ *
I "*e> McKinle Park rangners said
. today they did not know what city In
. apan the'men are from,
I"+._"an avalanche caught the clim-
. bprs as the?/ were descending the
West ridge of M unt Hunter, Wh|ch IS
<. . Just south of Mount McKinley in De-
* ; nallNatlonaI Monument.
* s * The two *ad just completed a dif-
i -= frcult route un the north face of the
' - 14573-foot peak, said Bob Gerhard,
- spokesman j ;h@*NatlonQI Park
ervice. .
"-"Thisis probably the first fatality
- eVer .on. Mount Hunter,". Gerhard
#* .saig, ¢
> Shinohara was flown to Talkeetna
nhd then to Anchorage Friday for
medlcal attention. He'had an appar- |
ont. knee InAury, Iaceratlorés andj
|

bruises, Gerhard's _a |
* The victim sfamHY thesurvwmg
climber and National Park Servic
personnel "will have to make the de-
cfaion on retrieving the victim and
then decide wi,ether it will be possi-
hie, practical ot desirable,** Gerhard :
Mid,

+  Park Service personnel are not «
sure of th? exact location of the ;

body.h.o

i
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January 27, 1980

The Honorable Mike Miller, Chairman
House State Affairs Committee

Alaska State Hou ““of Representatives
Pouch V

Juneau, Alaska 99811

Dear Mike:

Bob Janes of the U. S. Forest Service in Juneau recently briefed me on
the legislation pending brfore your committee regarding avalanche forecasting
and control program funding. I certainly appreciate your active participation
in getting such a program run on a professional basis statewide.

I had planned to testify last Monday via telecon before yourcommittee
from the Anchorage legislative office; however, the Seward Highway was closed
due to avalanches, and | was unable to get through. As you have probably
heard, the Highway was closed from Thursday, January 17 through Wednesday,
January 23. Several cars were hit and a train derailed when It could not stop
In time to avoid hitting one of the slides.

I have enclosed a letter and picture which 1 sent Commissioner Ward re—
garding the avalanches on the Seward Highway last spring. This slide cost, the
Hlghvay Department over $60,000 to clean up. I am sure the cost of reguiar
control work which would have brought down the snow before it had a chance to
build up would have been far less costly.

Alyeska Resort 1is willing to participate in such a program tohelp In
the scientific evaluation of avalanche hazards in this region. The resort
itself fas had an extensive control program for many years for the ski slopes and
in recent years has spent approximately $75,000 per year to keep the slopes safe
for skiers. Because the Department of Highways 1Is not fully funded or prepared
to undertake a regular control program, we have loaned them two of our four 105mm
rifles.

Naturally, 1 feel this program 1s absolutely essential. It would be
desirable for funding to be retroactive to this winter season and go through

ALASKA 3 LARGEST YEAR ROUND RESORT 4 SKI FACILITY
<9071783 2222



The Honorable Mike Miller .2. January 27, 1930

1981; although, |1 feel the amount recommended 1is conservative especially if
the p/ogram is to be successful on a statewide basis.

Bob Janes and | both agree that the agency of the State that would
best be suited to be responsible for the program is the Department of Public
Safety.

Mike, 1 appreciate your getting this going in the House. Although 1 do
not know who will spearhead this program in the Senate, || have sent a copy
of this letter to Senator Colletta who represents this district. He has been
very helpfi 1 in getting a control program going and is well versed on the
subject as it pertains t.o this area.

If | can be of further help, please let me know. I would he willing
to come to Juneau and do whatever necessary to get the funding for this program
approved.

Chris von Imhof

V.ce President and General Manager
CVI/bbp
Attachments 2

Copy to Senator Mike Colletta
Mr. Bob Janes
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BOARD OF SUPERVISORS DANA UNOCKVYAY

HAROLD CASEY
SL .M 1L T AU KNLM
CHRIS VON IMHOI . CHAIRMAN

MUNICIPALITY OF ANCHORAGE
GEORGE M. SULLIVAN. MAYOR

April 13, 1979

Mr. Robert Ward, Commissioner

Department of Transportation and
Public Facilities

Juneau, Alaska 99811

Mr. Robert Dorsey General Manager
Alaska Railroad

Pouch 7-2111

Anchorage, Alaski 99510

Gentlemen:

As a result of the recent major natural (uncontrolled) avalanches over
the Seward Highway between March 23 and March 25, the Board of Supervisors
felt an inquiry should be made into why it happened and what was done or not
done to prevent the occurence.

We solicited reports from three avalanche experts who were directly in—
volved in tlic follow up avalanche control. The experts are Tom Miller and
Jim Hackett, Snow Rangers for the U. S. Forest Service; David llamre. Avalanche
Technician for Alyeska, the third most avalanche prone ski area in the country;
and Doug Fess®"er, Chief Ranger, Chugach State Park. Their findings and recom—
mendations are enclosed.

For decades the tremendous ava anche hazard between Bird and Girdwood
has been acknowledged. Various experts over the years such as Norm Wilson
of California and Art Judson of the U. S. Forest Service in Colorado, have been
consistent 1in their recommendations that the area be controlled regularly.

last year several natural avalanches covered the Seward Highway and con—
cern was expressed at that time about safety of the highway given the sporadic
control work done by the Department of Transportation. A meeting was held last
February, and 1 felt the outcome would result in a coordinated preventative
avalanche control program between the DOT and the Alaska Railroad. Apparently
this did not happen.

Speaking as the General Manager of Alyeska Resort, we have been forced
to become well-versed in all aspects of avalanche control techniques and con-
sequr .tly 1 feel qualified to reconiuend such a program be undertaken 1in earnest
by the DOT and tie Railroad before there is loss of life and property.



Mr. Robert Ward
Mr. Robert Dorsey -2- April 13, 1979

It is coitmon opinion that it was only a matter of luck that no one was

injured or killed in one of these natural releases. I know that three people
narrowly escaped death - two from the Department of Highways in Girdwood and
a Municipal 1inspector. It is providential that the highway was closed for

construction (Potter South Project); however, the releases occurred within an
hour of the road reopening.

Systematic preventative control work would have gotten the snow down as
it accumulated before the accumulation was so neavy that the resulting slides
covered the highway and railroad tracks. Besides alleviating the danger to
life and property, a control program would have saved the considerable cost of
clearing the snow off the highway. In addition, the huge climax slides cause
heavy damage to the soil and therefore increase the likelihood of mud slides
during rainy seasons which are also expensive to clean up.

The DOT does have a few dedicated employees with the basic knowledge of
avalanches; however, either because of budget restrictions or other duties or
lack of authority, they are not able to monitor the avalanche conditions on
the highway consistently enough to provide reliable control. We are also con—
cerned that the DOT does not have the necessary rifles, equipment, blind firing
data, or commitment to do helicopter control work or whatever 1is necessary to
keep the slides from reaching the highway.

Should a fatality occur as a result of an avalanche across the highway
or railroad tracks, the DOT most certainly would be held responsible. Given
the information already compiled on avilanche conditions, under most circum—
stances, it could not be considered an "Act of God."

We feel the taxpayers would not objer* spending extra money to keep
the Seward Highway safe for travel 1in the winter. We hope you will study
these reports and are persuaded to budget fo. a more comprehensive avalanche
control program for this coming year.

Speaking again as the General Manager of Alyeska Reosrt, one business that
lost an estimated $70,000 over that weekend in March, the Resort stands ready
to assist the DOT and the Railroad with manpower and artillery on a contractual
basis.

The Board of Supervisors would like to ask the DOT and the Railroad how
they intend to handle the avalanche problem on the Seward Highway for the
1979-80 winter season. By copy of this letter we would also like to request
our State and Federal representatives to support the UOT.with the necessary
budgetary authorizations.

X (

Sincerely yours,

" TFfrl K "m9%.~*

Chris von 1mhof
Chairman
CVI/bbp
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Copy to Governor -1y Hanmond
Mr. Mike colletta, State Senator, District 1
Mr. Ray H. Metcalf, State Representative, District 11
Ms. Joyce Munson, State Representative, District 11
Mr. Ted Stevens, U. S. Senator, Alaska
Mr. Mike Gravel, U. S. Senator, Alaska
Girdwood Board of Supervisors
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TTER FFICE CORRES"ONDENCE

aska Alriines

TO Chris Von Imhof FROM David Hamre

Avalanche Technician

subject Avalanche problems on the Seward Highway

In response to your recent request to document the recent avalanche

activity on the highway, and provide some recommendations for improving

".he control program, 1 have written a summary of weather and avalanche

occurence here for the past month, a chronology of events on Bird HIM

and other selected areas, a short summary of the methods used in two

other transporation ctrridors, and a list of what 1 feel to be the most

important areas that need attention 1in the D.O.T. control program. The list

of recommendations could include numerous less important suggestions, but |1

have left these out in order to emphasize the importance of the six suggestions

1 made.

It is an unfortunate fact of life that problems are not olten recognized

until a major disaster occurs, hopefully my efforts here will help to persuade

a far-sighted 1individual or group to net now, rather than react Ilater when the

effects of the current program become catastrophic, an they surely will.

Every year the amount of traffic on the Seward Highway 1increases, raising

the chances of .in accident. As has been the case 1in every other avalanche-

threatened transporation corridor, economics will some day diet to that the

avalanche problem here be dealt with on a far more active basis.

In spite of the lack of traffic on March 23rd, 1 still think we were

very lucky that no one wan caught 1in the avalanche activity. Let us botli

hope we don"t have to rely on luck any more.
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OUOT INC.
WEATHER AND AVALANCHE SUMMARY ON MT. AIVESKA
prior to avalanche cycle of March 20-23 on S<ward Highway
Weatht < Late January- moderate depth and temperature snowpack

February 2- 5 inches of light new snow followed by A hrs
of freezing drizzle.
February 3- Temperatures had been running in the hig teens for lows and
high twenties for highs for all of January making the snowpack
somewhat uniform iIn temperature at 2<i-280F. Then on Feb. 3 a cold front
came in dropping the temperature below O0°F. for several days, moderating
t™* highs in the 4-7°F. and lows below O°F. till mid-February.
Feoruary A- Strong surface hoar formation above and depth hoar
formation below the ice lens c lusod by the freezing drizzle
on Feb. 2. Very s".eep temperature gradient between snowpack
and air would normal I* form surface hoar, but ice on the
surface of the snowpack 1is prohibiting necessary vapor transfer
above, so vapor transfer 1is occuring lust below ice lens.
February 6- Snow helow ice lens now looking like begginning T.G.,
poorly sintered
February 9- T.G./ice lens layer of snowpack has now developed to
t.,* point that a notation 1is made 1in daily weather and snowpack
;ummarv that this layer coulu produce Large avalanches when
ilven a rapid load of new snow. _
Mid-February- Highs moderating to mid-teens, lows around * F.
Late lebruary- Highs moderating to mld-twentys, lows aroundl1l0°F.

Here was no precipitation rom February 3 to March 3, then four
storms followed in March as TfTollows:

V.trch 3- March h Stormf/1 onto the T.G./ice layer

March 7- March 11 Stormf/2

March 13- March 17 St<irin93

March 18- March 23 StormflA

sturm |l 1500 elevation 2,200°" 3,000°"
snowfall/Water egulv. winds snowfall/water equiv.
1 23"-2.25" 13tJlem, p. h. 22"-2.»8"
2 2 u2 n
A - .55 I K*20aup.L 23"-1.85"
3 A2"- 3. AA" 2A«>bra,p.h.

A 2+ 1 3(<MGM. p.h. TAM-8.85"
Totals 151**-14 66" 161K-20.TI"

Avalanche- March b-Signifleant avalanching starts at Alyeska with some natural
relvises and many paths reacting to control work- up to 2* Iraclun-s.
March 9- Mure 1loading causes slightly larger avalanching with average
fracture det th ."round ?°* and one fracture 1" deep. Inspection of the
three foot fractirc reveals that the snow had run on the T.G. crystals
Just bcluw the 1ice lens caused by freezing drizzle.

March 13- Larger fractures appeared with good releases on almost all
shots. Many areas of instability were cleaned out and most run-outs
were far short of what they would hove been had we allowed the snow
to stay put Tfor tlie next storm.

March 15-18 Lucas (D.0.T.) Informed that there could be a serious
Instability on Bird Hill. Fracture size at Alyeska 1is dropping off
in general, indicating that many places have avalanched off Hie

1*0./ ice layer. Occasional large fractures to 5" are utill
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occuring indicating there 1is a probability that the unstable
T.G./ice layer still exists in large pockets.

March 20-21 Many new srow avalanches but only occasional large
releases from control.

March 22- Extreme loading from last storm has brought many remaining
T.6. 'l e pockets to critical levels causing large natural releases
in the buckcountry, and onto the highway during the past A8 hrs
Several large releases occured on the 22nd on Alye ka, one of these
went 2 below the T.G./ice layer into old T.G. 2 feet above gruund.
Fracture profile from North Face reveals 6077 -86" depth with

13.75" of water content.

As early as Fcbru. -y 9 we felt that we would see large avalanches
on the T.G./ice layer so that when che precipitation arrived we
made an attempt .o do continuous control work in an effort to

bring down the accumulating snow in small quantities. These efforts
were reasonably succesful 1in keeping the size of the avalanches
smaller than could have been expected had we allowed the hazard to
build.

David Hamre, Avalanche Technician



March 20
March 21

March 22

March 23

A/3/79

CHRONOLOGY OF AVALANCHE EVENTS ON BIRD HILL MARCH 20-28
and other selected areas

Natural avalanche ac SP 15 closes road all night. Road buried 300"x20~
Visual fire on SP19 and 20 produce one avalanche that crosses road in

the morning burying road 80"x20". Road crew cleans debris from avalanche

of night before and control work, opening road approx. 10 A_M.

A P_.M. Intense sto’m causes natural release at 106 mile, Tfirst time since
earthquake of 196A hat this avalanche had reached the toad.

7 P.M. Natural rel sc at 93 Mile closes road for night, two other natural
releases occur shor 1y after.

6 A_M. Road crew g s to work clearing debris from avalanches of night before.
Storm abating somewhat. Road open at noon. Blind fire on Whiskey in afternoon
produces another avalanche that crosses highway. By evening the storm has
let up considerably.

6 A_M Cloudy weather in early morning, D.O.T. gun crew decides to go to
Hatcher Pass for control work.

8 A_M. Rapid clearup TfTollowed by warm breeze and sunshine.

1:15 P.M. First large natural release onto highway reported at Alyeska by
skiers on hill. This avalanche was probably Bird Hill Left (SP9-12) burying
road approx. 2,000"x20". Triangulation of debriR shows that i1he snow ran

550 yards into the 1inlet, giving an indication of the velocity involved.
1:17 P.M. Another major release goes well out into the inlet, this one
probably Bird Hill Right (SP13 and 1A)

1:18 Large natural avalanche hits highway near Whiskey

1:19 Tom Miller blocks traffic at Girdwood end.

1:20 Phone call from Alyeska to Bird catches Doug Fessler who stops traffic
in Bird. Quick action 1in blocking the highway at both ends could well have
saved some lives as several more large avalanches occured until approx.

2:30 P.M. Miller and Hamre had immediately suggested an aer®al reconnaissance
to determine if anyone had been 1in the avalanches. It is still not clear

to them whether this was ever done.

3:00 P.M. Larry Daniels gets approval from Lucas or Morrow, D.O.T., to

get a helicopter bombing mission together in an effort to make tue road

safe for highway crews to go to work tlearlng debris.

5:00 P.M. Helicopter bombing crew flies out to highway observing for people,
cars, etc. before startirubombing mission. Observations show that approx.
AO? of the release zones had avalanched naturally, leaving a tremenuous
amount of snow still to come down. Natural activity had already burled the
toad 1in about Lon places, with about [I'fi miles of debris averaging 10 ft. |In
depth. Control work 1is mandatory to Insure safe conditions for road clearing
operation. Helicopter lands on highway about ".mile beyond Bird Hill where
D.0.T. control team has set up for Tfiring. D.O.T. crew fires <>no round
bringing a major avalanche out of SP8 and 9 that covers road tpprox.
A00"x20". The velocity of the avalanche when It hit the road was about

100 m.p.li. with 1 throw out of debris to 50 ft. high and a dust cloud

to 200 ft. Several mature cottonwoods were seen flying through the air,

with the <L"brls coming to within 100 yards of the gun position. Lucas joins
bombing team in helicopter while gun crew pulls back to s f« position

on Bird Point. Helicopter bombing commences at Girdwood end of Bird Kldge,
and proceeds west to SP 6. The first mission uses AO hand charges, pluctig
approx. 32 effectively, and re] ’.islng auothc A major avalanches that aunt
into the inlet and 10 that readied the road in addition to some smaller

ones that did no reach the road. Aerial recon indicates that mnnv of the
chutes on the ridge had not released, particularly on the Girdwood end.
Lucas decides to make up remaining explosives ami make another ,oho. The
second mission takes off at 6:30 and uses 6 charges, releasing one more



major avalanche and 5 smaller ones that stop just short of the road.
Operations are suspended because of daisriess.

March 24 6 A_.M. Road crews go to work clearing avalanche debris from highway.
Approx. 807,0f the release nones had run yesterday leaving only a moderate
hazard on Bird Ridge. Decision made by Lucas to shoot avalanche paths
above Peterson Creek with Alyeska 75mm and use these observations to
determine if more helicopter bombing is necessary on Bird Ridge. Bird
Ridge has S.E. aspect and Peterson Cr. S.W. No results from test firing.
Road crews work all day to clear avalanche debris. Helicopter bombing
late in afternoon of ski slopes used by Far North Ski Guides Inc. releases
a slab avalanche in Glacier Cr. with an 8 ft. fracture, and another
in Winner Cr. with a 12 ft. fracure, both on southerly aspects.

March 25 6 A.M. Road crews again at work clearing debris from highway. By 2 P.M.

u; Iing 16 pieces of machinery they have cleaned the road up to allow for a

normal flow of traffic, and the road 1is once again opened. At 1 P.M.

test firing is dor.e on slopes adjacent to Bird Ridge with severe!

large releases occuring. On the basis of these results Lucas decides to

once agin helicopter bomb Bird Ridge in nr. effort to clean out all the remaining
unstaole pockets. Helicopter takes off at 3: }0 P.M. to place 30 charges on

the ridge. 29 charges are placed effectively producing one more large avalanche
that crosses the highway, and several that stop just short. Road 1is closed

from 3 P.M. -0 6 P.M. for bombing and clearing debris.

By the end of the last Helicopter bombing mission approx. 90% of the .nz.ard
area that overhangs the 3.8 miles of highway from the vest end of Bird Hill
to the railroad crossing in Girdwood had released. The fewchutes that did
not release could well have been the ones ti.it ran naturally early in the
storm. Avalanche debris averaged 10 ft. in depth with a maximum of 40 ft.
for a length of 2.2 miles of the 3.8 miles of highway in this section.
SP 6 also released onto Bird Flats, bring down several 400 "r. old trees.
There was a total of 35 avalanches on Bird Hill and 7 others on Bird Flat.

March 27 An earthquake measuring 2.9 on the Richter scale oecurcd at 8:39 A_M. with
an epicenter 12 miles S.F.. of Girdwood. Numerous avalanches occured in
California Cr. and Virgin Cr., or.e of which tire fracture line was estimated
tu be two miles in length involving slopes of north, west, and south aspect,
indicating that an unstable condition still exists in the snowpack.

March 28 Helicopter bombing for powcrlinc problem areas releases another large
avalanc > with fracture depth of 6-8 ft.

March 29 Hclic > :r bombing for Railroad gets no results/
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AVALANCHES -
MODEL FORECASTING AND CONTROL

Historically speaking, transportation corridors that are threatened by avalan-
ches and show an increase in traffic every year find it economically necessary
to establish a comprehensive control program to avoid property damage and loss
of life. With the present control program on the Se\ ard Highway, it 1is just

a matter of time before there are severe losses of life and property. The
problem is complex because of the interaction between politics and a natural
phenomena, but there are severs’” possible solutions that would greatly reduce
the chances of an accident happening, and increase th reliability of the trans-
portation corridor. For any solution to work, however, there m<st be a coop-
erative venture between the railroad and highway.

There are two transportation corridor control plans tint we can look to as models

for establishing a comprehensive solution to the problems here. The Ffirst and

probably foremost is Rogers Pass in central British Columbia. There 1s no

other pass available to transcontinental raffic for 400 miles north or south,

so economics have fostered an awareness *f the avalanche problem from the start.

During construction numerous snowsheds were built 1in areas that frequently

avalanche along both the highway and railroad. Weather data is fed to a main

center from several mountnintop remotes ant! two other manned stations. Fore-

casting is done by a conventional method; when a storm reaches a critical level

so that avalanches are expected on the road or rail, a gun crew 1is called In

to fire on the places that are felt to ho a roblem. blind fire data Is kept

and used when necessary on all shots. C-ew: are on call 24-h urs a d.iv, and

shooting 1is done during the critical periods of instability, with temporary
losuros of an hour cr so for control work to be done. Every atrempt is made

ro control the avalanches while they are small, with the realization that the

manpower anJ money for this is, in the long run, cheaper than large clean-up

efforts after major avalanches and loss of the use of the tranrpoctatlon corridor.

Natural avalanche occurnnces onto the highway or railroad is a vcrv rare occur-

rence, as the intent of any control program is to reduce the odds of a natural

avalanche occurring that will cause loss of Jile or property damage.

Another example of a highway control program 1is in Little Cottonwood Canyon,
Utah. There are two major ski areas at the end of the nine mile road, with an
average of 4,000 cars per day crossing underneath the 21 major avalanche paths.
One hundred and ten avalanches cross the highway on au averagi year. As in
Rogers Pass, storms are allowed to build tip to an unstable condition short of
naturally releasing, then the road Is closed temporarily for firing fro~ fixed
mounts at three different locations. Firing 1is commonly done from all 1itiroo
mounts simultaneously. Thu 1intent again is *o release the snow under controlled
circumstances, with small enough avalanches to hopefully stop short ot the road*
Occasionally a large storm v lll occur with an instability deep 1in the park that
necessitates < sing the road for a longer period of time. Forecasting Is done
utilizing conventional methods, with two mountaiutop weather stations; and con-
trol work 1is done In tho ski ar<as on similar slopes and aspects, providing
basic input.
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Avalanches —
Model Forecasting and Control

Briefly, these are the methods used

in two highly regarded transportation

corridor control programs. Perhaps nil examination of these compared to the
Department of Transportation®s program here could

dures to reduce the hazard to life and property.

Comparison Chart

Avalanche Control

Descript ion

Fixed Mounts for Cun Positions

Blind Fire Data on all Shots

Capability to Shoot at Night

Instrumental ion

Qualified Forecaster w/only
Responsibility Ilwy. Control

Study of Snow & Snow Pack 1in
Release Zones

Emergency Rescue Procedures for
Crew & Pub.ic

Closures botore Natural Activity

Dave Harare, Avalanche Technician

DII: b jb

Rogers
Pass

Yes

Yes

Yes

Yes

Yes

Y<s

Yes

Yes

bring a revision in proce-

L.C.
Canyon

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Department of
Tranaportnt ion

Some

Blind Fire on SOME Shots

onl w/Existlng Blind

Fire .ita

Fui Is Pending

Not Sole Responsibility

No

Speed of Rescue 1in Doubt

Rarely
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RECOMMENDATIONS FOR D.O.T. AVALANCHE CONTROL PROGRAM

For any meaningful improvement;?to occur in the avalanche control

program there must be a recognition amongst a wide diversity of people

that there 1is a problem that could be solved before there is a serious
accident. Had conditions of Friday, March 23rd been slightly later in
reaching thier peak, there could have been a school bus full of children
under the paths, or a truck with people and cargo, or a train with equipment
bound for the north. The results would obviously be far more catastrophic.
Following is a list of recommendations:

1.Appropriations specifically earmarked to deal with the avalanche problem
on the Seward Highway and Alaska Railroad.

2_Hire a qualified avalanche technician with transportation experience to
set up and run a comprehensive control program utilizing the funds hopefully
appropriated for this purpose.

3. Fixed mounts installed to have the capability of blind firing all shuts
ul any time oi day or in any weather,

A.Ilnstrumentation for weather monitoring at starting zone locations.
5. Rescue plans should be drafted and practiced.

6. Economics dcm md a unified approach by the D.O.T. and Alaska Railroad
In the funding and operation of a control program. Cost ot the original

installation could be appropriated by the state, wifh operational costs

to be split between the two ngoncys.

A very rough estimate ot the amount oi money necessary to set op a comprehensive
control program, including the purchase of two howitzers, Installation of

two gun platforms, signing systems, manpower, and one more weather station

would be around $100,000.

To run a comprehensive program with two people to do the forecasting and
control plus nOO rounds of artillery per year and two full scale helicopter
boml ing missions when conditions warranted, will cost approx. $i0,()00/yt.
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ITEITL*ALTTTME . \NT «lI- XATIJIKAL 1tliSOl 1U KS

omm of rms 2601 ®dmmercial Drive
Anchorage, Alaska 99501

April 2, 1979

Chris Von Imhof, Chairman
Girdwood Board of Supervisors
P.0. Boy. 249

Girdwood, Ak 99587 2. TaiiSO0iiT, J2.

Dear Chris,

Pursuar to your request for recommendations for increasing puolic safety 1in
Avalan € Zones along the Seward Highway, || offer the following comments:

A public safety problem does exist along the Bird Hill section of the
Seward llwy and elsewhere due to avalanches. (This is evident in the
number of close calls to passerby:;, destruction of j«wer lines, juard
rails, motor vehicles and railroad tracks, road closures and loss of
business revenue. However, only one fatality and 5 injuries are known
to have occured since 1952.

It is not anticipated that this problem will disappear without initiation
of bonaflda program of avalanche control in conjunction with snow pit
studies and meterological uata collection.

The purpose of an avalanche control program is to trigger small avalanches
on a regular basis under controlled situations 1in order to protect public
safety, tr.insportat.ion and business interests.

It is generally loss expensive - and fa*, safer - to deal with an avalanche
problem through a comp chonsivo uvalanch : control program then to rc«j>ond
to road clean-up as a result of fate.

dot % present; activity of periodically shooting down avalanches 1is not an
avalanche program in the real sense of the meaning and it would seem that
tin* State is leaving itself open to u significant amount of liability
should someone be kLIled or 1injured along the Highway as a result of an
avalanche in an area that is supposedly "controlled".

Perh ips those agencies delegated with joint management responsibilities for areas
identified as buing avalanche hazard areas should form a joint Task Force whose
responsibility it would k* to draw up and implement a comprehensive snow safety plan
which would address the how, who, what, when and where of avalanche control, snow
pit and meterological data collection, and"Voad closuro/roscuo contingency plan.

Pago 1 of 2
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Additionally, it would be wise for the DOT to hire an avalanche "expert"™ who"s
full time responsibility would be to implement and coordinate the program. Much
of the actual control work could be done on a contractual basis for less than
present costs. Public safety would be greatly enhanced and State liability
would be greatly reduced. I hope these comments are of some use 1in helping to
solve the problem. Th<- problem is enormous but not out of reach.

Sincerely,

AN 4 -

Doug Fesler, Chief Ranger
Chugach State Park

DSF:Imk



United States Department op Agriculture
POREST SERVICE
Chug?2h National Forest
Pouch 6606 n
2221 E. Northern Lighti Blvd el 1.5/
Anchorage, AK 99502
2340

rhris von Ilrahof

Board of Supervisors
Community of Girdwood
Girdwood, Ak. 99587

The Allowing i3 an analysis of the Seward Highway Avalanche
activity March 23-25, 1979 and recommendations to Department of
Transportation, State of Alaska (DOT) pertaining to public safety,
the avalanche phenomenon, and control procedures along the Seward
Highway.

ANALYSIS
1. March 23, sunny, clear snowplumes observed on Bird Ridge.
Apiroximately 1:00 p.m. Snow Ranger Miller received report from

Alyeska Resort"s Pro-patrol that two avalanches had Just been
observed crossing the highway below Bird Ridge.

2. Miller and Alyeska®s Avalancho Technician Dave Harare act to
close the highway. (Miller on south end, and Hamre by phone to Park
Ranger D. Fesler on north end)

3. Miller find3 one barricade and sign already established on 30uth
end so proceded to Tfirst avalanche where he finds the Girdwood
Trooper.

U. Trooper 3tate3 that one loader end operator in route to start
clearing the slides fro*™ south end. Miller pointed out that in hi3
opinion road snould be closed to all personnel and area below Bird
Road should be vacated Immediately - due to the high probability of
additional natural released avalanches occurring.

5. The trooper radios D.O.T. personnel and advises of the
recommendation. D.0.T. concurred.
6. Several additional avalanches released naturally and ran to and

aoro33 the road during the next two hours.



7. Hamre - Miller recommended that the Seward Highway between Bird
Point and Girdwood be flown to look for any victims or trapped
vehicles and that stranded D.O.T. personnel be flown out.

8. Approxir~tely 4:00 p.m. Miller, Hamre, Alyeska Mountain Manager
L. Daniels flew by helicopter with explosives ready for bombing
operation to location of D.O.T. gun 105 mm truck and crew, and
landed 100 yds. North of gun to observe artillery results and
discuss bombing operation with D.O.T.

9. D.O0O.T. fires one 105 round to the ridge crest above and released
a large class 4-5 avalanche that crossed the highway a few yds. in
front of the gun truck and crew. The slide continued down and
spilled into Turnagain Arm.

10. The crew was lucky the avalanche did not propagate back-up the
ridge or the crew would have been buried.

11. The helicopter bombing operation produced several additional
avalanches across the highway approximated 50 charges were thrown.

12. March 24, Sat., clea®", 3unny, winds observed from N.W. along
Turnagain Arm.

13. D.O.T. begin highway clearing project from north and south ends
of avalanche oebrl3 with D.O.T. and leased equipment.

14. Miller - Harare advise D.O.T. that they felt the snowpack
conditions were still unstable on Bird Ridge due to deep 3now

instability. They advised of possible natural avalanche releases
south of Girdwood. Miller and Hamre recommended use of U.S.F.S. and
Alyeska®s 75 mm for teat shots at Peterson Creek slide area. D.O.T.

concurred and the shots were scheduled for 2:00 p.m.

15. Five rounds were Tfired with negative results. Miller and Chris
von Imhof recommended to move to Kern Creek slide area for more to3t
shots. D.O.T. turned down recommendation.

16. Just prior to the test shooting at Peterson, Snow Ranger Jim
Hackott discussed with D.O.T. on the north end of the 3liden that he
felt, due to the deep snow Instability that additional hazard still
existed on Bird Ridge.

17. March 25, Sunday, clear, sunny.
Miller, Hackett recommend to D.O.T. that the 75 mm bo used for more
shots on Bird Ridge.

18. Miller - Hackott folt strongly that unstable conditions still
existed Bird Ridge and that until all large snowfields had released
that the potontial of more avalanches reaching and crossing the
highway was high. D.O.T. concurred and test shots were fired at
2:00 p-m.



19. Three large avalanches reaching the valley floor resulted from
six shots.

20. Miller, Hackett, and Hamre recommended additional helicopter
bombing that afternoon.

21. Highway clearing was completed and the road opened to the public
at approximately 2-3 p.m.

22. Helicopter bombing was postponed due to railroad activities
during late afternoon, exposing them to potential run-out zones.

23. Monday, March 25,1979.
Helicopter bombing performed on Bird Ridge at approximately 2:00
p-m. Several large avalanches occurred.

24_. One avalanche deposited TfTive piles of debris on the highway.
One pile approximately 50 ft. wide and 20 ft. high, and the other 30
ft. wide, 20 ft. high, both large enough to bury several vehicles.

Recommendation to D.O.T.

1. Consult experienced individuals and firms in highway and
transportation corridor avalanche control and forca3ting programs.
(Rogers Pass, British Columbia which is cons"liered the leading
program _..) North America dealing with avalanche hazard)

2. Hire an experienced, qualified avalanche technician to
constantly monitor snow stability and direct an avalanche control

program.
3. Install meteorological instrumentation at necessary locations at
ridge top elevations along the Seward Highway. This data received

being a major imput for stability evaluations.

4. Set up control program of initiating slides prior to the time
when they become ritical and natural release in largo volumes.

a. Blind fire from fixed gun positions during and after storms.
b. Helicopter bomb when weather permits.
5. Documont an intensified Snow Safety Plan that outlines the

procedures that state personnel 3hall follow to ma.riImlze 3tato
employee and public safety during snow avalanche occurrences.

6. Initiate a plan to relocate the highway from the runout zones
where possible. Where not po33ible connider defense mechanisms,
snow sheds, etc. Many of the3e considerations have been outlined by

an avalanche study report prepared by the State of Alaska,
Department of Highways Planning & Research Section completed In 1963.



7. In conclusion, considering the avalanche potential along the
Seward Highway, that we, the State of Alaska, the community of
Girdwood, residents of the Kenai Peninsula, and employees of the
Alaska Railroad, have been very very lucky in the past. This is
especially true during last week®"s Bird Ridge avalanche activity.
In our opinion the avalanche problem along the Seward Highway is
complex. Extensive effort, technology, and dollars must be spent
order that the safety of the traveling public 1iIs assurred.

TOM S. MILLER
Head Snow Ranger
Chugach National Forest

J.E. HACKETT
Snow Ranger
Chugach National Forest
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