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INTRODUCTION

This Technical Supplement to the Summary Report of Findings of the
Geophysical Hazard Investigation for the City and Borough of Juneau,
Alaska presents in appendix form a record of the work performed dur-
ing the course of this investigation. Included are the reported
findings of each of the specific hazards investigated: seismic
hazard, mass wasting hazard and avalanche hazard. To complement
these three investigations, four additional appendices are included:
copies of the Hart Report (1967), the La Chapelle Report (1968),

and the Hart Report (1968), and an appendix of excerpted structural
avalanche defense measures.

Two additional items have been added as appendices. The first is a
structural review and recommendations related to seismic hazards
and the second is a file memorandum describing the citizen's infor-
mation program which was conducted during the field work in Juneau.
These items are included for the purpose of fully describing the
work that was accomplished during the course of this investigation.

Reproducible copies of the mass wasting and avalanche hazard maps
contained herein have been provided to the Planning Commission Staff
of the City and Borough of Juneau under separate cover.
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SEISMIC HAZARD INVENTORY AND LAND USE CONTROL
FOR THE CITY AND BOROUGH OF JUNEAU

INTRODUCTION

The City and Borough of Juneau, located within the active circum-Pacific
seismic belt, called the "ring of fire", has experienced many earth-
quakes in the past and must be prepared for them in the future. The

past earthquakes felt in the Juneau area provided a few thrills and con-
siderable conversation, but no significant damage. The minor intensities
of these historical earthquakes, however, should not be used as a basis
to forecast future seismic events. Juneau could well be compared to other
Alaskan cities such as Anchorage, Whittier, Valdez, Cordova, and Kodiak,
which never suffered measurable earthquake damage prior to the

"Good Friday" earthquake of March, 1964. A potentially damaging shock
could also strike the Juneau area.

A growing knowledge concerning earthquakes gained through study of previous
seismic events is taking much of the previous fatalism out of the realm

of earthquake hazards. The destructive potential can be greatly minimized
by intelligent planning, zoning, land use control, and by designing build-
ings, utilities and other facilities to withstand the effects of earth-
quakes. A highly important factor in the design of earthquake resistant
structures is thorough knowledge of the subsurface geologic conditions

upon which the facility will be built. The damage from a high magnitude
earthquake can always be correlated with the local geology and with how
well man has built his structures. Buildings on bedrock can often be ex-
pected to escape major damage while those on deep alluvial soils or filled
ground may be severely damaged. It could be said that the Biblical directive
about building one's house on rock appears to be sound seismology.

Thg purpose of this report, therefore, is to inventory the potential
seismic hazards of the urbanizing City-Borough area and to make recom-
mendations for measures to minimize these hazards.

ACKNOWLEDGEMENTS

Most of the data for this study were obtained from the just-released
U.S. Geological Survey open-file report authored by Robert D. Miller
of the Survey's Engineering Geology Branch. This report, entitled
“Surficial Geology of the Juneau Urban Area and Vicinity, Alaska, with
Emphasis on Earthquake and other Geologic Hazards", is a complete and
comprehensive study of the subject. The investigation leading to the
report was part of a U.S. Geological Survey program to evaluate earth-
quake and other geologic hazards of Alaskan coastal cities. The sur-
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ficial geology map and the transparent overlay depicting the quality of
foundation conditions, which are a part of Miller's report, represent
many months of painstaking investigations. The detail shown is excell-
ent. We therefore are adopting it as the basis for the task of assign-
ing seismic hazards to urban and urbanizing portions of the City and
Borough. It is particularly noteworthy here to point out that Robert )
D. Miller was the co-author of U.S. Geological Survey Bulletin 1093 which
so clearly and fully warned of the potential for earthquake-triggered
landslides in the Anchorage area. The report was published in 1959.
Unfortunately the warning went unheeded and when the March 27, 1964
earthquake shook Anchorage, massive destructive slides occurred in the
areas where he had predicted.

Other valuable information was contributed by Dr. Douglas Swanston, a
long-time Juneau resident and a member of the Geophysical Hazards Study
Team assigned to the landslide and mass wasting inventory. Dr. Swan-
ston's wide knowledge of the local geology and geography was a great
asset during investigations of the Juneau area. Special thanks is also
due to Keith Hart, Senior Planner of the City-Borough for his coopera-
tion and advice throughout the duration of the study. We are also very
grateful to the DMJM staff, a group of competent hard working profess-
jonals which provided technical and logistical support to the study
team.

HISTORY OF EARTHQUAKES IN JUNEAU

Instrumental recordings of the larger earthquakes of Alaska have only
been obtained since the beginning of the century. The overall record
reveals that roughly 4 percent of the energy annually released by all
earthquakes has an Alaskan source. There are two principal earthquake
zones in Alaska which together form a part of the active seismic belt
which rings the Pacific Ocean. The most important of these two zones
is the one of the Aleutian Islands, which is a 200-mile wide zone ex-
tending from Fairbanks, Alaska, through the Kenai Peninsula to the
Near Islands. This zone is nearly a classical island arc with shallow
focus earthquakes associated with an oceanic foredeep and with inter-
mediate depth earthquakes under and behind the volcanic islands. The
other zone extends 2rom north of Yakutat Bay southeastward to the west
coast of Vancouver Island. Seismic activity in this zone is that which
is felt in Juneau.

The_epicenters of earthquakes with magnitudes 6.75 and larger on Richter
scale are plotted in Figure 1

Miller (1972) has compiled a list of all earthquakes felt in Juneau
dating back to 1847. There were 84 events and the record reveals that
the greatest intensity of these quakes in Juneay was about VI on the
modified Mercalli scale of intensity. Intensity refers to the ob-
served qualitative effects of earthquake forces (that is,

principally in a lateral direction)}. These vary from area to area,
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depending upon the local geology and distance from the epicenter. The
chart shown in Table 1, shows the modified Mercalli scale in comparison
with other scales. The magnitude of an earthquake is a measure of the
amplitude of the seismic waves and is related to the amount of energy
released. The most common magnitude scale used today is the Richter
Scale.

The historical record reveals that only two earthquakes with epicenters
within fifty miles of Juneau have occurred since the turn of the cen-
tury. Earthquakes felt in Juneau in the past occurred generally along
the very active Fairweather-Queen Charlotte Islands fault which extends
up the coast roughly 100 miles to the west of Juneau. Earthquake mag-
nitudes of up to 8.6 have been recorded along this fault zone. The
largest recent earthquake along this zone occurred on July 10, 1958.
This event had a spectacular affect on Lituya Bay, and was accompanied
by significant fault movement.

FUTURE EARTHQUAKE PROBABILITY

Investigators in many earth science disciplines have been pursuing the
elusive goal of earthquake prediction with 1ittle success. However,
given a historical seismic record for a region for several centuries,
it is possible to formulate the statistical probability that an earth-
quake of a given magnitude will occur in a region within a specific
interval of time. Unfortunately, Juneau does not have the necessary
multi-century history to establish seismic probability. There are
several other factors, however, which can be used to determine the seis-
micity of the area. Miller (1972, p. 10) refers to the large rockslide
avalanche deposits along lower Gold Creek and on Douglas Island as well
as landslide deposits in Lemon, Salmon and Nugget creeks as evidence
of a seismically active recent past. He points out that other condit-
jons could have precipitated the slides, but earthquake activity is

the most probable cause.

The location of geologic faults in the area is evidence that consider-
able ground movement has occurred in the past. Fauits are often class-
ified as active faults or dead faults., Active faults are faults along
which there has been movement in historic or recent geologic time, or
along which recurrence of movement is 1ikely to occur; dead faults are
those a}on? which there is no indication of movement in historic or
recent geologic time and no reason to predict a recurrence of movement,
These distinctions, of course, are very subjective. Faults in seismic
areas, even without a history of movement, are more likely to slip than
faults in regions without a history of seismic activity.

R. D. Miller (1972, pp. 7, 8, 9 and 10) has described the many faults
within the Juneau Borough as well as those occurring throughout the
southeastern Alaska Region. The location of these faults is shown in
Figgrilz. The faults which 1ie within the City and Borough of Juneau
as follows:



FIGURE 2

THE MODIFIED INTENSITY SCALE OF 1931*

Rossi- Equiv.
Scale Forel  Shallow
Degree  Effects on Persons Effects on Structures Other Effects Equiv. Magnitude
I Not felt except by few under I
favorable circumstances
Il Felt by few at rest Delicately suspended
objects swing I-11 2.5
I11 Felt noticeably indoors Duration estimated 111
Iv Felt generally indoors Cars rocked, windows
rattled Iv-v 3.5
v Felt generally Some plaster falls Dishes, windows broken
pendulum clocks stop  V-VI
Vi Felt by all, many Chimneys, plaster damaged Furniture moved,
freightened objects upset VI-VII
128! Everyone runs outdoors, Moderate damage Vi1l 5.5
felt in moving cars
VIII  General Alarm Very destructive and general Monuments, walls down,
damage to weak structures. furniture overturned.
Little damage to well-built Sand & mud ejected.Well
structures water level changes VIII-IX 6.0
IX Panic Total destruction weak struc- Foundations damaged,
tures, cons. damage well- underground pipes
built structures broken IX
X Panic Masonry and frame structures Ground badly cracked,
commonly destroyed. Only rails bent. Water over
best buildings survive on banks
XI Panic Few buildings survive Broad fissures, fault
scarps. Underground
pipes out of service X 8.0
XII Panic Total destruction Acceleration exceeds
gravity.Waves seen in
ground.Lines of sight &
level distorted, objects
*Howell, 1959 - Simplified for this report, thrown in air 8.5
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Gastineau Channel-Berners Bay Fault
Silverbow Fault

Fish Creek Fault on Douglas Island
Lynn Canal-Chatham Strait Fault

03 B
* - L3 -

Miller reports no evidence of movement along these faults in Pleisto-
cene or recent time. The Lynn Canal-Chatham Strait fault and the Gas-
tineau Channel-Berners Bay fault are southeasterly extensions of the
Denali fault. The lack of activity in these southeastern extensions
of the otherwise active Denali fault has been attributed to a shifting
of seismic activity from the Denali fault to the Fairweather fault by
way of the Totschunda fault near the Alaska-Yukon border. Miller cau-
tions against assuming that the Lynn Canal-Chatham Strait fault is
tectonically inactive because of the absence of historic earthquakes
with epicenters related to it. He cites work by Tobin and Sykes which
suggests that the long period of seismic quietude along the fault may
be an indication that strain is being accumulated which could be re-
leased as an earthquake. This also applies to other seemingly inactive
faults which lie in the Juneau area.

The very active Fairweather-Queen Charlotte Island fault has been the

scene of numerous major quakes in historic time. 1In the years of 1899

and 1900 there were four earthquakes with magnitudes ranging from 6.0

to 8.1. Based upon this historical record, it is reasonable to pre-

3;ct %ha% earthquakes strong enough to affect Juneau will occur along
is fault.

Records indicate that where earthquakes have occurred in the past they

will probably recur, and that the intensity of the recurrence can be

much greater than that of previous quakes. Some believe in the probability
that an earthquake will recur inCreases proportionately as time elapses, but
this has not been proved conclusively.

SEISMIC ZONING

The Uniform Building Code of the International Conference on Building
Officials places seismic zones on particular areas based upon the
largest probable earthquake magnitude for the area. There are three
zones; 1, 2, and 3 corresponding to minor damage, moderate damage, and
major damage respectively. Juneau was included in Zone 3, where major
damage could be expected, until the 1970 edition of the Uniform Build-
ing Code was published. The 1970 edition has placed Juneau in Zone 2.
This in effect relaxes the building code for earthquake resistant con-
struction. Miller (1972, p. 18) proposes that the Zone 3 classification
should be adopted for Juneau until the seismic activity, or lack of it,
in the Lynn Canal area is better understood. It is very difficult to
disagree with this thinking in view of the relatively short historical
record in the Juneau area. Experience has shown that many buildings in
Anchorage designed and constructed in accordance with the code under
seismic Zone 3 did not suffer irreparable damage from lateral acceler-
ation during the March 27, 1964 earthquake.



REACTION OF GEOLOGIC UNITS TO EARTHQUAKE SHOCKS

The existence of a relationship between earthquake damage and local geo-
logy has been recognized by geologists and seismologists for many years.
Simply stated, each geologic unit of geography responds differently to

the shaking and vibrations of earthquakes. Experience gained from damage
studies of many large earthquakes has shown that structures on soft ground
often suffered damage five to ten times as great as similar structures on
hard-rock foundations. Water filled alluvium or saturated filled ground
tends to maqnify the amplitude of earthquake shock waves and transmit them
further than bedrock or other extremely competent non-bedrock material.
The importance of solid rock foundations in minimizing earthquake damage
was clearly illustrated in the San Francisco earthquake in 1906 and
equally so by the "Good Friday" Alaska earthquake of 1964. In San
Francisco, building damage was consistently greatest on land that had

been recovered from the bay or filled in over old swamps and river beds.
Proximity to the fault was much less important than the character of the
foundation soil. Uncompacted fill also lurched and settled unevenly,
causing streets to crack and often total collapse of buildings.

Similarly, the 1964 Alaskan earthquake also demonstrated the effect of site
_.conditions_on earthquake effects. This was especially dramatized in
Whittier which is located approximately 40 miles from the epicenter of

the earthquake. High-rise buildings in Whittier, built on bedrock,

were undamaged. Anchorage, however, located approximately 80 miles

from the epicenter, is built upon thick unconsolidated soils. Many
buildings there were damaged severely by the intense shaking and some
suffered total collapse. The major damages in Anchorage, however,

were the result of landslides in soils which underwent a fluid reaction

to earthquake vibration. Similar fluid reactions resulting in destruc-
tive landslides occurred in Valdez and Seward, Alaska.

Thick beds of loose, saturated cohesionless alluvium react to earth-
quake shaking by granular response. This type of response consists of
densification or compaction of the cohesionless materials under vibra-
tory loading, resulting in differential settlements of structures
founded thereon.

Brittle response to dynamic loading occurs in otherwise competent geo-
logic units located in precipitous areas of mountains and hilltops.

This type of response consists of ripid breaking off of glaciers, rock
falls and rock fall avalanches as w11 as earthslides from steep slopes.

Bedrock and other extremely competent materials have an elastic reaction
to earthquake vibrations. These elastic-reacting foundation materials
generally constitute the "good ground” of an urban area insofar as re-
sponse to earthquake loading is concerned. The non-elastic, reacting
materials constitute "bad ground” geologically speaking.

The response of the various geologic units to earthquake loading gen-
erally results in mapping of areas of good ground and bad ground. It
then follows that the bad ground should be avoided by anyone contem-



plating building construction. Unfortunately, the physical make-up and
environment of most modern urban areas does not always allow the luxury of
avoiding "bad ground" which, other than its susceptibility to damage from
earthquakes, may have every other conceivable advantage of location. Per-
haps because of the complex nature of the problem, the Uniform Building
Code does not address itself to the effect that soil has on the action
that an earthquake produces on a structure.

Many of the so-called areas of bad ground can be utilized if the soil con-
ditions are thoroughly investigated and the specific character of the
foundation soils and subsurface conditons are considered in the foundation
design. The design of the foundation has an important structural effect
on the intensity that might be experienced by structures during an earth-
quake. If the grip on the structure is good, the greater is the assur-
ance that the structural action will match that of the foundation, and
hence be more predictable. Therefore, the better the design, that is, the
deeper the piles, the more piles that are present, the more rigid the
foundation.

FOUNDATION MATERIALS OF THE JUNEAU AREA AND
THEIR PROBABLE RESPONSE TO EARTHQUAKE LOADING

The surficial geology map of the Juneau area prepared by R. D. Miller
shows the distribution and character of the surficial deposits. He has
also made an evaluation of the relative quality of foundation conditions
throughout the area. (See Fig. 3) Miller has rated the various founda-
tion materials from poorest to marginal to most acceptable. The most
acceptable areas are further subdivided as follows: -

Sub-area 1 -- Best foundation material - bedrock
Sub-area 2 -- Very good - dense or well-compacted
Sub-area 3 -~ Satisfactory

The relative suitability of the various foundation materials was judged
by Miller principally from the expected behavior of those deposits dur-
ing a severe earthquake. His map was compiled on parts of the Juneau
A-2, B-2 and B-3 quadrangles and encompasses the urban portions of the
Juneau Borough.

In addition, Miller has made an inventory of the areas known or believed
to be susceptible to the effects of landslides. In view of the fact
that landslides are often triggered by earthquakes, the data contained
on the surficial geology map and the two analyses constitutes a nearly
complete inventory of seismic-related geophysical hazards of the area.

We recommend that the information contained in Miller's report and Fig.
4 be used as the basis for the seismic-hazard rating in the land use
plan, the zoning ordinance, and the building code. Not mentioned in
Miller's report, but considered by this writer to be a probable hazard
is the potential for earthquake-triggered landslides descending into

10
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the Salmon Creek Reservior. A landslide terminating in the reservior
would result in extreme hydrostatic pressure on the circa 1915 dam
which could result in total failure of the structure. The developed
portion of Salmon Creek Valley would therefore be subjected to disas-
trous flooding. The landslide potential on the steep slopes surrounding
the reservior has been judged by Dr. Douglas Swanston' as very high.
{Oral Communications, June 10, 1972). If not already accomplished by
the Corps of Engineers in a flood hazard study, I strongly recommend
that the integrity and soundness of the dam be determined as soon as
pozsible. Periodic examination of the facility should, of course, be
made.

SUMMARY OF SEISMIC HAZARDS

Miller (1972, p. 21) has tabulated the relative probability of occurrence
of earthquakes and selected hazardous geologic events in the Juneau area
within 100 years. This table, Table 2, presents a concise summary of the
potential seismic hazards for the area including Tsunamis (seismic sea
waves). To this table this writer would add the previously mentioned
possibility of landslides in the Salmon Creek Reservoir. A probability of
4 should be placed on this event. The probability of dam failure caused
by a landslide in the reservoir could only be determined by a detailed
investigation of the structure and its foundation. Such an investigation
was beyond the scope of this study.

RECOMMENDATIONS

At the present time, the best protection against earthquakes is to em-
ploy earthquake resistant construction techniques and to avoid construc-
tion in high risk areas. Qur first recommendation is, therefore, to
adopt a seismic zone 3 for the Juneau Borough. We further recommend
that building permits for larger structures or for public buildings
should not be issued unless the plans have been checked by a structural
engineer qualified in the field of earthquake engineering. To ensure
good construction practices in conformance with the earthquake code, we
recommend that field inspection by the local governmental building
official be religiously performed.

The highest risk areas in the Juneau Borough are those that are subject

to landslides. This particular hazard is treated in detail in the mass-
wasting portion of the geophysical hazard study. We are of the opinion
that the areas of poorest foundation materials with respect to response

to earthquake loading do pose a problem but need not be avoided. Most of
these areas are underlain by geologic units which have a granular response
to earthquake loading with the possibility of differential settlement. With
properly designed foundations utilizing one of a number of foundation

}Dr. Douglas Swanston performed the Landslide Investigation for the
Juneau Geophysical Hazards Study.
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TABLE 2

RELATIVE PROBABILITY OF OCCURRENCE OF EARTHQUAKES AND SELECTED
HAZARDOUS GEOLOGIC EVENTS IN THE JUNEAU AREA WITHIN 100 YEARS

Earthquakes Prnbabi1ity]

Earthquake of magnitude 6 or greater with epicenter
atJduneau. . . . . . . .. 0. . e e e e e e e e .o 1

Earthquake of magnitude 6 or greater with epicenter
within 50 milesof Juneau . . . . . . ¢« . « « o v ¢« ¢« . . . 3

Earthquake of magnitude 6 or greater with epicenter
within 100 miles of Juneau . . . . . . . e e s e s s e . b

Type of Hazard

Movement along faults in Juneau area . . . . . . . . . v ]

Massive landslides in glaciomarine deposits similar to
landslides that occurred in the Bootlegger Cove Clay in
the Anchorage area during the March 1964 earthquake. . . . . 1

Delta-front slides into water as result of earthquake,
causing waves with rapid runups in excess of 5 feet. . . . . 3

Tsunamis in Gastineau Channel with rapid runups in ex-
cess of 5 feet . . . . . e e e e e 4

Tsunamis in Lena Cove, Auke Bay, Fritz Cove, Tee Harbor,
and along North Douglas Island and rapid runups in ex-
cess of 5 feet . . . . . e e e e e e e e e e .. 3

Debris flows along existing or new channels on mountain
slope above the Gastineau Avenue-Franklin Street area . . . 5

Massive rockslide-avalanches along mountain fronts . . . . . . 4

Isolated rockfalls along existing talus cones, and as
unexpected occurrences elsewhere . . . . . . . « . . e e e o B

Damage from severe shaking caused by earthquake of mag-
nitude 6 or greater with epicenter within 100 miles
of Juneau . . . . . ¢ v i s it e e e e e e e e e s e e e 3

Compaction and settlement of water-saturated deposits
from shaking of ground in response to earthquake of
magnitude 6 or greater with epicenter within 100 miles
of JUNBAU . . . L L 4 i e e ke e e e e e e e e e e . .3

}Probability ranges from 1 (almost impossible) to 5 (almost certain)

Source: Miller, 1972.
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treatments, the problem can be overcome. We therefore recommend that
major structures proposed for these areas should have detailed soils
and geology investigations. The filled areas along the Juneau water-
front, including the mine-tailing dumps can be developed for most
structures by employing pile foundations. Piles should extend through
the fill and should terminate in bedrock or other competent materials
as determined in the preconstruction geologic and soils investigation.

We recommend that waterfront construction in Auke Bay, Lena Cove,
Fritz Cove, Tee Harbor and North Douglas Island be designed to with-
stand the effects of seismic sea waves.

One of the principal dangers to life and property accompanying earth~
quakes is that of fire. Failure of the water supply often occurs.
Major structures should, therefore, have an auxiliary fire fighting
capability.

14
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A REPORT ON THE MASS WASTING (LANDSLIDE)
HAZARDS IN THE URBAN AND
URBANIZING AREAS OF
THE CITY AND BOROUGH OF JUNEAU, ALASKA

General Stability Characteristics

Land form in the Juneau area is in a dynamic stage of geomorphic develop-
ment. The area is geologically young and is actively rising due to
faulting and uplift. Recent glaciation (less than 10,000 years ago) has
over-steepened the slopes and withdrawl of the 5,000 to 6,000 feet of ice
which existed over the area during the Pleistocene Epoch has caused an
isostatic rebound or uplift, presently occurring at the rate of 1.3 cm
per year (Miller, 1971, p. 83).

Bedrock is composed predominantly of interbedded slate, phyllite (a more
highly altered form of slate) and andesite (volcanic flow rock) which
have undergone extensive metamorphism. Bedrock strike in the area is to
the northwest, approximately parallel to the Gastineau Channel with a
variable dip to the northeast at 30° to 750. Two major joint surfaces or
planes of breakage in the rock dominate the slopes above the Juneau urban
and urbanizing areas. One strikes perpendicular to the slope and dips
northwestward at 550 to 80°. The other strike is parallel to the slope
and dips_southwestward in the same direction as the slope gradient at
about 65° (Miller, 1971, p. 24).

These joint surfaces, in combination with the strike and dip of the bed-
rock have resulted in a ready production of platy fragments and large
blocks of rock which become loosened and unstable on the slopes and move
downward, primarily under the force of gravity, accumulating as talus or
colluvium on the slopes below.

Controlling Factors

These geologic conditions have produced the following slope and soil
characteristics which control the inherent instability of the slopes in
the Borough area.

Oversteepening of the slopes, due to glacial erosion and active uplift,
have produced gradients far above the stable angle of the materials on
them. For soil materials of the type found on the slopes in the Juneau
area (Tolstoi-McGilvery stony silt Toam)! these stable slope angles may

180i1s of the Juneau Area, Interim Report by Dale B. Schoephorster and
,g}arince E. Furbush, U.S.D.A. Soil Conservation Service, Palmer,
aska.
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range from 28° to 379, but probably 1ie near the upper end of the range.
Measured slope angles in the field have averaged around 40° and have gone
as high as 70° on the upper slope.

Slope soils are youthful, shallow (usually less than 2 feet), and coarse-
grained with little cohesion or internal bjnder to hold them together.
Densities are low, averaging 79.6 pounds/f°. These are colluvial soils
produced by mechanical weathering and gravity accumulation of local mater-
ials on the slope.

While the bedrock dips into the slope, the dominant jointing has produced
planes of breakage or weakness parallel to or inclined in the same direc-
tion as the slope and independent of the bedding. Miller (1971), has
hypothesized that such parallel jointing is primarily due to stress re-
lease, or release of pressure of the overlying ice with withdrawal of
continental glaciers from the area. These joints provide zones of weak-
ness along which both mechanical and chemical weathering can take place
producing colluvial soil materials and unstable rock units, The joint
surfaces also provide excellent planes of failure for overlying colluvial
materials and potential sliding surfaces for fragments and blocks of rock.

Fragments of slate and phyllite, which dominate the colluvial soil matrix,
are characteristically hard, platy and high in mica content. When accum-
ulated on the slope, they tend to orient parallel to the slope in a
shingled fashion (overlapping) (Figure 1 g producing small, discrete fail-
ure planes where fragments overlap. These planes are low in frictional
resistance due to the smooth surfaces and the occasional lubricating
effect of the mica weathering to clay, thus greatly decreasing overall
stability of the colluvial soil.

FIGURE 1

--Diagramatic cross-section of a slope showing the shingling effect
of overlapping slate and phyllite fragments.

Gullies and V-notch channels in the bedrock, produced by differential
erosion along fractures and joints, occur frequently on the slope., These
serve to concentrate run-off from the slope and frequently channel snow
and earthsTides onto the lower slope. They also function as areas of
temporary accumulation for debris, both organic and soil, produced by
earth sliding higher up on the slope. These debris deposits may be
temporarily stabilized behind natural dams in the channels, created by
jammed logs and rocks, but ultimately reach the bottom of the slope as
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massive earth flows when the dams fail. This is a frequent cause of de-
structive earthslides in the Juneau area.

Contributing Factors

Important contributing factors to the relative stability on the slope in-
clude vegetation cover and the climatic conditions prevalent in the area.

Vegetation cover exerts its influence mainly through tree rooting effects
on soil stability. Tree roots exert a dominantly stabilizing influence
through:

a) the anchoring effect of roots growing through the shallow
soil and into joints and cracks in the bedrock beneath;

b) intertwining with adjacent root systems to provide a more-
or-less continuous long fiber binder to the soil mass over
broad slope areas; ‘

c) the spreading of long lateral roots across zones of weakness
and into more stable areas; and,

d) the buttressing effect of tree root masses holding the soil
up-slope in place.

Vegetation cover and tree rooting can also function to decrease slope
stability by:

a) loosening of soil and rock by the waving of trees in the
wind and more drastically by tree blow-down;

b) the wedging and loosening of blocks of rock and fragments
from cliffs and open rock slopes; and,

c) the damming of channels and gulleys by limbs, trunks and
root masses, producing concentrations of debris in the
channel which may fail during periods of high run-off.

The relative stability of the slopes in the Borough area is strongly
affected by local weather conditions. Juneau weather is characterized

by frequent intense rainfalls of fairly long duration, during the months
of September, October, November and December. Storms with rainfall in
excess of 2 inches in 24 hours are a yearly occurrence and storms with
rainfall in excess of 4 inches in 24 hours have a predicted five-year
recurrence interval (Miller, p. 163). Heavy snowfall at higher elevations
is also common and serves to store precipitation for delayed release and
high melt-water run off during warming periods. Winters are generally
moderate with frequent periods of melting and freezing and strong winds
result from large pressure gradients produced between opposing air masses
and gravity drainage from the Juneau Icefield.
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These dominating weather characteristics produce frequeni saturation of
soil masses on the slope and within guliies with resulting temporary in-
creases in weight of the soil mass and active pore-water pressure develop-
ment due to high rainfall, snow-melt or a combination of both. Active
frost wedging of bedrock fragments and blocks by diurnal freeze and thaw
add to the unstable conditions on the slope by loosening individual bed-
rock units and mobilizing rock debris. Wind-throw or blow-down also
mobilizes soil and rock material on the slope through the ripping-up of
roots and dislodgement of the soil mass.

Principal Processes Operating on the Slope

With these natural factors operative on the slope, soil mass wasting,
or the down-slope movement of rock, soil and organic debris, primarily
by gravity, stands out as the dominant process of slope erosion and re-
duction in the Juneau area.

Slopes with gradients above the stable angle of Ehe materials on them
(corresponding to the angle of internal friction“ for the slope soils in
this area) must be considered as highly unstable under the best of con-
ditions and any disrupting influence, whether a natural catastrophic
event such as an eartﬁquake or storm, or the activities of man is a po-
tential initiator of renewed mass wasting activity.

Dominant mass wasting processes on the Juneau area slopes can be divided
into three groups:

a) Soil creep, or the slow, almost imperceptible down slope movement of
rock and soil by small increments of slipping, sliding and rolling
is everywhere present on the slopes. This is a natural process and
the principal process in colluvial soil formation and movement. It
can be recognized 8" the slopes in the Juneau area by re-curved
trees, "cat-steps"3, small slumps and short soil and debris slides
on the open slope. Movement is due mostly to the application of
gravitational stress in increments great enough to cause small move-
ments but not great enough to cause massive failure.

b) Rockfalls, rockslides and rock avalanches are alsc common in the
Borough area and have been identified as frequent initiators of
major earthslides. Probably most of the massive earthslides that
have occured in the area prior tc Juneau settlement resulted from
initial failure of sections of the upper slope due to rockslides and
rock avalanches. These may be initiated by hydrostatic pressure be-
tween and along bedding and joint planes, by the loosening action of
alternate freeze and thaw cycles which 1ift individual blocks and
fragments and greatly reduce their frictional resistance or by
earthquake vibrations. Velocities are usuaily high and movement

2Angle of internal friction-an expression of the degree of friction or
interlocking between individual soil grains. The angie is directly re-
lated to the degree of frictional resistance of the scil mass.

3"Cat-steps"—narrow, generally backward tilted micro-tervaces on staep hill-
sides produced by slumping. 2



ranges from free-fall to sliding, bounding and rolling rock. The rock
that initially falls or slides may start as one block or several but re-
peated impact generally causes it to disintegrate as it moves downslope
producing a rock avalanche. If enough soil and organic material become
incorporated, a debris avalanche or debris flow may result.

¢) Debris slides, debris avalanches and debris flows constitute the
most important mass wasting processes active in the Juneau area.
These are landslides produced by translational failure of the
shallow residual or colluvial soils above an impermeable bedrock
surface. The soils are essentially cohesionless and range in depth
from several inches to four or five feet. Movement may be triggered
by surface loading, increase in soil water levels or removal of the
mechanical support of the soil mass downslope. Velocities of movement
are variable, probably ranging from as high as 40 ft./sec., to as low
as 5 ft./sec. Velocities are highest on the steep portions of the
slope and within channels and decrease rapidly at the slope base as
energy is dissipated through increased internal friction in the slide
mass and impact with trees, brush and other obstructions. Several eye-
witness reports of landslides in the Juneau urban area describe
houses moving downslope more or less intact following impact indica-
ting that many of these slides are moving at a relatively slow rate
of speed by the time they reach the urbanized zone.

Rockfalls, rock slides, rock avalanches, debris slides, debris avalanches and
debris flows will collectively be called landslides in the remainder of this
report,

Volume of material moved or size of landslide depends on a number of
variables including width and depth of failure zone, length of slope on
which the landslide developed and the amount of debris accumulated in
failure channels. A landslide which occured in 1936 on the slope above
the Juneau Cold Storage Plant, piled up against the building approximately
10 feet above the level of South Franklin Street. The estimated volume of
this landslide is approximateii 1,248 cubic yards. At an assumed density
of 79.6 pounds per cubic foot %, this is a total weight of 1,341 tons. As
a comparison, the estimated volume and weight of one of the massive land-
slides which occured before Juneau settlement (the landslide deposit on
which the old Home Hotel was situated) is 66,000 cubic yards at a total
weight of 66,825 tons.

Small debris avalanches and debris flows occur yearly throughout the Borough
area, on open slopes and within gullies and channels on the slope. These
are rarely observed or noted since they usually flow a short distance and
are temporarily stabilized behind trees, logs or stumps on the slope or
Jammed within the channels, The ultimate effect, however, is frequently

the accumulation of large masses of earth, rock and organic debris in the

4Tm's is the average undisturbed soil density and in actuality slide den-
sity could be considerably higher although it is highly variable depending
on the amount of organic debris included in the slide mass.
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channels which may fail as large scale destructive debris avalanches.

Larger debris avalanches and flows are usually the result of massive
failures of rock and soil on the upper slope or failure of accumulated
debris deposits in the gullies.

MECHANICS OF LANDSLIDING
How do these landslides develop?

Periodically high soil water content and oversteepened slopes are the con-
trolling parameters. Bedrock geology and structure, general climatic con-
ditions and the influence of vegetation are important contributing factors.
The stability of a shallow, coarse-grained, cohesionless soil overlying an
impermeable bedrock surface can be expressed in a highly simplified way as
the ratio between shear strength (S) or resistance of a soil to the down-
slope component of gravitational stress (T) and the gravitational stress
itself. This ratio expresses the "factor of safety" (F) of the soil mass
or its ability to resist slope failure.

Thus: F = 2 = 3Soil strength or resistance to sliding
) DownsTope component of gravitational stress

Ideally, as long as the factor of safety remains greater than 1 (resis-
tance to sliding is greater than the downslope pull of gravity), the
slope will remain relatively stable, When the factor of safety equals
one, the slope is on the verge of failure.

Landslides result from changes in the soil-shear strength--gravitational
stress relationship at the point of failure. This may involve a mechanical
readjustment between individual units or particles, as in rockfall, rock-
slide or talus creep; or a more complex interaction between intrinsic soil
properties, ground water movement and external factors acting on the slope
(roots, rockfall, artificial damming, etc.).

Figure 2 depicts the principal forces acting on a unit mass of soil on a
slope in the Juneau area.



Figure 2
Forces Acting on a Mass of Soil on a Slope
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E, Eyy = Equal and opposite normal forces acting on the soil mass
Fo Fyp = Equal and opposite shear forces acting on the soil mass
W = Weight of the soil mass
e = Inclination of the sliding surface
t = Sheer stress = W sin «
¢ = Cohesion, a soil property
g = Normal stress on the sliding surface = W cos a
¢ = Angle of internal friction, a soil property
s = Frictional resistance = W cos o tan ¢
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For simplicity, the lateral and shear forces acting on the mass are assumed
equal and opposite and therefore cancel. The driving forces tending to
cause downslope movement then consist of the weight of the soil mass (W)
and its tangential cgmponent (1) or sheer stress. Resisting forces con-
sist of cohesion (c¢)° which ts independent of the frictional forces and

frictional resistance (s) which is proportionallK related to the normal
component of the soil weight (W cos o) through the angle of internal friction

(9).

Gravitational stress (t) or the downslope component of gravity acting on
the soil mass, is the resultant of the weight of the soil mass (W) acting
along the sliding surface.

Thus: r = Wsin a

For shallow soils of the type on the slopes above Juneau, the slope sur-
face can be considered approximately paralliel to the sliding surface.
Thus, slope gradient becomes equivalent to the angle of the sliding sur-
face (da) and a controlling factor in the downslope component of gravity.
Any increase in soil weight or angle of slope will increase the gravita-
tional stress acting on a soil.

For coarse grained soils of the Tolstoi-McGilvery type, cohesion can be
considered negligible and soil shear strength (S) or resistance of a soil
mass to sliding becomes a product of friction between the soil mass and

the sliding surface and the friction between soil grains. Friction along
the sliding surface is also controlled by slope gradient (o) and the weight
of the soil _mass (W) and is strongly influenced by pore water pressure
development® (u) which acts to reduce the weight of the soil mass. Friction
between, and the mechanical interlocking of, soil grains is expressed as an
angle of internal friction (). ,

Thus: S = (W-u) cos a tan 4

The stabilizing influence of external factors such as roots may add con-
siderably to the overall resistance of a soil to failure but must be con-
sidered as an added influence independent of the above mathematical model.
Resistance to sliding is overcome by:

a) Saturation, which increases the weight of the soil mass and there-
fore the component of gravity acting to pull the soil downslope;

SCohesion is the ability of individual soil particles to stick or adhere
together through the action of capillary tension, cementation or weak
electrical bonding of clay minerals and organic colloids.

6Pgre water pressure is pressure produced by the head of water (its ver-
tical height above an impermeable base) in a saturated soil and trans-
ferred to the base of the soil through the pore water.
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b) Active pore water pressure development in the soil, produced by
rising free water levels, which decreases frictional resistance along
the sliding surface, decreasing soil shear strength;

¢} Hydrostatic pressure produced by seepage of water along cracks and
joints in the rock which also decreases frictional resistance between
overlying rock masses and joint surfaces;

d) Freeze and thaw action which pries out blocks and fragments of rock
along joints and fractures, loosening the materials and mobilizing
them in a downslope direction;

e} Destruction of stabilizing root systems by decay or breakage due to
windthrow or timber harvesting activities;

f) The loosening effect of the prying action of root growth into joints
and cracks and the working of roots by trees swaying in the wind,
and;

g} Rapid surface loading from rockfall, rock avalanching or debris ava-
lanching which increases the downslope component of gravity; produces
temporarily high pore water pressures during periods of high soil
water content due to rapid compression and release of water between
soil grains and breaks and shears roots and other binders by force
of inpact.

LANDSLIDE HAZARD IDENTIFICATION AND RATING

General Hazard Rating

Triaxial shear tests performed on soil samples taken from ungisturbed
portions of the unstable slopes behind the Juneau urban area’ indicate
that the soil is essentially cohesionless with an effective angle of in-
ternal friction of 360, Slope angle and angle of internal friction play
major roles in determining relative stability of a soil mass with these
characteristics. In the absence of active pore water pressures, the ratio
between resistance to sliding and gravitational stress, or more correctly,
the "factor of safety" of the slope can be approximated by the ratio be-
tween the angle of internal friction and the angle of slope.

F= 2
o 4

Since the angle of internal friction is normally fixed at a specific value
or within a certain range, slope angle becomes a prime indicator of the
relative stability of these soils in place. Whenever the slope gradient
equals or exceeds the angle of internal friction of the soil, the slope
must be considered unstable and highly susceptible to occurrences or ac-
tivities which tend to alter the factors contributing to soil shear strength.

7Samp}es analyzed by J. R. Bell of the Civil Engineering Department,
Oregon State University. A report of his findings is included in Appendix A.
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While the angle of internal friction is ideally a single value for a spe-
cific soil type, under natural conditions engineering experience has in-

dicated (Terzaghi and Peck, 1960) a considerable point to point variabil-
ity. For soils of the type on the Juneau area slopes, these values range
from a maximum of approximately 379 to a minimum of 289,

The effective value of (¢) obtained from triaxial shear tests for these
soils was 36°. However, since the angle of internal friction is so highly
variable for natural, non-homogenous soils of this type, it is more real-
istic to consider zones of stability when rating slopes for gurposes of
hazard identification. Thus, slopes with gradients above 37° can be
classified as highly unstable in terms of the susceptibility to events
which might alter or reduce the delicate balance of forces operating on
the slope. These are slopes which are subject to sliding whenever dis-
turbed and may serve as major sources of landslide material during catas-
trophic events such as earthquakes or exceptional storms. Great care
should be taken to prohibit urban development within or immediately be-
Tow such areas. Road building and timber harvesting activities must be
prohibited for the protection of the areas below the highly unstable zone
and no dwellings should be allowed in the area.

Slopes with gradients between 28° and 37° are classified as potentially
unstable and should receive minimum development with full realization

that Tocal areas within this zone may be in a highly unstable state. It

is essential that natural vegetation cover be maintained wherever possible.
No timber harvesting or massive land clearing should be allowed in *his
zone. The potential danger of landsliding from the highly unstable

slopes above this zone is always present and should be kept in mind at

all times when development is being considered in this area.

Figs.3 and 4 show the stratification of most of the slopes in the Juneau
Borough into zones of highly unstable and potentially unstable ground on
the basis of slope gradient.

Specific Hazard Identification

Landslide deposits occur at frequent intervals along the Mt. Juneau and
Mt. Roberts slopes. The most massive of these are pre~Juneau settlement
in age and support old growth stands of Sitka spruce and western hemlock
indicating an occurrence 250 to 300 years ago. A substantial number of
lesser but still destructive landslides have occured since the settlement
of Juneau and can be traced as linear ridges and recently re-vegetated
strips on the slopes behind the city. Most of these have been documented
in the city newspapers, copies of which are included in Appendix X. A
few have been dated approximately by dendrochronological methods.

A1l are indicators of active or dormant instability and of potential land-
slide recurrence. As a result, each of the landslide tracks have been
carefully mapped, their probable points of origin indicated and the en-

tire slope assessed in terms of immediate or potential hazard. The re-
sults of this investigation are shown in Figures 5, 6 and 7. Pre-settlement
landslides and post-settlement landslides are shown in Figure 5.
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HISTORIC LANDSLIDE DEPOSITS
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Broad areas of high and potential hazard from landslide damage are shown
in Figure 6. Specific gullies and channels with a known or indicated
history of past debris avalanche and debris flow activity are mapped in
Figure 7.

Gullies with a high hazard rating exhibit substantial accumulations of
organic debris, rocks and soil in their channels and have had a past his-
tory of debris avalanche-debris flow activity. These are mapped in

Figure 7. Those with a potential rating do not exhibit substantial
accumulations of debris, but extend to the upper slope and exhibit some
evidence of past debris avalanche-debris flow activity. Table 1 summarizes
the major historical landslides in the Juneau area with dates of occurrence,
approximate location, associated 24-hour rainfall and damage.

URBAN AREA SOUTH OF GOLD CREEK TO THE CITY LIMITS (See Fig. 8)
Mt. Roberts Slope

By far the most hazardous area in terms of potential destruction of pro-
perty and Toss of 1ife from landslides is that area at the base of the

Mt. Roberts slope extending from the corner of 3rd and Harris Streets

to the beginning of Thane Road. Eleven major debris avalanche-debris flow
deposits have been identified and mapped on this slope. Three of these
are massive in size and occured before Juneau settlement. The remaining
eight were smaller but still destructive in size. All are identifiable
on the ground and the eight post-settlement slides were well documented

by local newspapers at the time of their occurrence (Appendix X).

Pre-settlement Landslides

The three pre-settlement landslides occur as major topographic features
expressed as linear ridges extending approximately 700 feet through
gullies in a cliff above the A.J. tram (approximately 400 feet elevation)
and terminating at the beach. These deposits range from 20 to 50 feet
thick and average about 200 feet wide. In every case, the debris deposit
passes through or overlaps a lower cliff or bluff at the 400 foot level
indicating an origin from a rock slide or soil failure on the upper slope.
The gqully through which the deposit passes must have served to channel
the material onto the lower slope. '

One of these massive landslide deposits crosses the southern terminus of
Gastineau Avenue, one crosses Gastineau Avenue at the site of the A.J.
bunkhouse foundation and one extends downslope from the southern end of
the A.J. tramline. Many other pre-settlement landslides have occurred in
the area and are indicated by deposits of mixed logs, rock and soil ex-
posed in banks and foundation excavations between Gastineau Avenue and
South Franklin Street, but are not recognizable as dJistinct units.
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TABLE 1

LANDSLIDES LOCATED I8 THE JUNEAU, ALASKA AREA

DATE TIRE RAINFALL TYPE LOCATION DAMAGE COMMENTS REFERENCE
{inches/hrs)
18-18-1913 2100 3.5724 rockfail, Mt. Maria on Basin Road  homes damaged 5 landsiides reported in Alaska Daily Dispatch,
rockside Perserverence Basin, 1 October 18, 1912
landslide at Tredwell
9-25-1918 -~ 6.32/24 debris slope behind Gastineau apt. building Swept apt. downhill and Daily Alaska Empfre
avalanche Hotel destroyed-Gastin-  across Gastineau Ave., broke September 28, 1918
cau Hotel damaged  in back wall of Gastineay
$25,000 Hotel, small slide followed
9-25-1918 . 6.32/24 debris 7th and Goldbelt into cabin destroyed Carried small cabin into Same as above
siide fvergreen Bowl Evergreen Bowl
9-25-1918 e 6.32/24 debris Gastineau HEs. none Other slides raported above Same as above
ayalanche Gastineau His., but not
recorded
}-2-1920 1130 warm weather,  debris Gastineay His, 3 people killed, Dectroyed boarding house, Datly Alaska Empire
melting snows  avalanche 450,000 damage three homes, tweive cabins, January 2 and 3, 1920
and heavy rain broke into Goldstein's store,
1.79/24 overflow of A.J. Flume
9-27-1935 -~ 2.89/24 debris S. Franklin at A.J. road blocked .- Daily Alaska Empire
avalanche oil tanks September 27, 1935
11-27-1935 1530 3.35/48 debris Third Avenue 2 homes wrecked 5lide due to damming of Daily Alasks Lmpire
avalanche above Harris one damaged qully by debris November 29, 1935
112714935 - 3.35/48 slump Sth Street above none Stide possibly due to satur- Same as above
Kennedy ation of marine beach depo-
sit in ares
11-27-1935 - 3.35/48 debris Evergreen 8Sowl none A serfous stide reported at Same as above
s1ide fvergreen Bowl-no delails
10-16-1936 0800 1.4373 dehrisg Gastineay Hes, one woman injured, S$1ide came down Mt Roberts Daily Alaska Empire
avalanche 2 houses damaged, crossed Gastineau Ave. and  October 16, 1936
Alaska Hotel broke in back of Alaska
damaged Hote!l
11.22-1936 1930 3.89/24 debris Gastineau Hts., 14 died, 9 in- Stide resulted from slope Daily Alasks Empire
avalanche above cold storage jured, apt. house, failure below flume. Ten- November 23, 24, 25,
plant boarding house, 2 sion crack noticed 27, 28, 30, 1936
homes ruined
11-30-1936 = - debris Thane Road near road closed - Daily Alaska Empire
avalanche Standard il Hovember 30, 1936
1631 -1940 .- 2.38/28 debris Gastineau His. home destroyed Moved 700 feet downslope, Daily Alaska Empive
avalanche pited into home on Gastin-  October 31, 1947
eay Avenue
19-1-19%2 P 1.85/24 debris 5. FrankTin by old road closed - Datly Alaska tmpire
avalanche Columbia Lumber (o. Gctober 2, 14952
kiln
10-3-1952 . 1.85/24 debris Gastineay Hts., piled hame destroyed . Datly Alaska Ewmpire
avalanche behind 475 5, Franklin Dctober 2, 1062
13-1-1952 -~ 1.85728 debris Atove Johnson Bldyg,, home destroyed - Datly Alaska Impire
avalanche 261 Gastineau Avenue October 2, 1952
12-14-1954 .- wiarm weather debrig ”1%wn Street before 1 home badly 2 earthslides 1 hour apart  Qaily Alaska Empire
snow melt avalanche Gold Creek. damaged near Gold Creek bridge December 17, 1954
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Historical Landslides (Refer to Table 1)

The eight major landslides which have occurred since Juneau was settled
are expressed as linear ridges near the base of the slope or as bulked
deposits above Gastineau Avenue and South Franklin Street. Five of these
reached South Franklin Street but did little damage on the beach side of
the street (side nearest the harbor) since most of their energy was dis-
sipated by damage and destruction above South Franklin. Three terminated
on Gastineau Avenue.

Six of the historic landslides or about 75% of the total occurring, origi-
nated in or were channeled by gullies and V-notch channels which extend
from the upper slope. At least three of these probably originated from
slope failure above the cliff where slopes exceed 70° in gradient. The
re?i'occured as a direct result of failure of accumulated debris in the
gullies.

The two remaining historical landslides apparently resulted from open
slope failure just below the A.J. tram. One was apparently triggered by
rapid addition of water to an already saturated soil mass due to over-
flow of the A.J. water flume on January 1, 1920. The other occurred as a
result of failure, just below the tram and above the Cold Storage building
on November 22, 1936. This later landslide was initiated during a period
of exceptionally high rainfall (3.89 inches in 24 hours) and was probably
triggered by active pore-water pressure development due to leakage of sur-
face water into tension cracks developed at the outer edge of the tram.
Unsubstantiated reports state that such tension cracks existed in the

tram above the point of failure prior to the landslide.

Recent Landslide Activity

The last major landslide occurred on the Mt. Roberts slope on October 1,
1952 but small debris avalanches and debris flows have continued to occur
up to the present. For the most part these are small, flow only a short
distance and have not reached into the urban zone. These are currently
building up behind rocks, logs and other jammed debris in the gullies and
constitute a continuing debris avalanche hazard to the area (Figure 4).

At least two small debris flows occurred within gullies above Gastineau
Avenue last fall. One in a gully above Ewing Way which terminated tem-
porarily at the A.J. tram and remains as a future hazard to the slopes
below. The other occurred in a gully above the Ist Street stairs and
flowed downslope until it was stopped behind the cable hand-rail along
the old A.J. access trail to the Harris Street stairs.

In summary, 21 gullies have been mapped on the Mt. Roberts slope above

the city; 15 identified as having a high debris avalanche-debris flow
hazard. Considering the extremely steep slopes, unstable bedrock and soil
conditions, numerous high hazard gullies extending directly into the urban
area and its past history of landsliding, most of the Mt. Roberts slope
above South Franklin Street and Gastineau Avenue must be considered as
h;gzly hazardous in terms of damage and potential loss of life from land-
slides.
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Mt. Maria (Decker Hill)

Several landslides of major proportions have occurred in this area during
post-settiement times.

A combination rockfall-rock avalanche occurred on October 18, 1913 from
the open cliff face of Mt. Maria {Decker Hi1l) destroying several houses
and creating a deposit of angular rock fragments exposed above Basin Road
between 6th and 7th Streets. Similar small deposits of angular rock frag-
ments and talus occur above 6th Street from Basin Road to Nelson Street.

A talus cone at the base of a small c1iff occurs behind a home at the
corner of 6th and Nelson Streets.

The area directly below the open rock cl1iff above Basin Road lies in a
high rockfall-rock avalanche hazard zone. While the bedrock exposed in
this c1iff dips into Last Chance Basin, it exhibits well developed frac-
turing and jointing along vertical planes and is highly susceptible to
additional failures produced by freeze and thaw and the lubricating action
of water in the cracks. The small cliff above the corner of 6th and Nel-
son Streets is fractured in a similar manner, and while the volume of
materials would not be large, the area directly below it must be considered
as a high rockfall hazard area. The cliffs of broken slate dipping down-
slope and at an angle to the road cut along the backside of Mt. Maria

(the trestle portion of Basin Road) must also be considered a high hazard
area for falling rock.

Evergreen Bowl

The slopes into Evergreen Bowl are greatly oversteepened and bedrock dips
into the Bowl making the slopes potential areas for landslide damage, es-
pecially to buildings and property along the upper edge of the Bowl and
adjacent to Basin Road, Gold Belt Avenue and 7th Street. A landslide
occurred on this slope in September 1918 beginning near the corner of 7th
Street and Gold Belt and carried a cabin down into Evergreen Bowl. A
serious landslide in Evergreen Bowl was also reported on November 27, 1935
but no details were provided.

A potential rockfall hazard exists above Calhoun Street between Dixon
Street and 6th Street.

URBAN AREA NORTH OF GOLD CREEK TO MILE 2.5 (See Fig. 8)
Mt. Juneau Slope

The slopes of Mt. Juneau, from Gold Creek to Mile 2.5 Glacier Highway ex-
hibit the same oversteepened slope gradients, cohesionless soils and bed-
rock jointing patterns found on the Mt. Roberts slope. A lower cliff or
bluff at about 500' in elevation extends intermittently along the entire
slope length and is broken only occassionally by gullies and V-notch
channels. Each of these gullies serves to channel snow, rock and soil
debris from the very steep slopes above the bluff to the slope below and
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there is much evidence of repeated snow and soil avalanching along these
gullies and into the timber. Between these major gullies there is little
evidence of large scale landsliding although numerous small slips and
minor debris slides occur between the trees. Small debris and rock slides
have occurred repeatedly on the bluff face and on the slope immediately
below, but these have traveled relatively short distances into the trees
before being stabilized by the timber cover. Large blocks of rock are
scattered on the slopes below the bluff and within the timber indicating
frequent local rockfalls but these do not penetrate far because of the
stabilizing effect of the vegetation.

There are a number of shallow linear depressions and small gullies
dissecting the slopes below the bluff and between major slide paths.
These must have served at one time to channel snow and soil debris but
are dormant or completely stabilized now; many having mature timber
growing in them. For the most part, major landsliding activities have
been confined to the principal gullies passing through the bluff.

Massive landsliding (rock and debris avalanches) have occured on this
slope in the past and at least 11 landslides or landslide run-out zones
can be recognized in the field as distinct linear ridges rising above the
normally flat slope surface. The majority have terminated in the timber
well above the urban and urbanizing areas, but in at least 5 cases these
have reached the beach or extended into an urban zone.

Unfortunately, there is no record of the time of occurrence of most of
these landslides, but an indirect age was obtained on many of them using
an increment borer to determine the age of trees growing on the landslide
deposit. Using this method, estimated ages of landslides ranged from 18
years for an alder growing ina landslide track above Evergreen Avenue to
greater than 200 years for hemlocks growing in a stabilized, Tinear slope
depression west of Norway Point.

As on the Mt. Roberts slope, the oldest and most extensive landslide
deposits are pre-settlement in age and are covered by old growth Sitka
spruce and western hemlock forests with an estimated age of greater than
250 years. A1l began by shallow rock and soil avalanching from the ex-
tremely steep slopes above the Tower bluff and were funneled onto the
lower slope through major gullies. Repeated s1iding has taken place in
most of these gullies and at several locales multiple deposition has
created massive deposits of undifferentiated landslide debris. Where
these deposits have been dissected locally by running water high banks
of mixed rock, logs and soil material are exposed above the present stream
channel. It is almost impossible to date these multiple landslides
accurately because of the lack of established vegetation in the active
zone of redeposition. This problem is compounded by the fact that most
of these landslide tracks also function as active snow avalanche zones.

Norway Point to Mile 2.5

The largest landslide deposit in be urban area forms the ridge constitu-
ting Norway Point. This is a pre-settlement landslide which must have
originally extended well out into Gastineau Channel. The lower part of
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this deposit is covered with old growth spruce-hemlock forest indicating
a depositional age for the main slide mass in excess of 200 years.

A channel or series of channels leading from a break in the Tower bluff
and extending to the lower slope, is still very active and both snow and
debris avalanching occur at frequent intervals from the slope above the
bluff. This channel is classified as a high hazard debris avalanche
track. The active state of these channels and the large potential source
area for rock and debris above the lower bluff, make the major part of
the Norway Point deposit and a zone extending a minimum of 100 feet into
the timber for landslide run-out purposes, a high hazard area. Based on
past history of massive sliding and the Targe source area for the origin
of a potentially massive failure, the remainder of the area covered by
the Norway Point deposit must be classified as potentially hazardous.

It is vital that existing timber cover be maintained to serve as a pro-
tective screen for existing dwellings in the area, otherwise the high
hazard zone would have to be extended to the beach.

Immediately west of and adjacent to the Norway Point landslide deposit

is a second massive deposit of pre-settlement age forming a distinct
linear ridge terminating in the trees above Glacier Highway. This deposit
has an old growth spruce-hemlock forest growing at its lower end but is
bare of major vegetation above about 200 feet in elevation due to frequent
snow avalanching. The deposit passes upward through a main break in the
lower bluff and has been dissected by the present stream forming a deep
qully leading to the lower slope. This gully is currently active, pri-
marily as a snow avalanche path but does carry soil and debris and must

be considered a high debris avalanche hazard. Again, due to the large
potential source area for landslide materials above the lower bluff and
the active state of the V-notch channel, the open area of the deposit and
a run-out zone of at least 100 feet into the timber below must be classi-
fied as a high hazard area. The intervening slope between the Norway
Point deposit and the remainder of this deposit to the beach lies within

a potential hazard zone.

A third massive deposit reached the beach in the vicinity of the Johnson
Children's Home. This deposit also originates at an opening in the Tower
bluff and has also been dissected by stream-cutting. It is pre-settle-
ment in age with old growth timber at its lower end but shows much evidence
of active snow and debris avalanche activity in its upper reaches. A re-
cent debris flow has occurred within the active zone and extending 100

feet into the timber. The rest of the depositional area extending to the
beach is classified as a potential hazard area. The channel dissecting

the deposit in its upper reaches is classified as a high hazard debris
avalanche track.

A fourth deposit terminates at the beach between Mile 2 and Mile 2.5 on

the Glacier Highway. This landslide track also functions as a major snow
avalanche track and the entire slide area is devoid of trees except for
some alder growing near the highway. Unvegetated talus and landslide
deposits occur at the Jower end of the landslide track and there is evi-
dence of repeated landsliding and active talus creep within the deposition
zone. Because of the active nature nf this landslide track and the absence
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of trees or protective vegetation to control landslide run-out, the en-
tire landslide zone is classified as a high hazard area extending to the
beach.

The intervening slope areas between these landslide tracks are classified
as potential and high hazard areas using the method for general hazard
rating. _

Norway Point to Gold Creek

Two massive landslide deposits emanating from major-breaks in-the biuff
and three smaller deposits beginning at small gullies occur above the
urbanized area extending from Norway Point to Gold Creek. Both massive
deposits show evidence of repeated sliding and at least one destructive
debris flow has been channeled into the urban area along Gold Creek.

The slope between Norway Point and the Behrends Avenue snow avalanche
track is free from major landsliding. Unstable conditions exist on the
slope, however, and there is much evidence of active creep and small
scale sliding and slumping within the timber. Several shallow, partially
stabilized gullies and a small V-notch channel leading through a small
opening in the bluff dissect the slope in the area. These serve primarily
to channel snow into the timber on the lower slope, but minor debris ava-
lanching has also occurred in the V-notch channels. Because of the gen-
eral unstable condition of the slope and the presence of channels which
could function to carry landslide debris to the lower slope if massive
failure occurred, the entire slope area above 28° (maximum stable angle
from the general hazard rating) and including a minimum strip of 100 feet
of timber below the major break in slope is classified as a potential
hazard area.

A landslide deposit occurs within the Behrends Avenue snow avalanche
track, beginning at an elevation of about 500 feet, at the base of a small
gully 1in the lower bluff and extending downslope along the west side of
the snow avalanche zone. It terminates at an elevation of about 350 feet.
An increment core taken from a lone spruce growing on the lower end of the
deposit indicates an age of approximately 60 years. A channel extends
along the western edge of this deposit beginning at the gully and may
serve to carry additional landslide material downslope. This channel is
classified as a high hazard debris avalanche track.

The Behrends Avenue avalanche track itself has functioned as a landslide
path repeatedly and extensive deposits of talus and landslide debris are
found at the lower end.

At Teast two major gullies or channels pass down the center of the track
and function to channel landslide materials to the lower slope. These are
rated as high hazard debris avalanche paths and the entire open zone of
the Behrends Avenue track above the lower timber zone must be considered
as a high hazard area in terms of landsliding. A potential hazard area
extends to Behrends Avenue.

Immediately southeast of the Behrends Avenue snow avalanche track is a

41



massive landslide deposit extending from the lower bluff and terminating

in the timber at an elevation of about 350 feet. This is a multiple de-
posit consisting of a major lobe, with two smaller lobes superimposed on
top of it. At least three periods of landslide deposition are represented.
The oldest was the most massive and is covered near its lower end by an
old growth spruce-hemlock forest. The second lobe did not extend as far
downslope. A core taken from an alder growing on this mass indicates a
deposition age greater than 80 years before present. The current channel
dissects these deposits exposing rock and organic debris along its side-
walls. Two levees or small ridges of fresh debris on either side of the
channel and down the length of the landslide deposit, and fresh debris
deposited near the Tower end of the multiple lobes, indicate the most re-
cent episode of debris avalanche activity, probably within the last 10
years. This deposit is clearly active and although the deposits have all
stabilized within the timber, they do represent a potential hazard to the
urban area immediately below. A high hazard zone extends the length of
the landslide deposit and includes 100 feet of timber below the lower end.
Maintenance of timber cover on and immediately below this zone is essential
for protection of the urban development already present.

Small debris avalanches and individual rockfalls are of frequent occurrence
on the lower bluff face above Coleman, Willow and Evergreen Avenues; but

in general, the timber cover on the slope below prevents these materials
from moving very far downslope. Most of the rock and debris becomes
stabilized a short distance below the bluff. Several shallow, stabilized
gullies dissect the slope in this area and lead directly into the urbanized
zone. Most of these presently have timber growing in them but could func-
‘tion to channel landslide material into the urban area if massive failures
at or above the bluff occurred. Only one active gulley of any size cuts
through the bluff and this has a small talus slide deposited in it at the
bluff base. A narrow channel which could serve to carry landslide mater-
ial downslope leads through the timber toward Willow Street and is marked
as a potential debris avalanche track. Due to the unstable nature of the
slope gradient above this urbanized area and the presence of the gullies
extending through the timber, this slope is rated as a potential hazard
with the Tower Timit of the potential hazard zone determined by the mini-
mum stable slope angle (approximately 28°%) and the presence of dwellings
which may be damaged by landslide activity. Maintenance of the remaining
timber cover on this slope is essential to help stabilize the slope and
protect the dwellings already in the area.

An area of recurring rockslides and debris avalanches has removed the old
growth timber above the central part of upper Evergreen Avenue, opposite
Pine Street.

This exposes the dwellings immediately below the area to the direct impact
of additional landsliding from the slope and open rock faces above. This
is an actively unstable area with no natural protection from major vege-
tation on the slope. Small debris avalanches and rock falls occur at any
time. This is a high hazard area extending to Evergreen Avenue with a po-
tential zone of damage reaching to the lower end of Pine Street.

Four landslide deposits, one of massive size, occur at the southeasterly end
of upper Evergreen Avenue. Two originated within a major gully which serves
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as a frequent snow avalanche track and were deposited along the eastern
slope of the present channel. Both are pre-Juneau settlement in age and
are partially superimposed. The other two originated in minor gullies in
the bluff just west of the major avalanche track, The age of one of these
deposits is approximately 50 years.

The major gully has functioned repeatedly as a path for landsliding as in-
dicated by the superimposed deposits along the channel. As recently as
1954, this same gully channeled two debris avalanches, an hour apart, down
onto Erwin Street at the Gold Creek Bridge, badly damaging a home, and
filling the street with mud. This channel must be rated as a high hazard
avalanche track, with a high hazard zone extending from the channel oppo-
site the eastern end of Evergreen Avenue to the Gold Creek channel.

The channels from the smaller gullies lead down into the gravel quarry
above Martin Road. These must be rated as potential debris avalanche
tracks and the slopes in this area as potential hazard areas.

PREDICTION AND PROBABILITIES OF LANDSLIDE RECURRENCE

It is difficult to accurately predict the time of occurrence or interval
of recurrence for landslides in the Juneau area due to the lack of iong-
term records of sliding events and closely associated weather conditions.
This problem is compounded by widely differing rainfall and run-off char-
acteristics between measuring stations and the point of initiation of the
slope failures.

Some idea of these factors can be obtained, however, by a careful consider-
ation of the documented landslide occurrences, observed field conditions,
area-wide rainfall characteristics and the known stability characteristics
of the slope.

An inspection of Table 1 shows that 17 destructive or potentially destruc-
tive landslides have occurred in the Juneau urban area during 11 major
storms over a 41-year period from 1913 to 1954. This is an average rate

of occurrence of one landslide-producing storm every 4 years during the
period, although the actual time interval between events is quite variable.
The Tlast landslide of major consequence was recorded in 1954, 18 years ago.

Of the 17 landslide events recorded during the most active period, 11 or
64% occurred on the Mt. Roberts slope above South Franklin Street, most
during the years of active mining and mill operation (1918-1944). Machin-
ery vibrations and blasting undoubtedly added to the total numbers and
frequency of occurrence of landslides in the area. The fact remains, how-
ever, that destructive earthslides occurred before mining activities and
at least four have occurred since mining ceased. At the present time,
landslide conditions are developing on the slope and it is only a matter
of time before another occurs.

The occurrence of landslides is closely related to major storm events or
periods of rapid snowmelt, producing excess flow in channels, saturation
of the soil mass and active pore water pressures, all important contribu-
tors to landslide development. An inspection of the "Probable Maximum
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Precipitation and Rainfall Frequency Data for Alaska" (Miller, 1963) re-
veals the following interesting probability relationships in terms of the
recurrence of storm events capable of triggering landslides in the Juneau
area. The highest probabilities of intense, 24-hour rainfall occur in
September, October, November and December. All but one of the documented
landslides within the urban area occurred as a result of major storms dur-
ing this period. The one exception occurred early in January as a result
of heavy rain associated with abnormally warm weather and rapid snow melt
on the upper slopes. On a yearly basis, the probabilities work out to be
a 25% chance of occurrence in October, an 18% chance in September and a
15% chance in November. The probabilities of intense 24-hour rainfall
drop off rapidly to 9% in December and only a 4% chance in January. Octo-
ber is the most likely month for a landslide producing storm to occur
followed by September and November. In fact, 88% of all destructive earth
slides in the Juneau area have occurred during this 3-month period, most
in October and November.

The probable maximum 24-hour rainfall intensity for the Juneau area on a
yearly basis is 2 inches in 24 hours; for a 5-year period, 4 inches 1in

24 hours. Most of the major landslide events in the urban area have
occurred during rainfall intensities of greater than 2 inches but less

than 4 inches in 24 hours. Thus, storm events capable of triggering land-
slides occur frequently in the area and can be expected at a 2 to 5 year
return interval. Such a high recurrence interval reflects the natural sus-
ceptibility of these slopes to sliding given the right soil and slope con-
ditions. These conditions exist on the urban area slopes at the present
time.

In view of the current build-up of debris in the channels above the urban
area and the naturally unstable conditions extant on the slopes, the con-
tinued occurrence of destructive landslides in the designated hazard
areas has a very high probability, emphasizing the necessity of careful
consideration of the landslide potential in future urban planning and
development.

Measures for Landslide Prevention and Control

Landslides of the type occurring in the Juneau area are natural processes
of erosion and slope reduction. They develop under the highly unstable
slope and soil conditions prevalent in the area, triggered by excess soil
water supplied by naturally high precipitation levels. Under such con-
ditions, maintenance of slope integrity is prerequisite to preventing or
controlling earthslide occurrence in urban and urbanizing areas. This
means, at a minimum protection of all hazardous slopes from large scale
timber cutting, Jand clearing or construction activities which may disrupt
an already delicately balanced stability situation.

Reduction or elimination of major damage and loss of life can be best
accomplished by either:

--avoiding areas with indicated landslide hazard;
--controlling damage resulting from landslides; or,
--1imiting types of land use within hazard areas.
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Hazard Area Avoidance

Avoiding areas with indicated landsiide hazard is probably the simplest

and most effective method in the long run and can be accomplished by care-
ful land use planning and responsible and effective zoning regulation.

This is especially applicable to the presently urbanizing areas of the city.

Damage Control

Damage in urbanized hazard areas can be controlled by:

~-construction of barriers in the lower end of debris
avalanche channels to reduce landslide velocities and
trap some of the landslide debris; and

--improve building design requiring stable foundations
anchored in bedrock and either reinforced concrete
structure, buttressed concrete backwalls, or skeletal
reinforced concrete structures with facework walls
which can be punched out by landslide impact.

Some relief from damage by landsliding can probably be obtained by con-
struction of retaining walls consisting of open metal or concrete cribbing
anchored in bedrock and placed at the lower end of debris avalanche
channels. These would serve as effective barriers to small landslide
occurrence in the channels and reduce velocity of flow and spreading of
large landslides. These should be open skeletal structures allowing free
drainage through them and carefully designed and anchored in the bedrock
to resist major slide impact. Great care must be taken to keep them
clean and free of debris accumulations so they do not actually dam the
stream channel or create a massive deposit which may later fail during

a critical event. The most logical areas of installation for structures
of this type would be above and adjacent to existing roads (for example,
Gastineau Avenue) where access for construction and cleaning is easy and
damage to the slope is minimal.

Reinforced concrete is apparently an effective construction medium for
buildings in high hazard areas. The only buildings along South Franklin
Street that have survived impact from large landslides without major
structural damage were of reinforced concrete. These include both the
Gastineau Hotel and the Juneau Cold Storage Plant. At the very minimum,
any construction in high hazard areas should require buttressed, rein-
forced concrete walls on the upslope side of the building.

These are not areas for minimum design and construction. Engineering-
geological information for foundation conditions should be obtained for
each site and foundations anchored firmly in bedrock. Packaged or pre-
cut buildings should be prohibited unless specifically designed for con-
ditions in the area. The design or structural engineer in every case
should be informed of foundation conditions and Tandslide potential and
aksed to design the building for an impact load produced by a landslide
with a density of approximately 80 pounds per cubic foot, moving at a
velocity of 3 feet per second.



An effective technique for multi-storied construction has been used suc-
cessfully in Czechoslovakia (Zaruba and Mencl, 1969) and may be appli-
cable in landslide hazard areas within the Borough of Juneau. This type
of construction consists of a well-founded reinforced concrete skeietal
structure designed to withstand the anticipated impact loads from land-
sliding. This structure is covered with facework walls which can be
punched out by earthslide impact. If an earthslide occurs, the walls will
collapse, filling the Tower floor or floors but the structural integrity
of the building remains intact. Repair can be easily effected by remov-
ing the landslide materials and replacing the face-work. The lower floors
of such a building should be used for non-dwelling purposes such as park-

ing or storage.

Land Use Limitations

Potential damage and loss of 1ife in urbanizing areas classified as high
landslide hazard areas can be greatly reduced if the land is designated
for temporary use only such as for parks, recreation or parking.

SUMMARY RECOMMENDATIONS

The following recommendations are made based on field investigations and
analysis of landslide hazard in the Juneau Borough area:

1. No new dwelling construction or reconstruction should be allowed in
high hazard areas.

2. Land clearing, road building and logging operations should be pro-
higited'in high hazard areas and on any slopes with gradients above
37 A1l existing natural vegetation must be retained.

3. In potential hazard areas, and on any slopes between 28° and 379, as
much natural timber cover as possible must be retained for stabiliz-
ing purposes. Large scale land clearing and extensive road building
and logging should be prohibited.

4. In newly urbanizing areas, no construction of dwellings should be
allowed in potentially hazardous zones.

5. In benched areas, a buffer strip of timber, a minimum of 100 feet
wide should be left between the base of the steep slope and any

dgve]opment to serve as a screening area and run-out zone for poten-
tial landslides.

6. At no time should dwellings be allowed to be constructed within or
directly below any outflow channels of gullies which may serve as
debris avalanche paths.

7. Residents currently living in high hazard and potential hazard areas
should be warned in writing of the potential landslide hazard and

provisions made so that future buyers of these properties will be so
informed.
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10.

11.

12.

If possible, high hazard areas should be designated for use as city
parks or for parking areas. Use of these areas for dwelling pur-
poses should be prohibited in high hazard zones and strongly dis-
couraged in potential hazard zones unless buildings are adequately
designed.

Construction of buildings with high dwelling density (muf%?j?émiiy
dwellings) should be prohibited in high hazard areas and discouraged
in potential hazard areas.

If buildings are to be constructed in these hazardous areas they
must be carefully designed to withstand anticipated loading stresses
from landslide impact and the foundation firmly anchored, preferably
in bedrock, to prevent displacement.

Buildings in high hazard areas should be entirely of reinforced con-
crete either solid wall or skeletal frame with face work. If the
latter, the lower two floors should be reserved for parking.

Some relief from major damage from landsliding in gullies may be ob-
tained by construction of open crib-walls anchored firmly in bed-
rock. These would be effective mainly in stopping small landslides
and reducing velocity and impact of major landslides. To be effec-
tive, these crib-wall dams must be anchored adequately and cleaned
frequently to prevent build-up of materials in the gully. If these
provisions are not taken care of such dams could serve as the focus
of major landsliding due to pile-up of debris and ultimate failure.

REFERENCES

Miller, John 1963. Probable Maximum Precipitation and
Rainfall Frequency Data for Alaska; Department of Commerce,
Weather Bureau, Technical Paper #47.

Miller, R. D , 1971. Surficial Geology of the Juneau Area
and Vicinity, Alaska; U.S. Geological Survey, Open File
Report, 108 pp., illus., maps.

Terzaghi, K. and Peck, R., 1960. Soil Mechanics and
Engineering Practice; John Wiley and Sons, New York,
566 pp.

Zaruba, Q., and Mencl, V., 1969. Landslides and their
gontrol; American Elsevier Publishing Co., Inc., New York,
05 pp.

41



Report of Strength
Testing of Juneau,
Alaska Soil Samples

for
Douglas N. Swanston

by

J R. Bell
Corvallis, Oregon
July 1972

Four representative, disturbed soil samples at natural
water content were received from D. N. Swanston. The
soils were gravelly sandy silts of very low plasticity.
The insitu moisture density conditions were provided with
the samples and are tabulated in Table I. “

Samples 1 and 2 were slightly different but were considered
representative of the bulk of the soil and were used for
the strength tests.

TABLE I. Insitu Hoisture Density

Sample No. Dry Unit Water
Weighg Content

(1b/ft2) (%)

1 63.3 27.3

2 77.6 31.4

5 62.6 25.1

6 110.2 14.6

The soils were tested in consolidated undrained triaxial
compression with pore pressure measurements to determine
the effective stress strength parameters ¢ and ¢ . The
test specimens were prepared by molding the soils at insitu
moisture and density. Then they were saturated and con-
solidated under the desired stress. Finally they were
sheared without drainage, and pore pressures were measured
during shear.

To investigate the effects of overconsolidation and stress-
path to failure, five specimens were tested under a variety
of conditions as indicated below. ’
Specimen 1 - Soil 1, consolidated under 5 psi and
sheared witna 5 psi confining pressure.
Specimen 2 - Soil 1, consolidated under 6 psi and
sheared with a 10 psi confining pressure.
Specimen 3 - Soil 2, consolidated under 10 psi and
sheared with a 10 psi confining pressure.
Specimen 4 ~ Soil 2, consolidated under 15 psi and
sheared with a 15 psi confining pressure.
Specimen 5 - Soil 2, consolidated under 15 psi,
allowed to expand under 5 psi and sheared with
a 5 psi confining pressure. : ’
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The results are presented as Figures 1 and 2 and Table II.
Figure 1 shows the stress-strain curves for the several
tests. Taking 10% strain as failure, the conditions at
failure are tabulated in Table II. Plotting the effective
stress data from Table II yields the effective stress en-
velope shown on Figure 2., The results are very consistent,

TABLE II. Failure Conditions

Specimen
No.
1 5 12.8 2.0 3.0 10.8 67.8 4L9.2
2 10 18.8 6.8 3.2 12.0 . 63.2 L6.6
L 15 35.1 8.2 6.8 26.9 82.8 36.9
5 5 16.9 1.0 4.0 15.9 77.5 39.3
and = Total major and minor principal
stresses (psi) ‘
and = Effective major and minor principal

stresses (psi)
pore pressure (psi
dry unit weight (1lb. per cu., ft.)
water content (%)

producing a €' = O and & = 36°. The strength of this =il
can be represented by s =0 Tan36°. In the stress range
tested, this is independent of overconsolidation or stress-
path to failure.
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Hans Frutiger

Swiss Federal Institute for Snow
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AVALANCHE ZONING
FOR THE CITY AND BOROUGH OF JUNEAU, ALASKA

GENERAL REMARKS

Structural avalanche control is subsidized in Switzerland by Federal
funds up to 80% of total costs. This high rate was granted after the
disastrous winter of 1950-51 as a reparation for the damage due to
immense avalanching. At the same time this support was granted, the
Swiss Federal Department of the Interior issued a decree in 1952 which
read as follows:

"The preparation of avalanche zoning plans and avalanche
cadasters is indispensable if future loss of life and pro-
perty is to be prevented. The Federal Government cannot
grant contributions to resettlement or structural control

if the building site was chosen without regard to the ava-
lanche zoning plan and avalanche cadaster, or if such are
lacking, warnings of building commissions were disregarded.”

Avalanche zoning started with this decree 20 years ago. In fact, to
know where avalanches occur or may occur and to stay out of such
places would prevent any avalanche hazard. Avalanches give rise to
no problems unless human activity is spread out to these places. Un-
fortunately too many avalanche problems already exist and have to be
considered. Whether the question is to stay out or to solve already
existing problems the need to know exactly the places endangered by
avalanches is evident. The base for any preventive or protective
measures is the avalanche zone map.

Avalanche mapping and avalanche zoning is still in the development
and improvement stage. There is a world-wide need for a standard
method to perform the task. The purpose of this report is to show
in a practical example how we do it in Switzerland and to broach

the question. It is hoped that the avalanche zoning of the City and
Borough of Juneau will serve as a model for future development of
the matter in the United States.

A more detailed presentation of the findings and practical experiences
already made in other places will be found in the following reports:

AVALANCHE ZONING

Unpublished report on the Twin Lakes Disaster of January 21, 1962
Rocky Mountain Forest and Range Experiment Station

Fort Collins, Colorado, July 1962



THE AVALANCHE ZONING PLAN
U.S.D.A. Forest Service, Alta Avalanche Study Center
Wasatch National Forest, Translation No. 11, July 1970

 The present report strictly concentrates on avalanche zoning.

It does not deal with other possible protective measures like
avalanche warning, artificial release, structural control or
resettlement. It is a contribution to a more general Geophysical
Hazard Study Project carried out by Daniel, Mann, Johnson, &
Mendenhall under contract with the City and Borough of Juneau,
the major scope of it being the background for safe planning of
urban development. The work was performed according to the task
descriptions of August 1971 and May 2, 1972; the latter first
brought to my attention on May 22, 1972.

AVALANCHE MAPPING

The base of any avalanche hazard evaluation is an accurate inventory
of existing avalanches in a specific area. This inventory is the so-
called Avalanche Cadaster (AC). The results of the AC complemented -
by studies on potential avalanching is shown in the so-called Avalanche
Zone Map (AZM). It shows in detail the areas subject to avalanching.
Avalanche Mapping considers mainly the following factors:

-topography

~climate

-vegetation

-records of past avalanching

An accurate large scale topographic map is needed. The scale should
not be smaller than 1:5000 to 1:10,000 (1 inch to 400 feet / 1 inch

to 800 feet), with contour line intervals of 5 to 10 meters (15 to

30 feet), the latter depending on the general steepness of the slopes.
The AIM is a general presentation of avalanche zones. It is not self-
sufficient because it has to help make decisions on whether a pro-
Jjected building is endangered or not. Therefore the AZM must show
enough reference points to allow a later transfer of the avalanche
zone limits to the large scale subdivision maps and single plats.
These reference points may already be existing buildings, roads,

power lines, single trees and prominent terrain features which allow
an orientation. The map should be waterproof; this is especially
true for Southeast Alaska coastal conditions.

Climatic factors influence to a large extent the occurrence, the type
and the magnitude of the avalanches for given terrain features. The
evaluation of potential big and long term avalanches becomes very
questionable when climatic data for the regions where avalanches
start are not available. This, in fact, is the case for the Juneau
region. Our actual knowledge on significant climatic factors leading
to avalanching is very poor. If one is to know about the delicate
relationship between temperature and snow quality or wind action and
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avalanche release it becomes evident that there s a great need to
know more about winter conditions in this region.

A first examination of U. S. Weather Bureau data of the Juneau No. 2
station (Subport) for the winters 1917-18 through 1971-72 yielded
some very valuable information on storm activity. Almost no data on
snow cover conditions are available. Only four tests on resistance
to penetration of the years 1962 (March 30) and 1966 (February 14,
March 31 and May 10) at the Mt. Juneau Behrends avalanche test site
are known. The U. S. Weather Bureau operated for the years 1916
through 1921 a station at Perseverance Camp at an elevation of 1400
feet, not high enough to represent starting zone conditions. Attempts
have been made to operate two weather stations on Mt. Roberts at
elevations of 1800 and 3500 feet and there were some precipitation
and temperature readings obtained between July 1922 and October 1923
but it appears that the stations were soon given up.

The actual timber distribution is a very helpful indicator for map-
ping the frequent avalanches. However, more could be done in evalu~
ating long term changes in vegetation cover by comparing photographs
of different times. To find old pictures is very time consuming but
that effort must be spent. Because of lack of time, no thorough in-
spection of the age of the timber stands in the neighborhood of ava-
lanche tracks was made. This would be most important to detect past
avalanche occurrence. A quick inspection of the timber thrown by the
Mt. McGinnis 1972 avalanche indicated an age of 75 years, raising to
268 years for some single individual trees (see Table 1, Appendix A).

The dates of past avalanches given in previous reports are incomplete.
To know the year of occurrence may be good enough to evaluate a re-
turn period. However to relate avalanches to weather conditions,

the exact date (day and months) of occurrence is needed. Tedious
searches in old newspaper files yielded some results. The time

needed to go through the past 50 years would be far beyond what

be afforded in the short time that was given me to complete the study.

The Swiss Federal Institute for Snow and Avalanche Research deve-
loped a calculation method used in avalanche mapping. This method
uses topographic and climatic parameters to compute significant values
of a given avalanche. It is not an exact method by far because there
is very little known about avalanche dynamics. However we have the
feeling that avalanche zoning should be based on numerical values
rather than be a matter of mere estimate. The method becomes more
valuable with an increasing understanding of avalanche dynamics and
the better the parameters used are known the better will be the re-
sult. In the case of avalanches in the Juneau region, the topo-
graphic factors can be studied well on the large scale map whereas
the knowledge of the significant climatic and snow cover factors is
very poor.



Under the reservations stated above, the method was used for five ava-
lanches in the area studied, the main purpose being to set an example.
(See Table 2a through 2e--Appendix A). The unusual steepness of
the slopes, the low altitude combined with heavy precipitation and
adequate abundant vegetation and the intricate weather pattern makes
the use of known standard parameters almost impossible. See, for ex-
ample the exceeding steepness of the Thunder Mountain Avalanche No.
405 shown on Table Se and Figure 5d. The average slope angle of the
4.0 ha (10 acre) starting zone is 133%. Although it is hard to be-
lieve that snow sticks on such a steep slope, there is evidence of
avalanching.

RESULTS

A detailed avalanche mapping has been carried out for the areas defined
in the original scope of work and as indicated, on the Geophysical
Hazard Study Areas map of February 25, 1972. The total area inspected
is 1313 hectares (ha) (3244 acres{. (See Figure 1, Table 3, 4 and 5a
through 5e, Appendix A.)

The Avalanche Zone Map (Fig. 2) shows three different zones:

White Zone: Terrain is free of avalanche hazard. It might be
(i.e. no affected by the air blast of dust avalanches the pressure
hazard) of which does not exceed 100 kilograms (kg) per square
meter (20.5 pounds per square foot).

Blue Zone: The blue zone is a transition zone between white and
(1.e. poten- red. This area is affected only seldom or slightly by

tial avalanches. This means avalanches have;

hazard) --a pressure of more than 3 tons per square meter (over
(Shown 600 pounds per square foot) and a return period of more
medium than 90 years;
grey)

-~-a pressure of 1 toc 3 tons per square meter and a re-
turn period of more than 30 years;

--a pressure of 0.1 to 1.0 tons per square meter (20 to
200 pounds per square foot).

Red Zone: Terrain which is exposad to frequent and powerful ava-
(i.e. h1?h lanches. This means avalanches with;
(gg§3:d zégopgesggge of 1 to 3 metric tons)per square meter

o pounds per square foot) and a return period
dark grey) of 30 years or less; P

--a pressure of more than 3 tons per square meter and a
return period of 90 years or less

According to the task description of May 2, 1972 which says "any
other potential avalanche hazard areas outside the planning area which

5



SNOW AVALANCHE HAZARD INVESTIGATION SUB-AREAS
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might affect urban development" has to be considered. Urban develop-
ment, i.e., especially housing, is expected along the four major ar-
terial roads, namely Glacier Highway (41 miles), Thane Road (5.6 miles),
Douglas Road North (9 miles) and Douglas Road South (3.7)miles). A
superficial survey indicated that there exists avalanche hazard only

on the Thane Road. This is the only road affected directly by ava-
lanches and where housing development would create essential hazard

(see Figures 3 and 4). The hazard affects both housing and traffic.

No survey was made in the valleys not accessible by means of roads,
j.e., all the valleys on Douglas Island leading to higher elevations,
Salmon Creek Valley, Lemon Creek Valley and so forth. No survey was
made along Gold Creek Road beyond the bridge at the entrance of Last
Chance Basin.

As already discussed the special conditions under which ava-

lanches 1in the Juneau region have to be studied makes it

difficult to define accurately the hazardous zones. In case of
doubt, it was advisable to act rather cautiously and to assume the
more unfavorable case. The AZM of course have to show the hazard for
the most unfavorable case possible, in other words, to take into
account an extreme situation which may occur very seldom. Nobody
knows when such a situation will occur. The avalanche of January,
1972 which took off trees as old as 270 years shows drastically that
such situations have to be considered. It is also obvious that the
Tack of exact data on the occurrence of past avalanches makes it im-
possible to use the distribution of snow storms leading to avalanch-
ing as a means to establish "possible return periods".

RECOMMENDATIONS

1. Avalanche Zone Planning

The heavy building activities in recent years gave rise to local
planning activities. These have to take into account the identified
avalanche areas. Avalanche zoning thus is a permanent part of local
planning by means of which avalanche hazard can be prevented. In
this respect the term “"avalanche zone plan" has to be understood.
Avalanche zones do not arise from the desires of planners but are
imposed on them as natural forces independent - at least at first -
of human influence. Avalanche zone planning includes the whole com-
plex of tasks involved in preventing avalanche hazards which are
addressed to technical as well as to legal and administrative
measures.

The Swiss Federal Institute for Snow and Avalanche Research is
starting to work on General Directions for Avalanche Zoning (see
Appendix B). A modified copy of those directions could be adopted
for U. S. avalanche zoning. It is high time to stop the hazardous
building in avalanche-prone areas. The right to enact legislation
to protect the safety, welfare, peace and lives of people comes
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under police power. Although this does interfere with private rights
and does seem to take them away, no compensation should be necessary.
We know that some land developers - a small number among the respon-

sible ones - may disregard the dangers of development in an avalanche
hazard area as a result of ignorance or as a result of subordinating
their responsibility to the community to their desire to make a pro-

fit. An efficacious stop to this possibility must be found.

In general, building or zoning regulations are enforced under the

police power without compensation to the property owners. The Plan-

ning Commission, advised by the Planning Department of the City and Borough,
has to recommend to the governing board, which land is to be designated
as subject to avalanches. The Avalanche Zone Plan (or the Avalanche Zone
Map) in the scale of 1:10,000 is the base for such recommendations.

It is an official document. The City and Borough of Juneau should

find means to bring the AZIM to public notice. Avalanches are a re-
striction on land. It is a naturally imposed restriction in a deed

and affects the land adversely, and is called a deed restriction. At

the conveyance of any land this restriction should be made evident.

Any Subdivision Ordinance should provide means to show the restriction
on the U. S. survey serving the transfer of property, in the Land
Description and on the plats. By this means property buyers can be
warned.

What can be done in the case of already existing hazards such as the

case of Behrends Avenue? Proposals have already been made as to how

to handle it. Reference is made to the Hart Report (1) p. 19 and the
LaChapelle Report (2) p. 10, 16-17.

(1) Keith Hart: Report of the Preliminary Evaluation of the
Behrends Avenue Avalanche Path
Conducted for the City of Juneau, Alaska
January 1967

(2) Edward R. LaChapelle: The Behrends Avenue Avalanche and Other
Avalanche Hazards in the Greater Juneau Borough.
A report based on an inspection trip to the Juneau
area on August 29-31, 1968, submitted to the Chair-
man of the Greater Juneau Borough November 7, 1968

2. Avalanche Warning

This is more commonly referred to as "Avalanche Forecasting”". To pre-
vent at least losses of life in places where buildings in avalanche
zones already exist, the efforts to improve avalanche forecasting
should be continued.

A1l technical, legal and administrative measures serving as avalanche
warning are comprised in the so-called "Avalanche Service", a term
used widely in Europe. It consists in collecting data on avalanche
occurrence (avalanche cadaster, avalanche occurrence chart), on the
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snow cover and weather conditions leading to avalanching (snow studies,
snow measurements, snow conditions, storm plots), in assigning properly
instructed technical people and the responsible authorities to prepare
a warning system and an evacuation plan (administrative), and in estab-
lishing the necessary organization to guarantee a quick, effective and
alert evacuation in case of emergency. It might be advisable to also

be prepared to do rescue work.

There is a technical and financial problem in finding suitable snow
study plots. The future Fish Creek Ski Area has already been taken
into consideration. It is doubtful if it would represent the particu-
lar and specific "Taku Wind" conditions, which might be especially
dangerous for the slopes facing southwest. A closer inspection of the
following two places might be of some value:

~--Heintzleman Bowl on the headwaters of Steep Creek;
--Twin Lakes, % mile northwest of Mt. Juneau.

A telemetering system will never replace man-operated study plots,
although some elements like wind and temperature might be telemetered.
The forecaster must personally have the opportunity to periodically
make a thorough study of the snow cover.

Snow studies conducted in the Juneau region, in a standard manner,
accurately and permanently, would not only be of value for the bene-
fit of the residents but would also be of scientific interest. Con-
tact should be established with other agencies interested in those
snow studies like the Snow and Avalanche Research Section of the
Rocky Mountain Forest and Range Experiment Station at Fort Collins,
Colorado, or the University conducting the Juneau Ice Field Research
Project. Collaboration or even partial support might be possible.
The RMFRES at Fort Collins is the headquarters of the Nationwide
Snow and Avalanche Reporting Network.

Reference to standard snow observation and avalanche reporting is
given in Appendix C. Detailed technical instruction is available
through the U. S. Avalanche School. If needed, details can be made
available on the administrative portion of the task by following the
example of the Davos Avalanche Service.

It is obvious that artificial avalanche release ("Avalanche Shooting")
cannot be considered in residential areas.

3.  Structural Avalanche Control

I agree with the fundamental arguments regarding structural control
of t?e)Behrends Avenue avalanche in the Hart Reports (1) p. 6-10, 17
and (3).

(3) Keith Hart: A Defense Construction Plan for the Terminal Zone
of the Behrends Avenue Snow Avalanche Path, Juneau,
Alaska. Juneau, April 17, 1968
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Considering the details of the proposed diversion, retarding and
arresting structures, however, I would suggest building one to two
big dams (catching dams) rather than to split the works into many
smaller structures as provided (2 small diversion dikes and 18 to 57
small earthen mounds). An upper dam, very likely about 250 meters
long and horizontally laid out and about 12 meters high would be
situated at the 60 meter (200 foot) level, a lower one with the same
dimensions at the 25 meter (80 foot) level. (Altitudes do not coin-
cide on the 1:10,000 and the 1" to 200' maps). There would be some
advantage for this plan over Hart's plan with respect to a water
collector system, maintenance and cost.

The longitudinal profile of the Behrends Avenue avalanche track (No.
108, Figure 5a) shows the run-out distance between the break in the
terrain at the 100 meter level and the Behrends Avenue ho@es as only
320 meters and the average slope angle as high as 28% (16°). Those

terrain features are not particularly favorable for the placement of
retarding and catching structures.

As stated in the reports mentioned above, it is out of the question
that the Behrends Avenue avalanche be controlled by supporting
structures in the starting zone. The latter shows an extent of 17.5
ha (43 acres) and an average slope angle of 74%. About 10 kilometers
(6.2 miles) of permanent supporting structures (steel snow bridges)
would be needed to control the snow in the starting zone.



APPENDIX A



APPENDIX A
TABLE 1

DETERMINATION OF THE AGE OF TREES KNOCKED DOWN BY THE
AVALANCHE OF MT. MCGINNIS ON JANUARY 19 (?), 1972
WITH THE INCREMENT BORER

Date: June 20, 1972 Crew: Keith Hart
Tom Laurent
Craig Lindh
Hans Frutiger

Lower Portion of the Track

Species Diameter (in inches) Age (in years)
at Breast Height %estimated*)
Sitka Spruce 15.6 65
Sitka Spruce 17.8 79
Sitka Spruce 21.1 80 :
Sitka Spruce 16.6 68
Sitka Spruce 28.1 80 *
Sitka Spruce 25.0 60 *
Sitka Spruce 23.4 73
Sitka Spruce 21.5 83
Sitka Spruce 27.6 78 *
Sitka Spruce 22.9 (7.0 ft.) 87 *
Average 22.0 75
Upper Portion of the Track
Western Hemlock 7.0 ft 32.2 230
Sitka Spruce 7.0 ft 33.0 138
Sitka Spruce 6.5 ft 44.6 268
Average 36.6 212

NOTE: The tree growth varied from 1.2 mm per year (annual
ring width) to 5.8 mm per year; most common annual ring
width was 3.4 to 3.6 mm per year.



AVALANCHE ZONING FOR THE CITY

AND BOROUGH OF JUNEAU

“TABLE 24~

Te.: 1 Regicn: MTJUNERY sU o, 1102 Yame: White Subdivision
Starting zone
- » md’
Eleveticn (£f.above m.s.1.) from _ 725 4o 325
Area (n2):__7.& (19 3cres)

Slorpe engle (5): Arealhn) | &
mediva | G _ | lgo
mivipunt 0.2 | &C
Pmaximum | 2.&6 1139
Zepth of snow breakins swer (m): 20

Discharge volume (m3): (57

~
»

Coefficient of frintion u e

jelel

[Table: %2

Velocity of flowings snow (m/see):

Flowine distance (n):  6¢0_

Flowinz time (see): . . .25
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Tussare volune
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(/sec): 100

Avalanche track

ey’
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Grade of track (3): 57

Trom
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Vz“

=

[Tanie

.

£.R(siny - u.cosy) ]

Avalavnehe dapth (z): Gz
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TABLE 2D

No.: L Region: MT.JUNEAU SW No. :/08 Yane: Behrends Ave,

.

Starting zone

Elevation (Zn% .above m.s.l.) from 9400 to 600
Area (ha):_ 7.5
Slope angle (,9): Area(ha) | %
medium | (T8 174
minimum ! T |
maximpum o LT
Depth of snow breaking away (m): 2.0
Discharge volume (m2): 350' 000
Coefficient of friection w: 0. 15

P -
[Table: v° = £.ny(sinv - u.cosé )]
Veloeity of flowing snow (m/sec): 2/

Flowing distance (m): 560

Flowing time (sec): Y

Tussage volume (m’/sec): /3000

Avalanche track

=y
Section (£ .above m.s.1.): from 300 to 100
Grade of track (%): _©8

Cross section of trock: L2939 unconﬁ‘ned. area avalanche

[Table: v2 = §,R{siny - u.cos&b)}

Avalanche depth (m): 23

Avalanche velocity (m/sec): 23

Runout zone

Grade of runout zone (#%): %?/O

Cross section of avalanche: (250 ,

Avalanche depth (m): 2.3

Avalanche velocitv (m/sec): 23

e e e e

Runout distance (m):28%: unlimited coefficient | runout
0%: 120m of frictiom | distance(m)
2 u = G108 g o=
{ v 1 ‘ ~
K.Table: 8 = 5 i o= G.15 s =
" vo= (G,20 5 = o0/ [20
2g{{u.cosy-tgy) + .,3;:.‘.’%._} | w =0.20 o/ 120
[ § a

10



JABLE 2.

Ho,: I Reglon: LOST CHANCE Wo.:204 Yame: ¢

Starting zone

Elevation (,i’wﬁg.above m.s.l.) from__ (00O to 650
Area (h2):_ 9.8
Slope angle (.3): | Area(ha) | %
medium |___ 9.8 75
minimum | __ = -
maximum Bl it
Depth of snow breaking away (m): 3.0
Discharge volume (m3): 294’000
Coefficient of friction v : o.15

2 - e
[Table: v© = €.h (siny_ u.cosy )]

Velocity of flowing snow (m/sec): 27

Flowing distance (m): 580
Flowing time (sec): 2{

Pagsage volume (m~/sec): 14'000

Avalanche track

— .
Section (£f.above m.s.i.): from 200 to 50
Grade of track (7): 3¢

Cross section of track: | 100 ; wnagnfined ares avslanche

[Table: v° = &.R(siny - u.cosy)]
Avalanche depth (m): 57

Avalanche velocity (m/sec): 25’

Runout zone

Grade of runout zone (%): 38

Cross section of avalanche: . (S0 )__unconfiued 3rea 3valanche

Avalanche depth (m): 57

Avalanche velocity (m/sec): 25 ‘

Bunout distance (m): - ww<;oefficicznf; ! runout

out 20ue is Gokl Crecké’u!/cy auol of friction | distance(m)
Opposite slope of H{-'Néhé v © = 0.10 s =
[Toble:s = 5 ] W= 0,15 S=__
2g{{u.cosy-tgy) + 2£Yh } =020 | s=_—

a

n



FABLE 2d—

Ho.: Il Regicn: GASTINEAU Sw o, :309 Yame: 2

.

Starting zone

Elevation (fw%fabove m.s.l.) from _ 975 to 200
Area (ha):_ 32
Slope angle (/5): Area(ha) | %
redivm | 32 | &%
minimum|__ O.8 _ | 60
maximum | ___9.8 | {03
Depth of snow breaking away (m): 20
Discharge volume (m3): 64 'o00
Coefficient of friction u: C.15
[Table: vl = £.hy(siny - u.cosy )]
Velocity of flowing snow (m/sec): 24

Flowing distance (m): 530
Flowing time (sec): 22

Passage volume (m’/sec): 2'900

Avalanche track

m/
Section (£f.above m.s.1i.): from /25 to 10 (Jhane Qoad)

Grade of track (%): 46
Cross section of track: ; bv | unconhhed 3rea 3ande

[Table: ve = §.R(siny - u.cosy)] "

Avalanche depth (r): 2.0
Avalanche velocity (m/sec): 7

Runout zone

Grade of runocut zone (%): 177/
Lross section Oi"w’“‘lam’he‘w& g’pw 1 unconfined, “.f?? mowide
Avalanche depth (m): 2.6
“Avalanche velocity (m/sec}:MM{JW_MW__N
Runout distance (m)z%%: unlimifed coefficiont | runout
0%: Tom of friction | distance(n)
. vl A u = 0,10 g =
i Table:s = 5 -] o= Q.lﬁ S o= __
2g{(u.cosy-tgy) + —.31;-"~»~} B =0.20 |8 r»_?f/]qw

[

i



No.: V. Region: THUNDER M1, Yo.:405%ame: 2

Starting zone

ms
BElevation (£t.above m.s.l.) from §25~ to_ 525
Area (ha): 4o

Slope angle (i5): Area(ha) | %
medium |.__ 4o _ |/33
minimum | lo | 100
maximum | ___ 3.0 _ | /58
Depth of snow breaking away (m): /.o
Discharge volume (m3): 4e’ 000
Coefficient of friction wu: 020
[Table: ¥2 = E.ho(sinwo - u.coswo)}
Veloeity of flowing snow (m/sec): 20
Flowing distance (m): _3&
Flowineg time (sec): g9 __

Pussage volume (n3/sec):  2'/00

Avalanche track

Section (% above m.s,1.): from 250  to S0
Grade of track (): €¥§

Cross section of track: Jednfus cone 156 muwide
[Table: v° = £.R(siny _::w.cosw)]

Avalanche depth (m): lo

Avalanche velocity (m/sec): (4

Runout zone

Grade of runcut zone (%): lo
Cross section of avalanche: afuvie/ Cone (50 m wide
Avalanche depth {(m=):  /lo
Avalanche velocitv (m/sec): 4
Runout distance (m): coefficient ! runout
of friction | distance(m)

. w2 ; u = 0,10 E=__
tTable:rs = 5=~ 1 U o= 0.15 & = __

2g{ (u.cosp-tgy) + 25‘:’h } v=0.20 | s=_ 76
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AVALANCHE ZONING FOR THE CITY AND BOROUGH OF JUNEAU
TABLE 3

AREA STATISTICS

Section Name Total Area Area Covered by Ava-
Number lanche (starting zones
only)
ha acres ha acres
1 Mt. Juneau SW Slope 336 830 57.4 142
II Last Chance Basin 178 440 34.8 86
II1  Gastineau SW Slope 139 344 22.7 57
Iv Thunder Mt. W Slope _660 1630 59.2 147
Total 1313 3244 174.1 432
TABLE 4
TRACK STATISTICS
Area of the
Starting Zone
Number Name or Location, Remarks ha acres
101 2.4 6
102 White Subdivision 7.6 19
103 Childrens Home 2.8 7
104 5.5 14
105 1.7 4
106 6.4 16
107 Norway Point 13.5 33
108 Behrends Avenue 17.5 43
109 Diffuse snow avalanching from cliffs,i} v e . --
stops in heavy timber above Highland} ° 57.4 142 Sub-total,
Drive and Evergreen Avenue Section 1
201 12th Street 6.9 17
202 Evergreen Bowl 6.4 16
203 11.7 29
204 9.8 24
34.8 86 Sub-total,
301 Hospital, diffuse starting zones in timber Section 2
snow falls into channels 1.9 5
302 Shed, end of S. Gastineau 1.0 3
303 North end Tailings 2.6 6
304 Tailings 1.5 4

14



TABLE 4 (Continued)

305
305
306
307
308
309
310
3N

401
402
403
404
405
406
407
408
409
410
411
412
413

|

Two

Narrow channels south of mine
Along tramway

Tramway crossing

Tranway crossing

5 channels in timber

Small narrow avalanche

Andrew
Katherine
Daniel
Stephen

A = L P D W OO
- - - » L] » L

L]
i » j»
ﬁhwwmwwm-&
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i
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“57 Sub-total,
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Section 3

1475ub-total,
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AP IX B

The FUNDAMENTALS OF AVALANCHE DYNAMICS used in the present engineering
application have been published in the following items:

VOELLMY, A. 1955
On the destructive force of avalanches: U.S.D.A. Forest

Service, Alta Avalanche Study Center
Translation No. 2, March 1964.

SOMMERHALDER, E. 1965
Avalanche Forces and the Protection of Objects, Published in:
Annual Report of the Swiss Federal Institute for Snow and
Avalanche Research No. 29 1964-1965 and, U.S.D.A. Forest
Service, Alta Avalanche Study Center
Translation No. 6, November 1967

The units of measurement and symbols used in the metric system are
the following:

~-meter (m) = 33 .37 inches or 3.28 feet

-square meter ( ) = 10.76 square feet or 1.196 square yards
-cubic meter (m = 35.3 cubic feet

-hectare (ha) = 2.47 acres

¢ slope angle, grade of longitudinal profile in percent (%)
u coefficient of friction

& flow coefficient, velocity coefficient

hy» h snow depth, flow depth

v velocity of flowing snow, avalanche velocity

R hydraulic radius

g acceleration due to gravity

Specific terms in avalanche research are defined in:

SNOW AVALANCHES 1961
A handbook of forecasting and control measures v
U.S.D.A. Forest Service Agricultural Handbook No. 194

FRUTIGER, H. and MARTINELLI, M. 1966
A manual for planning structural control of avalanches
U.S.D.A. Forest Service Rocky Mountain Forest and Range
Experiment Station Research Paper RM-19, May 1966



RECOMMENDED AVALANCHE ZONING FOR THE CITY AND BOROUGH OF JUNEAU
BASED ON ZONING PRACTICE IN SWITZERLAND

General Directions for Avalanche Zoning

1. General

1.1 Avalanche zoning provides a base for a safe development of
a region with respect to avalanche hazard.

1.2 The avalanche hazard of a defined area is represented by the
so-called avalanche zone map. It serves the urban planning,
planning of communications and recreation resorts, building
regulations and helps the local avalanche hazard forecaster
make protective decisions.

1.3 Avalanche activity may result in burying persons and/or damaging
real value. The grade of the hazard varies considerably depend-
ing on place and time. The avalanche zone map represents the
whole variety of hazard. It considers in particular the ava-
lanches occurring seldom, that is, those with long return
periods.

1.4  Avalanche activity is recorded by the Avalanche Cadaster (AC).
It is an inventory of all known avalanches of a defined re-
gion. It gives particulars on every single avalanche; i.e.,
on its time of occurrence, its volume, its run-out distance
and eventual damage to life and property.

1.5 The Avalanche Zone Map (AZM) is based on the AC supplemented
by estimating possible avalanche hazard from those avalanches
for which former records are not available. For both the
known and unknown avalanches the estimation of possible
hazard which may result from extreme snow conditions is based
on climatic conditions and local topography.

1.6 Possible damage from settling, creeping and gliding snow is
not considered by the avalanche zone map.

2. Avalanche Zone Map (AZM)

2.1 The AZM is part of the local extension and alignment plan. It
represents the extent of the avalanche terrain at a large scale.

2.2 As a rule, the AZM shows three different zones. These consider
the intensity and frequency of the avalanche which are:

--the possible avalanche pressure on a wall exposed to the
avalanche, )
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2.2.1

2.2.2

2.2.3

2.3

2‘4

3.1

3.2

3.2.1

--the estimated return period of the avalanche
Red Zone (i.e. High Hazard)

The red zone shows terrain which is exposed to avalanches X
occurring frequently and powerfully; this means avalanches with:

--a pressure of 1 to 3 tons per square meter (t/mz) and a
return period of 30 years or less

--a pressure of more than 3 tons per square meter and a
return period of 90 years or less.

Blue Zone (i.e. Potential Hazard)

The blue zone shows terrain affected only seldom or slightly
by avalanches; this means avalanches with:

--a pressure of more than 3 tons per square meter and a
return period of more than 90 years

--a pressure of 1 to 3 tons per square meter and a return
period of more than 30 years

--a pressure of 0.1 to 1.0 tons per square meter
White Zone (i.e. No Hazard)

Terrain that is free of avalanche hazard. It might be
affected by the air blast of dust avalanches, the pressure
of which does not exceed 100 kilograms per square meter.

The topographic base map for the AZM should not be inferior
to a scale of approximately 1:10,000.

The AZM is a base for planning structural avalanche control.
The Avalanche Zone Plan (AZP)

The AZP fixes the extent of the area which, with regard to ava-
lanche hazards, can be used for building purposes or on which
certain precautionary measures are necessary or on which
buildings are not permitted at all.

The AZP is based on the AZM considering planning principles also.
As a rule, it shows the three zones of the AZM. With regard to
building regulations, the three different zones have the follow-
ing definitions:

Red Zone: On red zones buildings are not permitted. This rule
does not apply to buildings which can neither be damaged nor
destroyed by avalanches and the use of which does not bring

84



3.2.2

3.2.3

3.3

4.2

4.3

4.4

4.5

avalanche hazard on persons or animals. The risk of damage to
real value should not exceed reasonable proportions. These are
matters of insurance techniques.

Blue Zone: In the blue zone buildings are permitted provided
that precautionary measures be taken. These might refer to:

-~the kind of building
-~its arrangement and its proportions
--its stability and strength.

Domestic buildings are also permitted insofar as they do not
raise the risk by inducing heavy traffic or gatherings of
people. This would be the case especially with schools, res-
taurants and so forth.

During periods of avalanche hazard, the local avalanche ser-
vice takes preventive measures like closures and evacuations
to prevent at least the loss of 1ives in case of avalanche
occurrence.

White Zone: In the white zone no restrictive regulations re-
garding snow avalanches exist.

The Timits of the different zones of the AZM and the AZP may
differ. The differences are due to safety measures and re-
duction of complicated boundary lines to simpler lines. Small
zones which are not endangered might be designated as hazard-
ous because the access is not safe.

Administration and Enforcement of Law

Avalanche zoning is a duty of the commurity authority. The
AZP comprises the whole territory of the community. Regions
without any economical value might be exempted. In preparing
avalanche zoning, preference is given to regions which are
development areas.

The Cantonal Planning Office gives exact directions to those
communities for which avalanche zoning is necessary. It de-
cides on the priority schedule.

The Cantonal Forest Service is engaged tc advise the community
authorities on the technical task of compiling the AZM.

The forested area is exempt from the avalanche zoning because
the Federal Law on Forestry Police does not permit any use of
forest land for building purpose.

The avalanche zones are incorporated into the Federal Land

Register. The avalanche hazard is shown for each particular
parcel of real estate. An eventual obligation to evacuation
is annotated. The location of every particular parcel rela-

85



4.6

4.7

4.8

tive to the hazard zones is clearly shown on a large scale
land register map.

The land register can give the avalanche zone plan the necess-
ary publicity and thus assure safety in property transactions.

The avalanche zone plan induces a legal restriction of the
rights of the landowner. The AZP must be approved by the local
%overnment. The approval procedure is prescribed by Cantonal
aw.

Amendments of the AZP are subject to legal approval procedure.
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APPENDIX C

Standard snow observations and avalanche reporting

REFERENCES
1. 1961
NOTE:

U.S.D.A., Forest Service
"Snow Avalanches", Agricultural Handbook No. 194
Washington, D. C. January 1961

From the Wasatch National Forest, Utah the

following notice: "Ron Perla has transferred to the
RMFRES. His first task there will be a comprehensive
revision of the U. S. Forest Service Handbook "Avalanche
Control", U.S.D.A. Bulletin No. 194"

1968

1970

1970

1970

Swiss Federal Institute for Snow and Avalanche Research
"Instructions for Observers" (Avalanche Service)
Weissfluhjoch/Davos (Switzerland), August 1968

UNESCO, Iash, Wm.

"Seasonal Snow Cover", A Contribution to the Inter-
national Hydrological Decade

Paris, Place de Fontenoy, 1970

NRC of Canada, A. Judson

“A Pilot Study of Weather, Snow and Avalanche Reporting
for Western United States"

NRC Technical Memorandum No. 98, 1970

U.S.D.A., Forest Service

"Artillery Control of Avalanches Along Mountain
Highways" by N. C. Gardner and A. Judson

Rocky Mountain Forest and Range Experiment Station
Fort Collins, Colorado, October, 1970

The following pages are excerpted from the above listed references:

Reference 1) 2, 3, 4, and 5
Reference 2) P. 27
Reference 3) P. 130, 131
Reference 4) P. 23
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APPENDIX 1V

STRUCTURAL DESIGN REVIEW OF
SEISMIC HAZARD INVESTIGATION



R. EVAN KENNEDY, STRUCTURAL ENGINEER
921 S. W. Washington Street
portland, Oregon 97205

August 15, 1972

paniel, Mann, Johnson, & Mendenhall
921 5. W. Washington Street
Portland, Oregon 97205

Subject: Juneau Geophysical Hazards Study
Gentlemen:

The report submitted to you by Alaska Geological Consultants of Anchorage
has been reviewed. As a result, I have the following three comments for
your consideration:

1. The reasons given for suggesting the Zone 2 Uniform Building Code
seismic probability rating to be changed to Zone 3 are in my opinion
valid. This zone change from 2 to 3 on the part of the Uniform Build-
ing Code in recent years was I believe i11 advised and a move taken
upon review of much less ceismic data than is represented by this
report. 1 therefore concur with the recommendation of changing this

zone from 2 to 3.

2. The present building code does not refer to the problem every structural

engineer has to face, of analyzing the way his building is going to
work with the foundation upon which it is resting. This is true in
respect to both vertical as well as horizontal loading and is because
the relationship between structure and soil is an extremely compiex
one which takes understanding on.the part of each specialist to per-

ceive the problems of the other specialist, and to cooperatively

arrive at what they think is the best solution. This complex relation-

ship has never been able to be catisfactorily phrased in a building
code to the satisfaction of many who have tried it and even many more
who have reviewed those attempts. It is however true that the struc-

tural considerations made in the design of any building should in fact

take into consideration the foundation upon which that building is
resting. It is therefore my suggestion that a paragraph should be
jnserted in the Uniform Building Code as adopted by the Borough of
Juneau, which would be in effect Section 2314-M, as follows:

(m) Foundation compatibility. Each building or structure shall be
designed so that the loads it imposes upon the supporting
geological structure do not impose pressures upon the geologic
structure greater than allowable pressures recommended by a
competent soils engineer. Both horizontal and vertical seismic
and gravity loadings shall be taken into consideration.
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Daniel, Mann, Johnson, & Mendenhall
August 15, 1972
Page 2

30

It is recommended that in the case of frame construction as usually
utilized in dwellings, at least four walls, only two of which can be
roughly parallel, should be sheathed with either plywood or with
sheathing that is arranged diagonally to form a bracing pattern
against seismic loading, or with particleboard speciaily constructed
for use as a diaphragm. If ordinary sheathing is used and placed in

a horizontal direction as is common, the building will be subject to
racking by earthquake action. It is therefore important that this
diagonal sheathing be placed at an angle of approximately 450 with
the horizontal, or that a material similar to plywood or particleboard
be used, and that it be of exterior quality if exposed to the weather,

Very truly yours,

.

van Kehhedy

REK:s0



APPENDIX V

1967 REPORT ON THE BEHRENDS
AVENUE AVALANCHE PATH

REPORT OF THE
PRELIMINARY EVALUATION OF THE
BEHRENDS AVENUE AVALANCHE PATH

Conducted for
The City of Juneau, Alaska

Prepared by: Keith Hart
Avalanche Specialist

January, 1967
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P.0. Box 152
Douglas, Alaska

January 27, 1967

The Honorable Lauris Parker, Mayor,
and The Council of the City of Juneau
Juneau, Alaska 99801

Gentlemen:

Submitted herewith is one copy of a confidential study entitled a Report
of the Preliminary Evaluation of the Behrends Avenue Avalanche Path. The
study was requested by Mayor Parker thru Mr. George Davidson, then Public
Works Director, in December 1965, with the very limited field program com-
mwencing February 14, 1966,

Due to an unusually heavy workload at my office and combined with some very
uncooperative weather, it was impossible to collect snowcover data in the
avalanche breakaway zone at two-week intervals as planned. The Field data
collected, however, will be of value to any future investigators.

The excellent cooperation and assistance of the Department of Public Works
is gratefully acknowledged.

Sincerely yours,

,7@;; ptand™

Keith Hart
Avalanche Specialist
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Introduction

At a few minutes past five a.m. on Tuesday, March 22, 1962, a fast-moving,
largely airborne dry-snow avalanche slammed into the western part of Juneau's
Highland district inflicting varying amounts of damage upon two dozen or more
homes. Luckily, because of the hour, only one person vas injured. Within a
fev weeks nearly all signs of the damage were gone: nev roofs had been placed
on some houses, a number of homes sported patched roofs and siding, a few had
nev chimneys, and new power and telephone poles replaced those snapped off by

the avalanche.

Residents of the affected area had two things to be thankful for: one, and
most basic, that they were not killed or seriously injured; and two, that the
insurance adjustors chose not to call the avalanche an avalanche. By an ex-
emplary rationalization, the insurance adjustors~-under considerable pressure.
of course--determined that the damage was cnaused by "the wind” and not the
avalanche. As a consequence, nearly all repairs were covered by the homeowners'

ingsurance.

This report will show that the 1962 avalanche was not a freak natural disaster
which most likely will never again occur, but that future avalanches should
be expected and, most important, to recommend means of eliminating or reducing

the hazard to life and property in the affected area.
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Snow Avalanches - A Nontechnical Discussion

A normal snowcover consists of a number of distinct strata, each represanting
one snowfall or snowdrifting period. 1In the Juneau area, many of the snow
strata are separated by ice lenses which are the result of rain, sleet or thaw
between snowfalls. As in a chain, the weakest link (i.e., snow stratum) de-
termines the breaking point of the snowcover. If the weakest stratum happens
to be at or near ground level, any resulting avalanche way involve the entire
snowpack; whereas a weak stratum near the surface will, wost likely, involve
only that stratum and those above it. It is obvious that if the weak stratum
is at or near the ground the degree of hazard is considerably greater than if

it is at or near the surface,

On steap slopes much of the newly deposited snow slides during or shortly after
falling, thereby reducing the opportunity for avalanches of major proportions.
In an ordinary winter--1965-66 was such--there will not be any particularly
large avalanches occurring because of these frequent small slideé%/ This is not
to say. however, that there is no danger from these so-called direct-action,
surface avalanches. Within this northern temperate, maritime province heavy
snowfalls are not uncommon and snowfalls greater than 24 inches occur rather
frequently at elevations above 2,000 feet. A 24 inch snowfall in the accumul-

ation zone above Behrends Avenue adds about one-quarter million cubic yards

of snow, A not insignificant quantity,.

Avalanches are classified by a number of different criteria (Table 1 ).

Most of the larger avalanches in the study area are of the slab type; the

1/ Another factor favoring stability was that there were no weak layers deep

in the snowcover during winter 1965-66,
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March 22, 1962 avalanche was one. The loose-snow type is most common in the
spring after rain, warm wind and sun have largely destroyed the cohesive pro-
perties of the individual snow crystals through destructive metamorphism.

Most avalanches are combinations of the characteristics shown on Table 1

The March 22, 1962 avalanche moved down its well-defined path as an airborne-
powder avalanche, the form which some regard as the most devastating of all
avalanches, Observers in Switzerland have measured the velocity of this type
at about 200 miles per hour. It is believed that internal cross-gusts within
the slide may move twice as fast as the slide itself. A pressure wave of snow-
free air precedes the airborne-powder avalanche. It was this pressure wave or
wind-blast that, undoubtedly, did much of the damage in 1962. An avalanche

of this type during the same winter but in Switzerland, levelled between 240

and 250 acres of forest and buried one and one~half miles of roadway.

Wet-snow avalances may occur during or following wet~heavy snowfalls, rainstorms
or periods of above freezing weather. These avalanches travel at relatively
slow speeds; unless of course, they fall free over cliffs. Because wet-snow
avalanches move on the ground, they follow natural channels such as stream
gullys. Most of the wet~snow slides falling from above the Behrends Avenue
area travel down the prominent‘west to east trending gully (apparent in some

of the photographs included in this report).

Avalanches are caused by those factors which reduce the shear strength or in-
crease the shear stress of the snow. Shear strength is reduced by destructive
metamorphism of the individual snow crystals through moisture migration toward

the crystal nucleus, i.e., the interlocking spikes and branches of the newly



Fallen snow crystals largely disappear. Temperature rise, especially when the
snow temperature is near the freezing point, is effective in weakening shear
strength. Rain, a warming agent, is an effective destroyer of crystal bonding
and in addition, acts as a lubricant. Constructive metamorphism, the formation
of cup crystals by moisture migration to the crystal edge, can lead to the
formation of deep avalanches since these fragile new crystals commonly occur
near ground level, Gradual overloading by snowfall, snowdrifting, or rain is

the most common means of increasing shear stress in a snowcover.

In addition to these gradual causative influences, avalanches may be released
by external forces or "triggers" such as falling cornices, snowfalls, rocks,
animals or humans. In the gubject slide area it seems likely that most aval-

anches are caused by the gradual influences discussed in the preceding para-

graph.

For a more thorough discussion of avalanche causes and forms, the reader is

referred to the Bibliography and especially to Colin Fraser's, The Avalanche

Enigma, Rand McNally & Company, 1966.
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Avalanche Defenses

Today there are a variety of defense measures being used to protect life and
property from avalanches. Theee range from simple ordinances to extremely
costly snow retention structures. There are two broad concepts of avalanche
control: one, the passive, presupposes that avalanches will fall and is, there-
fore, concerned only with limiting the amount of damage or injury; the other,

active control is concerned with the prevention of avalanches.

Land Classification and Zoning - Prior to any construction, known or suspected
avalanche areas are investigated by a qualified avalanche specialist. If the
land is classified unsafe, it is then zoned by the responsible government to
prevent its use for residential and commercial purposes. In certain cases,

the hazard may be such that avalanche resistant construction could be used.
Governmental regulation of tree cutting in potential avalanche areas is another

means of reducing the chances for future avalanches.

Porecasting and Evacuation - In the Alps a number of villages having inadequate

structural defenses, rely upon evacuation plans which are based upon hazard
forecasting. FPor example, when a certain depth of new snow falls and when cer-
tain other conditions are met, the avalanche forecaster will recommend that
persons and livestock within the area move to places of safety. Evacuation

is mandatory only in a few villages.

There are at least two serious defects in the evacuation scheme: first, it

is always possible that a slide will occur without the benefit of being fore-
cast; and secondly, if the forecaster predicts slides that do not happen-
crys ‘wolf", so to aspeak--the actual slide will, most likely, catch a number
of doubting Thomases. This is not idle conjecture, there are quite a few tra-

gic examples.



Forecasting in the Juneau area is unusually inexact due to the greatly differing
conditions between sea level, where the forecaster is, and the avalanche for-
mation or breakaway zone some 2,000 to 3,000 feet above. Here, anyone claiming
forecasting reliability above 50 percent is either clairvoyant or given to

exgggeration,

Passive Structural Defenses -~ Included in this category are structures which

deflect and arrest avalanches as well as buildings specially built to withstand

avalanches,

The road or railroad snowshed is probably the best known example of a deflecting
or diverting structure. For obvious reasons it is unsuitable as a defense for
residential areas, although the principle is used in the design of some buildings.
The deflectors commonly used to protect structures are walls and splitters.

The walls or dikes are constructed of earth, sometimes being faced with‘con-
crete or stone. The principle of the wall or dike is to channel the moving
snow away from the object or objects being defended; this works best when the
wall is a continuation of a natural channel., One problem inherent with these
defenses is that they will become ineffective once earlier slides have filled
the channel. Splitters are designed to cleave or split the descending avalanche
around the defended object. Splitters vary from simple esarthen mounds to eln-
borate wedges shaped much as the prow of a ship.

Arresting defenses perform best when located on transitional grades where slide
velocity is being reduced naturally. Arresters include dams, terraces and
breakers. Dams are generally built across channelized slide paths, the idea
being to catch as wuch of the slide as possible. Few dams can be built large
enough to contain one season's avalanches. Wide terraces are sometimes useful

in checking or containing slides, but, generally, have little effect against
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large, fast moving avalanches. The most effective of the arresting structures
are the so-called avalanche breakers, consisting of two, three or more rows
of 15 to 20~foot high earthen mounds. The mounds are so spaced that an ava-

lanche striking them is broken or divided into a number of small currents which

are then directed against each other.

Buildings in slide areas (e.g., mines, power and communication stations, etc.)
are often constructed to withstand avalanches. Measures used include the shed
roof, reinforced concrete or masonry upslope walls and no openings in upslope
walls. In addition, there may be a splitting mound or diversion dike above the

building.

All of the passive defense structures discussed, except for the snowshed, are
subject to avalanching which may exceed their capabilities. Early season slides
can fill channels, cover dams, walls and dikes or load breaker systems and thus
pave the way for later slides to travel unimpeded. None of these structures,
snowsheds excepted, offer adequate protection against high-velocity, airborne-

powder avalanches,

Active Structural Defenses - Snow retention in the breakaway zone is accomplished

by means of fence~like structures, nets and reafforestation. Wind baffles
are used to prevent the formation of streas-susceptible snowslab, while snow-

drift fences reduce deposition in the breakaway zone.

Evolution of snow retention structures has followed this pattern: 1) earth
terraces; 2) earth terraces and dry masonry walls; 3) wooden fences; and pre-
sently 4) lightweight metal barriers and steel or nylon nets. Because of the
continually rising cost of manual labor, metal barriers and nets are now favored-
(see Tables 2 & 3)
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THDLE 3

SNOW BRIDGE
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The purpose of barriers and nets is to prevent the formation of potentially
destructive avalanches by interrupting and holding the snowcover. These bar-
riers, called bridges if the crossbeams are horizontal or rakes if the cross-
beams are upright, and nets are very costly. The installed, per meter costs

in Switzerland are: aluminum bridge - $255; and steel cable net - $135. 1In
certain slide paths many hundred meters of structure way be required to pro-
vide the necessary control. Very rough estimates of the cost of these defenses
installed in the subject area are from 3-5 million dollars. A thorough study
of snowcover, and soil conditions is necessary before these defenses can be
designed and installed. Wherever possible reafforestation is accomplished
shortly after the barriers have been installed, since a dense forest is regarded

as the most permanent defense possible.

Other measures for limiting the build-up of avalanches include: 1) the use
of wind baffles to disrupt the snowcover-- prevent slab formation; 2) drift
fences to prevent overloading and slab formation; 3) chemical inhibition of
depth hoar (cup crystal) formation*; 4) mechanical compaction of the snow by
skiers, walkers or machines; and 5) the premature release of avalanches by
skiers or explosives. Only items 1) and 2) appear to merit serious consid-

eration as possible defense measures for the subject slide area.

* Still in the experimental stage.
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The Behrends Avenue Avalanche Path

Certainly one of the strongest impressions received by the first-time visitor
to Juneau is that of dynamic nature - -rushing streams, rugged glaciers, dense
forests and mountains plunging abruptly to the water. Shortly following this
overview, he begins to notice the violently irregular forest pattern on the
mountain slopes. If he happens to be an avalanche specialist, he knows that
it is an area subject to frequent, very large snowslides. (see photos, part-

icularly 1961 oblique aerial)

An avalanche track in a forest can reveal a number of important clues. First,
the limits, both lateral and terminal are indicated .. this is no assurance, how-
ever, that later slides will not enlarge the clearing. Second, 1f the trees

are broken off some distance above the ground, an airborne-powder avalanche

was the likely villain. Third, if the broken trees are sizable, it was pro-
bably a fairly long~cycle avalanche. And last, if alder, grass and berries

are the primary vegetatiﬁn in the slide swath, it is reasonably certain that

avalanches occur frequently even though they do not often reach the timber.

The Behrends Avenue Avalanche path exhibits all of these characteristics.

(see photos of 1962 slide damage). In addition, a number of the scientists
who have been associated with the continuing Juneau Icefield Research Project
have identified the Behrends Avenue area as a major avalanche path. One of
these, Mr. Edward LaChapelle, now avalanche Hazard Forecaster for the U.S.
Forest Service and regarded as the leading U.S. avalanche authority remarked
in a recent letter to the writer: », that this was a possible avalanche danger
zone was known all along by a number of people in Juneau. 1, among others,
pointed this out to Forest Service officials more than ten years ago, but some

of the local residents were already aware of the fact, even then." The writer
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has also been advised that the avalanche potential of the area was discussed
when the area--with houses already built--was being annexed by the City of

Juneau,

By means of interviews a rough history of the subject slide path has been de-
veloped back to the year 1890. In reading this brief chronology, the reader
should bear in mind that prior to about 1946 the only structure in the slide
path above Glacier Highway (ow Avenue) was the so-called "pest house' a long
abandoned, World War I vintage, smallpox isolation building. This is on import-
ant consideration because there could have been, and likely were, avalanches
which did not reach the highway and therefore were unobserved. A brief history

of the observed avalanches follows.

1890 ~ This was an extremely large avalanche which terminated in Gastineau
Channel, where the Aurora Basin small boat harbor is now located. The late
Mr. Gene Nelson, manager of the A-J Corporation's Juneau facilities, possessed
a photograph of the avalanche. Information from Mr. W.S. Twenhofel, Geologist,

U.S. Geological Survey, Denver, Colorado,

1917 - This was a very large avalanche which crossed the road (then little more
than a trail) and ended just short of the shoreline. A great number of trees
were destroyed; the broken trees prevented the early reopening of the road which
was used by a dairyman. The slide probably fell in March or April; it was be-
lieved to have been an airborne-powder type. Information from Captain L.H. Bayer,

then a school child living at Norway Point. Also recalled by Mr. George Skuse.

1926 - This was a large avalanche that flowed around the old "pest house."
From descriptions given, it is believed that it was s wet snow avalanche, a

type which moves on the ground. It probably occurred in late March or April.

1"
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Information supplied by Mr. Joseph McLean and Mr. Robert Killewich. Mr. Killewich
recalled that one part of it reached tidewater. From the type of slide, it can
be inferred that the part reaching tidewater probably traveled down the stream

gulley which now intercepts Rosa Way.

1935 - There is not much information available regarding this avalanche which

was reported by Mr. George Damnner. It did, however, cross the highway.

1946 - This was the last sizable avalanche reported in the Behrends Avenue area
prior to the one in 1962. Mr. R.E. (Randy) Randall observed that this avalanche
terminated in the trees above the old shop building at 1735 Glacier Avenue,

The slide reached at least as far downslope as Behrends Avenue. It probably
vas a wet snow type with motion confined to the ground and of such low velocity

that it flowed around the trees without breaking them.

1962 - This avalanche is well documented. According to Mr. R.E. (Randy) Randall
who was possibly the only eye-witness, the airborne-powder avalanche travelled
completely across Gastineau Channel terminating near the Treadwell Ditch at
elevation 750 feet, As some of the photos show, the avalanche destroyed some

10 acres of spruce-hemlock timber, some of the individual trees as large as 18
inches in diameter. Branches, limbs and parts of tree trunks were hurled into
tidewater at the location of the new Aurora Basin small boat Harbor., Damage

to the houses included: removal of roofs; collapsed walls; buildings off found-
ations; chimneys broken off, and windows broken out. A few 60 pound chimney
blocks were blown 135 feet onto houses fronting on Glacler Avenue. Damage est-
imates ranged from a high of $250,000*% to a low of $150,000; the true figure,

no doubt, lies somewhere hetween.

* Newspaper article: The Alaska Empire, Juneau, Alaska, March 22, 1962
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The Juneau newspaper reported the following damage: F.G. Nottingham house

(229 Behrends) knocked from foundation and one wall torn out;)ﬁarvey Willson
house (226 Behrends), back window blown out and 18 inch diameter tree "...tossed
across roof.;" J.A. Herdlick house (245 Behrends), "Roof ... completely gone."
and windows facing mountain blown out; Cecil Willis house (241 Behrends), roof
off and windows facing mountain blown out; and W.W. Hackwood house (1736 Glacier
Avenue), "...had a large hole in the roof caused apparently by a tree hitting
it." Prom the same newspaper: "The full force of the avalanche caused wind
seemed to hit the Highlands area between Ross Way on the North and about 221
Behrends, although traces of heavy smow and gcattered tree branches were farther

south on Behrends."

FPuture Avalanches - Unless Juneau's climate becomes tropical or sub-tropical,

it seems reasonable to expect future avalanches. In the 76 years covered by

this report, there have been at least six large avalanches reported in the Behrends
Avenue area, or if averaged one about each 13 years. Unfortunately, however,
avalanches--easpecially long-cycle--do not wait for the "“count of three” to begin
shooting. Between 1890 and 1917, 27 years passed between slides. The next
avalanches, 1926 and 1935, occurred nine years apart; the 1946 avalanche 11 years

later; while the 1962 avalanche waited 16 years.

The writer will not hazard a guess (and that is all that it would be) as to when
the next avalanche will fall; but given the past history of the area and the
long-term climatological forecasts which say that colder winters are in the offing,

the possiblity of destructive avalanches seems real,
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Some Possible Defense Measures for the Behrends Avenue Area

The following are possible courses of action to be followed for reducing the

hazard to persons and property in the affected area.

1) The area indicated on the City Map and Photomap would be declared a high
hazard area. All homeowners and others having an interest (e.g., tenants,
mortgage holders, insurance companies) would be so advised. Sellers would
be required to advise prospective buyers of the hazard classification; failure
to do so would be a criminal offense, No further construction would be alloved
in area if purpose of construction is to house additional persons. In case

of destruction of existing house, no replacement would be allowed.

2) Establish an avalanche forecasting service and prepare an evacuation plan.

Evacuation to be mandatory or optional?

3) Require that walls of houses facing avalanche be reconstructed of reinforced
concrete, braced and without openings or else require that a separate rein-
forced concrete deflection wall be built a few feet from each house. Estab-

lish standards for these constructions.

4) Conatruct avalanche breakers and diversion dikes at base of slope and above

houses. Reafforest.
5) Construct snow retention devices in the formation and breakaway zone.

6) Require removal of all houses in affected area. Rerzone land for summer

recreational use,

Course of action 6) is the only one which would completely eliminate the

hazard. Course of action 5) in conjunction with 4) and 3) would probably

(A



reduce the hazard to tolerable levels. Courses of action 1) and 2) together
should be regarded as the minimum level of effort. While no definite cost esti-
mates are available, it appears rasasonable to guesstimate that course 6) might
cost 250,000 to 350,000 dollars whereas courses 4) and 5) combined may run to

as much as five million dollars.

It is rather obvious that any of these courses of action will raise financial,
legal, political and moral questions (and not necessarily in that order). How-

ever, to do nothing may lead to consequences too terrible to contemplate,
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Conclusion and Recommendations

There is every reason to expect future major avalanches in the Behrends Avenue

area. 1In order that tragedy will be averted, the following recommendations are

made .

1)

2)

3)

4)

5)

b)

7

That as a first step the area within the lines on the enclosed City Map and

Photomap (1) be declared a high hazard area; (2) be publicized as such; and
1/

(3) be zoned to prevent further construction, and reconstruction {f damage

repairs amount to 50 percent or more of the value of the structure.
That an avalanche hazard forecasting service and evacuation plan be established.

That an engineering study be conducted by some qualified individual or
organization to determine the cost of a structural defense system. The
writer recommends consideration of the Federal Institute for Snow and Aval-
anche Research,

Weissflujoch/DAVOS, Switzerland

(Dr. Marcel de Quervain, Director)

That a study be made to determine where the buildings can be relocated and

the coat of relocation.
That a study be made for financing the recommended measures.

And based upon the results of the studies recommended above, 3), 4) and 5),
that either a structural defense system be constructed or the houses be removed.
Additionally, it is recommended that the City of Junesu through the Greater
Juneau Borough, strive to prevent the use of avalanche susceptible land for

building sites in areas likely to be anmexed by the C}ty.

1/ Damage from any cause.
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APPENDIX A

Avalanche Forecasting - A Modern Synthesis

£. LaChapelle
United States Forest Service

ABRSTRACT
Avalanches are generated by structural weaknesses in the snow cover,

Some of these weaknosses can be observed and measured by investigating snow
stratigraphy in pits or with instruments. This method offers reliable data
from direct observation, but it is time-consuming. It is mesf effective
when forecasting ciimax avalanches caused by snow metamorphism or a sequence
of snowfalls.

Many avalanches fall during or immediately after a single storm. Time
usually does not permit stratigraphic investigation, which is difficul?t in
fresh snow. These direct-action avalanches can be forecast by an analysis
of meteorlogical factors prevailing during the period of snow deposition.
This indirect evidence is less reliable, but can be more easlly obtained and
often is the only forecasting guide available,

The accuracy of such forecasts is checked by practical field tests for
the existence of tensile stresses leading to slab avalanche formation, Tests
are made by disrupting the snow in potential slab zones with skis, with ex-
plosives, or with artillery fire, according to the character of the snow and
accessibility of the test zone.

In practice, these methods are combined, weight being given to one or
another according to circumstances largely determined by climate. This
determination is illustrated by examples from different climate zones in the

western United States.
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TJefinition of Terns
Aval 8RChE FOraCaAGT = mmm = mmme
Ciimax avalanche P -
Direct=action avalanche~=mmwmes
Hard siab o S

Either an evaluation of current avalanche

conditions or a prognostication of future

ones, the latter depending on mountain

weaTher forecasts.

This type falls as the result of internal
structural weaknesses within the snow cov-
er which may develop over long periods of
time. It may be triggered by a new snow

fall, but involves snow layers at the release
point deposited by more than one storm.

This type falls during or within 24 hours af-
ter a storm, and involves only the snow of
that storm at the release point,

The constituent snow of a slnb avalanche with
a high degree of internal cohesion., Siiding
snow usually remains in chunks or blocks,

The constituent snow of a slab avalanche with
a low degree of internal cohesion. The slid~
ing sonw breaks up into an amorphous mass

and may resemble loose snow,
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Introduction
Avalanches are caused by structural instability in the snow cover. The

forecast is predicted on the assumption that this in-

—————————

connept of an avalanche

stability can be recognized and interpreted. Recognition may be based on di~

rect ebservation (snow pits, test instruments), or it may be based on indirect

evidence (meteorological records). Interpretation in terms of possible avalanche

release is largely empirical, being based on general know!edge accumulated by
the forecasting profession plus personal experience of the forecaster with a
given area of climate zone, Though today the basis exists for a good theoret-
ical understanding of the physics and mechanics of the snow cover which leads
to an informed interpretation of conditions causing snow avalanches, opera=
tional practice in day-to-day forecasting nevertheless still depends on the
subjective element of personal experience. The interacting mechanical forces
invoived in avalanche release, together with the physical processes which de~
termine them, are far too complex to ailow a timely, exact, analytical or num-
erical evaluation,

An avalanche forecast may assess instabiiity with considerable accuracy
tor a given area, but it cannot foretell the exact time of avalanche release
on a given slope. More precisely, it is a hazard forecast which evaluates
or foresees the probabilitv of avalanche release, natural or artificial,

This paper attempts to state systematically the principles applied today
in forecasting avalanche hazard, and to relate the variations of these to var-
iations in climate. Winter avalanche situations only are considered; the
forecasting of spring avalanches issreserved for a separate and later freat-
ment.

recasting form Direct Evidencs
The condition of snow stability is most readily inferred from direct ex-
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aminations of snow cover structure. The techingues of such observations have
been highly developed over the past Thirty yeers, particularly in Switzerland,
The standard techniques of snow pit investigations and the use of such instru-
ments as the ram penetrometer {Haefell ramnsonde) have served as the basis for
snow studies in such diverse applications as snow road compaction and assess=-
ment of annual accumulation on polar ice caps. Today their application to
avalanche forecasting, the original reason for their development, is also
widespread,

According to the concepts developed in this paper, snow siructure obser-

vations are primarily applicable to forecasting climax avalanches. Such ave-

lanches frequently, but not necessarily, originate as hard slabs. Unstable
conditions which develop slowly, (such as depth hoar formation), or those de-
pending on a sequence of snowfalls or other meteorological events, allow suf-
ficient time for pit excavations and for instrument studies of changing snow
properties. The structural conditions leading to climax avalanches usually can
be detected well in advance of the actual avalanche release, These may illus~
trate a currently unstable snow cover, or, more commonly, one which will be-
come unstable when overloaded by additional snow accumulation,

Certain relations of snow stresses and strength properiles are amenable
to quanfitative analysis {Roch, 1956). Such analysis provides criteria for
estimating avelanche hazard, but solves only a part of the complex mechanical
problem of avalanche release. In forecasting avalanches from structural ob-
servations, everyday practice depends on the empirical comparison of existing
snow structure patterns with those known fo produce avalanching. (Fracture
line ohservations are the most fruitful source of the latter.) This empirical
apnroach has beon expiicitiy adopted where climate and snow conditions are
appropriate (Vrba and Urbanek, 1857).

Structural chearacteristics of the snow cover ultimately are a product of
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the meteorclogical enviromment. If the physical processes of weather influ~
ince on snow deposition and mé?amorphism are clearly understood, 1t shouid be
theoretically possible to predict snow cover structure from a sufticiently de-
tailed weather history. In practice this is.done in general terms, but not
with sufficient precision for reliable comprison with avalanche-producing
structure patterns. Again, empirical experience and the observer's familiar-
ity with local climate play an important role. An attempt to formulate a basis
for quantitatively predicting the important structural feature of depth hoar
formation has met with only partial success (Siddings and LaChapelle, 1962),

where the climate causes climex avalanching to predominate, snow struc-
ture analysis providos good forecasting accuracy in the hands of a forecaster
whose experlence can be developed only by a substantial investment of time and
training. Structural snalysis loses its effectiveness in those climates which
minimize climax avalanching.

Forecasting from Indirect Evidence

Soft slab avalanches usually run in newly-fallen snow (direct-action

avalanches), often involve only the surface snow layer, and may fall over ex-
tensive areas of mountainside with only limited reference to wind direction,
The avalanche hazard may develop rapidly in a few hours during intense storms,
with the new snow sliiding off a stable snow cover which does not become invol~
ved except where it is swept away by large surface avalanches already in mo=-
tion. Rapid hazard development and the difficulty of measuring strength
propertles in newly-fallen snow preclude a meaningful examination of snow
structure. Indirect evidence of instability must be ught instesd.
Direct-action, soft slab avalanches are forecast primarily from meteoro-
logical evidence, Empirica) experience has taught that there are a number of

contributory weather factors which determine the stability of newly-fallen
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snow. Forecasting methods have been developed which depend on the sometimes
subjective weighing of these contributory factors {U.S. Forest Service, 1961).
Eight are recognized as a regular part of forecasting procedures: wind vel-
ocity, air temperature, snowfall intensity, precipitation intensity, and new
snow depth, crystal type, density and settlement. Other factors appear to be
involved as well, such as the degree of riming on falling snow crystals, but
safisfac?ory.criferia for their evaluation have not been established, Pre-
cipitation intensity has a dominant influence in many situations of hazard
development (A?wa?er, 1952), The depth and surface condition of the existing
snow cover are also considered in estimating the hazard from soft slabs.

Avalanche forecasting by meteorological anaiysis also produces good re-
sults in favorable climates and in the hands of an expérienced forecaster, who
again must be frained at some [ength, This method alone does not give infor-
matlon about hidden structural weaknesses which may give rise to climax ava~-
lanches.

Stability Tests in the Field
It is the view of avalanche forecasters in the United States that the ap-

plication of these two basic methods of forecasting, singly or in combination
according fo climate, does not furnish sufficiently accurate information upon
which sound operational decisions can be based. Maintaining a high degree of
pubiic safety in ski asreas or on highways requires a higher degree of certaln-
ty about snow conditions than can be achieved by formal forecasting procedures
in the present state of the art. To imporve this certainty, the hazard eval-

vation is tested in the field.

The basic eriterion of snow instability adoped for these tests is the

existence of tensile stress in potential siab layers. Though the mechanical

conditions determining this stress may be complex, its existence, and its
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approximate magnitude, are readily indicated by the manner in which cracks
form when snow is disturbed on an inclined surface, The propagation of frac-
turing in snow away from the point of disturbance, whether an avalanche is'
released or not, shows the existence of tensiloe stress. Extent and distance
of the fracturing shows its relative magnitude., Practical experience has
taught that there is a high degree of correlation between snow which so ex-
hibits tension and the formation of slab avalanches. The recognition of this
fracturing under tensile stress can readily be taught to untrained personnel,
In fact, skill in this aspect of avalanche forecasting is acquired much more
readily than that required to interpret snow structure and weather conditions.

The test for tensile stress is more readily applied to soft slabs, where
the passage of a ski usually provides sufficient disruptive force to initiate
fracturing, Correlation between stress evidence and soft siab avalanching
is high only in those circumstances where structural evidence of instability
is dufficult to obtain, Field=testing for stresses in soft slabs thus pro-
vides the direct evidence to supplement Tthat gained indirectly by meteorologi~-
cal observations. Such testing customarily is done on short, steep test
slopes whose slope angle and exposure imitate those of the large and more
dangerous avalanche paths. Stringent safety precautions are observed to re-
duce the possibility of accident in case of avalanche release.

Field-testing of hard slabs requires a more vigorous disruptive force.
Explosives are usually required to obtain a more satisfactory test. The
results sometimes are less clearly related to general snow stability, but
valuable information still is gained to supplement structural observations.

It has become acCepted practice in the United States to use artillery as well
as hand-placed charges for this purpose. Gundire thus is sometimes deliberate-

ly used to test stability as well as to eliminate known hazard conditions.
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' Where circumstances permit, soff slabs as well as hard slab conditions are 8iso
tested in this fashion. In both casaes, test by artillery offers the advantage
of rapid access fo distant of dangerous slopes, It 1# useful only during good
visibility, when the results (fracturing as well as avalanche release) can be
closely observed. The judicious interpretation of results from test skiing or
exploratory artillery fire depends on accurate records of avalanche occurrence,
for slopes which earlier have been relikeved of thelr burden of snow will react

differently than those which have not.

The Synthesi +s Relatlon t mat
Avalanche forecasting todgy is a practical systhesis, based on both direct

and indirect evidence of snow stability which may be further checked by tield
tests. The fact of this synthesis has been recognized in the design of modern
avalanche forecasting and control methods (Scheerer, 1962). On the other hand,
there heve been occasions when mininterpretation of forecasting principles has
led fo‘wrong observation methods for s particular climate. The latter 1s es-
pecially true of forecasting from indirect evidence, when the limitations of
this mithod have not been recognized, or its epplication has been too formal-
1stic, Difficulties also arise when overemphasis is placed on structural in-
vestigation to the point of excluding consideration of winter storm character-
istics,

The relative wiight which should be given to these methods of avalanche
forecasting ;s largely determined by climate, Diverse examples of this de~
termination are found in the moun?ain)regions of the Western United States,
which extend over nesrly 15° of latitude and encompass both maritime and con-
tinental climates. Roch (1948) recognized three major snow and avalanche
zones in the western United States: High Alpise, Middle Alpine and Coastal

13
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Atpine. These broad!y correspond to areas 3, L and |. respectively, in Fig-
ure |. The subsequent compilation of data from these areas on Soow cover and
avalanche characteristics furnishes the following examples of the relation

between climate and foeecasting methods,

The Pacific Coast, Mountain altitudes are generally under 2500 meters,

except in parts of the Sierra Nevada Range, precipitation is heavy, and win~
ter temperatures mild. Annual snowfall vaerles from I5 to 25 meters, large
quantities may fall in a single storm, and snowfall intensities as high as 30
cm per hour have been observed. Snow covers are deep and often very firmly
consolidated, Direct-action soft slab avalanches are common. Raln may fall
at any time during the winter, and a significant cause of major avalenching
is rain which immediately fotloﬁs a deep fall of new snow, Avalanches which
slide off a rain-generated ice layer in the snow cover are also frequentiy
seen, High storm winds and extensive rime formation are encountered above
timberline {1500~-2500 meters). Lower layers of the snow cover achieve ram
resistances of several huldred kilograms by mid-or [ate winter. The ram pen-
otrometer thus is useful for collecting snow structure data only in the up~
per snow layers,

Forecasting of both dry soft slabs and rain-induced avalanching 1s pre-~
dominantly based on weather ovservations. Alr temperature telemetry from
mountain tops is considered an essential forecasting aid, for it warns of the
onset of thaw or rain accompanying a warm front, The principal concern a-
bout snow structure is for ice layers which may provide a good sliding sur-
face.

Lower temperatures at altitudes above 3000 meters in the Sierra Nevada

Range modify these conditions in spite of the low latitude.
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The Coastal Transition Zone. This zone encompasses some eastern parts

of the coast ranges (not shown separately in Fig. 1) the Brue Mountains of
Oregon, and Northern Idaho and northwestern Montana. The winter climate is
drier and colder than along the Pacific Coast, but snowfall is still moder-
ately hoavy, Snow covers tend To be stable and direct-action evalanches
predominate, but climax avalanches occaslonally fall, Winter rain is much
rarer than in the coasta! mountd ns. Forecasting depends mainly on the anal-

ysis of weather factors.

The Rocky Mountains, This zone inciudes much of Colorado, and parts

of Wyoming and Montana. Aititude range is 2500 to LOOO meters, annual snow-
fall generally less than 8 meters, and very low winter temperatures are com
mon, Timberline is around 3200 meters in Colorado, High winds are frequent,
both during snow storms and in falr weather. In 2ll but sheltered val l ays,
snow drifting is extensive, Depth hoar formation is almost universal through=
out this reglon. Heavy snowfalls are rare, but very deep wind drifts may ac-
cumulate in a few hobrs., Principle avalanche type is a hard, wind-drifted
slab siiding off poorly consolidated snow or depth hoar. Avalanching is
markedly confined to lee siopes. Slab avalanches may originate . in surpris-
ingly thick stands of tress below timberline.

Similar, though less cold and severely contimental, climate is’found in
southern Utah, A pecﬁliar precipitation pattern there brings maximum snow-
fall in the autumn and spring, but very Iittle in mid-winter. Depth hoar
formation is extensive,

Avalanche forecasting depends heavily on observations of structural weak-
nesses in the snow cover. Comprehensive s?udies‘on the relation of snow

structure to avalanche formation in the Colorade Front Range have demonstrated
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that in this climate ram profiles furnish an accurate picture of snow cover
stability (Borland, 1952-1960). Recording anometers are also essential, for,
given a weak existing snow structure, the immediate cause of most hazard is the

deposition of hard slabs by wind.

The Intermountain Zone, This zone is located in Utah, Idaho, Southwest-

ern Colorado, and Western Wyoming, between the Rocky Mountains and the Coast
Ranges. Altitudes vary from 2000 to 3000 meters. Annual snowfall averages

7.5 to |5 meters, temperatures are mild compared with the Rocky Mountains,

but in mid-winter thaws or rain are rare. Wind storms are distinctly less fre-
cuent and less intense than in the high Rockies, Snow cover stabillty var-
ies widely from season to season. Soft slab, direct-action avalanches are
very common, while structural weaknesses |eading to climax avalanche forma=
tion occur in about half of the winters, Major avalanching tends to be
extensive, rather than confined to lee slopes., Hazard conditions form fre-
quently, but do not persist as long as in the Rocky Mountains due to the mild-
er temperatures,

Avalanche forecasting in the In?ermoun?;in Zone depends on both struc-
tura! evidence and weather ovservations, the emphasis shifting from year to
year according to snow dondltions. Because snow accumulation is deep and
soff, ram resistance is often low and ram profiles provide only limited in-

formation on structural weaknesses leading to climax avalanches,
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Figure |
Predominate avelanehe types and applicable forecasting methods in the

mountainous ereas of the Western United States. 1) Generally deep and
stable snow covers. Exfensivevsurface avalanching, with possibiiity of melt
or raln throughout the winter. Avalanching forecasting by meteorological ob-
servations., 2) Often stable snow covers, extensive surface avalanching,
melt or rain rare in mid-winter months. Forecasting largely by meteorological
observations, 3) Shallow, unstable snow covers with depth hoar formation
comman and climax, hard slab avalanches frequent. Forecasting largely by
snow structure enalysis. 4) Conditions of 2) and 3) may overlap, with

one or the other usually predominating in a giver winter, Forecasting active=~

ly combines meteorological and snow structure observations.
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APPENDIX B

Rammsonde Profiles 1962 & 1966

Because only three rammsonde tests were made in 1966, the data
{s not sufficient for analysis. It {s interesting, however, to
note that total smow depth on March 31, 1966 1is slightly greater

than in 1962 at about the tiwe of the avalanche.

137



APPENDIX C

U. S. DEPARTMENT OF AGRICULTURE
FOREST SERVICE

WASATCH NATIONAL FOREST

ALTA AVALANCHE STUDY CENTER

Miscel laneous Report No. 10

ENCOUNTER PROBABILITIES FOR AVALANCHE DAMAGE

Edward R. LaChapelle
Avalanche Hazard Forecaster
Wasatch National Forest

March 1966

138



“ A“’

A common problem in selecting sites for mountain construction or development
is determining the probability of avalanche damage. Prudent planning dictates
that sites should be completely free of avalanche danger if at all possible.
This should be the inflexible standard for buildings and lodges in recreation
developments, but @ slight exposure to avalanche hazard is sometimes acceptable
for ski lifts or parking areas. |In the case of mfning construction or other
industrial enterprises where the character of hazard exposure can be more
strictly controlled, a more substantial risk of damage may sometimes be accept-

"

able. This risk is known as encounter probability.

The problem normally is not posed by large avalanches which run frequently
(annually or oftener). These presént such obvious prospects of repeated damage
and destruction that they must either be avoided entirely or else defended
or eliminated by what may be prohibitiyety expensive construction. More
often a proposed site lies within or adjacent to a slide path where normal
avalanche activity is limited and non-destructive, Eut which shows evidence of
infrequent avalanches of potentially destructive proportions.

The situation is similar to that posed by other geophysical hazards---
earthquakes, floods, tidal waves, hurricanes---which recur in destructive size
at long and irregular intervals. The concept of a H20~-year flood" or ''100-
year flood" is familiar to the hydrologic engineer. The avalanche specialist
is faced with the similar problem of evaluating prospective damage from a
"'20~year avalanche" or a ""100-year avalanche''. |t often is undesirable or
too costly to avoid completely the prospects of damage from an avalanche which
may fall only once a century. [n some circumstances, such as the exposure of

& large number of people, the only acceptable hazard may be zero and there is
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no choice but to seek another and safer location. There sometimes is economic
justification for accepting a limited amount of risk for buildings or other
installation, especially mining or other enterprises where a definite and
limited buiiding life can be projected. Such risks can logically be taken only
if their size c¢an be reasonably estimated. This report presents methods for
making such estimates, or encounter probability.

Large, infrequent avalanches, like large, infrequent river floods, are the
product of unforseeable weather and climate. For purposes of statistical analy~
sis they are considered to occur at random even though there may be some evidence
for their association with short-term (in the geologic sense) climate cycles.
The average time between a number of such random events is called the return
interval. For the kind of avalanches under discussion, typical return intervals
might be 25, 50 or 100 years. Most installations are designed for a useful

estimated |ife which depends on such factors as economics, construction materials

and rate of obsolescence. When such an installation is exposed for its esti-
mated life to the threat of damage from an infrequent avalanche of a given

return interval, there is a definite encounter probability which describes the

chance that the avalanche will damage the installation during its estimated life.
Table | and 2 enumerate these encounter probabilities for the given values
of return interval and estimated life. They are derived from a paper by Borgman
(1) which treats the subject of geophysical risks in considerable depth. The
design engineer seeking a more sophisticated treatment is referred to this paper.
In using these tables, it is important to consider the restrictions imposed
on their construction. First, and in general, statistics treat the relations

between numbers or groups of numbers. These relations may or may not describe
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physical reality. They predict probable consequences but do not assign causes.
Second, both tables are based on the assumption that occurrences of the event
in question (in this case major avalanches) are random and independent. This

means that the encounter probability does not change because the event occurs.

This is another way of stating the gambler's maxim: ''The laws of chance have
no memory.‘t

Table | is calculated on the assumption that the events occur only at
integers on the time scale. This may seem an arbitrary and impractical
restriction, but in the case of avalanche hazard it has some useful applications,
If most avalanches of a damaging size are known to occur at a given site in,
say, January, then such events will fall close to the time scale integers if
the convenient time unit of a year is chosen.

Table 2 removes this restriction, allowing the events to occur at any point
on the time scale. The following mathematical restrictions, however, have
been observed in calculating Table 2: The process is stationary, possesses
independent increments, and has a time~independent dverage. Two or more events
cannot occur simultaneously.

Allowing the events to occur at any point on the time scale gives a more
realistic flexibility to the calculations, but does raise another problem when
dealing with avalanches in time units of years. Avalanches do not occur at
any point on such a time scale; they occur only in the winter. This difficulty

may be circumvented if the chosen time unit is winter months for both the return

interval and the estimated life. The estimate of encounter probability is then
based on a continuous time scale made up of years consisting of those four or

five winter months when avalanche damage is possible. The balance of each year
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when avalanche occurrence is zero is ignored along with that same portion of

the estimated life.
Note that for long return intervals and low encounter probabilities the

two Tables give very similar or identical figures.
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TABLE 1.-ENCOUNTER PROBAB!LITY, E;, VERSUS ESTIMATED LIFE, L,

L
AND RETURN PERI0D T,. [E‘nl- (--—.}{)]

) 5 10 15 20 25 30 4o 50 60
L .
] 0.200 0.100 0.067 0.050 0.040 0.033 0.025  0.020 0.017
2 0.360 0.190 0.129 0.098 0.078 0.066 0.049 0.040 0.033
3 0.488 0.271 0.187 0.143 0.115 0.097 0.073 0.059 0.049
L 0.590 0.344 0.241 0.185 0.151 0.127 0.096 0.078 0.065
5 0.672 0.410 0.292 0.226 0.185 0.156 0.119 0.096 0.081
6 0.738 0.469 0.339 0.265 0.217 0.184 0.141 0.114 0.096
7. 0.790 0.522 0.383 0.302 0.249 0.211 0.162 0.132 0.111
8 0.832 0.570 0.424 0.337 0.279 0.238 0.183 0.149 0.126
9 0.866 0.613 0.463 0.370 0.307 0.263 0.204 0.166 0.140
10 0.893 0.651 0.498 0.401 0.335 0.288  0.224 0.183 0.155
12 0.931 0.718 0.563 0.460 0.387 0.334 0.262 0.215 0.183
14 0.956 0.771 0.619 0.512 0.435 0.378 0.298 0.246 0.210
16 0.972 0.815 0.668 0.560 0.480 0.419 0.333 0.276 0.236.
18 0.982 0.850 0.711 0.603 0.520 0.457 0.366 0.305 0.261
20 0.988 0.878 0.748 0.642 0.558 0.492 0.397 0.332 0.285
25 0.996 0.928 0.822 0.723 0.640 0.572 0.469 0.397 0.343
30 . 0.999 0.958 0.874 0.785 0.706 0;638 0.532 0.455 0.396
35 0.999+ 0.97% 0.911 0.834 0.760 0.695 0.588 0.507 0. 445
4o 0.999+ 0.985 0.937 0.871 0.806 0.742 0.637 0.554 0.489
Lg 0.999+ 0.99! 0.955 0.901 0.841 0.782 0.680 0.597 0.531
50 0.999+ 0.955 0.968 0.923 0.870 0.816 0.718 0.636 . 0.568
80 100 120 160 200 250 300 400 500
1 0.012 0.010 0.008 0.006 0.005 0.004 0.003 0.002 0.002
2 0.025 0.020 0.017 0.012 0.010 0.008 0.007 0.005 0.004
3 0.037 0.030 0.025 0.019 0.015 0.012 0.010 0.007 0.006
L 0.04g 0.039 0.033 0.025 0.020 0.016 0.013 0.010 0.008
5 0.06] 0.049 0.04) 0.031 0.025 0.020 0.017 0.012 0.010
6 0.073 0.059 0.049 0.037 0.030 0.024 0.020 0.015 0.012
7 0.084 0.068 0.057 0.043 0.034 0.028 0.023 0.017 Q.014
8 0.096 0.077 0.065 0.049 0.039 0.032 0.026 0.020 0.016
9 0.107 0.086 0.073 0.055 0.044 0.035 0.030 0.022 0.018
10 0.118 0.096 0.080 0.061 0.049 0.039 0.033 0.025 0.020
12 0.14o 0.114 0.096 0,072 0.058 0.047 0.039 0.030 0.024
14 0.161 0.131 0.1 0.084 0.068 0.055 0.046 0.034 0.028
16 0.182 0.149 0.125 0.095 0.077 0.062 0.052 0.039 0.032
18 0.203 0.165 0.140 0.107 0.086 0.070 0.058 0. 0Lk 0.035
20 _ 0.222 0.182 0.154 0.118 0.095 0.077 0.065 0.049 0.039
25 0.270 0.222 0.189 0.145 0.118 0.095 0.080 0.061 0.049
30 0.314 0.260 0.222 0.171 0.140 0.113 0.095 0.072 0.058
35 Q,356 0.297 0.254 0.197 0.161 0.131 0.110 0.084 0.068
40 0.3595 0.331 0.284 0.222 0.182 0.148 0.125 0.095 0.077
45 0.432 0.364 0.314 0.246 0.202 0.165 L 150 0.107 0.085

20 O‘ng 0.222 0.242 0.262 0.222 0.182 O.}gk 0.118 0.095

L
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Hart Report
In January 1967, Mr. Keith Hart submitted to the City of Juneau

a "Report of the Preliminary Evaluation of the Behrends Avenue Avalanche
Path." This report examined the history and character of avalanche
hazard in the ﬁebrends Avenue and presented several recommendations and
alternatives for ameliorating the hazaxrd.

I concur in all essential points of this report and judge that
Mr. Hart has made an accurate appraisal of the character of the Behrends
Avenue Avalanche.

My own éeport below will amplify certain aspects discussed by
Mr. Hart and will suggest an additiomal safety measure. It will also
review the prospects for forestalling similar problems in the Juneau

area.

Additional Evidence

Additional evidence about the Behrends Avenue avalanche path has
ccmé to light géince Hart submitted his report in 1967.

A photograph is reported to exlst of the 1890 avalanche. Because
this apparently is the largest avalanche to be observed in this path, such
a photograph would be exceptionally valuable in determining damage potential,
Attempts are being made by Margaret Fiitsch; Plann;né‘Chairmaﬁ of the
Juneau Borough, to obtain a copy of this photograph. 1f apd when it is
receive§, a supplementary report will be sent evaluating the evidence it

offers.
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would have to be provided for the existing springs in the area. It must
be emphasized once again that even such a large barrier cannot guarantee
100% protection for the dwellings below, for the capricious behavior

of high-velocity avalanche snow might lead to overrunning of the barrier
i{n one fashion or another. FKevertheless, the substantial gain in safety
might make such construction worthwhile.

The only wav to assure positive elimination of hazard from the

Behrends Avenue Avalanche is to remove completely the buildings presently

i{n the slide path, This would assure a permanent solution to the problem.

The present type of land use - residential area and motel -~ is just the

one which offers the maximum exposure of hazard‘in respect to injuries

or fatalities, for a number of persons are certain to be found in the

area at almost any time of day or night throughout the year. An alternate

and limited use of this slide area which might safely be contemplated

is restricted industrial development with a strict building code confining
structures to low profiles, reinforced roofs and uphill barriers. Such
construction would minimize the prospects of avalanche damage, and restricting
occupancy of the area to normal working hours of 8 to 5 weekdays would
immediately rgduce the human hazard by a factor of four.

It should be noted that this avalanche path also offers the possibility
of substantial property damage to boats moored 1in the’Aurora small-boat
harbor. . Any éliding snow which reaches tide water at this point, aside from
causing damage by direct impact, would very likely generate 2 seiche )
within fhe basin enclosed by the breakwater. This could extend the area

of damage well beyond the zone of direct snow impact. An avalanche which

reached the boat basin in this fashion would of course inflict severe
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damage during its passage through the residential area and carry a large
amount of debris into tidewater. The 1890 avalanche appears to be the

only one of historical record which falls into this category.

Avalanche Paths at the Vestern End of Mt. Juneau

A number of smaller avalanche paths exist above the Glacier Highway
west of Norway Point. This zone encompasses the so-called "White Sub-
division" and extends as far as the prominent gulley adjacent to the
Aurora Wrecking Company. The avalanches concerned originate on a lower
shoulder of Mt. Juneau than the Behrends Avgnue‘Avalanche; hence they do
not gather as much snow or fall with the same destructive force as the
latter one. Névértheless they do present possible danger to this
area along CGlacier Highway. Hart reported during our inspection of this
area that there were records of avalanches reaching the highway hgre during
the 1930's. |

Along much of the zone encompassing the White Subdivision there is a
subsgantigl screen of timber between the Highway and the open and steeper
slopes on the flank of Mt. Juneau. There is relatively little transition
zone of gentler slopes between these and the Highway.' This timber screen
is the primary protection from avalanche activity for the area just above
the highway. Much of‘it is a substantial stand of timber whic§ does
not show evidence of penetration by major avalanches in the recent past.
There aré also severa; open gulleys or paths chrpugh the timber which

are the obvious product of snow avalanche activity. These probably are

" the sites of any snow which slid to the Highway in the 1930's.

Residential construction in the ﬁhite Subdivision area seems a

reasonable risk as long as it 1s confined to the zone lmmediately above
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the Highway and does not emcroach far enough up the mountainside to destroy
the existing timber shield. Maintenance of this screen of relatively
mature timber is essential to protection of the slopes below. Specifically,
residential construction would appear feasible along the lighway from
the Children's Home west. The zone for about 100 yards east of the Children's
Home is exposed to one of the open slide paths through the timber and
definitely should not be the site of any construction above the Highway.
This restriction also applies to the open zulley at the western end of
the area under discussion - the previously~mentioaed‘gulley adjacent to
the Aurora Wrecking Company.

A recently-built house at Norway Point, is located appreciably higher
up the mountainside than other houses in the area. There is little
timber screen above it, and such timber as does exist is noticeably
smaller.than that either east or west, suggesting that an avalanche may
have at one time penetrated this area and destroyed the earlier timber
stand. This house would appear to be exposed to avalanche hazard during

winters of exceptional snowfall or avalanche activity.

Preventing Future Problems

Counting the 1949 school site letter, this present report is the
third formal survey of the Behrends Avenue Avalanche problem p?esented to
the Ci&y or Borough of Juneau. All three reports agree in their major
Chesis:' This avalanghe path is an unsuitable site for residences or

public buildings. Although construction in this area has raised the problems

* which occasioned the last two reports, there does not seem to be at present
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any clear-cut legal inhibition placed on further construction of buildings.
Presumably the 1962 avalanche and subsequent information stemming from
the Hart report have served notice tc the public that a proglem does
exist, but it should be borne in mind that public memory for such problems
is all too short. I strongly urge that the Greater Juneau Borough, and
the City of Juneau, explore all possible means to place a formal limita-
tion in further development in the Behrends Avenue area. The problem is
sufficiently serious now, without it being allowed to compound through
more constructioﬁ. The new motel occupying the previﬁusly rejected
school site represents an unfortunate trend in the hazard zone which
ought to be reversed.

The first step in dealing with the Behrends Avenue problem obviously
is to prevent it ffcm getting any bigger. But this problem is only
part of the larger one of widespread geophysical hazards within the
Greater Juneau Borough. This larger problem deserves close attention,
for other ‘endangered areas a?e apt to arise as the population rapidly
expaﬁds, sometimes into potential and readily récognizable avalanche,
garth slip, flood or rockfall areas. The Juneau area is probably unique
in this respect among rapidly developing cities of its size in the United
States, for a large number of geophysical hazards are concentrated in a
relatively small area.

During my éast 18 years of active research and management in the

field of snow avalanche hazards, there is one overriding lesson I have

. repeatedly learned as I worked in many places in both North America and

Europe. This is the fact that most practical avalanche hazard problenms
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arise through carelessness, ignorance, oversight or deliberate disregard.
Once they have arisen, usually by construction of houses, highways, mine

buildings, ski lifts or other structures in danger areas, the solution,

if a practical one exists, is invariably expensive. Most avalanche »roblems -

can be avoided by foresirsiht and careful planning., Foresight is a free

commodity. Planning is cheap, compared with the cost of moving structures,
building defenses or drastically altering existing enterprises. Except

for the Behrends Avenue Avalanche, where it comes too late, some careful
planning at this stage of the Borough's development will reap rewards

for many years to come in elimination of future problems and possible
future disasters.

I recommend that the Greater Juneau Borough initiate immediately a
survey of geophysical hazards within the Borough, employing such experts
as necessary to itemize the danger areas, to delineate them accurately
on maps, and to file with the Borough professional appraisals of the
nature of the dangers and any recormended measures for their amelioration.
The current survey of soil stability being conducted by Dr. Miller of the
U. S. Geological Survey already represents a big step toward this goal,
for earthslide problems are one of Juneau's serious concerns. Vhen the
advance version of Dr. Miller's report becomes available, it can form
the excellent basis for development of a full geaphysical hazards survey.

A hazard survey should begin without delay. It is especially
iﬁportant that the survey receive wide publicity from its inception.

A vigorou§ publicity campaign will produce several advantages:

(1) It can encourage citizens to come forward with information about
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present and past experience with hazards. This may uncover data which
would otherwise be difficult to locate. ‘

(2) It will advertise the Borough's stance as a forward-looking
organization which acts effectively to protect the public interest.

(3) Through steps (1) and (2), it will lay the groundwork for ultimate
public acceptance of zoning ordinancgs or other legislation. If the
latter appear suddenly on the scene following an unpublicized hazard
survey, there is apt to be substantial public resistance.

1 recormend estahblishing immediately a file or archive in the
Borougﬁ office for the collection of data pertaining to geophysical
hazards. This should include past records and photogpraphs of such
events as snow avalanches or earth slides. Uhen such events occur in
the future, as they inevitably will, every effort should be made to
obtain photographs and collect all pertinent documentation, including
statements from eyewitnesses. This 1s an activity well within the capa-
bility of the present Borough staff. It will serve to form the basis
for a hazard survey, and it will provide a continuing record to keep the
results of such a survey up to date. Pesponsibility for maintaining
the file sheuld be clearly assigned to one of the Borough staff positions.

Once a geophysical hazard inventory has been éompleted, there are
several methods of utilizing it to protect the citizeﬁs of the Greater
Juneau Borough. There is little precedent in this field,’but interest

currently exists in déveloping such protection at several localities.

A summary.is presented below. At this point I wish to advocate the

minimum protective measure which could benefit the publié. This is
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compilation of an accurate and large-scale map of the Borough showing
extent and nature of the recognized geophysical hazards. This map

should be given wide publicity and should be readily available for
inspection by any interested party. The minimum measure, in short,,;s
te make available information readily accessible to the public. A step
further would be to make it accessible on a more or less compulsory
basis. For instance, a property-owner's signature showing he had
inspected the hazard map might be required as a condition for recording
title anytime property changes hands. This might not eliminate all
future problems, but it would serve to give property buyers fair warning.

To my knowledge, the following localities are studying the avalanche
hazard problem, or at least are confronted with such a problen.

A substantial avalanche hazard exists in the western canyons of the
Wasatch Mountains in Utah. This hazard is rising rapidly as recreation
use from the Vasatch Front area (Ogden south through Salt Lake City to
Provo) foilcws the population increase. The problem is most concentrated
in Salt Lake County. Several years ago, County officials enlisted aid
from the U. S. Forest Service to identify the principal danger zones
with a view toward establishing a zoning ordinance to control or prohibit
construction under avalanche paths. To date no zoning ordinance has been
enacted, but the County has used the fact that one is.under stﬁdy to
exert influence on real estate developments., Officials have found that

a substantial amount of control can be exercised through the County's

. authority to grant or deny pérmits to subdivide. TFactors such as snow

avalanches, earth slides, sanitation and watershed management are all
considﬁred in determining whether a permit will be granted. A subdivision

application in i.ittle Cottonwcod Canyon was recently rejected on the
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grounds of exposure to rockfall. This tactic of course does not control
the individual property ovner, but it does forestall problems like the
one on Rehrends Avenue.

The heavy demond for nountain recreation property in WVashington has
generated a recent and rapidly rising avalanche hazard problem in some
of the passes through the Cascade llountains, In sore cases the real
estate developers heove on their own initiative sought professional
advice and directed their subdivision efforts accordingly. In others
they have not, leading to some potentials for disaster. The State govern-
ment in Olympia has for some time been exploring means to protect the
public from unethical real estate operators. The problem originally
came about from sale of land unsuitable for reasons other than avalanche
danger, but the latter has now been added to the list. Current thinking
leans tqward consumer protection legislation, rathor than zoning
ordinances. A bill requiring real estate developers to post bond to
protect their custemers failed to pass the last session of the legislature,
but a similar one probably will be submitted again in January. There is
a possibility that in the case of actual compromise to public safety,
such as from snow avalanches, some control may be possible through public
health laws. Further information can be obtained from Mr. Douglas Toms,
Director, Department of Motor Vehicles, Olympia, Washington. (In the State
of Washington, this Department includes professional licenses.)

Some definite avalanche hazards are developing in recreation areas

~of the Sierra Nevada in California. The major and responsible developers

have taken these into account, but in some instances on private land

others ‘have not. At the moment I do not know of ary activity by county
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or state officials to deal with the problem.

Avalanche hazards also exist in Colorado. Following an avalanche
disaster at Twin Lalkes, Colorado several years ago, in whicﬁ houses
were destroyed with accompanying fatalities, there was a flurry of
interest in zoning. The Forest Service submitted two reports recormending
zoning to the State of Coloradoe, but no action has been taken. A copy
of one of these, by Hans Frutiger, has already been forwarded to the
Borough. I have recently learned that avalanche zoning is presently
a dead issue in Colorado. There has been some recent.interest in
identifying and marking danger areas along routes frequently used by
oversnow vehicles, whose recreational use has risen very rapidly in the
past two years. To my knovledge no action has yet been taken on this
proposal. |

Although avalanche hazard problems have existed for centuries in the
Alps, the legal controls over them even today are very limited.
Switzerland has in recent years attempted to set up zoning ordinances
to define hazard areas and either prohibit building in them or impose
constraints on building design. :These efforts have met ﬁith a great
deal of resistance and very few ordinances have actually been promulgated.
(At this writing I have not yet been able to obtain copies of such
ordinances as do exist, but will forward them to the ﬁorough if received.)
The problen has been accentuated of late by mountain peasants selling

of f their known avalanche paths to city folk seeking recreation property.

. It appears the Swiss peasants consider this a legitimate way to get rid

of their low-value land, especially if the buyer is a foreigner, preferably

German.
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One of the best developed avalanche protective systems, and one of
the few areas zoned for avalanche dangers in Switzerland, is the community
of Davos. But even here the avalanche problems are very serious and many
are still unsolved. In January 1968, a large avalanche fell from an
area protected by extensive defense structures. It was the largest to
occur at this site in some 200 years. Within the city of Davos, it
destroyed 14 houses, damaged 25 more, and caused some 30 fatalities.

It also destroyed a masqndry railway viaduct and just missed the public
school. Tt had previously been planned to build a ne& school at this
same site, but now the community is uncertain whether to build there or
in a safer spot. There is also an acute crisis over whether to permit
private landowners to rebuild their destroyed houses in the same places,
and, in fact, how such authority can be exercised if it is deenmed in
the interest of public safety not to rebuild them. I have not yet
learned how the problem is being dealt with - at last report, some three
months ago, it had not been resolved. I cite this as an example of the
probiems that can develop when residences and public buildings are allowed
to grow up unchecked in area of known or even marginally questionable
avalanche danger. The citizéns of Davos thought they were quite safe - after
all, they enjoyed protection from a modern avalancﬁe defense system and
had recorded no avalanche of the magnitude since the iSth century.
Compare this with the situation on Behrends Avenue, where no defense
structures exist and the known return interval is 13 years.

~  Appagently there are no existing zoning or other ordinances in the
United States which pertain directly or indirectly to snow avalanche
hazards. Tt appears that the Greater Juneau Borough may have to serve as

the pioneer in this country. This can profitably be regarded as a
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challenging opportunity for leadership, rather than an obstacle. If

et my visit to Juneau will assist you in organizing an inventory of
geophysical hazards which leads to workable guarantees of public
safety by your local government, then this may In the long run profit
all of us more than any specific solutions I can suggest for the

Behrends Avenuc problem.

\ét‘“k \ %:\ i} fif i}
Ao . o t;\ [IEEPIL Y
Edward R. LaChapelle \

- Seattle, Washington
7 November 1968
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APPENDIX VII

DEFENSE CONSTRUCTION PLAN

FOR THE BEHRENDS AVENUE
TERMINAL ZONE

By: Keith Hart April, 1968
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INTRODUCTION AND BACKGROUND

On March 22, 1962, a major snow avalanche fell onto some two dozen homes in

the Highlands area of the City of Juneau, Alaska. Shortly following this dis-
aster, the Department of Highways, at the request of city ;fficials, sent two
avalanche specialistsyfrom the a?alanche research center near Girdwood to Juneau
to determine what immediate defense measures, if any, might be utilized. Thelir
brief stu&yglrecommended against further development of the snbdivisioﬁ within
the avalanche path and called for construction of defemses at the base of the

cliff above Behrends Avenue.

In September 1962, the writer transferred to the Department of Highways Head-
quarters in Douglas, bringing with him the knowledge that some 100 residents of

Juneau's Highlands area continued to live in a major avalanche path.

The present paper is a continﬁation of that concern which was first formalized
in a talk given before the Juneau Chapter of the American Society of Civil
Engineers on the subject of snow avalanches and the Behrends Avenue problem.
An outgrowth of the talk was a request to the writer from the Juneau Public
Works Director to evaluate the continuing avalanche hazard, to determine poss-

ible defense measures aund to recommend specific courses of action.

The confidential Report of the Preliminary Evaluation of the Behrends Avenue

Avalanche Path, dated January 1967, established that major snow avalanches had
occurred on the average of once every 13 years from 1890 to 1962. The report
as requested, outlined a number of possible defense measures and recommended
a variety of plans ranging from removal of exposed buildings‘to avalanche

hazard forecasting and evacuation during critical periods.

1/ The writer then also an avalanche specialist remained at Girdwood.

2/ Unpublished report entitled Mount Juneau Avalanche, March 1962. Prepared
by the Planning and Research Section, Department of Highways, Girzdwood,
Gpril) 1962.
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SCerE
The scope of this paper is limited to designing a structural defense system
for the terminal zone of the Behrends Avenue snow avalanche path. The as yet

confidential report to the City of Juneau provides most of the necessary sup-

porting information.

OBJECTIVE
The objective is to design an effective passive defense system which will ful-

£i1ll the site requirements and can be constructed and maintained at low cost.

LIMITATIONS OF PROPOSED DEFENSE SYSTEM
The proposed defense system will be most effective against small to moderate
size damp and wet snow avalanches where downslope motion is confined to the

ground. It will be less effective against large or very large avalanches

traveling on the ground, and it will be largely ineffectual where large, high~

velocity airborne avalanches are involved. As most of the reported major ava-
lanches seem to be those types which travel on the ground, the writer believes

that a s&stem consisting of diversion dikes and earthen mounds is appropriate.

The proposed system is only one of a number of necessary measures which must
be utilized if the hazard is to be reduced to tolerable levels., See the Report

of the Preliminary Evaluation of the Behrends Avenue Avalanche Path (hercafter

called the Behrends Avenue report), especially the sections on Avalanche Defenses,

beginning page 6, and Some Possible Defense Measures..., beginning page 17.

THE PROPOSED DEFENSE SYSTEM
In 1955 the Alaska Road Commission constructed a few experimental earthen~mound,
avalanche breakers in the terminal zones of avalanche paths near Girdwood and

on Pioneer Peak about nine miles south of Palmer. fhe first of thelr kind in
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North America, they soon proved thewmselves by reducing the number and size
of snowslides reaching the highway. Continued observation of the avalanche
breakers has shown that their effectiveness can be increased greatly by adding
to their height and by adding a third or even fourth row. See Figurés 1 and 2

for profile and diagram.

Alaska's first avalanche diversion dikes were built in 1961 on Pioneer Peak

in the main slide path above what is now called the Old Glenn Highway. Until the
dikes were built, avalanches annually‘clased the highway. The closures sometines
lasted a full day, as the slide may have deposited snow some 50 feet deep and 200
feet wide on the highway. Now seven years old, the dikes have kept all but one
snowslide off the road. That one was excusable; it was triggered by the Good

Friday earthquake ir March 1964, and is the largest slide ever aobserved there,.

The obvious success of these two types of low cost defenses in a comparable
climatic zone and similar geologic setting indicates their suitability for the

Behrends Avenue area.

Site Details and Considerations

The proposed construction site is on the transitional slope at the base
of the glacially truncated, southwestern face of Mount Juneau. See Map 1.
Slope angle at the proposed dikes averages about 19 degrees and is some-
what less steep (about 17 degrees) at the proposed breaker locatioms.

An adequate amount of suitable borrow material is available at the con-
struction sites. Because of the high frequency of avalanches, vegetation

for the most part consists of berry bushes, devils club and alder.

Somewhat below the upper dike and breaker system there is an existing system

of stream collectors and a large culvert which carries the water to the

in
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FIGURE 2 - SIMPLIFIED DIAGRAM SHOWING SPLITTING AC'I.‘IC‘N~
oF AVALAN‘Q’I;E BREAKERS
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_shoreline. Equipment operating in the area will have to avoid dama2ging
the collector system and must not change the stream patterns. It will
also be necessary that construction equipment does not unnecessarily des-

troy the natural protaction afforded by the terrain and vegetation.

The land where the dafenses are to be constructed is under goveramental
ownership or control. Therefore, there should be no great difficulty ian

obtaining permission to i{nstall the defense system.

Diversiou Dikes

A dike sometimes may be used to deflect avalanches away from the object
being defended or, as in the case of the proposed defense system, it can
divert ths avalanche to an area vwhere avalanche breakers can arrest it.
See Figure 3. Plan of Dike and Breaker System. The experience gained
from the Pioneer Pezk project has helped to establish site requirements

and design criteria.

Possibly the most basic requirement is that wet and damp snowslides pre-
dominate as the airborme, high velocity type will not be controlled by 2
dike. Other requirements are that the avalanches must be at least par-
tially confined at the point of intersection with the dike and that there
must be an adequate depositional area. All of these requiremenis are

met at the selected site.

Dike design criteria include the following:

a. The angle of iaterception between the diversion dike and the natural
path must be slight, probably not greater than 30 degrees, otherwise
snowslides will overrun the dike. However, once the slide direction

has been changed, it is possible to alter its course rather sharply.
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b. Whenever feasible, dike material should be borrowed upslope, thus

increasing the effective depth of the new gvalanche path while

shaping it to obtain minimum resistance.

c. Dike height will vary with location, but 15-20 feet hes sroved adequate.

d. Createst height of the dike should be at the point where the avalanches

are intercepted. At this point the dike may be 25 feet or higher.

e. Slide velocity should not be appreciably reduced,

otherwise deposition

will occur in the diversion system and its effectiveness against later

slides will be impaired.

£. TPremature deposition will be minimized if the artificial path is made

steep and narrow. At Pioneer Peak, the upper part of the artificial

path is about 22 degrees gradient, whereas the original slope was only

1% degrees steeper. Width of the Pioneer Peak diversion channel varies

from about 35 feet at the top to about 25 feet at the lower end.

Narrowing the channel apparently reduces surface friction and thus

helps maintain slide velocity beyond the dike.

Avalanche Breakers

As Figure 2 shouws, avalanche breakers divide the descending snow mass into

smaller streams which are then redirected against one another and sgainst

the mounds or breakers in succeeding rows. The braking action of well

placed earthen mounds is considerable.

The breakers should be built 20 feet high and be as closely spaced as

possible, usually a bulldozer blade apart at the base.

borrowed from the upslope side of the mound .

182
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1t is recommended that seedling, native spruce and hemlock treeé be planted

on the lee slopes of the breakers. In time the trees will provide ad-

ditional avalanche protection.

LY
Periodic maintenance will be necessary to keep the breaker system free

of debris and to maintain the mounds. The breakers at Girdwood and Pioneer

Peak did not require maintenance for the first 10 years.

COST ESTIMATES

The costs are based upon construction near Girdwood and on Pioneer Peak some
years ago and, therefore, should be regarded as being very rough. A D-9
Caterpillar tractor was used to build the diversion dikes and D-6 to D-8 size

tractors were used to construct the breakers.

Diversion Dikes

200 L.F. of earthen dike @ $12/L.F.1/ $2,400
160 L.F. of 36 in. Dia. C.M.,P. @ $12.50/L.F.Z/ . 2,000
' Diversion Dikes Toﬁal $4,400
Avalanche Breakers
16 @ $400 each® $6,400
Avalanche Breakers Total 6,400
SYSTEM TOTAL $10,800

1/ Fifty percent higher than 1961 Pioneer Peak project.

2/ 1t may be possible to reduce the diameter of the pipe and/or to combine
the two streams which could reduce the costs.

3/ One hundred percent higher than Girdwood area breakers cost in 1956. The

tertrain.
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CONCLUSIONS

The proposad defense system, censisting of two diversion dikes and possibly 16
avalanche breakers, will appreciably reduce the hazard from medium to moderately
large, dazp and wet type Snow avalanches. It probably will not greatly reduce
the danger from very large slides of these types; and it will be no deterrent

to the large, high-velocity, airborne avalanches of the type that fell on

March 22, 1962,

However, it is a structural defense system that appears to be within the fi-
nancial capabability of the area. Even if it steps only one potentially de~-
structive avalanche, it will have repaid the initial investment many times

over -

RECOMMENDATION
It is recommended that the City of Juneau and the Greater Juneau Borough make

plans to implement this proposed defense plan as soon as possible.

1t is recommended also that the appropriate governmental body determine if
the cost of the proposed defenses should be borne wholly or at least in part

by the benefitted property owners.

Further, it is recommended that an additional breaker system somswhat as shown
on Map 2 be built as soon as possible. This second system is not of such
high priority as the other. Ideally, they would all be built at the same time

and preferably during summar 1968,

REFERENCES

The references are listed on page 20 of the Behrends Avenue report.
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APPENDIX VIII

SELECTED AVALANCHE STRUCTURAL
DEFENSES



AVALANCHE TYPES AND THEIR CLASSIFICATION

TYPE OF SNOW

SLAS

N TME AR

ON THE GROUND

SLIDING SURFACE

SURFACE AvVALANCHE

SURFACE

“GROUND' AVALANCHE

SLIP SURFACE

FREE WATER CONTENT

DRY
RO FAEE WATER

DAMP

TRACE OF FREE WATER ENREE WATER wiBI1BLyY PRESENT

wEY

Figure 12, Current U.S, Forest Service avalanche classifica-
tion, }2¢ It is conceivable that this classification might be modi-
fied in the futureto conform more closely withthe scheme given
in Table 1I. The term ''ground avalanche'' should probably be

changed to "full-depth avalanche.”
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84 AV LANCHES
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SHERENENEN
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Figure 23. Wind baffles for modification of snow deposition patterns, (a) cruci-
form baffle (Treibschneekreuz), (b) "billboard" baffle, (c) triangular screen, (d)
' tent' baffle, ’

Supporting works take a variety of forms, but most of them can be put into
one of two categories: (a) retaining barriers whose support surface is inclined
approximately normal to the slope plane, (b) steps or terraces whose support
surface is close to horizontal, Early stabilizing structures included masonry
retaining walls (Fig. 24a}, cut-and-{ill terraces (Fig. 25), timber barriers
(Fig. 26a), and wooden terracing platforms (Fig. 24b), all laid out in ranks
aligned at right angles to the line of greatest slope. Nowadays the favored type
of supporting structure is a retaining barvier erected with its support face
tilted some 15° downslope from a perpendicular to the slope plane. Manufac~
tured materials such as steel and aluminum sections, precast concrete mem-

. bers, and steel or nylon netting are now widely used, although wood is still an

acceptable material, especially in combination with metals. Obviously, natural
barriers are much to be desired, and wo the reestablishment of tree growth is

an important long range goal in many schemes for the support of snow in avalanche
starting zones, Reforestation is in itself a complicated problem, involving eco-
logical considerations and introducing requirements for special structures

{fences, tripods, terraces, atc.) to protect new growth,
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AVALANCHE DEFENSES

a. Masonry retaining wall - inclination of the supporting
surface varying roughly from the verticalto a direction per-
pendicular to the slope plane.

z
»

b. Wooden ramp or platform - supporting surface
close to horizontal,

Figure 24. Old-style supporting structures.
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AVALANCHES

TERRACES

Figure 25, Cut-and-fill terraces.

A good supporting structure has a threefold purpose: (a) to provide direct
support to the deposited snow, thus relieving downslope shear stresses; (b)
to break the continuity of the snow cover along the fall line, hence limiting the
effects of longitudinal strain; and {(c) to check incipient slides. In order to
meet this triple need, a structure must have the strength to resist both the
static forces induced by creep and glide of the snow and the dynamic forces
which may be imposed by snow slides which start between successive ranks
of barriers; it must also extend from the general ground plane far enough to
divide the snow cover. Considering these things it appears that, while terraces
may occasionally be expedient and economical, fabricated structures erected
approximately perpendicular to the slope will generally be the most efficient
and economical answer to the problem. The design of these structures is con-
sidered separately later,

*
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AVALANCHE DEFENSES 87

CAOSSOCAMS 11 oesy

D Whe B

a. Simple snow rake (cross-

beams upright) bufltfrom round
timber.

“I° Beovs o steet piw waed Tor Detes O BpRerts
c. Snow bridge (crossbeams hori-
b, Snow rake built from sawn timber zontal) with concrete foundation,
on a concrete foundation. steel frame, andtimber crossbeams 129

Figure 26. Supporting structures for avalanche starting zones. Rakes are
more resistant to thrust concentrated near ground level, and they are less
susceptible to damage from dense snow which slides after melting back from

the barrier in spring.
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Figure 27. Prestressed concrete supporting structure at the Dorfberg
experimental site, Davos, Switzerland, (Photo by E. LaChapelle. )’

®wire rope, netting, wausily trionguior shoped
_Figure 28, Snow net. Nets are usually wire rope, about

8mm (=0, 3in.) diam with 12 mm (~0.5 in.) diam edge
ropes. Nylon nets (of the kind used as aircraft arresters)
have been used, but prolonged exposure to ultravioletra-
diation is thoughttocause deterioration. Meshsizeis about
20 to 25cm (Bto10in.). Common sizes for triangularnets
are (basexheight): 1,7x2.5, 2x2, 3x3 and 3x4m (~=5.6x
8.2, 6,6x6.6, 9.8x9.8, 9.8x13.1 ft). Typical sizes for
rectangular nets are 1,5x2,0 and 2.0x2.5m (=4, 9x6. 6,
6. 6x8.2 ft), Posts are 3to4m (9.8 to 13,1 ft) long, 10
to 17 cm (3.9 to 6.7 in.) diam, and anchor ropes are 1.3
to 1.6 cm (0.51 to 0.63 in,) diam. (For design, see ref.

28, 97.)
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AVALANCHE DEFENSES 89

(AR
Lisss e

a. Snow bridges,

YL i
(W Prospmre Sare} e Presswve Bors)

b. Snow rakes,

Figure 29. Designs for construction of supporting structures in aluminum and
steel, (After Guler.)
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AVALANCHE DEFENSES
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a. Protective ramp. b. Protective wedge,
Figure 31. .Deflecting structures,
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Figure 32. Concrete wedge for the protection
of a pylon,
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AVALANCHES

CARTH ARRLETER BANK
(o)

LARTH ANO MASONRY ARRESTER DAM
thy

Figure 34. Cut-and~-fill arrester dams, typically 3 to
5m (10 to 15 ft) high. Arrester dams have not proved
to be very reliable.

EARTH MOUNDS

L

b .-
e, .
s
N\
3 # «ngggai%zﬁ
e Yo
I N
N N&\
3
“‘“ ‘im L) "

Figure 35, Earthen mounds for retarding or arresting
slides,

*
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Figure 36. Precast concrete breaker ("concrete
tripod").

Mounds are most effective against avalanches whose motion is largely on
the ground (Fliesslawinen). Large, dry snow avalanches with much airborne
motion tend to override them,

If it is undesirable to tear up the slope surface to build mounds, breakers
can be built of other materials. Figure 36 shows a breaker built from precast
concrete members ("concrete tripod").

Controlled release of avalanches

In sparsely populated areas and along lightly traveled highways it may be
economically impossible to undertake avalanche defense construction, although
human life still has to be protected. Under these circumstances the best solu-
tion appears to lie in deliberate release of avalanches while the danger zones
are evacuated. This approach is widely used throughout the western United
States and in Alaska by Forest Service personnel, highway departments, resort
operators, and industrial concerns,

Whenever significant accumulation occurs in avalanche starting zones, ac-
cess to slide paths is barred and attempts are made to dislodge the snow,
usually by means of explosives. Not only does this ensure that slide paths are
clear during avalanche descent, it also prevents the development of very large
avalanches by periodically removing snow which might otherwise accumulate
to dangerous proportions.

"Triggering" of avalanches, both natural and artificial, is discussed later.
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Figure 38, Sc

(a) Complete pr
ral terrain boundaries,
rows staggered to avoid sl

Table VI, Arrangement of supporting structures {fr

AVALANCHES

-', " g
LR,

hematic plans of defense works.
otection extending laterally to natu-
(b} partial control with
ide damage at the free end.

om Swiss Guidelines),

Arrangement

Advaniages

Dinadvantages

Continuous cbatacie for
loose snow slides,

Tension stresses in the snow
cover seldom develop.

End forces are reducsd to the
ends of ths work ranges
{total snow pressurs stresses
are minimized}).

Timited n\pphcabxlity on i~
regular terrain or Broken
ground and when the snow
depths change locaily.

Largs conlinuous areas of
snow atill exist where tensile
and shear strassss can de-
velop.

Damage may be propagated
laterxliy.

—— S 2— T N SO 7~ -

interrupted

A good fit to terraly configu~
ration and 1o local changes
in snow depths is possible,

Damage {rom maviag snow
will be localized to single
sections,

Cheaper than the continuous
srrangement in certain cases.

Loose suow csn {low through
the intervals.

Each individual structurs is
subjact to end forces.

Echeion and
stagpe red

Combination of dis-

Mort adaptable to the terrain
configuration in all diractions.

All permanent tensile and
shear stresy tones are div-
ided.

Gliding of snow covar between
the works is reduced.

Stressing by end force cor-
responds to an isolated struc-
ture.

Cost per unit length of struc-
ture is higher than the con~
tinuous and the interrupted
arvangements.

continubus arrangement
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AVALANCHES

BENCHES OR TERRACES

LEGEND

O PONT OF CAFTURE, LAST SEEN STANDING
x PONY OF DISAPPEARANCE
§ LINELY AREA FOR LOCATION

Figure 70. Probable areas for the location of bodies buriedin
avalanche debris. The diagrams show possible effects of terrain
features and capture locations on deposition pattern, (After ref. 9.)
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APPENDIX IX

CITIZEN'S INFORMATION PROGRAM



To:

From:

MEMORANDUM

File

Michael Mann

Reference: Juneau Hazards

Subject:

Following is a list of activities providing citizens information for

Citizens Information Program

the Juneau Hazards project.

1972

May 25

26

26

30
30

30

June &

12

13

Interviewed by Juli Chase of
Empire

Article published S.E. Alaskan
Empire

KINY Television interview 20
mins. with Bill Wally

Rotary Club luncheon program

KINY Radio interview 55 mins.
with Bill Wally

Interviewed by John Stringer,
editor S.E. Alaskan Empire

KINY Television interview by
Bill Wally

Chamber of Commerce luncheon
program

Article published S.E. Alaskan
Empire on Chamber meeting

Planning Commission meeting
public hearing

Article published S.E.
Alaskan Empire on PC meeting

Date:

June 28, 1972

Participants
KH MM DS HF HM ES GP
X X X X
X X X X
X X
X X X
X X X
X X X X
X X X X
X X X X X
X X X
X X X X
X X X X

The initials designate the following participants:

KH
MM
DS
HF
HM
ES
GP

Keith Hart

Michael Mann

Doug Swanston

Hans Fruitiger

Harry Moening 22
Ed Storms

George Palmer

DMJM -



APPENDIX X

A SELECTION OF HISTORICAL
NEWSPAPER ACCOUNTS
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