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P.O. Box 152 
Douglas, Alaska 

January 27, 1967 

The Honorable Lauria 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 Hr. George Davidson, t hen Public 
works Director, in December 1965, with the very limited field progr- com-
mencing February 14, 1966. 

Due t o an unusually heavy workload at my office and combined with aoaie 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 gr atefully acknowledged. 

Sincerely yours, 

Keith Hart 
Avalanche Specialist 
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- Introduction 

At a few minutes past five a.m. on Tuesday, March 22, 1962, a fast-mo"i 
ng, 

largely airborne dry-snow avalanche slammed into the western Part of 
Juneau 's 

Highland district inflicting varying amounts of damage upon two dozen or 
l!lor, 

homes . Luckily. because of the hour, only one person ~•as injured . 
Within 1 

few weeks nearly all signs of the damage were gone: new roofs had been Pl 
••ed 

on some houses, a number of homes sported patched roofs and siding 
• a few hid 

ne,-• chimneys, and new power and telephone poles replaced those snapp d e 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 c·hose not to call the avalanche an avalanche . By an •x• 

emplary rationalization, the insurance adjustors--under considP.rable pressure. 

of course--determined that the d amage w,is cnus<>d by "the 'Wind" and not the 

avalanche. As a consequence, nearly all repairs ,,,ere cover<'d by the homeowneri 

insurance. 

This report will show that the 1962 avalanche was not a freak natural di111ter 

which most likely will never again occur, but that future avalanches should 

be expected and, most important, to recommend means of elimi nating or reducing 

the hazard to life and property in the affected area. 
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AV
8
18nches - A Non t echnical Di scusai,£!l 

0 t111al t n 
8

nowcover consists of a number f o distinct strata ' each representi 
owfall or snowdrifting peri d 

one Sil o . 
In the Ju~eau ng 

d b 
area, man f 

ta are separate y ice lenses h y o the snow 
strs w ich are th e result of rain, sleet or thaw 

link (i ,,ll snowfalls. As in a chain th bet••e · ' e weakest .e., •now stratum) de-

illes the breaking point of the tertl1 snowcover. If the weakest stratum happens 

be at or near ground level any r 1 to • eau ting avalanche may involve the entire 

the surface will snoi/Jlsck; whereas a weak stratum near 

onlY that s tratum and those above it, 

• most likely, involve 

It is obvio h us tat if the weak stratum 

o azard is conaiderably greater than if is at or near the ground the degree f h 

it is at or near the surface. 

011 
steep slopes much of the newly deposited snow slides during or shortly after 

fal ling , thereby reducing the opportunity for avalanch f j . 
ea o ma or proportions . 

In an ordinary winter--1965-66 was such--there will not be any particularly 1/ 
large avalanches occurring because of these frequent small slides-: This is not 

to say . however, that there is no danger from these 10-called direct-action, 

surface aval anches . Within this northern temperate, maritime province heavy 

snowfalls are not uncOflllllOn and snowfalls greater than 24 inches occur rather 

fre quentl y a t elevations above 2, 000 feet, A ~4 inch snowfall in the accumu l -

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

of snow . A not insignificant quantity, 

b Of d
ifferent criteria (Table 1 ), 

Aval anches are classified by a num er 
the 

study area are of the slab type; the 

Most of the larger avalanches in 

there were no weak layers deep 

l/ Another factor favoring stability was 
th

at 

i n the snowcover during winter 
1965

-
66

' 
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TABLE 1 

AVALANCXE cu~ssIFIC.-\'!"IO~ SYSTE).'. 
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Or, I Wee 

C.O','-S',.':",'1'-' ,.,,.•;.L·,.·.·~·.,,< 1
1 

. .. . i.. _ v,-:::r-!:::,v, :,'.'i.~:!,r;:; -------:------------:1------------
1 O;icn SiOjlC i In a cu;;y 

o:= THE ~~ow 

' I 

4 
fO:-:M Of 
iHC TMCK 
rn CROSS 
m:,10:i 

I
I riu;,1

.t,ro; .. 1 .. ,:-.i.:.11:\t\nt· .. :.

1

_:I,'..'..lil __ 

1 

_~_~_,;_~;_}_t __ ~~--!fi_·_~:_.;_;_i~_-_il_i_l_ 

s :=a~:4 OF 
;,;ovE.V.EST 

, .., •• IJ .. _ C}!~~;;;::..t::::, ;.v .. !..~:;:~;~ 

I bYffeiif 11 
......... ,:; ,, ......... 

A(,u rJ:c ~,r:c:n tmtm:'1 by Prof. A. H:1~,'cli end Or, M, de C.1c,-v.:i., r.' 
&ht Swiu Fcdtrol Snow ond Av.il..ncho Auoatch liuri;.110 in IVSS. 
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The loose-snow type is most common in the 

tl~rcll 
19

b2 avalanche was one. 
zz, 
after rain, warm wind and sun have largely destroyed the cohesive pro-

sPrit1g of the individual snow cryS t als through destructive metamorphism. 
,ti.es pe 1 

11ost 

avalanches are combinations of the characteristics shown on Table 

h 22, 1962 avalanche moved down its well-defined path as an airborne-
The tiarc 

valanche, the form which some regard as the most devastating of all 
po"der a 

h 
s Observers in Switzerland have measured the velocity of tnis type 

avalanc e . 

200 miles per hour. It is believed that internal cross-gusts within 
at about 

d ay move twice as fast as the slide 1.·tself. A pressure wave of snow-
the s li e m 
free air precedes the airborne-powder avalanche. It was this pressure wave or 

wind-blas t that. undoubtedly, did much of the damage in 1962. An avalanche 

of this t yp e during the same winter but in Switzerland, levelled between 240 

and 25 0 acres of forest and buried one and one-half miles of roadway. 

We t-snow avalances may occur during or following wet-heavy snowfalls, rainstorms 

or periods of above freezing weather. These avalanches travel at relatively 

sl°" speeds; unless of course, they fal 1 free over cliffs . . Because wet-snow 

aval anches move on the ground, they follow natural channels such as stream 

gul l ys. Most of the wet-snow slides fa l ling from above the Behrends Avenue 

area t r ave l down the prominent west to east trending gully (apparent in some 

of t he pho tographs included in this report). 

Avalanches are caused by those factors which reduce the shear strength or in-

crease t he shear stress of the snow. Shear strength is reduced by destructive 

me tamor phi sm of the individual snow crystals through moisture migration toward 

t~e crysta l nucleus, i.e., the interlocking spikes and branches of the newly 
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• 
Fallen snow crystals largely disappear, Temperature rise, especial! Y '1he11 

sno,., temperature is near the freezing point, is effective in we k the a ening ah eat 
crystal ho strength. Rain, a warming agent, is an effective destroyer of ndtn 

and in addition, sets as a 1lubricant. Constructive metamorphis g m, the fo 
l'nlatior 

of cup crystals by moisture migration to the crystal edge, can 1 d ea to the 

formation of deep avalanches since these fragile new crystals CODlnonly oc cur 

near ground level. Gradual overloading by snowfall, snowdrifting, or rain is 

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

e re eased In addition to these gradual causative influences, avalanches may b 1 

or "triggers" such as falling cornices, snowfalls , rocks, 
by external forces 

animals or humans. 
In the subject slide areA it seems likely that most aval-

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

graph. 

For II 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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1 nche Defenses 

TodaY there are a variety of defense measures being used to protect life and 

ertY from avalanches. Theae range from simple ordinances to extremely proP 

costly snow retention structures. There are two broad concepts of avalanche 

control: one, the passive, presuppOSE!S 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. 

1!!1-d 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 avalanchea. 

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

structural defenses, rely upon evacuation plans which are based upon hazard 

forecasting. For exampl~, 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 th_e 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 speak--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. 
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Forecasting in the Juneau area is unusually inexact due to the 

&reatl:y diff 
conditions between sea level, where the forecaster is, and the e.1 

llValan h n: 
c e for. mation or breakaway zone some 2,000 to 3,000 feet above. He 

re, anyone ct 
forecasting reliability above 50 percent is either clairvoyant 11111ing 

or &iven to 
exaggeration. 

Passive Structural Defenses -

deflect and arrest avalanches 

avalanches. 

lnclude·d in this category are struct 

as well as buildings specially built 
urea Which 

to \Ii th stand 

The road or railroad snowshed is probably the best known exAmple of a 
deflect· lng 

or diverting structure. For obvious reasons it is unsuitable as d 
a efense for 

residential . areas, although the principle is used in the design of 
some but !ding 

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 eArthen 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 ide~ 

being to catch as much 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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fast moving avalanches. The most 
L
, rge, effective of th • e arresting structures 

so-called avalanche breakers 
are the • consisting of two, three or more rows 

zo-foot high earthen mounds 
of 

15 co . The mounds are so spaced that an ava-
striking them is broken or divided 1anche into a number of smal 1 currents which 

then dire c ted against each other. 
arc 

in slide areas 
suildings (e.g., mines pow ' er and connnunication stations, etc , ) 

cons true ted to are often withstand avalanches. Measures used include the shed 

ro
of. 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, airbor ne -

powder ava lane hes . 

Active Structural Defenses - Snow retention in the breakaway zone is accompl i s hed 

by means of fence-like structures, nets and reafforestation . Wind baffles 

are used to prevent the forma tion of stress-suscept i ble snowslab, while snow -

drift fences reduce deposition in the br eakaway zone. 

Evolution of snow retention structures has followed this pattern: 1) earth 

te rraces; 2) earth terrace s and dry masonry walls; 3) wooden fences; and pre -

sentl y 4) lightwei ght metal barriers and steel or nylon nets. 
Because of the 

continually rising cost o f manual labor, metal barriers and nets are now favored, 

(see Tab l es 2 & 3) 
105 
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TAii!'.! 2 

SNOW RA!~E 
CROSSBEAMS formlno the supporting plane or orate crossbeams upright ( 

round timber raftar,i 

\ 
\ 

UPPER PURLINJ 
LOWER P RLIN 
or FRAM£wORK or TR£Sru: 

' ' \ . 
\ \ \ \ ,\·\ ' 

\ \ \ \ 
\ 
\ 

SUPPORT 

SUPPORT FOOTING 
a ,tone plate only 

SNOW RAKE 
CROSSBEAMS tormlno the supporting plane or orate crossbeams upright (rafters) 

sawed timber 

I I 

IJ'PER PIJRLIN} 
LOWER PURLIN 
BEAM FRAMEWORK or TRESTLE 

SUPPORT 

\ \:... ' ' \ \ \ \ \.• \ ,_ , ,, r--" ' ' \. YI·,--.. ;-.: ' ' ... 
\ 

\¥_: •~'. , \ \ 'J. -.:,;\ BEAM FOOTING 
:\ \,\ \ \ '~\\ \ or UPHILL FOUNDATION 

I I \\' ' I \ -~ ..... - PRESSURE BAR 

\ 
\ \ •~ : '\ \ \ \ \ \~·• / \ connecirng71ielwo footings 

I , \ : \\ \ \ '\. - -••--• -••-•UA 
\ •: 'i \ I \ I 

'"'"''~_. \ , \ \ \ \ \ '\ DOWNHILL FOUNDATION 

\ \ I \• \ • \ \ \ 

\ \ \ 
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TABLE 3 

. \ 
\ 

. . 

for.ffllnO the supportlno plane or orate 

\ 
\ \ 

\ \ 

\ 
\ 

\ \ 
\ 

\ ·\• '.1 \ \ ~--, . . 

I . I f:.i.. t;j} 
I\ I ,I I I I 

/ 1 /I / // 

I I -'~ I I I I I I 
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SNOW BRIDGE 
horizontal crossbeams (bara) 

FRAME'e\ORK or TRESTLE 
. . 

OUNOATION 

SNOW ·NET 
aupportlno plant 1, fltxlblt 

. 
I SWIVEL POST FOOTING 

EYEBOt.: 



< 
The purpose of barriers and nets is to prevent the formation of Potenti 1 

destructive avalanches by interrupting and holding the snowcover. 
a ly 

These b ar. 
riers, called bridges if the crossbeams are horizontal or rakes if the cross. 
beams are upright, and nets · are very costly. The installed, per 

me_ter cos ts 

in Switzerland are: aluminum bridge - $255; and steel cable net 
- $135 . In 

certain slide paths many hundred meters of . structure may be required t 0 Pro. 

vide the necessary control. Very rough estimates of the cost f 0 these d efenae1 
installed in the subject area are from 3-5 million dollars. A tho rough 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 fo t res is regard., 

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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q 
1'1!e Behrends Avenue Avalanche Path 

certainly one of the strongest impressions received by the first-time visitor 

• rugged glaciers, dense to Juneau is that of dynamic nature - -rushing streams , 

forests and mountains plunging abruptly to the water. Shortly following this 

overview, he begins to notice the violently irregular forest pattern on the 

~ountain 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, if 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 vegetation 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 ret1&rkad 

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. I, 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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been advised that 
b•' , i so 

area--with houses 

the avalanche potential of the area 

already built--waa being annexed by 

was discussed 

the City of 
~hen the 

SY a,eans 
of interviews a rough history of the subject slide path h as been de-

d back to the year 1890. In reading this brief chronology, the reader 

1etope 
ld bear in mind that prior to about 1946 the only structure in the •tide 

sbOU 
path above Glacier Highway 610W Avenue) was the so-called "peat house" a long 

abandoned, We,;ld War I vintage, smallpox isolation building. Thia is on import-

ant considerat ion because there could have been, and likely were, avalanches 

,mich did noi!J.each the highway and therefore were unobserved . A brief history 

of the observed avalanches follows. 

1890 • Thia waa 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 . 

191 7 • Thia' 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 b r oken trees prevented the early reopening of the road which 

1188 
used by • •·dairyman. The slide probably fell in March or April; it was be-

an a irborne-powder type. Information from Captain L.B. Bayer, 

living at Norway Point . Also recalled by Mr, George Skuse . 

- This was a lar ge avalanche that flowed around the old "pest house." 

From descriptions given, it i s believed that it was " wet snow avalanche, a 

It probably occurred in late March or Apri l . ty-pe , • which ,moves on the ground . 
117 
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Information supplied by Mr , Joseph McLean and Mr, Robert Killewich. Mr. Ki ll 
e~icb 

recalled thAt one part of it reached tidewater. 
From the type of slid . e, tt can 

be inferred that the part reaching tidewater 

gulley which now intercepts Ross Way , 

probably traveled down th e stre11111 

1935 
• There iS not much information available regarding thia avalanche whi ch 

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

1946 _ This was the last sizable avalanche reported in the Behrends Avenue area 

Mr , R.E. (Randy) Randall observed tha t this aval h anc e 
prior to the one in 1962. 
terminated in the trees above the old shop building at 173_5 Glacier Avenue . 

The slide reached at least as far downslope as Behrends Avenue . It probabl y 

..,as a wet sno~• type with motion confined to the ground and of such low v~locity 

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 boa t Harbor. D11111age 

to the houses included: removal of roofs; collapsed walls ; buildings off fouo
d
· 

ations; chimneys broken off, and windows broken out . A f ew 60 pound chimneY 

blocks were blown 135 feet onto houses fronting on Glacier Avenue . na111age e
9t

· 

imates ranged from a high of $250,000* to a low of $150 ,000 ; t he t r ue figure, 

no doubt, lies somewhere between . 

* Newspaper article·. The Al k E · 1962 as a mpire, Juneau, Alaska, Mar ch 22 , 
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U 
newtlt>at>er reported the following damage• June• • P' ,G . Nottingham house 

jbe 

9 llehre
nds) knocked from foundAtion and one wall t H ll (

2

2 om out; aTVey Wi son 

(?.26 Behrends), back window blown out and 18 inch diameter tree " .•• tossed 

b0use -r oof , ;" J . A. Rerdlick house (245 Behrends), ' 'Roof .. , c-let_ely gone." 
aero•• --.-
and .,1ndoWS facins mountain blown out; Cecil Willil house (241 roof 

off and windows facing· mountain blown out; and W.W. Rack.wood house (1736 Glacier 

Avenue), " . • . had a large hole in the roof caused at)parently by a tree hitting 

it ," vrom the same newapaper: '"the full force of the avalanche caused wind 

see1J1ed t o hit t he Highlands area between Ross Way on the North and about 221 

BehTends, although traces of heavy snow and scattered tree branches were farther 

aouth on Behrends." 

FutuTe Avalanches - Unless Juneau I s climate becomes tropical or sub-trOt>ical , 

it seems reasonable to erpect future avalanches . ln the 76 years covered by 

this report, t here have been at least six large avalanches reported in the Behrends 

Avenue area, o r if averaged one about each 13 years . Unfortunately, however, 

avalanches--especially l ong-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 

lat eT; while t he 1962 aval anche waited 16 years. 

The wTiter wil l n o t h azard 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 forecas ts which say that colder winters are in the offing, 

the possiblity of destruc tiv e av alanches seems real · 
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I l 

~l 

Some Possible Defense Measures for the Behrends Avenue Area 

The following are possible courses of action to be followed for reductnD ., the 

hazard to persons and property in the affected area. 

1) The area indicated on the City Hap and Photomap would be declared a high 

hazard area . All homeowners and others having an i nterest (e g . . ' tenanta , 

mortgage holders, insurance companies) would be so advised. Selle rs IIOU!d 

be required to advise prospective buyers of the hazard classificat · . ion fa · 1 ' l Ure 

to do so would be a cri minal offense. No further construction would b e al!o,,ed 

in area if purpose of construction is to house additional persons. 1 n case 

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

2) Establish an avalanche forecasting service and prepare 11n evacuation plan 

Evacuation to be mandatory or optional? 

3) Require that "'alls of houses facing avalanche be reconstructed of reinforced 

concrete, br11ced 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) Construct avalanche breakers and diversion dikes at base of s l ope and above 

houses. Reafforest, 

5) Construct sno"' retention devices i n the formation and breakaway zone . 

6) Require removal of all houses in affected area . Rezone land for sullffller 

recreational use. 

Course of action 6) is the only one which would compl etely eliminate 
th

e 
bablY 

Course of action 5) in conjunction wi th 4) nnd 3) would pro hazard . 
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ard to tolerable levels, tbe ·haZ 
4uce 

re regarded as the minimum level 

Courses of action 1) and 2) together 

of effort. While no definite coat eati-1d be ,~oO 
available, it appears reasonable to 1uesatimate that course 6) might 

tes are 
to 350,000 dollars whereaa courses 4) and 5) combined may run to 

, 0st 
250,000 

., 11111c 
million h as five 

Jt 
obvious that any of these courses of action will raise financial, is rather 

1egal, 
political and moral questions (and not necessarily in that order), How-

d nothing may lead to consequences too terrible to contemplate , 
e1er, to o 

121 
18 - / 



Conclusion and Recommendations 

There is every reason to e'Jtl'ect future major avalanches in the Behrends A 
Venue 

area. In order that tragedy will be averted, the following rec0111Dendati 
ona Ire 

made. 

1) 

2) 

3) 

That as a first step the area within the lines on the enclosed CityM 
l'P and 

Photomap (1) be declared a high hazard area; (2) be publicized as 8 h· 
' 

(3) be zoned to prevent further construction, and reconstruction if da.magey 

repair• amount to 50 percent or more of the value of the structure. 

That an avalanche hazard forecasting service and evacuation plan be ea tab lisbtd. 

That an engineering study be conducted by some qualified individual or 

organization to determine the cost of a structural defenae system . The 

writer recomnends consideration of the Federal Ina ti tute for Snow and Aval• 

anc::he Research, 

Weissflujoc::h/DAVOS, Switzerland 

(Dr, Marcel de Quervain, Direc::tor) 

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

the coat of reloc::ation. 

5) That a study be made for financing the recommended measures . 

b) And based upon the results of the studies rec::oumended above , 3), 4) and 5) • 

b removed that either a structural defense system be construc::ted or t he houses e 

7) Additionally, it is rec::ommended that the City of June11u through the Greater 

Juneau Borough, strive to prevent the use of avalanc::he susc::eptible land for 

building sites in areas likely to be annexed by the City. 

!/ Damage from any c::ause. 
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IJ'P!N1>1X A 

Avalanche Forecasting - A Modern Synthesis 

E. LaChape 11 e 
United states Forest Service 

Al3STRACT Avalanches are generated by structura I weakn:esses in the snow cover. 

Some of these weaknesses can be observed and measured by investigating snow 

stratigraphy in pits or with instruments. This method offers reliable data 

trom direct observation, but it is time-consumi ng, It is rrios\ effective 

when forecasting climax avalanches caused by snow metamorphism or a sequence 

of snowfal Is. 
Many avalanches fal I during or immediately after a single storm. Time 

usually does not permit stratigraphic investigation, which is difficult in 

fresh snow. These direct-action avalanches can be forecast by an analysis 

·,._ of meteor I ogica I factors prevai I ing during the period of snow deposition. 

This indirect evidence is less reliable, but can be more easily obtained and 

often is the only forecasting guide available, 

The accuracy of such forecasts is checked by practical field test s 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 tire, 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 ii lustrated by examples from different climate zones in the 

western United States. 
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Avalanche forecast------------- Eith er an evaluation of current avalanc he 

conditions or a prognost i cation of future 

ones, th e latter depending on mountain 

weather forecasts. 

Climax aval a nche-------------•- This type fal Is as the result of internal 

structural weaknesses within the snow cov-

er which may develop over long periods of 

time. It may be t riggered by a new snow 

fal 11 but involves snow layers at the releas e 

point de?OSited by more than one storm. 

Di r ect-action avalanche-------- This type falls duri ng or within 24 hours af -

ter a storm, and involves only the snow of 

that storm at the release point. 

Hard s I ab---------------------- The constituent snow of a s I rib ava I a nche 1-d t h 

a high degree of internal cohesion. Sliding 

snow usually remains in chunks or blocks. 

Soft slab---------------------- The constituent snow of a slab avalanche with 

a low degree of internal cohesion. Th e s lid-

ing sonw breaks up into an amorphous mass 

and may resemble loose snow. 
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