Avalanche School Rogers Pass

’2 - 6 December 1974

Date
Time Location Topic Instructor
2 December
0800 Meeting room Objective of course;
program; Introduvction
to avalanche safety and
control ’ , Schaerer
1000 Meeting room Physics of the snow ccyer Perla
1200 Hotel Tunch
,.11300 Meeting room Snow profil@ observationsj Schaerer
1345 Observation Observation of snow
site profile Schaerer
- - Anhorn
1530 Meeting room Recording of snow
: ~rofile Schaerex
1615 Meeting room Weather -observations
1700 Break




Date
Time Location Topic Instructor
3 December
‘0830 Observation Weather observations
: site
Meeting room Recording of obser-
‘vations
Observation site Schleiss
1000 Meeting room Avalanche Safety
wogram of Department
of Highways Godfrey
1030 Meeting room Characteristics of
. avalanches, classification ,
“and recording Schaerexr
(ﬁ 1200 Hotel Lunch '
) oo
Lorrauy Juc:r:\,.;,;u__; At s Lol !
, {) ' ;
1400 Meeting room Search and Rescue Pfisterer
1700 Break »
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Date

Avalanche control,
case histories.

Time Location Topic Instructor
4 December
0830 Meeting room Avalanche control Rogers
ass Schleiss
Work in 2 groups )
, - a) ‘Rescue practice Pfisterer
b) Vvisit of avalanche
sites, and analysis
- office recording
avalanches. Schleiss
1230 Hotel "Lunch
1330 Field as in morning, groups
with changed activity.
1600 Break |
i5 Decenher ;
0900 Flat Creek Departure for Fidelity Mtnh. f
#1000 ° Fidelity Mtn.| Snow. profile, slope testing
A . : Visit observatory
1500 Meeting room Plotting profile
: Stability analysis Schaerexr
1700 Break
6 December
0830 Obsexvation Weather observations
site : :
0900 Meeting room Evaluation avalanche
o hazanrd, Schaerer
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Loosze snow avalanchas

Start at a point. =
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Locze snow avalanches contain cchesionless snow:

calfter a snowiall when the
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Dry new snow

£ 0ld now, during snow melt periods: these avalanches
can ba large. \
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Slab _avalanches

Start from a line; the whole width of a slope moves

simaltaneously.
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Slab avalanches form in snow that has a strength.

Avalanches may start as loose snow avalanches, and the
s

Lab lower down the slopse.
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Slab avalanchoes are caused by an instability of the

snow cover due to the layering.
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Stabilitr ¢

The stability aﬂﬁlysis iz an estimate that avalanches
will start within a given time. The analysig is based

on human ju ement using rules of thumb and perscnal
cxrpeer iencs.

tability analysis:
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Ohservations

Snow depth
Snow profile (Lavering of the snow, snow pack structure)
Weather: snowfall, teﬁpor;Lure, wind.

ralanche occurrences: curxrent and past.

Slope tests: cutting of slab, skiing, explosions.

The weather forecast for predictions of the develop mext

oi the snow stability. ;

et D

Certain groups of observaetions are strecsed and ctheirs

- A b S S e e .
cruitted, depending on local condiviong, such as
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control methods. TFollowing arc recommendsd methods
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stability analysis. i

Influence of encw depth \
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A minimumn snow depth 1
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te cover the roughness
‘L.

of the ground beiore avalanches occur. The thres

ed rrem observations of several

Pl
>

depth can be establis

vears. Tt dg usually:

On a smooth ground, e.g. rock slabs, grass, permanent

snowiields : 30 em (12 inch)
On average mournitainslopes, covered with boulders, shriubs,
rough bedrock 60 cm (24 inch)
On very rough ground, with big boulders, big stumps,
fallen trees S0 ¢in te 120 cm
(3 feet to 4 feet)
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b)

c)

Uncontoolilod, acoos .l
Most frequent application: gkitouring, constru wction .

Order of .importance of cobs ~””aLlO :  Snow proifile
Slope tests
Weathex
Avalanche OCCUILEnCEs

Cation near

Observe a gnow proiile -at a representative 1

o
the starting zone and look Lor weak layers; determine
their strength (hand test), the depth and strength ci

the slab layer.

The following can be critical weak layers:
- surface hoax
- depth hoar ,

- ¢crusts

1G]
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- o0ld snow surfaces that have gone throuagh a
o

metamorphicsm ,
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- very- -welt snow

them; develon veour euxnerience. b

3

Evaluate the strength of the layers vs. the weightr on
o)

Some rules of thunb:
- The depth of snow above a weak layer must bhe 30 cm

(12 inch) tc produce instevility.

te
- Snow with a hardness of 4 fingers can support a

layer up to 100 cm deep (about 3 feet).

O
()

- Snow with a temperature boLween 07 C and - 17 C
may become unstakle rapidly when the air temperature
increases or with streng radilation.

- During

C
D

the snow melt period, deep avalanchezs will not

s . , . o
release before isothermal conditicn is attained (07C).
Test a short, steep slope of critical cuposure.

Consider how the wind and sun could influence the

conditions on slopes with diiferent aspects.
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G)  Uhoerve avalanche occurrencos, oobe

the starting zones.

G) Unconitrolled, insceessible sl

1 ent application: roads
planning of sk

Orxcder of importance of observatlons:

Avalanche occurrences
]

a) Eestimate from weather observatiocne how the sgnowfall,
n the stability of the snow

d, temperatures influence

in the avalanche starting zones.

Significant weather ohservations:

- Amount of snowiall j

- Intensity of snowfall :

P SN e
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- Windspead and direction
- Temmerature
1

- Solar radlau;cn

Some rmles of thuml

Ly begins when

scuivalent, or about 30

Cigh avalanche hars

2.5 cm. per hour:

-

T A e -~ ety (R
with. stirong wind.

Snowiall oi rimed crvstals, graupels, needles are more likely

te form avalanches than stellar crystals (e.g. after 20 cm

LEW 3NCW) .



Rain adds welght to existing sncw cover and decreases staiHl

R

high temperatures associated with rain produce additional
weakening of 'the snow.

P

Rapid gettlcmont of snow means rapid increase of strength.

The new enow beccmes usually stable vhen the settiemsnt is

greater than ebout 15 porcert per day. )

.
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Wind can move locse snow and produce avalanches even arter a
snowiall. Avalanches form on a leeside of ridges. Observe
for drifting, snow plumes, cornices, driits around buildings
and trees.

Critical windspeed about 20 m.p.h.

Wind breaks up the snow crystels and the small iruomentoﬂ

crystals pack dinsely to form a slab. Slab can be Qang@rous
when supported by a weaker basae. ' ’

;

A

High relative humidity in association with wind produces slabs
more readily. ;

sloy meteamorphism, little cha
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unstalble conditions may persist.

C o - a0 o _—
Hicgh temveratures, but not higher than 307 F (=17 C): rapid

gain of strength, leads to stable snow.

. SO - n
Temperaturses higher than 30 T: loss of strength, leads to
instahility.
o o .
Drop ci temperature Ifrem 317F and higher: weal snow hecomes

stalble.

Strong radiation from the sun increases the temperature on

o€

exposed slopes. The radiation usually not significant in
December and January, but it is an important cause of
avalanches in spring. The eifect of solar radiation is
intensifisd when the sky is hazv.

The cembination of adverse weather factors is imporiant.

b) Observe avalanche occurrences. There are usually

indicator slopes on which avalanches run first.

ty:
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lanches romove Lhe snow Ln thae nonas and

the trocks, and this snow is hot EB 3 uu)LgLf“t

c) The stability analysis by using weather obsecrvations is
satisfactory for avalanches that form during snow storm,
but it becomes difficult when the avalanches build up
over mors than one storm pericd. The starting zones
should be visited abeout once per month (by ski, helicopter)
for observation of SHOW'PIinlmS-

-

Contr~llied Slones

~J
—

Most freguent application: - Skilareas

o
‘Orxder of Amportance of observationg! Weathex

Snow proiile !
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The obijective of the apglication of expiosives, ki stapilizabio:

is to remove the unstable snow by procucing hacmless svalanches.

must be applied. ' ]

The methocd used for stability analysis iz eskentially the sane

-

as for uncontrolled inaccessible slopes, but it must als

-

consider how well a slab has rformed in the sterting zone. The

formation of a slab is important for the successiul application
o)

The terrain and experience will determine the amount cf snow
that may be permitted to accumulate before avalanches must be
releascd.

Slabs form readily with wind, mcoist air, and high temperaturés.
Snowfalls with wind and in cecld
slabs.

"

weather do usually not produce

8) AngdnGno horzard evaluation

The avalanche hazard is the probabilitv of avalanches inflictin

s
a given degree of damage to skies, vehicles, property. The
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The snow stability analysis is the {irst step of the
@

-

avalanche hadard evaluation. The size of the avalanches and the

outrim -distances must be ccnuig@red in a second step.

a) Rules of estimating the size of avalanches:
The deeper the slab laver, the larger the avalanche.
2An avalanche in metion mey break deeper weak layers.
The harder the slab the more likely a fraciture could
propagate and a wide slop may start to slide at once.
The surface penetration measure by the fcocot or the ramsonds

-he zmmouant of unstable snow in the tracis.

A penstration less o

than 30 om produces small avalanch=s, mor

Rt

i
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k) Mulez fo estima*ing the outrim distance:
S

=d and a largeor ouirim

-4
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distance than avalznches on an cpon slop
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estimated. , ;
i

i




¢
.

ool

~

. AVALANCHE COURSES

AVALANCIE RESCUE

by: W. Pfisterer - Regional Alpine Specialist

Departmentyof Indian and Northern Affairs

Avalanche Rescue:

-~
-

™

Parks Canada

History.
Classic cases.
Research.

Vanni Eigenmann Foundation:

Statistics:

Time limit:

Causes of death:

Conclusion:

Background.
Function.
Results.

85 victims,

P28 fonvnd alive
o orouna aesad, i
67% death rate. i

28 victims found alive.
11 within first hour.
12 within second hour.
2 within third hour.
2 within fourth hour.
1 after six hours. '

External - internal injuries - 4%
Suffocation by compression - 16%

Suffocation - snow in lung - k%
Suffocation -~ settling snow - 66%

EXDOSUTE. v v vvvnenn. R & 1
Shock - 2%

Unconsciousness, combined with any of the above

named causes.

Death caused by suffocation - 86%

Suffocation by settling snow - 667
Time elapsed.  vveeoene.. ‘e 2 hours,
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« A rescue team has a fair chance to recover an avalanche victim alive,
providing they are:

- VWell organized.
- Well irained.
- Well squipped.

Equipment:
- Standard equipment.

-~ Special eguipnent.
- Improvised equipment.

Standard equipment: .

- Probe.

~ Shovel,
-~ Spacer.
~ Marker.,

Special equipment: S

e mze

e

R LI

- Magnetometer,
Improvised equipment:

~ Rods,
- Poles,
) - Shovels.

Rescue organization:

- Co-ordinator.
-~ Leaders,
- Team members,

Rescue procedurs:

-~ Accident report form. : \
~ First party.

~ Follow up party.

Communication. -

1

Search methods:

~ Safeiy of rescue tean. .
- Last scen point. .

- Hasty scarch.

~ Probe line,

~ First aid.



. Page 3.

“Search for vohicle:

-~ Safety of rescue team.

~ Last seen point.

~ Upper road limit.

Use of snow removal cequipment.

H

A rescue leader's foremost consideration is the safety of his team, !

g e 4

Survival in-an avalanche:

Unprotected vietim (skier, etc.).

- Protected victim (motorist, etc.). '
Accident Witness:

-~ Reporting.

~ Assisting.

- Personal safety;
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NQTIONAL RESEARCH COUNCIL OF CANADA
BRITISH COLUMBIA INSTITUTE OF TECHNOLOGY

AVALANCHE COURSE 1974-75
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(Example of the avalanche control at the mine site and
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A manual for planning structural control of
(Lists
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avalanches. U.S.D.A. Forest Service, Res. Paper RM-9Q.
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also avalanche hazard forecasting techniques).
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g A SNOW PHYSICS
by R.X. Perla

Glaciology Division Environment Canada

K

1. Density of now snow

.

Reforcnce is water, density 1000 kg mo 3 (spcc. grav. = 1,0).
Layers of newly fallen %non have densitics in the range from about
30 kg m™? to 300 kg w 3 (s, Gy‘from ONO" 0.30). The higher den-

sitics are duc te wind £ , Or SpuCldl Lrystal f01m%.sucn
as needles.

2. Densification

As weight is added to the pack, snow layers may compress and double
or triple in density (for cxample, in a few days a new snow.layer

may densify from 100 kg m “* to 200 kg m *). Densification is ob-
scrved as settlement. Season snow may densify up to about 500 kg m ~.
Crusts and firn may reac) higher densities,

3. Snow strength ;

i

The main factors arc density, grain size, and wetness. Hich density
:1";?: rAnf tom \ mav }w 1060 i—iv;mq .’ecnc.fvmw as newly fallon snow
(100 Ygwm 7); glaciul rce (OO0 kgm 7)) 3 & mLillon Tames as surong
as newly fallen snow. i
At a given density, snow layers which consist of small, finc grains
may be over ten times as strong as layers which consist of large,
coarse grains. In_general, the larger the snow grains, the ur”kar

the snow. Temperature does not pl" a major role in determining s the
strcnu th of dry snow; however, snow drastically loses strength when

oy

wqrmod to the wﬂltnonnt.

é,«(ﬁ‘uﬂ” 7/.?7... o ¥ % A 8 g

4. Sintering =
Sintering & 77 /\

Py

Sintering, or thg formation ¢ of necks : (}//,w ' ,Lff’

bﬁtvgon .grains, occurs along with
dCﬂSlflCuthH.k This process involves /
the transfer of H;0 molecules fronm ’ {///;;? - .
* “ » o - \ - '~
sharp grain convexitics to grain , L} S \\J;
concavities. SIHIO]JHQM} 5 always
Ho0 Trumsia R Frow
ComvERMTIES TO
CONCAVITIES



snow whlc} ; 3 ‘ ] and g ,qklenuth. Durlng thc
initial stuvcs of sintering, g1a:n5 tend to become smaller and rounded

(dcstructlvo metamobphism, or cqui-temperature metamorphism).

5. Recrystallization -17/c.

The natural cvolution of snow grains to small, rounded shapes with
large adjoining necks is sometimes offset by recrystallization. This
may occur at any stratigraphic lcvel, ‘including the snow surface. Re-
crystallizat1on within o layer. dopﬂnd% on_the temperaturc d]ffCI"ncc
across. the layer (the icmwc“aturﬁ Fde]CDL) Jn general, strong

LcmperaLUIC gradients are caused by low temperature at the snow sur-
face.

6. Energy balance at the snow surface A, ) ,
. =~ ‘ i
ey AN
{ ) )
. {0 2 Nt N o~
The temperature of the SnOw su;fucc is a it ~L TN
function of solar radjiation, the tex C lowts
o e SR . el e
trial raciation balance. and several mole- | =2 N M A
CEULAY PIOCOSSCS, WHICH LICIUQe: B o Guius el e Co o
ucted to or from the zimosphere, sublimation, ?;fﬁ\é’ / i /\‘(-1
cvaporation, heat added by rain, and hoat éﬁ [ i : L U
addcd or lost with the addition of new snow. S I "\ q\ U
tant vole in adding or - - .Y ] ! I
~~~~~~ R AT 7 e -
A VU N ]
e T CERVEGTTR A

7. Temperature gradient

Ground temperature is usually 0°C |

. (or possibly lower in high alpinc ,,iﬂﬁfzwf 6'}3;1ff" e
“arcas or at high latitudes). Snow i g ; -

surface tempcrature may fall well : o 0° 5© 100
below O°C A _temperature differen . E :
' i
|
i
i
l

1 4

a sngnlflcant 1omperdtunc gradlcnt

GEOoum D
TEHTITUR T




8. Recrystallization deep in the pack

When the temperaturc gradient is significant, vapor is transported
across- laycrs from warm levels to cold levels. The vapor is de-
}051Lcd on c1)5ta] faces. rathc* than on_the necks between gralns.
Thus, “the grains cwlarwc without corres pondlng increase in the size
of adjoining nccks. This typec of metamorphism (which results in
weak layers of larpe, coarsc grains) is called tcmpcrahurc~grad1ant
wetamslphz\ﬁ The enlarged grains are called TG-grains., Very large,
coarsc grains (3 to 8 mm) arc known as depth hoar.

9. Recrystallization at the surface

Vapor may also flow from a relatively warm, humid atmosphcre to a
cold snow surface. The result is a thin weak layer of TG-grains

called surface hoar. It is also possible that certain radlataon con-

ditions can cause strong temperature gradients at the surface, pro-
ducing radiation rccrystallized grains, ,

10, Recrvetullization as g function of density ;

Recrystalliization decp in the pack depends a}vo on_ dcnsitv TH@
denser the snuw, the siower the temperatur ier
Hence, ski and boot compaction is anwﬁ~p9£iguﬁmacfcn
formation qﬁmggpth‘kng

11, The wet snowpack

snowpack is said to be lﬁﬁkﬁ%&ﬁﬁ; At this time, 51gnificqnt melt
water can forn wgihln“gggwp@gg, and_wet avalanches may become a
problen. Melt or rain water percelates, down thru the pack until
1e1¢ L}wautor may veduce bonds | botnecn Lhe

hardhigzlqce Qnd the over-riding wegt slab.

When the snonwack temperature is 0°C from surface to ground, the




\.

12. Viscoclastic model of snow

Under stress, a snow sample will show both a viscous and elastic re-
sponsc.  The viscous behavior is quite cvident in naturc (settlement,

.creep). ]]d§LIC DMLJXAQr, that is, the ability to store spring-like
“encrgy, is revealed in more subtle ways--for examplc, the propagation

of rapid brittle fr&efugg@.

13. Fracture'of SNOw

If snow is 1oadeﬁ _at.a relatively slow rate, the snow will dissipatc

enerpy. throug h Mviscous flow (densification, creep). However, at
high 10¢< {(intense sn0hfall, “p1051vc blast, ski pass), the
viscous di ,1pabzon cannot keep up with the energy input, Elastic
energy will build up in the slab, (elastic Jtrctc13nw), until the

slab fractures ca LdStTOD]C&llY Fractures tend to propagate between

stress concentrations. (trees, rocks, ski_tracks).

14, Shear stress and fracture

Le2iinogd b iy \.:Ll;\\.-l&.lilz; ARSI L S AN LA N i"g{L_)‘
discontinuity stressed beyond its capacity. Shear
fupction of s.vpe angle, density, and _slab i higwness

AL LAt o i\.llllf' € DLh Gy (llllé.l Lo

stres «S 15 a

shear stress = 11}51n0
An _index of shear strenfth can be measurcd with the Sh@dl frame,

1t is wot clear how shear fractures propagate over the enhormous
arcas of slab avalanches, but it is thought that the opcning of ten-
sile fractures jars the weakened shear surface into final fracture.
On the other hand, tensile fracturcs cannot advance over long dis-
tances without accompanying shecar fracturc. The conclusion is that
the tension and shear fractures reinforce one another.

.



Origin of tensile stress

15.
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FORMATION OF AVALANCHES
by R.I. Perla

Glaciology Division Environment Canada

- . . T

1, Slab instability

Pasically duc to layering effects
whereby a relatively strong, stiff
laver (the slab layer) overrides a
relatively weaker layer which con-
tains the main shear surface. There
are scveral catcgories of slabs.

2., Wet slab instability

Hard surfaces which block water percolation are possible shear planes.
Normally, wet slabs can always be expected during heavy rains, thaws,
and habitually in the afteinoon during the Spring. However, it is
difficult to prodict the timing of decp wet slabs, for examplc, those
vhich slide ncar the ground or on deeply buricd jce crusts. Sometines,
O}idﬁ eracva vhieh anen 1nte 4n the senoom nivn amnlp worning . et

JURPERY

RIS PR R NEY ] ¥ LV s g i1 Of I(_\\V“! nn

§ Re-expectoeq auring tne 11rst reg i
Lcraturo Elofnics and

a_latc scason “NOV . IY”lLaLlDH is bascd _on. 1cu
visual warning signs (JﬂClC&aln activity).

P

3, Dry new snow instability

Occurs during or following storms. Besides heavy precipitation, the
ﬁg;;gg;ggugggigmgggugnmggnggywcgpL;ihggg to producing a relatively
stiff over relatively weak lavorjng:

Rising temperature during storm (cold front followed by warm front)!:

Increasing winds (wind slab ove T lightly blown snow).

Increasing viming (heavy snow over light snow).

Increasing humidity (heavy snow over light snow).

Mothods_of evaluating instability in the ncw snow include: storm

record, test skiing, small explosive charges (abou 1/2 Lg. hr), tilt
board test, shear frame test, and visual warning signs.

e 3




oot
P

~most intensc ca

4, Dry deep slab instability

Mostly duving or following storms, but often deep instability persists

cr_storms. In gener ral, dry deep instability is
arly scason, and dimi s_as_snowpack pocs isothermal
toward spring. The most common

for long periods

; : : (depth hoar,
surface hoar). Sometimes, if now snow 1n<tab111t} is not rcmoved, Lhe
weakness gets buried under a deep slab and becomes a future probloem.

Since decp slabs are unnrcdlctzblc and tricky, the situation should
ization of new 10N in-

luation 1nclud0

e e T

be avoided by cozpactxon and continual stabil
Stublllty from carly scason, on,ard Methods of oV

snowpits, wmeteorological, rcco:db, dnd -explosive tests (1 or 2 kg

charges).

5. Loose snow avalanches

4

Initiation starts as faijlure in ; 'w“\
. T e e oy i |

a reclatively cohesionless surface v //f x) ii
layer of dry or wet snow, and hence dﬂf/f (*\f,{'
does not depend on the stiff over ‘ ﬁrwa”ﬁ,fﬁél?\:/fq /
weak layering. However, oncc ini- ~ e /f\ .
tidatea, tho laosc failure o ; g;,/’ Py (fi :
Mmaraten o rd :\.f /’1"‘ ' {

e A

8 * 1S St £ :
release 1¢ larnc _guantitics_of ary or xgv }i i
wet snow. [Lv.luated on the basis ‘//(T 3

of v1qual warning szgn..
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SNOWPROFILE OBSERVATION

Obijective

The Snow profile, is a record of the stratigraphy of

the snow_cover and the characteristics of the

individual snow lavers. The objective of observing

the snow profile is to determine:

a) weak layers that are potential failure planes,

b} the snow temperatures,

c) the‘thickness of a potential slab avalanche,

d) the state of metamorphism of the snow, ;

{

Other than for snow stability analysis the informatioé

t

s ;
the snow-m: .t runoff, studies of the effect of snow |

on vegetation, wildlife, structures. I

The amount of information that must be coliected depends
on the time available and the application. It may be
more advantageous to concentrate on a few essential
observations at several locations with variable
exposure, than making complete observations at one

spot.



Equipment

Snow_shovel

R

Snow thermometer (preferably two thermometers)

Ruler

i
P

Magnifying glass

Crystal screen .
Lrystat SCIERL .

Snow density samﬁler with weigh scale

Cutter
Metal plate

Note book with water resistant paper

Gloves

e

For Special Observations

Ramsoggg”

FERSRRSL L

Shear frame with spring balance

Hardness gage

Climometer,

e A L Ak T

Location

a) Study plot

Regular snow profiles may be observed on a standard,

level, drained area, and if possible sheltered from

‘wind. The study plot must be selected before the

winter and be marked with at least two poles. The
ground between the poles must be cleared from bush
and large rocks. The snow pits are excavated on a
line between the poles, each new pit at a distance
about equal to tﬁe snow depth from the last one.

The location of, the last pit must be marked with a

pole.



b) Slope

0 The best information with respect -to snow stability is

il

g S

obtained from profiles on slopes_that have the same

exposure as_the avalanche slopes. The observation
slope should be at an elevation close to that of the

avalanche starting zones,

¢c) Fracture Line

Snow profiles taken at the fracture lines shortly

“after avalanches have-cccurred are important aids in
, , Nl

checking the stability analysis,

Procedure

1)
2)

3)

4)

5)

Prepare the notebook before going into the field.

Select the location of the pit. The wall on which

the snow is observed should be in the shade. On

a slope it is advantageous to make the observations

on a side wall.
Dig pit; consider the depth and make the hole wide

enough to allow shovelling near the bottom. In

deep pits the complete observation must be carried

out in steps of about 1.5 m depth. The observation

wall must be vertical and smooth.

The second observer begins the following work while

the first observer prepares the pita'

Record date, time, location, aspect, incline of
terrain, weather.
Observe air temperature (Ta). Must be observed

with a dry thermometer in the shade. Read after
about 5 minutes, wait another minute and read

againe.



6) Observe surface temperature. Place the thermometer .

g,

pom,
s

on the snow surface and parallel to it; shade it.
Wait at least one minute, read ‘the temperature,
wait anéther minute and read again. Record
temperature if it has not changed between two
readings.

7) Observe surface condition, e.g. surface hoar,.

crust, wind packed; penetration by foot or by
skis.

- 8)-Observe snow -temperatures (Ts). - Two or more

thermometers may be used simultaneously, but

- compare them first. The temperatures are

measured at intervals of height of 10cm and 20cm

in greater depths. Allow about one minute for
each measurement. On sunny days the thermometers
must be shaded to a depth of 50cm in order to

eliminate influences of radiation.

9) Determine the location of each major layer boundary.

i

U U U S PP Uy PURRPRF I N TR YT A LU R S TR ER AR ;

10) Determine the unstable layers or interfaces of ;

layers where a failure may occur and which are f

potential bed surfaces for slabs. : ,

11) Observe the hardness (R) of the snow by$classifying
each layer according to its resistance in

horizontal direction with the hand test.

-

Symbol
a. gloved fist
b. four fingers Yo 4
c. one finger ' . XX
d. pencil B Va4
e. knife _ p RS



12) Determine the ghape and size of the crystals

iy;\ of each layer, as well as that at the snow surface.’
b The shape, or form (F) is recorded with a graphic
symbol:
4 new snow .
N\ o ‘ - partially settled, branches
rounded
& rounded
»] with facets
A depth hoar, partically or
fully developed cups, lines
N on crystal faces
Vv surface hoar

if necessary add to the symbol
rimed

clusters, conglomerates

.(-}T

Do not mistake conglomerates for basic forms.

Watch for melting on_the crystal screen.

:
i
i
{fﬁv P, . .
{ [ P [ S | U S, fFrs N PN ] LV T TV N
o " ’ B

O —. I TR e I et B - W s -y e e M e S e o .

with the aid of the screen. Record the range off

]

average sizes. A j

13) Determine the Free Water Content (W) of each
| layer. Only snow with a temperature O°C can
contain free water. Squeeze gently a sample of

snow and observe the reaction.

a. dry; no balls form Symbol
b. moist; a snowball forms |
c. wet; shiny surface, water can be 1
recognized adjacent to snow grains,
nc drops
d. very wet water can be squeezed out 1]

e. slush; snow flooded, water runs off |




. 14) Measure the Specific Gravity of layers that are
i\?”” at least 6 cm thick. The sampling tube is
inserted in a horizontal direction about in the
centre of the layer. Take a sample in vertical
direction when the thickness of the layer exceeds
the length of the tube. Trim the ends with the
cutter or a thin plate and weigh the sample.

e . Wei
Specific gravity = eight of snow X 100%
Weight of an equivalent

volume of water

Weight of
g of snow, gram X 100%

500 ;gram

Practical method of calculation when using the
3
500 cm™ samples:
Weight of snow divided by 5 gives the

e . .
v . R e A el 2 R R R T
- - - -~

(;:;2 s 3
COT SRR X B s o000 2 Y !
NOTE : :

Wear gloves when handling the instruments.

Keep allﬁghe equipment in the shade.
ik e PR e
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Appendix 2

Solid precipitation

" Abstract of the
International Classification for Snow

This classification was prepared by a committes formed by
the Intemational Commission of Snow and Ice in 1948 (Oslo)s |
It was principally adopted in 1951 (Brussels) and sub-
sequently published (TCSI/IASH, 1954; Schaefer, Klein and
de Quervain, 1951). : )

Some minor adjustments are included in this abstract——
marked with an asterisk (*)

Snow particles withe
out any specification

{Deposited new snow)

Flio

Fa

Type of particles
Particks Code ng’;*: D s
Snow
Plates: @ %ﬁ F Q 012
Ay
Stellar crystals @9‘}’ %Qﬁ»@% 3 -—%- 1-8
é’%’”%”%
Columns T
(+ pyramids) (5 F3 o 14
Needles e X F4 —s 2.8
Spatial dendrites sz }Q}.{% Fs @ 28
' % s
FARS ,
~ Capped columns ﬂé} @;,fg F§ =l 44
‘ i
Irregular crystals % &w%? 1 =\ 18-

Other solid precipitation

Graupel -’?i”!

Jce pellets (includes
* frozen rain)

Hail

1. [ D] gives the common sizo rangs (mm).

z
> Dx

0.5-5

5100



Appendiz 2

Size of particles (D)

Largest dimension measured in millimetres.
Modifying [eatures, Symbol
Broken crystals p
Rime-coated crystals r
Clusters (flakes) - f
Wet crystals w

Exarnple. Wet clusters (flakes) of stellar crystals, average
size of the crystals 2.5 mum, F2, D2.5, fw.

Deposited snow

The material snow in its physical behaviour is usually wcll
enough defined by the following features:
Density (or porosity); Freeswater ) Representing the
content; Impurities constituents

Grain shape (see below); Grain
size (sce below); Strength or
hardness(see below); Temperature

Representing the
structure

Grain shape and size
A snow grain is the unit which can easily be loosened from

- the structure, It may be composed of more than one single

crystal (distinguishable only in polarized light or on specially
treated sections). Grain size as visually determined is the
sverage greatest extension of the predominant grain {raction,
Often grains belonging to different shape groups are found
in a snow layer. This is indicated in combining symbols or
code figures,

Strength or hordness
Strength is a defined and measurablc physncai propcny

ernh ar fancile stewmeib e !

“Hardness, hiowever, 15 & com;‘nex property ;e{atcd te a par—

ticular instrument and method. Ashardnessiscasicr to measure

“than strength, hardness fizures may be used as a substitute,

but the particulars of the instrument should always be given,
Strenzth and hardness are correlated mutually and, to a
geriain extent, with density,

Subclassification of deposited snow (see faclng page)

Snow-cover measurements

Perpendicular
Vertical to slope

Coordinate (cm) H M

(from ground up} ’
Total depth (tm) HS MS
Total water equivalent (rmm) HSW —
Daily new snow (cm) HN. MN
Water equivalent

of daily new snow {(mm) HNW —
Snow-covered arca / total area (tenth) Q
Age of deposit {hrs, days, etc.) A
Inclination of snow surface (degrees) N, ¢

Snow-surface conditions

Surfacs deposit Code symbol Graphic symbol
Surface hoar Vi Ld or VO
Soft rime ’ V2 \V;
Hard rime V3 ‘ v
Glazed frost V4 (4 0]

These symbols are also used if such surface plcposiu are
jdentified inside the snow cover,

“Surface roughness

Smooth  Wsayy Concave Convex Random
furrows  furrows  furrows

Code symbol Sa 5b Sc Sd Ss
Graphic symbol  —— A LAAY 7YYy AAN

i

Surface penetrability
PP Footprint depth (Man standing on one foot)
PS Ski track depth (Man supported on one ski)

a b ¢ d e
Depth of penetration (em) < 0.5 0.5-2 2.10 1030 > 30
A similar value to P8 is obtained:hv lettine tha firet alamant
‘of 2 & em-ramsende (1 kg) steadily pwc:ia:c under ils owa
weight.®

Figure 6 shows the representation of a snow profile by
curves, symbols and figures (sce also Fig. 2).

. AH
T -10%C -8, -6, -4 -2 GVFV Kiwi D G L ‘
1 + -+ 30 85I 00
00em
lponeld |07 ] 2101
L ==~y et
7 z 2,0 | 0¥
: L
» 0 1EE T
7 o =15 360 -:50
o - = 0 o 2,0 8
arn resistance A ,\;/", 30 1285
% / i L
- A NED A -3 1.2801 0
R w0k 50 0 )
Fio. 6

Representation of a snow profile by curves, symbols and
figures,



Appendix 2

Subslassification
Feature Units Symbol
[ b c d e
5 g cm-$ G .
Density Kg m s
Free water % W E ] [ ‘ l } ” ! I IH ] I “” }
Dry Moist Wet Very wet Slush,
Grain sh - F '
e shape 4+l Inz] el [Po8] [AnA]
New snow.  Often felt-like,  Granular. ‘Granular,  Depth hoar.
Close to FI-F7* Partly settled®* Rounded With facets, Cup-shaped*
without/with  full crystalst
melting®
Grain size mm D Q.5 0.5-1 -2 24 4
~ Very fine Fine Medium Coarse Yery coarse
Strength hardness‘ 9cm~%, kp cm-' K : -
o o L] [ XX 27 XX
VYery soft Soft Medium Hard Very hard
Snow lcmpclalurc s C T ]mpqritics T Ice (layer, lens,

#. s
e PRI R P TR

PSRRI

e

1. Unchanged new snow crystals according to Fi to F7 of table *Type of particles” above or slightly transformed crystals. Original shape well recognizable,

2. Crystals in advanced transformation {destructive and/or constructive metamorphism), but elentents of original new snow crystals still recognizable, Symbol
for b may be mixed with type 2, ¢ or d to characterize intermediate states. Snow of type b often hax 2 felt-like structure,

3, Rounded, ofien clongated grains formed in prevailing destructive metamorphism without melting are marked with full dots. They are ususlly In the size
zange befow medium. Melting and refreezing produces characteristic rounded grains with strong bonds®, They are symbolized with open circles, Grain gize
usually renges from medium upward,

4. Usually only paris of the surface of a erystal of this type are dcve!opcd as even ghittering facets, ONen rounded graing or cup—shxped clements are intermized,
Combined symbols of 2 with b, ¢ and ¢ are possible,

5. Dxepth hoar does not necessarily imply fully developed cup-shaded erystals, Ususlly only {rapments of cups charscterized by re-entrant pngles and peculiar
ledges ere found {for combination of symbois see note 4).

6. Thé subdivision of strength and hardness ix based on the Ram hardness (4 em diameter cone-penetrometer with 60° apex) and the following rough core

rehuon'
: Ramsonde Shear strength Ramsonde Shear strength
4 ¢m dism, Hand test (cohesion) 4 cm dizm, Hand test {cohesion)
R (kp) Ki (g em~) ) R (kp) . K, (g em~T)
& Verysoft 02 Fist 010 d Hard 50-100 Pencil 250-500¢
b Soft 2-15 4 fingers 10-78 ¢  Very hard > 100 Knife > 500
e Medium 15-30 1 finger- 75.250

The hand test indicates the object which can be pushed in the snow with & pressure of sbout 5 kp up 10 the upper }:mxt of the given hardness class,
{Unit kp stands for kg weight.) .
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twice waxn

+

The bosrd is cleared altiar

snow for specifiic gravity observetion and

ot

T i e
On Tad onow SUuriadcz.

since © t
“bheoard Ls cleeved and replaced on U
ds over.
Acdi

yeriods, may be

Total the ground,

observed on a prezet and calibrated npolec.

h

The enow arcound the pole movzt not be
disturecd. Level the snow that clings
around the oola,

It is obscrved by stepping with one foot
into an area of undisturkasd snow and

measuvring the depth of penctration. 2A

ra

¢4
g
{

more accuratoe and lgss sublioective metlhiod

is observing the penetration of the

ramsonde.

Veicht New srnow

Snow is ¢ollected from the daily stake witl

and welghed. 'The tubke is insertad vertica
o

0]

ic
ne sample 13 collected when th
i

tube.

houvrs, 3 hours,

e

ight of the sampling
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BOTRVATTON STPRS
CBsE IO BTNRS.

by V.G. 8 chileise

Study aress and winﬁ stations must be established in order to
obbolin onoyw and r"**~r~nt the conditions in
an avalanchse arca,  The JOCﬂuJOn oF Lhcuc represcnoative or standard
sitea ip sclected by using cxperionce and a thoroupgh ﬁnowleoge of' the
local arce, A number of factors must be considered, :

1. Study Areas

a) Tocation: Loecated 1n such o manner that the pepora] proveill nb
wealher and snow conditions for the area can be obtained. For
avelanche hazard evaluztion the sites should be close to the
starting zones of the avalanches.

b) Blevation: At a Xey elevation to permit interpretation of
cov htj ons in the sipnificant areas, such as artillery targets,
accewnulation areas of snow. An elevation equal to that of the
avalanche dtaruiag zone is preferred.
¢) Drotec Llnn from wind: fSnow drifting must be al a minimum,
This is daifficult to achieve for locations above the tree line.

AN PO s mnrvs o s Moot varmd S rsnn Fhdammer Tt TAS mmm b vavemd o d o 38 v

~at Jeast theilr own height from the snow stakes and instrument
sereens. ‘ '

e) Cround Cover: Covered with greenery (gruss, moss).
£) Terrain: Faivly smooll, level and good drainage.

g) Other Proteetion: Ienced to prevent interference from outsiders
(hamais and gave), sign. : ’ ‘

2)  Wind Stati nso:

When determining the location of wind sttions it must be realized

2

that wind effect din repard to avalanche hazard is the main requirement.

For this roacon it is dnowmany dnstonces advantugeous to poaition a
wind station on a vidge in preference bto a peak, since large mounitain
v 7 i
glopea povern the locenl wind activity which in turn governs the

&V&j'mhho nazard (sl Ll formation).

v

Aualysils of poasi wccovds, i z‘nx&:ilsﬂ»leb and shape of terrain should
be uned to determine representative locat ?GL,. Observe locutions
Cof snovw drifting ab the meuntain ridees.




October, 1972

AVALANCHE TERRAIN

by: Peter A, Schaerer

1) Definitions

Avalanche path or site: Entire area whexe SNOW_MOoVes.

- R Y [P A

) a) Starting zonme (zone of origin): area where the snow breaks loose and
starts to slide,

b) Track (zone of transition): slope or channel where the snow moves at
more or less uniform speed; additional snow may or may not be set in
motion,

c) Runout zone. {zone of deposit): area where the snow decelerates and
comes to rest, : '

The runout zone may be divided into a zone where the bulk of

5 4 4 { i o + + 14
is deposited, and a wind blast zone. Only airborne snow dust would
. s e ]
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. * 2) Recognition of Avalanche Paths from Vegetation !

. Scars in the forest: vertical strips having either no trees,
or small trees, or young trees of uniform age. ; :
’ Trees with broken tops, broken limbs, no limbs on the uphill
side of the trunk. Broken trees, liwbs, on the ground in an outrun zone,
Damaged trees on the opposite valley side,

More sophistic methods fordetermining location and time of

avalanches: studies of type and height of trees, growth patterns, tree
rings. B

NOTE: A forest must be dense_to _prevent avalanches, Avalanches may
start in areas covered with scattered large treecs. The forest offers only
limited protection against avalanches that start on open slopes above leber-
lines. Large avalanches may break through heavy timber.
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Recognition from Characteristics of Terrain
Avalanches usually fracture on steep terrain

Look for starting zones.
at characteristic spots:

-~ convex slope or, cliff

* = ‘headwall
/>.4/

- leeward side of ridge, often

below a cornice,

¥
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Snow patches in summer often indicate the location of cornices and drifts.
There are usually no avalanches on very steep terrain with incline more than

60 degrees.

b) Look for Tracks.
After fracturing the snow will continue to move only when there

Inclines more than

is a s.eep slope below the line or point of fracture.
30 degrees are usually necessary, but avalanches may slide on slopes with

less incline under particularly unfavourable snow and weather conditions.

Avalanches are more likely to run in channels than on open
.

slopes. Rock gullies are always_avalanche tracks.

¢) Look for Qutrun Zones |
| Flat terrain or adverse slope below the track, The distance

travelled by avalanches depends on their type (wet, dry, airborne) and size.

Large, dry snow avalanches can move considerable distances, c}imb the

opposite valley side and then fall back,
Tree and rock debris indicate

Avalanches may stop on wide terraces,

location of avalanche deposits.
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4) Recognition from Observations of Snow

Avalanche sites may be identifiétd from avalanches that have
" occurred, Look for:
~ fracture lines
-~ deposits of avalanche snow with surface roughness, and
colour different from surrounding snow
~ flow channels in avalanche tracks
- snowfilled creeks and gullies in summer.

.Avalanche deposits may often be recognized best in Sprlng ‘when .
about half of the snow cover has melted. .o

-5} Roughness of Surface

Irregularities of the surface, rocks, stumps, small trees must
be covered before avalanches start to slide.

vsurfaces about J ﬁoqﬁ.
depth produce.no qyalanchvs-

6) Frequency of Avalanches

General rule:

.
Mhm b mmmrnan Bl mTacmn Bha wimemn Fammie e D R R N ™y~

1 i A b g S

'frequency dependa also on “other factors, such as gnowfalls, exgasure to
wind, temperatures. Steep terrain produces usually frequent small avalanches,
but sometime, for some reason large avalanches may occur,



NATIONAL RESEARCH COUNCIL OF CANADA
BRITISH COLUMBIA INSTITUTE OF TECHNOLOGY

AVALANCHE COURSES
November 1974

Avalanche Classification and Recording

P. Schaerer

Avalanches that have occurred must be observed and
recorded because the information is necessary,

a) for the day to day analysis of the snow stability
_ and hazard evaluation, ‘ ‘

b) for the planning of control measures and the

design of defence structures.

Do An international avalénche classification which permits
full description of the avalanches has been developed.
| For most purposes, however, it will be sufficient to
record only the following information of each
~individual avalanche:
jn "Site (path): name, number, mileage, description
- Date, if possible time of occurrence. ”
- Location of starting zone: description, elevation,
map code.
- Location of the tip of the deposit: distance from
road, river, how far on the talus slope.
- Type of snow: dry, wet, damp, snow dust
- Size; either: small, medium, large, or major,
relative to the size that is usual for this site,
or: length, average width, average depth, maximum
depth'of the deposited snow, length of road buried.



Damage to forest, structures, accidents, length of
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interruption of traffic.
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The following additional information should be recorded
when the starting zone is clearly visible or accessible
(e.g. at a ski area): :

Type of fracture: slab avalanche, loose snow avalanche.
new snow fracture,

Position of the sliding surface:
old snow fracture, on the ground.
Depth of the slab, width of the slab.

International Classification

A proposal of an avalanche classification was published
in- .
Hydrological Sciences - Bulletin, XVIII, 4, 1973, pages

International Association of Hydrological

391-402.
Chart 1 is a summary of

Sciences, Gentbrugge, Belgium;
the morphological classification.
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Hydrolagical Sciences— Bulletin—des Scicnces Hydrologiques, XVII1, 411973

T AVALANCHE CLASSIFICATION

Proposal of the Working Group on Avalunche Classification of the
International Commission on Snow and fce:

‘M. de Quervain, Chairman (Switzerland)

L.deCrécy (France)
E.R. LACh"spcil (USA)

K. Losev ; (USSR)
M. Shoda (Japan)

1. PRINCIPLES OF CLASSIFICATION

H PurPost OF CLASSIFICATION

Seientific Purpose

Grouping of various avalanche phenomena (morphological and others) in such a manner
that statistical or functional relations can be established between any factors associated with
avalanches and observed avalanche activity (terrain, weather, climate, forces ctc.).

Practical Purpose
Recording and exchange of condensed informution on avalanches that have occurred or are
gxpected Lo oceur in view of precautions, rescue operations or engincering measures.

1.2. Users oF THE CLASSIFICATION

According tothe wide range of the PUrposes, USLrs May possess very daﬂ‘ercm ievcls ofsc;cnurc

and practical know! cdsze and experience. It is therefnes intandad o aelose -
suned 1or generat use tutl it should imply the Sasic cloments of a systematic scientific lessmcation

1y il

\vhlch may be cxlcndcd and refined without changing the fundamental structure.

1.3. MORPHOLOGICAL AND GENETIC CLASSIFICATION

[t is deemed adequate to split the problem of avalanche classification into two basic subclassi-
fications, one dealing with observed (or observable) fucts about the immediate phenomenon of an
avaianchc We call this the morphological classification using the term *morphological” in its widest
sense. The other classification is focussed on processes which induce avalanche situations. We call
this the classification of avalanche conditions or, shorter bul less appropriately, ‘genetic classifi-
cqnmz
" The morphological classification is concentrated on the avalanching snow, its propert;c‘; and
its appearance. It also includes the morphology of movement, which does not require an eye
\vuness in most cases. The morphological classification as such does not imply knowledge or
tghcorxes about avalqnche formation and avalanche muhamc@
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The genetic classificazion (classification of avalanche conditions), relating avalanche events
or avalanche situations to prior influences, is based on certain more or less established connections.,
It cnvisages cither a genetic analysis of an observed avalanche or the evaluation of developing
avalanche danger. With the progress of science new knowledge and new concepts may introduce
changes in this classification, '

A complete description of an avalanche involves qualitative and quantitative observations,
Whereas qualitative features like ‘shape’ or ‘type’ of a phenomenon call for a proper classification,
quantitative properties like *length’, ‘volume’ ete, should be expressed in measured or estimated
figures, Such precise properties, however important, are not part of the classifications.

As a further step it is planned to publish an Avelanche Atlas with photographs illustrating
all typical features of avalanches,

2. MORPHOLOGICAL AVALANCHE CLASS!FiCATION

Avalanches are classified according to a number of more or less independent criteria (o be
encountered in the zone of origin, transition or deposit. For each criterion two alrernaiive
characteristics are established, some being subdivided into two subgroups. In many avalanches
both alternative characteristics of certain criteria are represented either simultaneously or in
different phases or arcas of an avalanche. In such cases mixed types are listed.

2.1, MORPHOLOGICAL AVALANCHE CLASSIFICATION

See Chart 1,

2.2. CoMMENTS oN MoORPHOLOGICAL CLASSIFICATION

Definition of Zones

Zone of origin

Zone in which the appearance and movement of an avalanche is characterized by the manner
of starting, For a slab avalanche it comprises a distance down to the pressure fracture; for a loose
snow avalanche there is no sharp lower limit. A distance of 100 m will include the zone of origin
in most cases. '

Zone of rransition

Fiow Bepenaens O manner of starting, 1 he velocity may be increasing, steady or decreasing,
No particular avalanche deposit is visible after movement has stopped, except for snow retained
by roughness of terrain or narrow gullies.

Zone of deposit

A natural deposit is produced by loss of energy due to friction and compaction. It may exhibit
a wide range of slope angles including even a reverse of slope. For powder avalanches the zone of
_deposit is the sediment zone of the snow cloud.

Criteria

Manner of starting

Loose snoie avalanche — Starting point may be initiated by a falling object (stone, ice chunk
etc.) or by a skier. In the latier case the point fracture mechanism is obscured.

Slab avalanche — ‘Starting from a line” docs not exclude the origin of the movement being
propagated as an invisible fracture from a distant point of initiation.
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CHART |

Morphelogical avalanche classification

Zone Criterion Alternative characteristics and denominations
A. Manner of starting A/ starting from a point A2 starting from a line
{loose snow avalanche) (slab avalanche)
o A3 soft A4 hard
e
£ B. Position of sliding B/ within snow cover B4 on the ground
e surface . {surface layer avalanche) (full-depth avalanche)
.g - s B2 (newsnow| B3 (old snow
€ ' fracture) fracture)
N
C. Liquid water in CI absent C2 present

snow {dry snow avalanche)

(wet snow avalanche)

D I path on open slope
(unconfined avalanche)

D. Form of path

E1 snow dust cloud
(powder avalanche)

Form of movemnent

o

Zone of transition
(free and
retarded flow)

D2 path in gulley or channel
{channelled avalanche)

E2 flowing along the ground
(flow avalanche)

F'l coarse {(coarse deposit)
F2 angular | F3 rounded
blocks clods

F. Surface roughness
of deposit

G. Liquid waterinsnow G/ absent
debris at time of {dry avalanche deposit)
deposition

Zone of deposit

H. Contamination of  HI noapparcent contamina-

- DR e Y1

F4 fine
{fine deposit)

G2 present
{wetavalanche deposit)

H 2 contamination present
LMASI LA EEEICILOAS A Y AR ILIICT

H 3 rock H4 branches,
debris, soil trees

- The term ‘slab’ is often used synonymously with ‘slab avalanche’. This should be avoided

unless there is no doubt about the correct meaning,

— Distinction between soft and hard slab may be based on testing the snow at the fracture
site, considering any changes that might have occurred, or, with less reliability, on the appearence

of the avalanche,

soft slab: Broken snow layer is very soft, or soft and of low density (see snow classifi-
cation). Slab disintegrates into loose material immediately after the start. .

hard siab: Broken snow layer is medium hard, hard or very hard and of high density.
A hard slab preserves chunks or blocks over longer avalanche paths depending on their

roughness.

— Slab fracture may be observed without subsequent avalanche (often related to the gliding

movement of wet snow on the ground).
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Pasition of the sliding surface

Within snow cover — ‘Mew snow' in ‘new snow fracture’ is defined by a uniform layer of
snow maore or less continuously deposited within the last 1-5 days previous to the avalanche date
and not implying granular snow types. A fracture separating ‘new snow’ from underlying ‘old
snow' is a ‘new snow {racture’ even if the surface condition of the old snow (e.g. surface hoar,
sun crust, loose surface) favoured the fracture.

— An *old snow fracture’ fies within the old snow, thus contributing old snow to the avalanche
at the fracture line. Whether the majority of avalanching snow consists of new snow and the new
snow load actually caused the avalanche does not matter,

On the ground. If some snow patches are left on the ground due to roughness of the ground
surface, ‘full depth avalanche' should be noted nevertheless.

"/’- -

Liguid water

A ‘wet snow avalanche’ requires liquid water to be present throughout the avalanching
layer, otherwise the avalanche would be dry or mixed. Discrimination may be difficult without

considering genetic clements (development of temperature, rain),
The classical term of *ground avalanche’, often being used as the opposite of powder ava-
lanche, is reserved for heavy, wet spring avalanches dragging along rock or soil material.

Form of path

Many channelled avalanches start as unconfined avalanches and are concentrated in a channel
only in the lower part of their course. If the dominant part of their path is channelled they are
characterized as ‘channelled’, otherwise a mixed type is reported, describing the unconfined and

channclied sections, )
The longitudinal profile of an avalanche path is often very important (changes in slope angle,
intermitient steps). A quantitative description of the profile is rated to be better than an elaborate

classification of all possible terrain profiles.

Form of movement

Mixed types arc very frequently observed. ‘Mixed flowing-powder avalanche’, ‘powder
avalanche with flowing component’, ‘llowing avalanche with powder component’ are possible
ways to characterize mixed types. A movement detached from the ground——either of powdery
or flowing type-—may be called a *cascade’,

Liauid water in snow debris

Large avalanches which are dry in the zone of origin may pick up wet snow in lower parts
of the track and change their character. Wet snow in debris causes hard and solid deposits, practi-
cally impermeable to air, an important fact for rescue work and avalanche clearing.

2.3. CoDE FOR MORPHOLOGICAL CLASSIFICATION
Letter for each criterion

Figure for characteristics (alternatives or mixed type)
A full set of codings refers to one particular avalanche only

General use of figures

- unknown or not applicable 0
- specific characteristics - . 1-6
- mixed types ’ 7.8
- reference to special remarks outside the code system g
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CHART 2
Code system

Manner of starting
Loose snow avalanche

Stab avalanche (general)
Slab avalanche ‘ soft
Slab avalanche hard

Mixed or intermediate type 1+2

Position of sliding surface

Surface layer avalanche general

Surface layer avalanche ncw snow fracture
Surface layer avaiinche old snow fracture
Full depth avalanche

Mixed type 1 (2 and/or 3)+4

Mixed type 2+3

Liquid water in snow at fracture
Dry snow avalanche
Wet snow avalanche

.~ Mixed type

Form of path

Unconfined avalanche

Channelled avalanche (dominant part)
Mixed type

Form of motion

Powder avalanche (dominant)
Flow avalanche (dominant)
Mixed type

Surface roughness of deposit
Coarsc deposit (gencral)
Coarse deposit—angular blocks
Coarse deposit—rounded clods

Fine deposit
Nivnad tuima

Ligquid water in deposit

Dry deposition

Wet deposition

Mixed type (locally scparated)

Contamination of deposit

Clean avalanche deposit

Contaminated deposit (general)
Contaminated deposit—rock, debris, soil
Contaminated deposit—branches, trees
Mixed type 1+ 2 (locally separated)
Mixed type 3+4

Mode of release®

Natural release

Human release (general)

Human release—accidental triggering
Human rclease-—artificial triggering

TR W= IR =N U= U~ 0TI RWN— AW -—h

BLN—G 00N R W= N —-Q

* This class is an element of the genetic classification.



Use of the code (example)
Either: A3 B9 CO D7 E2 F2 G2 H4 Ji

or {on a prepared form):
AB CDEVFGHJ

39 07 2 2 2 41
BY: 3 fracture levels

3. GENETIC AVALANCHE CLASSIFICATION
{Classification of avalanche conditions)
g
This section offers a tentative abstract of a very complex systemy of genctic relations between
environmental conditions and avalanche activity. A more elaborate treatment as undertaken

by the working group will be presented on a later occasion.
A general scheme (Chart 3, a slightly modified proposal of Mr. Shoda), shows the relations

- i
between genetic factors, snow conditions and the dominant mechanical parameters for avalanche

formation (stress.and strength).

CHART 3

Flow chart representing relations benieeen genetic factors,
terrain conditions and the development of stress (driving force) and strength (supporting force)

Forcea declding

Snow conditiona
on avalanche

Terrain conditions

Ksteorological
conditions fracture
| o n s e v s ] e “"""“‘“"]
Snov fall ‘ ! pizensions of slope i atress i
{Quantity,Intensity} i S Inclination of slope ; {driving
O v LConriguration | i e force)
- . fuantity
pES———
(direction,velocity) Donalty (weight) .:
\ - 1 r by ‘ ™
/t RPainfall ;“— F:q Orfentation of alope H ‘ . t { !
Radistion ' i [} Wndiey g ,__j ; BLrengin 4
{mun, global, .....L......; mechanical prop. ; -‘é | | {pupporting
Erergy « | 1ong wave) ] phystcal prop. ; § i Force)
-
Air temperature o o e } 2
. Runidivy 20 s
Yegetation
Structures

The chart refers 1o the interaction between variable factors (meteorological conditions)
and stable parameters (lerrain conditions). An attempt to establish for each individual genetic
factorits specific influence on avalanche formation, or vice versa, to attribute to an avalanche event
its specific genetic factors, will hardly reach quantitative results. One has to be satisfied with
pointing out general tcndcncxes In Chart 4 dominant rc!duons are plotted only, omitting excep-

tional features.
Given avalanche conditions—local, short term or long term-—are entered in the left column.
On the right-hand side rcferencc to effects on the snow cover and possible avalanche development
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is found. The scheme needs to be completed by local experience which may vary from one climatic
region 10 an other, the basic relations, of course. remaining the same.

No attemnpt has been made at the present time to cast the chart in the form of a code system,
except for the triggering conditions (4) which have been added to the code of the morphological
classification, since they offer no particular problems. '

It may be mentioned, that statistical methods are being studied to correlate numerically an
observed avalanche activily to a set of observed meteorological parameters. With the multi-
dimensional systern of correlations thus obtained, it should be possible to derive a forecast of
avalanche activity for given or expected meteorological parameters, One day these investigations
may serve to refine the genetic classification,

3.1. ScHEME oF CONDITIONS AND EFFECTS (ABSTRACT)

See Chart 4.
CHART 4
Scheme of conditions and effects (abstract)
[abbreviation: av. =gavalanche(s)]
Condition Effect onavalanche activity

A. Fixed framework

(1) Terrain Conditions

(1.1} Relative altitude

General topographic situation: Effect depending on {atitude and level of surrounding moun-
. tains.
— zoneof crestsand high plateaux Strong wind influence, cornices, local slab av,
- zone above timberline and Extended areas of slab av. formation.
helow creqs
- zone below tumberline Reduced wind mtfuences Heduced siad av, soit type prevaning,

(1.2} Inclination (y)

> 35° Formation of loose snow av. possible,
" >25° Formation of slab av, possible,

>15° Stationary or accelerated flow,

<20° Retarded flow or deposition,

{Slush av. at very low angles.)

(1.3} Orientation of slope

- relative to sun On shady slopes enhanced slab av. formation.
On sunny slopes enhanced wet av. formafion,
— relative to wind On lee slopes increased drift accumulation; enhanced slab

av, formation. On luff slopes vice versa.
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CHART 4 (continued)

Condition

Effect on avalanche activity

{1.4) Configuration of terrain
- open, even slopes

— channels, funnels, ridges
— changes in gradient

— sleps ’

(1.5) Roughness

- smooth ground

— protruding obstacles
(rocks, cross ridges)

— vegetation

B. Genetic variables

(2} Recent Weather
{period ~ 5 days back)

2.1) Snow fall
— type of new snow
—- depth of daily increments of

new snow
— intensity of snow fall

(2.2) Rain

[y R
— direction

— velocity and duration

(2.4) Thermal conditions

Significant factors: Temperature
and free water content of snow,

— air temperature
— sun radiation
- temperature radiation

Unconfined av.

Confined, concentrated, channelled av,

Slab or loose snow fracture at convex gradients.
Powder av., cascade {formation,

Snow glide {on wet ground); full depth av. favoured.
Surface layer av. above level of roughness. .

Grass:  promoting snow glide, and full depth av.
shrubs: reduction of av. formation if not snow covered.
forests: prevent av. formation if dense.

Increasing load. Increasing mass of low stability, Most
important factor of av. formation.

Fluffy snow: loose snow av.

Cohesive snow: slab av.

Increasing instability with snow depth (y> ~25%). New or
old snow fracture.

Progressive instability with higher intensity; promoting new
snow fracture; expanding danger to low inclination,

Promotion of wet loose snow av, or soft slab av. Mixed snow
and Jand slides.

IWU CHTLD, CHEMBELCU LAl SDUW USRIt DU dnu
increased brittleness of snow.

Increased slab av. formation on leeward slopes. Formation
of cornices. :

Local slab av. formation increased with increasing velocity |
and duration,

1.3}

k3

Ambivalent effect on strength and stress, i.e. onav. formation:

Rise of snow temperature causes crisis, but ultimately
stability.

Rise of free water content promotes av. formation.

Similar effect to all exposures.

Dominant effect on sun exposed slopes.

Cooling of snow surface at night and in shadow; important
with cloudless sky. Promotion of surface and depth-hoar
formation (see 3.2).
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CHART 4 (continued)

Condition Effect on avalanche activity

(3) Old Snow: Conditions
Integrated past weather influences

of the whole winter season '
(3.1) Total snow depth Not dominant factor for av. danger. Influences mass of full
) depth av. Important to compaction and metamorphism of

snow cover., Surface layer av, sce (1.5).

(3.2) Strarification

Sequence of strength Stability governed by weakest layer with respect 1o state of

stress.
Looseness (surface hoar), britticness, roughncss important
to subsequent snow fall,
- interior of snow cover Old snow fractures caused by weak mrermedmm layers (old
surfaces) and depth hoar.

- gsurface layer

(4) Triggering Conditions

(4.1) Natural release Natural av,
- internal influences Spontaneous av.
— external (non human) influences Naturally triggered av.

(4.2 Human release
- accidental triggering — Accidental av. {triggering).
— intended release — Artificial av. (triggering).

3.2, ComMenTs ON GENETIC CONDITIONS AND EFFeCTS

(1.1) Relative altitude

“The altitude efifect is very complex. It invoives variation with altitude of: temperature, radia-
tion, wind, precipitation, duration of winter, vegetation, general topography. The effect is relative
insofar as it is variable with respect to latitude and climatic region.

(1.2) Inclination

Due to variable strength and friction of snow there is a great variation in slape angle related
to the starting and flowing conditions of avalanches. The given figures represent common values
of inclination but not the extremes, There is an overlap for stauonary or accekerated flow and

retarded flow and deposition,

(1.5) Roughness of groynd

Snow glide may provoke large fissures in the snow cover without resulting in avalanches.

In avalanche protection techniques a particular classification of roughness is used characterized
by a ‘glide-factor® N,
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(2) Recent weather

Only avalanches caused by recent weather conditions and running in new snow have been
called ‘direct action avalanches’ (type £2). Avalanches involving a long-term development
{metamorphism) in the old snow cover [see old snow conditions, stratification (3.2)] have been
called ‘climax avalanches’ (type B3 or B4). '

(2.1) Depth of new snow

Most catastrophic avalanches affecting seLtled zones and a hxgh percentage of winter sports
avalanches are related to new snow deposition. New snow depth is used as the most important
factor in avalanche warning. A clear distinction should be made between the sum of daily snow fall
measurements (daily new snow increments), the settled depth of a new snow layer built up within
several days and the increase of total snow depth (three different figures).

(2.2) Wind )

Brittleness of drift deposit causes local peak stresses and brittle fractures. As a rule cornices
themselves are not the most dangerous spots for slab fracture. They indicate the prevailing wind
conditions, but fracture usually occurs below cornices. From certain regions an upper limit of
wind influence is reported, Higher areas may be deprived of snow by extremely high winds to
such an extent that avalanche activity is reduced there.

4. QUANTITATIVE DESCRIPTION OF AVALANCHES

Research as well as investigation of avalanche accidents may necessitate a full quantitative
description of all features of an avalanche and of the genetic conditions far beyond the schemes
of both classifications. A list of possible observations is given below. The important characteristics
are marked with *,

1. NoTES oN INSPECTION TRIP

Name of observer(s). Date of inspection. Weather at time of inspection.

4.2, MAPS, SKETCHES, PHOTOGRAPHSY

On maps general location and outlines of avalanches are recorded.

Sketches are best suited for plotting dimensions and local chamctensucs of avalanches
(scale 1 : 500+ 1 : 5000).

i

i

Photographs (quality often depending on weather conditions) arc of documentary value. -

Since, as a rule, the result is not immediately seen, photographs are taken in addition to sketches.

4.3, NOTES ON CHARACTERISTICS OF AVALANCHES

Location: District, town, mountainside, if necessary geographical coordinates.
Altitude: of fracture zone, of lowest deposit.*

Date and time: of avalanche descent.*

Characiteristics of avalanche: according to morphological classification.*
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CHART 5

URITED NATIONS FDUCATIONAL,
SCIENTIFIC AND CULTURAL ORGANIZATION

Department of Environmental Sciences

Report on Destructive Avelanche

COUNTRY : Yinter 19. ./ 19 . Serial No.:
Name and address of reporrer: |
LOCATION : (Name of district, nearest town or village, mountain area, avalanche path)

Latitvde: o Longitude: e AU T e eri

DATE: i 19 Time s v =

DATA ON AVALANCHE:

Type (Intemational classification): ... SO U P U PO POOY U
RSN UUUPIORENDNPRINITIND & 111 111 7-3 [1-1

Dimensions*

Stacting zone:  Ahitude: ... Width: .. Depth of fractsre s oo
Avalanche path: Length: Width Average slope:

Deposit: Maximum depth: o i VOMIME: oo sses e ey

Causes

Snow structure ;

Weather {snow{all, wind, temperature):

Triggering mechanism (GF known)t il s

CASUALTIES AND DAMAGE:

Damage to buildings (type, number, degree of destruction): ...

Other damage (FOrests, COMMUNICALIONS,, CLCLIT it ittt ssamem e o s b em b b e85 oot sebes e ne s er bbb s etb b st b s

REMARKS (rescue work, former history of avalanches, etc,)

Attach photographs and/ or sketches if possible. *Please use metric system

Note: This form should be completed as soon as possible after the event and, sfter checking by the nationsl
reporting centre, be sent, in duplicate, rogether with the corresponding annual evalanche report, to the
following address:

The Director,

Department of Environmental Sciences,
Unesco,

Place de Fontenoy,

Paris 7¢ (France)

iMP /1520
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Dimensions: Width and depth or thickness of fracture*, total snow depth in fracture area,
fength and width of avalanche parh*, dimensions and volume of avalanche deposit. Area of secon-

dary action (blast effects). Former avalanche descents.
Dynamic characteristics: Yelocity, pressure. .

4.4. DESCRIPTION OF AVALANCHE CONDITIONS (GENETIC FACTORS)

Terrain conditions: Inclination*, orientation®, apparent roughness, vegetation, geological
aspects (in all sections of avalanche path).

Recent weather (about 5 days back): Snow fall*, rain, wind*, thermal conditions, humidity.

Old snote conditions: Description of stratification near fracture (if possible complete repre-
sentation of snow profile). -

Triggering conditions: natural release, human release.

4.5. AVALANCHE EFFECTS
Number and names of persons affected: killed, injured, unharmed. (Circumstances of accident.)
Damages 1o buildings: Type, number, degree of destruction.

Blocking or destruction of traffic systems.
Damages to foresis and pastures, losi cartle. Performance of anti-avalanche structures,

4.6, RESCUE OPERATIONS

Persons and means involved. Chronology of operations. Location of victims ete. (depth,
time since accident, physical conditions, success of reanimation etc.)

4.7. FORM FOR SINGLE AVALANCHE ACCIDENTS

A condensed standard checklist is available from UNESCO for plotting most important
avalanche data (Chart 5, reproduced with permission of UNESCO).
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AVALANCLI \’U“E\C)ld

(e by Norman A. Wilson

INTRODUCYION

A Man's efforts to prevent loss of life and property are
broadly termed Avalanche Hazaxd Control

1. These eiforts take many forms

a. Closure : ) :

. Artificial initiation of avalanche at selected
times and locations {(Tes st skiing, explosives,
etc.)

c¢. Physical interference with natural metamorphosis
{(protective skiing, boot packing, compaction)

d. Structures ;

1) 7o alter the course of avalanches
2) To prevent avalanche movement

2. Method chosen should depend on specific need at
specific location

a. Need varies with use, terrain, climatic zone, and
economic factors :

h. Fyamnlea
1) Ski slope: structures, no
‘ Gully above ski slopes: structures, yes, if no

other alternative
2) Town, Alps, Rockies: tructures, ves
3) Town, S8isrra, Cascades: structures, no
4) Ski slope: closures, dC*th control, yes
. 5) Highway: -closurcs, active control, no

6) Town:  closures, acltive contrxol, no

3. Each method
1. ¢ vaiid where it applies
2. Has limitations, specific uses

C. No single method is applicable t all situations.




I Tomporary Closure

e ' A. Was once only rorm of control
B. Is least desirable form of con*"ol

C.” Is simplest form of control :

Quick and easy - smallest manpower, equipment
requirements

-
L d

2. Most effective 1i:

a. Physical (1lirft closure, road blockade)

b. At logical points ~ terrain separations

c. At routine points -~ not hephazardly posted
d. Understood by public - public information

D. Reliable only for short time periods

e P S

1. Only as long as public believes the need (stgrm)

2. Time period particularly short in clear weathar
a. Physical clsoure will be resented ‘
b. -Signs will be disobaeyed - resultant problems

‘

E. Proper usc = temporary supplenent to other control
. et e,k e et T sty

Mttt s e e

measures :
aeanlit !

s ‘ i
1. ‘"lfest skiing . )

2. Explosives, artillery : '

F. On occasion, closure is utili o))
avalanche man's arsenal. Dullng certain conditions wind,
rain, snowfall, or temperature, closure is the only method of
avalanche hazard control that .an be relied on. Even the most
sophisticated cor :rol team cannot contain the hazard if it grows
too rapidly and is too widespread. In these conditions the
avalanche forecaster should exercisc his most effective necans
of closure, then withdraw and wait for a change in the weather.

G. Permenent closure

1. To be. effective, requires separation by natural
" terrain Zecatures

2. Within area, closures will be violated, thus
hazard must be controlled by other means (clsoure
can be maintained, but not Lor avalanche)

-




., Swamary ‘ )

Pt

1. Closures necessary at lee

2. Must be lifted as soon as possible or will be
ineffective.

II. Stabilization by compaction
Y ]

A. Protective skiing is tho_procmgs of deliberate, day-to-

day skiing of avalanche slopes, dong in a manner calculatod o
Y e . e e ey
encourage stabilization of tQ@méﬂﬁﬂLﬁﬁﬂi:

B. Age. hde@ﬂlﬂU is _the process snow undergoes when it is

P i S NS A

skied on or LQLg;d on (disturbed 1 MOChdnlCu}ly> and Lheﬁ a;;ow~
ed to sct. Thlu hardening process continues for a period of
hours after the snow is djsturbed until the snow reaches a
maximum value of hardness, the degree of this hardness heing
influenced by the temmelature and water content of the snow.
WMM,:-MW ~«W§w~a~—mm—“~wm,.«ww o ﬂ:m“*wwwﬂm% R
Age hardening of snow slopes by artificial means such as ghkiing
or foot packing can be an important factor in prevention of

direct and delayed action avalanches. , )

C. Effect of breaking surface slabs . /

Another effect of Dgggggggygkskiiggmjs the rnliéf of

S T

) Do S A b 0 3 ANE L 4 LW

e e e

Tl T T

howognneouc Slabs. Slabs 1t have bee en in this manncr

- withcut avalanche release tend to become bonded to the layer

beneath. When protective skiing is performed while the ' snow is
falling, slab formation can be completely prevented. DProtective

LIEEY 0 9 - . MMW«‘
skiing will not affect haxrd slab. : . L

D. Protective skiing differentiated from test skiing and
the two combined.

.

1. Protective skiing is a _coatinuing proecess designed
to prevent, or_at least minimize, the. llkl¢h00u of deep (elimax)
avalanching at a later date.

2. Test skiing is an attemnt to releas e uvalanche“ on
selected small slopes by skiing in a calculated magggg alogg the
normal fracture zones wQ;MLhAMLVWquﬁg. Test skiing is used
primarily as a guide or indicator in determining the degree of
direct action hazard buildup and the possible need tor control
measures: closures, olasting, protective skiing, or more test
skiing. On sclected small slopes and under low and sometimes
moderate hazard conditions test skiing is frequently used as a
means of control. The avalanche man, however, must hewarp of

T
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I}iea.vy reliance of test shkiing | oh g,‘ggﬂuu ol purposes. When

A avalanche control po rsonnel arc avalanched, it is usually

oy because they were test skiing when they. should have been using
explosives. Sinilarly, the rare avalanches that occur within
contrelled arcas after control measures have been completed and
the .slopes opened for skiing can usually be traced back to
1mproper control measures; i.e., non-use or mis-use of explosives.

3. Test end protective skiing combined.

Test sk¢3nc uhoulu be followed 1mmed3atelx hy

protactive skiing unioug more extensive measure are indicated,
thus, the tevtwprotecglvc skiing operations are often comb:ncd

Safoty pregantions for bhoth are iddentical: one man on f the nlgwn
. at_gyL&ngtail other crewmen watching him from ar anchor pc QOJan,

cach crewman traversing bne slope in turn, untll the ulope hase
been thoroughly cut up L) a4 gseries of Lravcf,eo, after which
the slope may be skied normally.

E. Heavily skied slones avalanche less ofiten snd lcii
severely than lightly shied slopes. Lightly skied slopes
probably vield more small avalanches and slufis than slopes
which are not skied at all but tewer large, deep avalanches.
Thus, breaking up the snow with light skiing improves the stab-

©ility of the pack in several waygs. Compacting the snow with ’
heavy skiing esrares a solid, well anchored layer that will
TENU LU 0L LTEerl alu TRe Layers sSencath it in placeo.

1. The public should be encouraged to assist in the
protective skiing procouh. ‘Experienced avelanche men attompt
to encourage the skiing public to ski onto avalanche slopes
once they have been testcd, so that the impact of i.umbers of
skiers will LhUlOu ohly pack each layer of newfallen snow.

F. Inmmediate and long-range efiects

1. The immecdiate effict of protective skiing is
complete St&b;;lAuLlOH‘OL the surtac lavmr

e A o g e

2. The long range ﬂfioc ¢ _is a snow pack that is much

less prone to cllmax Rvalanchlnj tnuﬂ a nciohborJng,\un Llod

if each nggﬂlaygﬁwls

;QT > e

~to wa wlnter cond1L1onu.
M

G. Poo* pucllpg ~4jgrmetamorphlsm (§ggggﬁhoar)

1. Depth hoar deoes not compact as readily as new
snow: ‘age harvdening is tinerefore wore difficult to initiate.

—d)me
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, 2. Higher specific pres Qura _of _boot rzoulrcd to
£ dompact deptb hoar. :

3. Compaction will inhibit future growth of dept
hoar but will not prevent its fermation if other factore pre-
dominate ({(sharp temperature gradients),

4., Summary: surface layers of depth hoar can be
compacted and stabilized by foot packing. Routine foot packing
of each layer of new snow will only inhibit future growth oz
depth hoar within the pack. Where depth hoar is a serious
problem (as in the Rockies), foot packing certain key slopes is
econcomically justiried but must be done to each layer before it
is buried by later snowfalls. As a practical matter, only
small slopes can be effectively treated with foot packing unless
a great amount of manpower is available on a volunteer basis.

H. Thawing snow

1. Protoctlvc skiling in Lhavang snow assumes a diff-

e o it

erent dimension from plOLGQthC uhlmng in cold snow. It is
actually a cowbination of test and protective skiing.
—

2. When thawing conditions create a bhazardous, water-
saLuraLea 1uyoJ on_the surface ot Lho\onoxpdck, a vjmplo T
travez & alond the unovr end of 2 steen slope mnv role“SG 2

e —*._..». e, ::“‘"'

vy .Jl.\.d.t,.r; v.:. el ‘L.'} ! »

-aw‘;\«‘ww\_x it U L

: '1n thg conultlon, and Lno: runouL 7OROQ,LQOU¢d e
s L e A e -w»«mM
ClOaCd to skiing until sLablilzea

3. Such & condition_should be anticipated as temper-
atures rise and the slope should be reqularly and Lbolouqniy

sideslipped_at the upper ZONG. LS w¢1i
froamwmmsocna s e e 2

= et e

.

a. Relecase shallowexr lavexs than mentioned, or
large snowballs, that Cdrrl_louu destructive potential.

: b. Reduce the hazards inher:nt Lo temporary
cleosures in clear weather.

c. Tend to stabilize the layers that remain on
“the siope through r,foqgc of the hlg@}y unshable ovg;iggd
followau by age nardunanq processes.

|
4. Whether large or small, the resulting wet avalanchecs

n_ Lhe‘upomd of running watex on stecy slo d_must
1@ most dqugrlou or_avadlanches ior the

e o 01 e Rt

can_attai
conside

porQon on root. cJ wklo.
W




5. The technique cf pr OLOCi‘VC ukjrng in thawing

v ene S e e e At R e A 0 e

SNOwW 1 requires careful assessment of:.

g g Ay e e e e gt o

! a. The extent of the previous night's freeze, or
lack of same, the time o of d“y, the Cumul‘*lvc effects of the
suny the current sun angle on the slope.

b. The pouition of the -avalanche crewmen, and
the technique he will use in the snow conditions encountered.
For example: i1f the surface layer is thhly uns Lablo Lhc
simple . SWOOD aionw Lhc top dc;c_\, € .

If the surface TJaver is only 1 moﬂoka clxﬁunstabj;_&g& CJGwde

may have to sideslip vovtica;Ly Lew feoL"to initiate snow
‘Epvcmenu only as wide, at first, 5. He may Thave to

: do thig many times, SJGC,Lcynwra buok up to his sfartlng lc~‘
W -

vation each time, across the width of the slope, before the
slope cen _be co MSLOOIQQNyggill‘”Od This is an arduous ploco 5,
but the slternative is to close the slope and outrun areas and
do nothing but hope for a deep freeze when the sun goes down.

If the heped-for Ireeze coes not materialize, the water-soaked
layer will be deeper and more hazardous the next day. In the
sideslipping process, the crewuan mast contlnuously evaluate
the snow he is dealing with and his loaction in it. e must
stay above any snow movement he has initiated, or he may be

R I e A b P T e e

— ..___,._—.,“, -W s et e

s part "ol _the avalancho.
WW

IXI. land Turown Dxaplogives

: INTRCDUCTION
- The use of explosives in snow avalanche control is routine
in North america. EBxplosives introduce a violent .iechanical
disturbance to the snow cover, thus provide a definite answer
to the question, "Is this slope stable?", at locations and
under conditions in which Leqt sliing Lechnlquc would be
excessively dangerous or inetfectual.

With explosives a positive test can be applied to a slope

guickly, safely, and with a mininum of manpower. Explo"ives
are _the onlxrmounqmg; Ltesting snow eJiOhtlchy where there is
hard slab

Hand chalgos and their uses have become more sophisticated
sincae the first Snow Ranger became dissatisiied with the effec-
tiveness of his "Closed Arca, Avalanche Danger" signs. On that
day a quarter century ago, the Ranger had no history or any
other data on which to hase hig thoughts regarding the amount

. of explosive he should use, or where to place it. lis charge
e ~consisted to some twenty pounds ol military explosive set at
& conslo >rable personal risk "somewhere'" on the avalanche slope.

=06-



The Ranger armed the charge with an GlCFLLlC blasting cap,owires
were strung to a safe position, and the charge was detonated.
The results were satisfying. The amount of overkill was
discovered later, along with all the other refinements of exp-
losives types, detonating velocities, trigger points, and
occasional requirements for depth of placement in the snow.

A. Hand placed'explcsives

charge thown, dronnbd log@rcd “or actually ct lnLo Lha bLaSL
SSLEE s NI SRPRREH SBMGIER L

position by member of an avalanche control tcam. Hand placed
explosives are further referred to as "hand thrown charges"

or simply as "hand charges.”

B. The use of explesives, whether hand placed or delivered
with projectiles, in _avalanche control work serves several
purposes:

1. To test the stability of new-fallen snow for -
avalanche hazarxd. The test vields one of three results:

a. An_avalanche occurs. This proves that the
snow 1s unstable and further control action is needed _on' other
slopes. ‘ i
S o 25 B .

b. The snow cracks and either slides only ia short
distance or stabilizes in place. This indicates a modexrate
degree of instability, and calls for further action.

c. Nothing hoppens except the formation of a
crater in the snow. This suggests stability. If contirmed by
Several more tesis at key avalanche slopes, it may be taken as,
ev1qonc that all olgpcg*gj the same aspect and elevation are
stable.
hy T

: 2. To hasten stabilization of new fallen snow (relief
of creep tensions) as a meang oL prevent.ng deep avalanching at
a later date, and as a by-product: age hardening at limited
locaticns.

3. To releasc hard slgb JOqutlgpg, determined unstable
Iy other tests such as Lrat1q1aphy studies, obscrvation ol
artiricial or natural avaianc1o ocourrencaes at other avalanche

sites, or analysis of snow, weather, and avalanche records.

4. To reloane cornlce Loxmatlons at selected leos.

e 3 R £ et iy e e gt g e
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C. The basic principle in the Gse of explosives in
avalanche control ds to. opply: the ridht charge--amount and
ﬁype of explosive; at_the right place--the trigger zone of the
specific avalanche path being tested; at_the right time--when
a resulting avalanche would nct endanger anyone, and when the
snow has reached an unstable condition.

l. The right charge

. A high detonation pressure is believed best for
slope avalanche testing of newfallen snow. Detonation pressure

varjeg approximately with the sguare oif the detonation velocity
and directly with the density of an explosive. Density is the

mass_to volume ratio of the explosive. Detonating velocity, or

[
detonation rate 1s a weasure or the sgpeed with which an explosion
propagates within a column of explosives. Detonating velocities
are expregsed in feet per second. An expleosive with twice the
detonating velocity of another of equal density will deliver,
roughly, four times the detonating pressure of the other. Thus,
the fastest, densest, explosives availaeble should be used.
T.W.T., with an unconfined detonation rate of 21,000 f.p.s., is
used as the standard against which to compere other explosives
for relative effectivenass as an avalanche charge. It has besen
determined. through experimentation and field use that a _two-
pound charge detonating at a velocity ecual to or in excess of

that of 1.N.W., will provaide a satisiactorv tent for aoft slah

avalenche hazard. To achieve an egual eirect with slower det-
onating explosives, a considerably greater amount of explosives-
per-charge must be usced. How much greater that amount must be
has not been scientifiically demonstrated. Controlled experiments
involving as variable a component as siow are difficult;

however, experimentation with explosives orf different detonating
velocities, combined with opinions formed during field use,
permit this statement: in order to apply a test to a solt slab
egual to that applied by two prunds of T.N.T. or a faster
explesive, not less than four pounds of 60% gelatin dynamite

(16,000 f.p.s. unconfined) or nect less than eight pounds of 40%

gelatin dynamite (8,000 f£.p.s. unconfinel) must be used.

Thus, for eccnomic and practical reasons, Lwo pounds
of T.N.T.-or-a-faster explosive will be rerferred to here as the
“standard slope charge" for soit slabs. Where avalanches are
being controlled in broad cirques or bowls, or'where terrain
configurations or islands of timber provide numerous anchorages,
it is often necessary to use more than one charge, perhaps many.
On certain broad slopes the most eoifective procodure will bo,
the usc of double, triple, or even large size cherges, or multiple
charges strung out along the slope, detonated simultancously with
primacord. Avalanclhics that reguire this treatment will gonerally,
be hard slab or combination hard and soilt slab avalanches.

- B -




Hard slabs form under known weather conditions: the
avalanche forecaster must considerx the possibility of their
- presence. Control of hard slabs Irequenlly requires large
charges. The size of the charge required for a particular
avalanche path can best be determined Lh;ough experience with
that path. Vhen in_doubf, however, it is far better to use
more than enough explosive than too liLLle. )

2. The right place: trigger zones

The right place for a hand chnrggmqn a given
avalanche paphwkg;gwygxyyinmﬁxmp degree. with the weather. Wind
direction and velocity and the amount.of new snow are Jkey

fa :boxrs. The water cont enL ofl _the new snow laﬁpeTlgygd to be.
gmgggggg here, but this has not been conclusively plé@@ﬂ. WWWWW
Familiarity with his area will belp the avalanche man choose the
best shot placement at a given time. Lacking specific area
familiarity, the avalanche worker may apply the following rules
to both hara gnd soft slabs: the chacye shceuld he placod ¢mmca—
iately below th w»GQP,MprQLnL in_convex_and congave vlqpuu,
gﬁciotab v near the top o the slope, and not dl;ch"v above
anchoragss guch as rogtwggggggg~vol trees. IL there is a w¢ﬁ§
roll present, ths shot will be eriective nesr the bottom ol the
roll; however, the blaster may wish to try shots higher in the
roll in order to remove all of 1it, thus aveiding leaving a
Ssrey CLLL L LD L Mgt \‘ﬂﬂv)‘k‘l R R B AR S L SIICLIE RIS .2 2 e BE S MR S 23
hdey deDOoJ ions, or pockebs oif snow, crested by the wind.
These are thLly leays on lee olor es, but occa5londlly will be
found as herd slab formations on slopes adjacent to the true
lee slope. Presence of such depositions can.usually be ohserved

by the avalanche crewman.

._J

When aonormdljy high stomm wind velocities arc
ex po*:cnred the avalanche crew should wauch..ogma ghanqe in.
the relative elevations of the rracture zones Fracture zones-—-~

trigger points—--will fre quently be db@O¢MQllj low on the slope
at these times, due to deposition and sl IOTmOtlQ&@W&Qgg od
at the lower logations by trhe oxbra strong winds. Results
vielded by hand charge placement at the first two or three
targets should tell the avalanche forecaster if he is dealing
with abnormal trigger zone locations. This information should
be passed on to other avalanchc personnel, if any.

If there is doubt, about the very best placements
for any avalanche path, the crcowaman should place his charge
slightly low in_ the presumed trigger zone, rather than slightly
h&ﬁh. The low placement is more likely to give a reliable indi-
catlon of snow instability. In most cases the hand charge will
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will gimply be tossed into the Ll;gq@r zone: the crewman will,

therefore, have little control over how deeply the charge sinks
intoe the snow beiore detonating. Where possible he should strigp
‘ LOK a surface uotonatlow or_an above~suriace doton tion, Eﬁi o

huuwmng the ChﬂLgC over & COLHL e by a _cord, for example.

These will give maximum ajr blast effect.

3. The right time

The right time to test an _avalanche slope is
selected on_the basis of twowggc;glmﬁ on 15 ccntroiidbie,
the other is not.

The controllable factor is safety. An avalanche
slope muskt never e tested when a resuliing avaldnche could -

RSP

endanger someone below.

g S s AN o e

DSt S

avalanche rec-ciy? Snow ., 14.@,9:&3.19_;, Ns’z(ﬂmd,ﬁ.ayu@,l;_sim,@lw,x‘glsgm.mjc;,.Q_Q.,
detexrmine this factor. The STRATEGY for dealing with this
factor, once determined, follows:

The forecaster must: (1) Use all the hazard
evaluation technidgues at his disposal in his determination of
the hazard build-up; (2) Allow ¢ an_amole time interval to assure
a maragin ol safety. then: (3) Make certain the danger. _zones are
clcar of people and apply the best test he cean to the avalanche
path This will usually he will test the slopes a number of
hours before he feels the slope would slide naturally. This
should always mean testing the slepe before it is triggered by
passing skiers or other traiiic. The Lorecastel must consider
vhe liklihcod of such artificial triggers in his calculations
of the cx sitical avalanche period.

A serendipitous benerlit of the early test is this:
by causing a small avalanche at an early point in the hazard
period, large avalenching in what would have been the natural

+

critical peried is Lrequently avoided.

The preceding paragraphs refer to direct action
avalanche hazard, for which standard slope charges or ski
testing techniques are used. The strategy also applies to
delayed action, deep hard slals, climaw avalanche hazard. Cal-
culation of appropriate timing for testing for this hazard is
based on evaluation of stratigrephy studies and on a corrclation
of the snow, weather, and avalanche occurrence charts. Again,
maintenance of a margin of safety is necessary. Hard slab test-
ing techniques apply here. : '

=10~



D. Limitations: Hand placed explosives

The Lechnngpc of_hand placing explosives for avalanche
. control Wwork 1is 11mJLod by racltors. or tine and distance, and
;ergggp, weather and snow cond1L¢onu.

1. Where safe access to safe positions for throwing
charges to avalanche trigger points is not possible during
difficult weather conditions, hand placed charges are not a
dependable means of control. In many cases an enjoyable,
albeit strenuous climb up a ridge on a fine day will become an
unreasonable if not impossible task on a day of high winds,
cold temperatures, heavy snowfall, and zero visibility. In such
situations, alternative means of avalanche controll must be
available and should be a basic part of initial area planning,
whether they be artillery or other projectile- thTOV¢ng devices
or cimply closures.

2.. Studies of the eifects of explosives in rain-
soaked snow are not conclusive. The obvious effects are a
smaller crater than would be expected in dry snow, and extremely
rapid attenuation cf blast eiiect within the snow. The practical
result oi these eriects is that explosives_ are not.regardced as

much use in stebi Jl/an _rain-soaked snow, neithexr by a settling

Lo, e . e

€Mx effect nor by causi nq avalanCQ1nq. Verv large explosive chargyges
o -have successiully caused avalanches in rainsoaked snow, but a
‘ negal v LesLn Odilpot. pe o netl et UL o ct] AUl Ca Ol UL SLal) L lLLy . )

E. Handcharge placement: Methods

1. When soft snow COHQLtWOnS prevail, hand charges may
be thrown irom ridgetops to avalanche slopes below, over clilisg

down into gullies, or dropped froum overhcad lifts if convon;ont
and from helicopters if econowics and wecather permit.

2. When the snow surface is haxd due to high winds and
high snow density, thrown charges may bou.ige, and ro]l or slide
down the avalar.che path, out of the trigger zone, to detonate
uselessly below. In these conditions, charges should be atiach-

) . ed to.long cords. and thrown Q;NAOW%;Qd to_the trigger zones.
The cord, most of it, is retricvable. :

When charges will be dropped from a lift, no one
should board the 1lift behind the blaster until he passes word
that he is through dropping charges. The bla.ter should be
moving uphill when dropping charges from a lift.

3. If oversizc charges are used on hard slabs, the
charge will be most effective if it is buried two oxn three feet
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in the new snow, then detonated. ~This can sometimes be acgomp-

lloh@d bx~ramm1nq a_hnle in_the snow with a ski pole and dropp-
ing the charge in the hole. When the snow is too hard for the
ski pole, a shovel will be necessary. In either case maximum
blast efLoct will bhe achieved if the hole is stemmed before
detonation of the deep charge. Also in either case the man
with the pole or shovel must be secured by a belay. The fusc
length must be well calculated to allow ample time for the man

S s

to climb up from the charge: or tho charge must )b bc Jinitiated.

e o et

F. Standard control mission proceaures

. 1. Routes must be carefully chosen for .effective con-
trol and for crew safety. Safe pointe from which to throw
charqges. into the trigger zones must be chosen and marked, so
that there is no confusion during periods of zero visibility.
These points are referred to as shot points.

2. Ridgetop routgs and other routes which provide no
landmarks or reference points should be marked with %Eﬁkkiwﬂﬁ
intervals, for the safety and convenience of the crews during
whiteout conditiones. The. stakes can doubkle as shot point
markers. Routes and ghot points must not be subiect to gsecond-

3

] = . - X ' TN s R b 1 AT o e d o e
arv avalanches or to thoe oceasiconal hig. evatanghe fracture.
; S
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safe lOCdtLOﬂ before he lights his fnse, i

t

3. Avalanche c¢ontrol work must never be done alone:
the mlanum paer CONSLS ts or txo_pnr SONS . :
et 35

4. Avalanche control teams should maintain radio
contact:at all times. They should discuss results of testing
of avalanche ?lopcw as they become known, particularly results
at slopes tested early in the operation and at indicator slopes.
This communication provides knewledge that can increas:z the
efficicency and safety of all control tean.s.

5. Placing slope avalanche charges

a. Go Lo « nlocted safe 901nt above target, maho
certain_you know where and how. Eav to | chrow tho chang.

b, Warn the blasting party, make certain all
personnel are in safe locations.
e A AN L N Wy

¢. Cut one inch off the end of the fusc.
. it
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d. This step is performed only after crewman is
standing in the position _from which he will Lhzow hig charge.
Place pull wire ignitex en fuse, making sure it is all the

way on _and scated. NQ}C. mako certain sparks or flame Lrom
10n1ter cannot ma?o"gbnuuct with the explosive material:
broken packages must not be used unless sealed with tape or
other. protective covering. After igniter is on fuse, the
charge must remain in the crewman's hand until it is thrown to

the target. The charge must not be set down or handed to
anyone. N

e. Hold Lhe charge AND the igniter firmly in one
hand and pull (a fast puJ]) the igniter wire with the othel

‘hand.

f. Hold the charge long enouah (normally 3 to 4
seconds) to_be certain the fuse is burning, then throw it to
the target.

, 1) Should the fuse fail to ignite, the igniter
should bhe removed, the fuse freshly cut again, and
ancther igniter attached.

L=t

blas&§&wggy find it difficult to ignite his fuse,

even with pull wire 1Gnltor¢‘ This will be the
LT RO I SEENG SR S SN NP Y‘\f:‘ mevd-1rm 1 Ty }'\1(‘\15?'{ Y aMmie r’ﬂ" ""hfh

2) When vgszhlqh winds are experienced., the

gt e 88 e e e

- powder onL of the CYpOSQd fres nﬁy QuL_Lnﬁ of the
fuse before the igniter is attached, leaving a gap
between the igniter and the power train. When this
occurs, the team make should stand by, ready to
affix the igniter to the fuse the instant a fresh
cut is made.

g. Sktep back one or two steps, if you are on a
ridgecop, so _that a terrain barrier is between you and the
chaxrge, and wait the 60 to 065 seconds for the explosica.

Glance at your watch to esteblish the tin > of ignition in caue

of a_dud. IT cbtabllshment of a terrain barricr is not EosslbLe,
. 4 T A Ny O m...,‘

seek a position not less than 100 feet from ignited charge.

IV. Cornice Work

A. Definition

A cornice is a projection, or an overnand, formed by
wind deposition to the lee of a ridgeline or slope inflection.
Cornices are formed at all elevations, on ridges, cliffs,
large boulders, on the codges of crecks, and on thce ends of roofs.
They vary in size and bulk from brand new cornices only inches

=13~



~thick and a few feet wide to mature cornices many feet thick
with overhands of fifty feet or more and as wide as the parent
ridge is long. Where cornices overhand slopes with a true
(ground) angle of less than 50 degrees, the snow slope bencath
the cornices universally assumes an angle of 50 to 52 degrees.

B. Problems cornices present

1. Unpredictable nature
Cornices can assume dangerous proportions overnight.
They may fall. as direct action collapses as soon as their weight
and outward lean overcome their anchorages, or they may pass
their period of instability and grow stronger with each snow
storm. ‘But they &ll fall sooner or later, either as drops of
water, as chunks of the original mass, or en masse. ‘

2. Strea.gfglz,.q.%ﬁgign

......

_____ "It is hnown
that cornices Ulll often quppozt thouoands of pounds of applied
weight at a given moment. It is known, too, that the same
cornice--or one aprarently the same--may collapse with little
or no artificial provocation. Every ex pcrlencad avalanche

main lias memories . of cornlces that sighed and fell as he approa-
rhed Fham ’

C. Methods of dealing with cornices

1. Removq} after formation
: a. Methods: stepping off, explogives, shaped
charges. Removal can be accomplished as follows:

(1) At selected locations, small cornices,
cornices in the process of being formed, cand s« some moubLaLcly

laloo cornices may be. SthD*d or stompg&, oLi by & belwyod
crewnan. This technique should be applied only where a smonth
snow slope lies below the cornice and where the size of the
cornice is not so great that the crewman will be injured should
‘he drop benecath it before his belay rope stops him. If agres-
sively performed during the cornice formation period, this
method can reduce the incidence of large formations, thus reduc-
ing the amount of large rubble hlocks that will lie in the ski
slopes below. ‘ '
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(2) At all other cornices, the %afcst and
most practical means of cornlco removal is. oyploulvco.* The
objective here is to blast away the' cornice formation, and,
with it, the hazard it presents to the siopes below. Slow
detonating explosives, such as 40% gelatin, have becn fouid 1
most effcctlve for cornice WOLP ~although the faster CXPLOSLVOS,
at a ﬁllghtlv hjgher cost, w1ll do_the job and obv1ato _the
need for purchasing and oLOIng two Lypes of explosives. T

The explosives ﬁhould be embedded_in the
center of the mass of the cornice, vertzcal]y abowo the _slope-~
c01nlce ovorhand Juncture. Standard procedure is: .d:ill
onoL holes at &lx or eight ft. intervals aJong the expected
shedr pldne, then load two to six pounds (dcpendlng on the size
of the cornice) of _40% golauln in_ each holg, link the charges
gggggg&gmykLhwp;Am§CQde stem. e cach hole with snow, and _detonate
the whole thingwgs,awsimultanoousuﬂmlt¢ple shot., The shot
holes can be made with a snow samples or other conveniently
sized tube, prebe, or pipe. The relative hardness of cornicaes.
varies widely. At some locations shot hole making is easily
accomplished by ramming a pipe down with the hands: at other
places a sledge hammer is required.

An alternative procedure for removal of mature

cornices is the use of shaped charges. These are commmrc1ally
available charges used for boulder reduction without drilling
* R ~ s ] - . B " B IR ]
e v e s e e wamng 2 it e ma o S SO S

’es _in_one dlrectlon.

entire force of the explosion mo

The procadure. at the expected shear plane
dig an oblong hole 24" deep w1Lh Lho glovod hand, p]acb tho
armod charge in the hole with the dlrcctlon _of. forcc pOlnLcd
along the horizontal longth of Lho cornice, stem the hole with
snow, and_ doLondLe. The result will be a crater where the
charge was pldcod, a long vertical shearing along the direction
of force applied by the charge, -and a short vertical shearing
behind it. The visual impres.ion is much neater than that
proiuced by the otandard procedure, and the method leaves
fewer odd chunks of snow precariourly balanced on the rim. For
long cornices, several shots, or a multlpla shot may be required.

g e T B T -

*At certain locations cornices can be sawed through with -
rope or cable, but this requires elaborate measures and special
circumstances to justify them. The simple technigue of two men
sawing through a cornice with a rope sounds nice and will work
in some locations, but it likely Lo be less cconomical and
certainly more dangerous than the use of explosives. (Loss of
rope, time, and danger of entangloment.)
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Tests indicate declining efficiency_for added
shape charge wnght» bgyond five pounds, and that only poor
results will be realized by _directing the force straight down-
ward. Ava%gggbe crewnmen must be_well and unu3ly belayed wh whgg:
ever dOJQg cornice work‘ A loose beldy or an inattentive be-
laypl should not be tolerated. A loose belay is nearly as
dangerous as no belay. If avalanche control teams noxmally
travel along r;dqc Lop cornice~-forming areas during storms,
they may find it expedient to toss charges at intervals along
the newly formed cornices to prevent them from growing to large
size. Cornice falls initiated this way will usually stabilize
the slope as well, although the avalanche man will not be

ertain of this if visibility below is poor.

b. Risk involved (to public)

A calculated risk to the slopes below is
inherent when cornices are allowed to form and then are removed.
The usual procedure is to allow ‘the cornice to attain a certain
size, or to wait for a rise in temperatures before removing the
cornice. Here, the avalanche man is not really certain the
cornice will not collapse by itself before he gets to 1it.
Another method is to knock the cornice down systematically as
it forms, no mattor what the size. The latter technique,

. .
. o Tate T~
obVlously, ig - very time-consuming and montsnulng mcthed, bu

E I E LI P I <. 3. "t - ~

B B S e, .___.._.‘...A.,” [

mer m@thod produbes ldlgD«—freauently very largo~—corn1cc blocks "’
in the slopes below after cornice removal operations are comp-
leted. Where such rubble seriocusly affects skier use and enjoy-
ment, prevention of cornice forﬂatlon may be better than removal
aftc1 formation.

e e e v e —— e e e e e e e e e w0 [

2. ‘Prevention of formation

Prevention of cornice formation can be accompllshed
by approprlately installed sicuctures. There are two types in
current use: s10w deposition fences. and snow blower structure
{jet roofs).

.a. Structures

} (1) Snow deposition fences are typically
erected a more or less calculated distance windward of the
cornice-forming arca with the intent to disturb the natural
windflow-snow-fallout pattern so that the snow either. deposits
before reaching the edge of the ridge or falls vertically past
“the ridge. Such fence installations are effcctive once the
most advantagecous location, height, and density are determined.
While guidelines do exist for these three factors, each

16~
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installation must be taillored to the specific location because
‘each location is unique in its combination of critical factors:
iwindward and leeward slopes, prevailing storm wind direction
and velocities, and annual snowfall and snow types. Most such
installations are constructed in stages--a few trial set-ups
for experimental purposes; followed by a winter or two of
observation and remodeling or relocation--followed by the pelm—
anent installations. :

(2) Snow blowers--Jet roofs
Snow blowers work on the Venturi pr1nc1plc;

They are constructed in such a manner that the wind is acceler-
ated locally and directed down onto the normal cornice-forming
point, thus scouring that area free of snow. Critical factors
in the design and location of these structures are the same as
for snow deposition structurea, although the factors applied
dlfferently

b. Advantages of prevention

The principle advantages realized through
prevention of cornice formation are eliminacion of the hazard
factor, and elimination of freguent. deposits of cornice debris

- ‘in the ski slopes below. In additiocn, (1) prevention means

éhf one lees timce-consuming chere for the avalanche crew, and {(2)

T prevention of cornice formations freduentlv means there will
be a usable and popular ski slope of moderate steepness at a
location that was previously not used at all. Cornice control
structures are not cheap; they require annual maintenance and
they must be very stoutly constructed. Such structures vep-
resent a capital investment that may be amortized over a period
of time through annual savings in labor and materials (exp1031vos)
and through the values roprosontod in the other advantdqes

mentioned above.

V. i.rtillery Control

A. Definition

Fundamentally, artillery represents an extension of
the avalanche man's throwing arm. Where access to the trigger
. zones is unreasonable or hazardous because of terrain, weather,
or simply time factors, artillery is the tooli that allows the
highways to be travelled and the ski slopes enjoyed in safety.

B. History

Mortars were fired on avalanche slopes in Burope for
some years before the tirst artillery shot brought down a slide

-1




"in the United States. In Alta in 1950 a World wWar 1 French 75

was fired on a call-when-needed basis by the Utah National
Guard until special regulations allowed Forest Service person-
nel to man the gun themselves in 1952. Since that time exper-
imentation and operational use have proven the avalanche
control capabilities of the 75 mm and 105 mm pack howitzers
and recoilless rifles. Other weapons were tried and discarded

for variocus reasons: the Mighty Mouse air to air rocket for

its poor accuracy,. the 3.5" rocket launcher and all U.S. mort-
ars for their dud factors, and the 105 mm self-propelled cannon
for its cumbersome weight and lack of mobility.

C. Advantages‘

1. Ability to engage many targets from one safe
position, quickly and easily.

2. Ability to engage targets that would be inaccessible
to, or extremely dangerous for hand charge teams on foot or skis.

3. Blind firing capability allows engagement of targets
in all weather at any time of day or night.

D.” Requirements

Artilierv naed in avalanche control work mbnat have +hae
following capabilities and characteristics: adequate payload,
reliability, accuracy, adequate range, mobility, and simplicity
of operation and maintenance.

l. The artillery piece must de]lver an exp1031vc pay-
load at least equal to the standard slope charge. The minimum
requirement is for two pounds of T.N.T. for most work. With
a payload of 1.49 pounds of T.N.T. the 75 mm HE rounds are
congidered a bit light, but it is felt that the shaped charge
effect of these rounds causes a ground wave effect that compen-
sates for the relatively small explosive - -charge. Therefore,
this otherwise superb weapon has been relied upon for many years
at many locations.

2. Projectiles must detonate reliably in soft snow.

‘A dud rate in excess of l is not acceptable.

3. The weapon must be accurate enough to hit a 100!
diameter circle at a range of 3,000 yards. 1ll1 artille ry in
use more than fulfills this requircment.
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4. Range requirements vary. Few ski area targets
are more than 2,500 yards distant from suitable rifle positions,
however, efficient operations in highway work require comijand
of a maximum number of targets from-a single position, thus,
accuracy at 8,000 to 10,000 yards is desirable.

5. The weapon must be mobllo enough to be transported
from one firing position tc another without the use of heavy
equipment. In this regard the 75 mm recoilless rifle is the
ideal, it being easily handled by two men, and can even be
transported in a ski patrol toboggan. Other pieces now in use
or rccommepded can be fired from vehicles or from their own
wheel rmountings. All can be fired from fixed positions for
blind or for visual flrlng‘

6} The weapon must be relatively simple to operate
and maintain. Heavy requirements for time and manpower or
elaborate maintenance would be impractical in an avalanche
control operation.

E. Artillery limitations ' h
' 1. Artillery must never be fired unless the gunher
is certain that the area gun-to-target ‘and the paths of ‘result-
ing avalanches are and will remain completely clear of poople '
and vehicles during the shoot. ;

2. Firing over structures is not desirable, aé "short

rounds", while rare, are not unknown. If a structure must be
fired over, the distance gun-to-structure must not be more
thlan two-thirds the distance gun-to-target. If it is necessary
to fire alongside a ski 1lift or road, the llne of fire must
diverge from the lift or road line.

3. Artillery may not be used where shrapnel dispersion
could harm persons or damage structures, lifts, or vehicles.
Shrapnel dispersion varies with the type and size of ammunition
used. Artillery field and training manuals define "effective®
fragmentation areas but do not refir to actual distances that
flying shrapnel may travel. Avalanche control personnel
occasionally find steel fragments as much as one-guarter mile
to either side of known targets, and i1t is reasonalle to assume
that a few high trajectory fragments travel still farther.
Fragmentation carries approximately three times farther to the
sides of the target then fore and aft. Persons observing
artillery operations should obscerve from the firing position:
or, if observing from the side, should be at lecast 900 yards
from the target zone. '
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Firing positions should be no closer than JOO yards
from targets when 75 mm HE ammunition is used, or 700 vyards if
105 mm HE ammunition is used. HEPT ammunitions, with a thinner
steel jacket than IIE ammunition, has a smaller fragmentation
area, but this area has not vyet baen verified through field
experience in avalanche work.

4, A finalllimiting factor in the use of artillery
is the recently developed requirement for elaborate seburity
measures. Both artillery and ammunition have Dbeen stolen in
recent years, .emphasizing the need for strict security of all .
artillery components at all locations, even high on the moun-
tain. Breechblocks must be stored separately under tightest

security. -
F. Firing positions

The selection of firing positions requires careful
analysis for a number of essential factors.

1. All firing positions must be accessible under all
conditions of weather and avalanche hazard and they must be
safe from avalanche and associated air blast. As a practical
matter, access should be as quick and easy as possible comm-
Ancnirata wiith adbher reanl FereniLs. The oositions reguire a
maximum field of fire in order to guarantee most efficlent
use of the site and to minimize the number of positions required.
They must be in locations in Whlch muzzle blast will not cause

damage.

0

2. Recoilless rifle positions must be chosen sc that
backblast cannot damage structures or vehicles, and desirably,
will not cause undue anxiety to perscens within the structures.
Extet of backblast damage varies with terrain configurations,
tree cover, and the rifle used. In most circumstances life
shack windows 100 yards behind a 75 mm will not be broken:
behind a 105 m1 there might be damage as far away as 200 vards.
If a target is so located that backblast must be directed
toward dwellings, not less than 700 yards clearance is a min-
imum reguirement for all recoilless weapons. Recoilless rifle
concussion, not backblast, is known to have broken large windows
250 yards in all directions from the rifle, thus at least this
much horizontal separation from dwellings 1s required.

3. In ski areas fixed rifle positions must be raised

well above maximum snow depths or backblast will be a problem
to the gun crew.
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CHARACTERISTICS OF ART LLERY RECOMMENDED FOR USE
) INAVALANCI{E CONTROLWORK .
Approx . Wt, Maximum Muzzle | Wt. of Round Expiésive Pay- Fired | 7 of
(Ib) Renge Velo~ (ib) foad (Ib) Mebility| frem | Crew
Weapon Weapon + |. approx. city - * T Re-
mount {yds) (fps) HE yHEP-T |HE |HEP-T quired
Recoilless 170 6900 950 29 26 [1.49 | 3.00+ | 1 A 2
rifle :
75 mm R.R.
Recoilless 700 8400 1120 | 50 37 5 | classi- | 3 B 2
rifle fied
105 inm '
Recoilless 460 8400 1650 |none | 37 inone | classi- | 2 A 2
rifie fied
. 1056 mm
75 mm pack 500 9600 1250 18 none | 1.4%9] nons 3 C 2
nowitzer ‘ '
105 mm 5000 13960 1550 42 none | 5+ | none 3. c. | 5-8
howitzer :
Avalouncher 200 + 3000 vari- variable varicble L2 A 2
.. gas able 1-4 ibs 1-4 ibs '
- bottle 440 ’
fps @
200 it
pressui s

#]
2
3 =

T A
B
C

o

Maximum mobility, transportable by s:i pairol tobogaan, read, or oversnow vehicle:
r P Y ggan, ’

Excellent mobility, transpertable by riad or oversnow vehicle

Good mobility, transportcile by road sehicle or on own wheels

Fired from tripod, fixed mount, reod, »r oversnow vehicle
Fired from fixed mount, or road vehicl:

Fired from rocd level only, fixed or sz ni=fixed positicns, on own wheels
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4.

Recoilless rifles can be fired from any vehicle

that will carry them; firing pedestals are routinely attached
to pickup trucks. Where truck-mounted weapons are used,

semi~fixed positions are provided by marking the wheel positions
of the truck on the road surface with paint or steel pins.

backblas

t:

Howitzer positions can be chosen without regard for
howitzers may be fired from near or even from in-

side a shelter. Procedures should guarantee prevention of
damage or shifting. of fixed or semi- flxed p051tlons by road
maintenance equlpment.

- G.

Weapon types (continued from table)

Avalauncher: The avalauncher is a commercially avail-
able compressed gas projectile launcher capable of propelling
a two=pound fin stabilized projectile up to 3,000 yards. Proj-
ectiles with heavier explosive loads can be propelled shorter

distance

S.

The propellant pressure can be varied, giving the

avalauncher short and long range capabilities not available
with military artillery. Thus, it can be fired over inter-
vening terrain into nearby targets. It has no backblast or
muzzle blast, and can be .fired from a vehicle or from within a

building.

varda
Yarcs.

Maximum fragmentation -zone is approximately 100

T)nr«nni—ly develoned ';‘mpac’r' detor. H—-ung fuses r\Y'(wv-n de

EANes

(IS - S -— S

crew safety features comparable to military artlllery The
avalauncher, wilth necessary accoultrements, can e transperted
in a pickup truck or over-snow vehicle, and can be fired blind
from fixed positions. Accuracy of the launcher is adequate to
avalanche control regquirements where cross w1nds are not a
serious factor.

H.

Ammunition

Of military ammunition used in avalanche control

1.

The warheads are "bore-safe"  This means that they

cannot detonate until they have travelled a safe distance out
of the barrel. (For instance, 75 mm IIE ammunition does not
become armed until it has travelled 400 yards from the rlile

2.

.or howitzer.)

The propellant charge can dctonatq if Lhe shell 1s

flagrantly mlohandlcd

3.

Most ammunltion conies equipped for S.Q. (super-

quick, instantancous) detonation and .05 second delay capab-

ilities.
factory.

All rounds are preset for S.Q. detonation at the
Delay detonation can be scet with a .small screwdriver

hzgl
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or a thin key. Use of the .05 second delay setting occasionally
causes duds as the projectile apparently penetrates shallow snow
covers to the ground, knocking the fuse off the warhead before
detonation can occur. ' :

4. HE (High Explosive) rounds have historically been
used for avalanche control work with all artillery, both howit-
zers and recoilless rifles. HE ammunition is used by the mili-
tary principally for fragmentation and mining effects. Another
type of recoilless rifle ammunition, HEP-T (High Explo;ivc
Plastic-Tracer) has*recently become ‘available in 75 mm, 105 mm
and 106 mm sizes. HEP-T rounds are used by the military for
anti~tank and cratering purposes, carry approximately twice
the explosive payload of HE rounds, are available with PD
(point detonating) and BD (base detonating) fuses. The BD fuse
has a tracer element, does not have a delay setting.

5. All components of the variable propellant charge
in 75 mm pack howitzer ammunition must be used to insure deton-
ation in soft snow. The capability of variation in the prop-
ellant charge was designed to fulfill specific military needs
and is not applicable to avalanche control work.

" VI. Duds

"Dud is the term used to descrlhm any _handcharoe thrown, or .
artlllerymproggg@;igwglrng on L a slo pe or cornice that fails- to

AL hl Al
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A. Dud retrieval, Handcharge duds

PO

Wait 15 minutes, then approach and either:

1. Relight the fgse

3. Retrieve and disarm the misfire

Belay. .all personnel handling duds_on avalanche slopes
or cornices. . Duds that cannot be located and retrieved immed-
;ately must be sought whcn‘weathcr and_ snow condjtlonu allow.
Handchg;ge duds found late in the snow season or as_the snow
melts arc safe_to handle. The cap and Iqu‘ohOUld be removed
from_the Chargc if the dud will not be destroyed in placc. AL;
duds should be destroyed, either in place or at another (fire

hazard free) location.
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B. Dud retrieval, Artillery duds

Artillery duds enter the sné@pack at high velocity,

/{ penetrate to the ground, and remain in place.  They will

occasionally ricochet short distances within the snow pack if
the ground surface is hard rock. Point detonating fuse assemb~
lies are usually, but not always, knocked off the warhead upon
contact with the ground.

The impact point of the dud must be carefully recorded.
If the dud occurs during a blind firing operation, the target
number must be recorded. An artillery dud must always be con-
sidered armed, dangerous, and touchy. It must be diligently
sought as snow depths and weather permit. Once found, the dud
must be destroyed in place immediately with two to four pounds

-of high velocityv explosive. If the dud is found in a dry area,

electric detonation should be used to provide better control of
detonation and to minimize fire hazard. The blaster must take
full defilade behind a large rock or tree. After detonation

the blaster should check to be certain the dud has been destroyed.
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OPTIMIZATION OF CONTROL PROCEDURES TFOR SKI AREAS

To bring avalanche control procédures to their optimum level of

efficiency is to achieve coordinated performance of a wide range

of specialized tasks by trained personnel using specialized
equipment. This requires a detailed plan, with detailed assign-
ments. Each such plan is unique, tailormade for the specific '
local .situation of time and distance, terrain and weather, and
needs and priorities. Each such plan must be flexible in some
degree, to provide for varying weather conditions.

Avalanche control at ski areas differ-from avalanche control at
highway locations primarily as follows: at ski areas the ava-
lanche forecaster is able to "get on the ground" for close obser-
vations of the avalanche fracture zones; he is thus able to
perform test and protective skiing at many locations and can
usually selectively test portions of the ski area with hand
placed explosives to further his evaluation of the incipient
hazard. The highway avalanche forecaster usually does not have
ready access to his fracture zones, is therefore denied the
degree of 1nt1macy with his avalanche paths that the ski area
forecaster enjoys. The ski areca forecaster must beware of small
avalanche slopes that can loose avalanches large enough to bury
skiers, but which may be of no concern to a highway man because
they would not slide down to highway elcvations. Where the

~highway forecaster is normally conccrned only with natural ava-
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. presence of perhapu thousands of artificial triggers skiing

around his avalanche paths, and must design his forecasting and
control procedures appropriately. Most ski area control is

done with hand placed explosives; most highway control is done
with explosive projectiles. These differing aspects require
specialized modification of the basic control procedures, which
remain the same for both:; clear the avalanche zone of people

and p-operty when hazard occurs, then exercise the most effective
means of control. :

1. Establish USoals, Priorities, and Responsibility

Which lifts and slopes to be available under:
l. Zero

2. . Moderate

3. High avalanche hazard conditions.
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Seguence of control operations and order of opening of lifts
and slopes. This portion of the progcedures may be dictated

~entirely by terrain factors. 1In some areas it will not be poss-

ibhle to control portions of a mountain in a selected order; how-
ever, if that is possible, priorities should be established.

Person responsible for public safety must have authority
to coordinate the efforts of all departments and personnel
involved with avalanche control, and operation and maintenance
of facilities., slopes, and roadways. Manpower and equipment
reguirements must be determined by the responsible person.

II. Develop Necessary Routines and Procedures

A. Observation, recording and evaluation of Snow, Weather,
and Avalanche Occurrences. Snow Study Plot observations and
data from instruments. : ’

1. " Ski Patrol-avalanche Crew leader and assistants
gather, correlate, and evaluate this information. Leader makes
avalanche hazard forecasts.

’

Study plot should be convenient to leader's office.

A sec ond high level plot may be useful. Charts, logs, other
records chould be malntalneﬂ where crew can lock at them and
CLE b il VoLl [ VO oot B I ulCl. [PFD 3 WL vy B N 4 9 A NRS v it

B. Records and reporting system

. Mountain observations by avalanche crew leader, ski
patrol, other crews and skiers.

These observations are made part of the Snow-Weather
Avalanche Occurrence records. Such information as sluffs, sun
ball activity., wet releases, wind deposition or scouring, snow
surfa.e conditions, information from formal and informal strat-

"igraphy studies, excessive creep movement, cornice falls, etc.,

should all be passed on to the avalanche forecaster for entry
into the record. Observation should include the visible surr-
ounding area.. Occurrences, conditions, etc., should be pin-
pointed by slope name or on area photograph.

C. Control--Test patterns, Preventive measures, incipient

avalanche hazard

' Use of selected indicator slopes, test and protective
skiing throughout operating day.

-2 6



Ski patrol-avalanche crew should routinely test and

" protective ski certain slopes when conditions warrant. All

skiable avalanche slopes should be routinely and regularly

- skied until the snow is thoroughly packed, to lessen the chance

of deep avalanching. During hazard buildup periods, certain
test slopes should be checked as often as conditions warrant--
every half hour if necessary--for indication of hazard buildup,
possible cause for closure of selected lifts or slopes. This
applies to thaw periods as well as storm periods. Thawing snow
slopes can be stabilized, in many cases, by aggressive and
well-timed side slipping techniques. Stratigraphy studies and
Snow,” Weather, ivalanche Occurrence charts may indicate need
for deep exp1031ve charges at certain points.

D. Correlation of weather events, Avalanche occurrence
records, Results of Test Patterns

Forecaster evaluates all criteria, including weather
forecast, plans and initiates control measures. At this time
the avalanche control leader pleots his control action and the
timing of the action. He may choose to exercise standard con-
trol procedures, testing avalanche paths in a standard sequence
with standard amounts and placements of explosives, projectiles,

~or ski checking; or, snow and weather conditions may cause him

to modify the centrol procedure to provide for specific temporary

. needs or hazards.

E. Control--Alert Stage
1. Notification of'public and personnel

Routine temporary slope, llft closures, organization

“or equlpnent explosives,. personnel assignments. Area personnel

and skiers informed of incipient avalanche hazard.

High hazard areas may be closed at routine closure
points. The public is held to minimum hazard areas and final
preparations and assignments for the major control action are
completed. '

F. Control--Action Stage

1. Hazard zones are closed. Crew covers control
routes, uses explosives, test and protective skiing where app-
licable, maintains se.ected closures if necessary.

The avalanche crew is issued predetermined amounts

,of explosives for placement in predetecrmined targets. Their

assignments should include blasting where necessary, followed
by test and protective skiing of small avalanche slopes. The
-27-
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protective skiing procedure continues untll Lhe hazard condition
ends.

Lifts and slopes are opened for public use as the haz-
ard is controlled. The avalanche contrel leader should evaluate
the effectiveness of the control action each time control is
performed and record results he observes and results reported
by the crew. The leader should check to be certain that charges
have been placed in best locations and that protective skiing
is carried out.

Control procedures would include making maximum use
of communications: results of hand charges or test skiing,
particularly at early or key targets, should be made known to
the entire avalanche crew immediately so they can modify their

‘procedures to suit specific conditions; the leader's latest eval-

uation of the hazard and time estimated for control should be
made known to other ski area personnel to assist them in their
planning, timing, and public relations.

G. Timing of control operations

1. Estimate of natural avalanche occurrence, liklihood
of artificial triggers, time of day, weather prediction, demand.

The forecaster must time his control action--
closures and/or active methods--in the knowledge that skiers
can act as artificial triggers, thus cause premature avalanche
activity. Therefore he must commence his control action before
he would expect natural avalanche- occurrence.

Numerous practical considerations will influence
his dec;slon on what action to take. If the operations day is
drawing to an end as the hazard is reaching full deve opment,
he may simply close selected lifts or slopes and do nothing
further until next morning, especially if the storm is predicted
to last all night. If the operations day is young as the hazard
develops, he mey call for aggressive protective skiing, with
selected closures and possibly some hand charging and reopening
of certain slopes.

In the event of rapidly developing hazard or a predic-
tion of extreme weather conditions or rain he may have to resort
to complete closure of all avalanche zones and full-scale control
operations. Skier demand will also affect his decision; the more
skiers the greater the effort to maintain open lifts and slopes.

-28-
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During thaw conditions the forecaster must organize
and time his closurce and/or protective skiing--sideslipping
efforts most carefully to coincide with.the onset of the hazard
period. This requires close observation and evaluation of all
elements--snow depth, snow temperature, snow type, and snow
surface, air temperature, and the weather.

III. Communications

Telephone communications should connect all headguarters
points, manned stations, and other key offices. Headquarters
should be connected with commercmal telophone services.

Radio communications are éssential to the efficiency and
safety of the avalanche crew. The avalanche forecaster and
crew should have instant communication with one another, with
a manned base station and 'with road maintenance vehicles.

IV. Persconnel training

Maximum efficiency will bz realized if the crew is thor-
oughly trained in all phases of avalanche control and is intim-
ately familiar with the control routines and avaJanche paths.
Training should include safety procedures such as not wearing

- ski pole straps during avalanche work; having a spare pair of

gloves during avalanche work; not ski checking above cli££s7

B T R o T T S A e T = e e fs SR

to awailt detonatlon° how to be certain Lhe fuse is burnlng

" before throwing the charge, etc.
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" CHOICE OF EXPLOSIVES

&b

‘Several Lypos of explosives can be used for avalanche
blasting. Each type has something to offer in terms of per-
formance, safety, storage, handling, and cost.

Two fundamental properties of an explosive largoly doter—
mine its performance; detonation speed and density..

Detonation speed is the rate of propagation of the explo-
sive reaction through the explosive matorlal (measured
in sec-1). :

Density is the mass to volume ratio of the explosive
-(measured in g cm—3, the density of water is 1 ca—3).
Y g

From detonation speed and density it is possible to compute a
performance index known as the detonation pressure of the exp-
losive. Detonation pressure varies approximately as the square
of the detonation speed, and directly with the density. Thus,
an explosive that is twice as fast as another has roughly four
times its detonation pressure. The higher the detonation pre-
ssure, the greater the shattering effect of the explosive.

For performance, avalanche workers qgenerally prefer exp-
Tmaive mivinrea witrh hirh AatAanat-inan ~racenvac +hea Ananiease
and faster explosives. It is clalmed that higher detonation
pressures are more effective in activating 1nsLab111Ly, all
other factors equal. There is not an obvious explanation for
this claim since "low pressure" explosives are known to be
quite effective for blasting soft rock. The: difference may be
that avalanche charges are normally detonated as unconfined
surface blasts (external charge), while rock blasting is norm-
ally conducted in confined bore-holes. Certainly more studies
are reeded to confirm the advantage of a high detonat:on pres-—
sure for avalanche blasting.

In choosinc an explosive for avalanche work, the following
other requirements should also be considered:

1. The explosive and its detonation system should be safe,

‘simple, and usable under severe winter conditions.

2. Properties of the explosive should not be adversely
effected by moisture, cold, frost,.and other strains of the
winter environment.

3. Misfires (or duds) should be infquuent. If a misfire
is lost on a slope, exposed to the eicments, it should not
become shock sensitive. . »
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; 4. The explosive shculd be packaged in a noanhrapnel
contalner.

g .
5. The explosive should be reasonably non-toxic under
normal outdoor handling. Headache effects should be minimum.

6. The explosive should have a high d¢n51ty so that field
loads are not overly bulky.

Most military”gemolition explosives adequately meet these
requirements. Avalanche blasting is in fact very similar to
military demolition work wherein explosive charges are applied
externally to-the target, rather than buried. .

Many commercial explosives have been tested and found sat-
isfactory for avalanche blasting. At present, the preferred
avalanche explosives are known commercially as primers or boos-
ters, a class of explosives used principally to detonate in-
sensitive blasting agents. Primers are conventionally dividea
into two categories: non-nitroglycerin (Non NG) primers, and
nitroglycerin (NG) primers. The composition of primers varies
according to manufacturer.

Non NG-primers are usually high density, pressed or cast

. cylinderb of TNT and PETN. TNT and PETN are fast, powerful

explosives which are guite insansitive Lo accidental detonation

N Y M v 5 rdam ,:I,-.vx-,\'\,\“ﬂri] - PO VPR S T VRSV U S UG S T PO SV I N S

rigors of therﬁattlefield. They do not produce headdches. Their

" fumes are toxkc, but this is not a problem in normal outdoor

application. The detonation system for cast TNT primers is easy
to prepare, simple, compact, and comparatively safe. TNT has .
the peculiarity of reacting with atmospheric oxyge:a. This rea-
ction adds some energy to the blast, especially when the charge
is detonated on the surface. One disadvantage of TNT is that

it leaves a messy black crater; another disadvantage is high
cost. ’ -

NG-primers are cheaper and do not leave a black crater.
They usually - consist of about 80 percent gelatin dynamite,
which is as fast as TNT, but slightly more bulky. They share
the disadvantage of all nitroglycerin mixtures. They produce
headaches, deteriorate, and are more shock sensitive than
primers which consist, for example, of TNT.

|

NG~ and Non NG-primers are classified as high explosives
and must be stored and handled according to strict codes (sce
section 6.7). Storage is expensive. Where there is a limited
need for explosives, avalanche workers may wish to avoide stor-
age requirements by using a "two-component system." Stored
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séparately, the components are not high explosives. They are
classified as high explosives only when mixed. The storage
advantage is offset by higher costs, lower detonation speeds,
bulkier charges, the inconvenience of mixing the explosive in
the field, and the requirement of a mixing time of about 1/2
hour to bring the mixture to full strength.

FIELD ASSEMBLY OF EXPLOSIVES

Avalanche blasting is based on nonelectric detonating
systems. The reasons are, first, that casualties have been
caused by the static electricity of snowstorms unexpectedly
setting off electric detonation systems:; second, the electric
intensity of the atmosphere in the vicinity of ridge crests is
prohibitively high: and third, electric blasting is not practical
for the severe weather and terrain problems normally encountered
in avalanche blasting operations. For safety purposes, the non-
electric system must be as simple and foolproof as possible.

The recommended system iIncludes the following elements: EXPLOSIVE
CHARGE, BLASTING CAP, SAFETY FUSE, and SAFETY FUSE IGNITER.
Some general considerations for charge preparation are as follows:

1. Blasting cap. The explosive charge is detonated by a
nonelectric cap which contains .explosives that are more heat and
shock sensitive than the main explosive charge. It is important

-to-select a cap size that is large enougn to reduce the misfire

inciaences TO a MmLnaiiui. MLELLLES 0Lg SALNLUDLVED LIOGL aLs
thrown ontc a slope, but for one reason or another do not deton-
ate. Many misfires can be traced back to undersized caps. In
general, most avalanche explosives can be detonated by a size
No. 6 cap:; however, under severe winter conditions, a No. 8

cap gives more assurance of detonation. Some military explosives
require.the eguivalent of No. 10 cap. . It is best to determine

~the appropriate cap size in consultation with the explosive

manufuacturer.

2. Safety fuse. It is recommended ~hat the highest quality
safety fuse be employed in avalanche work. The fuse should
have excellent water resistance and flexibility. The standard
burning rate of fuse marketed in the United States is 0.5 meter/
65 seconds (40 seconds per foot)t 10 percent at sea level. At
elevation 2,500 meters, standard fuse bhurns at about 0.5 meter/
70 seconds (47 seconds per foot) T 10 percent. , After the fuse
is purchased, a test segment should be ignited, and the burning
rate timed. Fuse that burns faster  than 0.5 meter/minute (40
seconds per foot) should not be used.

_ : The minimum length of the safety fuse_will depend on
the time nceded to escape from the blasting location. UNDER
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NO CIRCUMQTMJCES SHOULD A TUSE LENC:TII BE LESS THAN ONE-HALP
METER (18-20 inches, or about 70 seconds burning time). In some
cases where the escape route is comparatively complex, it will
be necessary to use lengths in excess of one-half meter.

, 3. Safety fuse/cap assembly. Safety fuse should be stored,
uncoiled, and assembled to the cap at room temperatures. This
will keep the fuse Zflexible and prevent brittle cracks from for-
ming in the fuse. A break in the powder train of the fuse is
another important cause of misfires. Any fuse section that has
a kink or a sharp bend should be destroyed

Before inserting the fuse into the cap, it is important
that the tip of the fuse be clipped square. The fuse is then
gently. inserted into the cap until flush against the inside wall
of the cap. There should be no gap between the fuse and cap
wall. The cap is then crimped onto the fuse with, AND ONLY WITH,
a cap crimper (hand type). Religious observance of these details
will minimize misfires. : :

4, Fuse, cap, explosive assembly--general considerations.

As soon as the cap is inserted into the explosive, the system is
armed. At this instant, the relatively insensitive explosive

I O W e e R R S e e S N D S O e - Yoo

idental detonation if m&shandled. For this reasons, the assem-

bly of fuse, cap, explosive should be delayed as long as poss-—.

ible in the field operation. 1In some cases it 1s possible to

arm the explosive just before tossing the charge onto the target.
In other cases, wind and temperature conditions on the control
route are quite severe, and overall safety is optimum if the
explosives are armed in a shelter before starting out on the
control route. The moment in the operation when the cap 1is
inserted into the exp1051ve is left to the judgement of the field
team.

Three specific examples of explosive assemblies are
presented below.

5. Arming of Non NG-primer. "Most Non NG-primers are man-
ufactured with two axial holes, a central hole, and an off-
center hole. The central hole is designed to be detonated by
high explosive. detonating cord (primacord). The off-center hole
is usually lined with PETN, a cap-sensitive explosive. Thus,
it is essential to place the cap in the proper hole (usually the

off~center hole), or a misfire is.likely to occur. In avalanche
work, it is convenient to lace the safety fuse through the
central hole and then into the off-center hole.
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follows.

.one~-fourth turn,

- or joining the cap and cord

‘position,

B

} Ideally, the base
up about half-way down the &
taped securely, avoiding shh
of its simplicity, this asse
mass production” where the ¢

more charges for a morning éperation.

insensitivity of the Non NG+«
is protected in the middle ©
represents the safest armed
control mission.

6. Arming of gélatinnh

charge section of the cap should end

ff~center hole. The assembly is then
rp bends in the safety fuse. Because
mbly lends itself nicely to "field
ontrol team assembles, say, 100 or
Considering the shock

and the fact that the cap
this assembly today

primer,
£ the charge,

charge that can be carried on a

rimer. Gelatin-primers do not have

precast holes; it 1s necessa
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and a secon
deeper than the length of th
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hole is:punched through the charge
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through the first hole and the cap inserted into the latter hole.
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The assembly is taped secur%
is® increased headache fac
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sive cartridge and roughly g

. Make the hole deep enough sd

insert the cap. place the
fuse over the end and back &
Then tape securely. The fug
in diameter. This method of

half the headache likelihood

7. Arming of detonatir

g coxd.

d- sharp bends or kinks in the fuse.
ly. A disadvantage to this system

ror due to the additional holes in
lod:
%nd of the crimping tool.
e inches from the end of the explo-

make a diagonal hole in the
The hole

entered in the circular dimension.
the entire cap will o inside if.
uiib over the cap hole, and loop the
long the length of the cartridge.

e loop should be at least two inches

arming yields approximately one
as the lacing method.

Some explosives, for example,

military tetrytol, are detor]
as detonating cord or primac
charges consists of either ¢

losive end of .the cap must p
ward the main charge. In bo
cap and detonating cord shou
because in these s
able to accidental shock on

8. - Assembly of safety

ated by a high explosive cord known
ord. The method of arming such

aping the cap to the deton-ting cord
with special “onnectors. The exp-
oint along the detonating cord to-

th cases, the final connection of

ld be made only at the blasting
ystems the cap is exposed and vulner-
the control route.

e ~ /
fuse igniter. This final step in

the
the-

assembly is made only at
crewman. is standing in t
his charge. First, about 1

the blasting position, and only after
he position from which he Wlll throw
cm. (%" - 1") of the exposed end of

the safety fuse is clipped o
be -shieclded from the wind.
into the safety fuse igniter.

onation. ~3

e g s, e

L squarely. The fuse core should.
The squared end is pushed firmly
. The system is now ready for detf
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9. Detonation. Before the igniter is attached to the
fuse, a guick visual check is made of the blasting area and the
escape route. The igniter is then attached and the fuse is
ignited. Before tossing the charge, the créwman makes certain
the fuse is burning. The charge is then tossed onto the target.

The information presented here and recommenrdations .
made in these pages are intended to provide knowledge that
will enable the avalanche worker to work confidently and safely
with explosives. The worker should know that if he handles
his explosive "tools" in the manner normal to avalanche control
operations he can do 'so with confidence. The avalanche worker
is urged to use explosives with confidence and respect, not
-with fear. ‘Explosives become dangerous when prescrlbed handllng
procedures are not followed.

435f



- P . oL N Y overa e e . . e - u_.x- - " ii.l\. - v o~
* AR T A PRSI MO SR PR PRI SR ESL RS TR §5 fado G ALDLIOTOU TN e
. . Ve . . i i A
. . . ADUIST DD -~
. 4 mﬂu PR SR Sietd s x
, ) : ' N6 Nt Ny ey ey C e
. o ey eees - Caewns Py iE ey ey iy - e R
VO TOD Tl QADDUDN . . ﬂ«{.u EEECA A sk e AR S-S
LIRS - L - . * * .
S S . o~y e b ey N .
: : SIS DWUARUD Q00 RUDLUSIS = ) .
- / i ¥ . i : .
s e ¥
. - P N Vo~
e [y} @W(LU. LT .)..»ht
ity . 8 S H
o - 1 - . 4 b B
. (SRS EPSS] m\.. s enl o Lol DGR,y
K ; H -
N i
y ; R
i
. H ;
' i VAL G
. : : ST
Sy P i f e g e cenaien b : . i me e
IEABARISE R R . SRR S T H SIDIDLLO™y 4 O i L OO S
B . . P . - ! « vy > e
Jo L . ! 3 N ;
o s a5 - ERof et Db rabub Sy Ao gonant - < ———
: ; ; H
. « ‘ . }
: ; ; . !
: ; {
. PR ~
; Lot oo :
- » Ha LU S ;
’ M B 4 F oy d
. \ e g e ey e ~ : o T dy
P . R Y A . - P ol o Lt d H . # ¢
W e Y : g b o ¥ { [ SR VR
! - sll. . b
N R . ¢
N P R . ¢
e : vrpoae
. ....¢~1’....&A,.U R ) m
.
. IR RN : IS e oM DN A @: S DL
SRR SE AN P R RO o # o oY
. . : I -
1 ! i
' i ! N
' ‘ TR Nca RN
¢ N !
uTLLas : : AT
SRS . : LoD
ot . ; ; H
e e : Lot ey : ,..,,J)J.*. G 3 i ﬂz\l o nn
ek . . . H o e B ; iy e
halR RS 5 b - 4 L v ¢ AT
: . : ' .
| i :
i ! e e !
~- .
4 i ! SSZi5 SACTIDA {
) ° * .
! H N Ve .
H ! Ll O naD
i PR T :
i . i
3 .o — H . S g —~ 4m !
3 gos s o, O .k » v . ~ 3 ~7 o~
. LA } U 3D . . B TR M ] B e ot ot oLl
. AR . i S - ¢ T - o T m.ﬁ.... [ O .GU:&.
. L \ : . .
. ' :
. X ; H
. i ! SOUNS NG AmA '
, ) : : i
ey : ! - : .
AR ; H
¢ ‘ ‘ H ‘e i
Coeped t Be e oyt [ g
FEERE S A VAR Ao D ias SN aNta R A ! (o R [
. e ' p o .. m { oW i P
! '
i
- ¢ - ——— bt Kl
] . ooy H ] ; : ’
g e iy A I R 2o syl e P PR AN
[P ST RN t PR S R n IR A V2 R SR 1 T - ' L0 T
M . P PR i [RREV S bl L : oL ) ST LT
. ) \ : :
. s B }
. ! ) i
. ‘ . M ? :
P T Uy . T A AL O H o~y H e d vim
(ORI R p NI ORI DA ST [NV I AJD T D ; : SRR
el R ! UL B P ALINRG 20 it Lo Crhisel
. . i )
EH + i
‘ . [ H |
; ) '
S rusieus 1t agianoac onat W.\Ln.::,..c o oL otety ! NS
e - > (RN AEE T At Vi I w 6ot -
J— ! i ! i
- - CN Y + H ” 4
DESUSE et ] : t i
o : ! ! {
_am e . i S ey . . - N e -~
3 PRI AT I 4 \J.utru)u\.,.n LWOIIDUQITD m .im,.um_)” ! TALEOIONT
! ! f N » N | N H =
e e o e erety s PR Craresa s mey | .. o ' :
DToITIS ToOLied Annizog srrnueny bousc; oo AR S So VRGP
. e PN . . i 5 4 i e [ S
- . - + - oot ! ! 5,
. AR RO VAN . ™D IS i } N
. AT B & N LI * N .
N o~ i N N H
-, . RPN AN et ey e . R RN R R I a Y
. R AL PN DN
[N N A e -y e oy e s vt «
. NIy ke IR RS AR
[P PV R L P PR BV S50 Y oLy ..:.U




L f“,vl..nuwi ourdes 17170

4

November J974

‘ ’ LIS OF INSTIRIR NS

Coust are estirnates and arc included to indicate their yanpnitude, The cost

shown-are neither Mot prices nor offers,

thernonel
+ Lhier

U S
vigions in L7 ¥

2T, range

eloy, ro e
. 3

L O O
Py njbﬁ I to +L1g
o =GO ¥ Lo 4007 P

N M € e xS T
su*vWWcr: Coerts or 03)

Cost: 53000

mospharic Boavivewient Service (A
% I 3 : :

1, Yy " . . c
$10.00 cach from 410,08,

Snow pocket thermonsier with potal e, range -35 C
. 3 . . -
to +50 C> divi in 17 C; order also refills
nase).
P

cekly chart,

Ny

Supmlier: Coertz,

Cost: ) "8200. 00

Tostresent Sheloer (Btovenson. sereen)

Sunplier: Goertz or Atmospheric Davivormont Service
L 580,00

3 S Aeoad 4 - RSP 5 e 4
The shelter may also be home-made, bul it is usudlly not wordh he effort
3 4
¢ [

(J\J\} 0441 lO!. »
O —
Yildfo pEICIITY [/E«‘- ans oy }\)LQ Llf.i:‘{.- :l & ELET

.

inted glossy white, calibration ia om may Le painbed or
m

ey 4 H
reasure may we abtachod.




. T e
Eas e
-0 P
boks
e
ol .
B
o, -~y
& —t
it o
g [ Ou
e o -
- s <
i3 e D &
23 = reed e
gt o Pt
Pourt b - -t
e b o b &
1 1 %8 o~ -
- . o = o
o y o o] A
po P 5
= o ber
: ~ —
2 e @ s =
- - ) ) -
. e
wd Lrand “mf L]
e - &
< e =1 rrw H,
Y ) ¢
4 P )
Fan ..nxu, ~ £y e [®]
W] [ -~y (&)
~ s .
@ . o O i - )
‘ = £ =
e W . =~ [$] O i
oo mm o - ,.w. 3
. o v 4 2
5 4 4 Mad -
R & = o G o = I8
- - b W R
- - ...w . . O
s [ 02 . 3 ~
- O o 5. & o “
S o . i " A4 & J > o e
e P - i 3 o - oy &
o £ = o & Sepert 8 ) ! E
3 e - £ o = S ho & ST
I - o n & . fin .
el o B3n7 o o et 3 et = . TE, Y
i O e b L Vi ) FTES R I o Lt -~
= O A g il i M ~ R { = e
o ot o > T [ et e O . 52 e
oF S [ - B o = et R 03 ) e -
O o - : 5on o O .
e o o .. > 2 o~ o I b Ld
=% S St LI et 9} Yt v e W ey Seml i —~—
- 23 N > o oo« O o
3 -5 B CEEE Q0 - 5 P I o &
- ; e ) e wad P - v " 1 e ~ - .
G ! ST e e D [ i £ [0 e B A ) A nﬁw r.w wi =
P -t o~ N Ra)
L — { - O (el ot .‘.xw < = o e m
o T — o~ N e S A Oy o <4 =
: - g R
= e L -t O g ey NI AN D S ~
e - oY [ - . o <
oy wa Ll Bl
- o O 4 ¥,
; N el
- - -~ N i
< = — em.u S
N wl o v et
3 - P ~ t
-l ool s PR = [ alihg -
- B R =5
A & oA ¥ 3
32 , B 2 N Lt iE e i
= : IO\ « =
" ; . - } .e
. ARSI 4 s o5 el . el :
il e 33 - &I ¥ ] fiy o~
. - LR ot s £ s e PN
D S s [O IO & [S I M i e Al &3
t . i i ax b
- L g . poa] s o - o B = -t
- A% v o0 i ) R oy -1 ‘1 pnd Ee ™ Ey Lo
B - P e = - i .- R i o< > =
hatt = s emb AN e 43 o e e S -+ - £ @ o
: ~ ¢ - P et Lo b &0 o
LI 298 & 0 o Q g2 I SN G e~ D
N Y s g ; = & M= “ig ©oooae w
-t ~~ = ~ 8w T Sy PR N g o ~ -
S U.,\( o < S e D ent AN g
st 5




3
-
L . : ) bty -
@) Deutie conver Yenn readingg olacs, o 2N dibemetoer.
[ S
o Gupplicr: Canlab, Fisher
Cost: Sn%;O(
cw observation L L ;

A complete it is aveilisbhle which includes

LR

; . w, seile, or ,'sta.:
sereen, magnifying gless, tharmometers, Carnrying Case.

Supplicr: GCeoto i

Cost: 5550, 00

s‘)

2
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Supplicr: CANTAD, FISHEIR, or local scale shops

Cost: - 560,00
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Css Western Avodoanche Control Spodindintys Co,

I
{
!
J
; 17, (v, sow 174,
4 .
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! Slewart, Bl

Fredoric Gooerte Jid,,

1328 West Pender Stroeot,

Vancouver J, B.C.

~

CANIAL: Conadian Luboratory Supplics Lid,

b
790 Alderbidee Way, Riclhmond, b, C,
R ;
also at Calgary and INdrnonton,
Fisher Scientific Co. JTitd.,
196 Weaest 3rd Sk,
Vancouver, B.C,
also at Calzary and Edmonton
John Cheatillon & Sons

Kew Cardans
HNew York, U. 5. AL

represenfod by:  The Scale Shop Iid,,

R e Yoy ren N )
(a7 Corvdova Sireet,

i N ovsnr mar e A e o

Industrinl Scale Co.,
Edmonton, Alberta

Aviation Eleciric Pacific Limited
Vancouver Airport
Richmond, 13, C. : .

Regional Dircctor .
Atmospheric Environment Service
Envirvonment Conada,

739 West Bastings Street,
Yancouver 1, B. C,
or
- - . ’ -
Federal Building
9820 - 107ih Strect
Edmonton, Alberta
Note! The Atmospheric Environment Service supplics governmaoent

departiments and universitios only, but does not sell equipment
to private companies. IPrivate and public organizations may
obfain the equiprment Ivece of charge by becoming a co-operative

weather stiation,

Geotest Instrwment Corp,
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