
Date 

Time 

2 December 

0900 

1000 

1200 
·I 
i 1300 
' 

I 

1345 

1530 

1615 

1700 

/ 

Avalanche School Ro<;1ers Pass 

2 - 6 December 1974 

Location 

Meeting room 

.Meeting room 

Hotel 

Meetinq room 

Observation 
site 

Meeting room 

Meeting room 

Topic 

Objective of courser 
program; Introduction 
to avalanche safety 
control 

Instructor 

Schaerer 

Physics of the snow c ver Perla 

t 
Illnch . _. ·. J 

Snow proJ:1le observat:irons Schaerer 

Observation of snow 
profile .-
Recording of snow 
{..1rofile 

Weather-observations 

Break 

~ I 

Schaerer 
Anborn 

Schaerer 



Date 

'l'ime 

3 December 

·0830 

1000 

1030 

I 
I 1200 
l 
1 'J.:;;...1VU 

1400 

1700 

Location 

Observation 
site 

Meeting room 

Meeting room 

Meeting room 

Hotel 

J."".lt:''.:.t:":, \,. ,,!¥J). ':) ..L.VV.Ul, 

Me~t:Lng room 

' 1i, 

Topic 

Weather obs.ervations 

Recording of 'obser­
vations 
Observation· site 

Avalanche Safety 
p::-ograrn of Depa.rtmen t 
of Highways 

Characteristics of 
avalanches, classi cation 

· and recording 

Lunch 

- . - ., - ·~, , .... -
,L ...... ,..>~At& • ...,,.., .. -- ----- - .. 

S~arch and Rescue 

Break 

Instructor 

Schleiss 

Godfrey 

Schaerer 

., 
·1 

' ' Pfisterer 



!:! . tte 
•rime 

4 December 

0830 

. 
I 

J.230 

1330 

I 
[1600 
j 
1 
l 
I 
' r 

115 December 

0900 

1000 
I 

1500 

1700 

' 

6 December 

0 830 

0900 

/ 

! 

Location 

Meeting room 

. 

Hotel 

Field 

Flat Creek 

Fidelity Mtn. 

Meeting room 

Observation 
site 

Meeting room 

I 

.,· . \ ,,.. 

Topic Instructor 

Avalanche control Rogers 
Iass Schleiss 

Work in 2 groups 
a) -Rescue practice Pfisterer 
b) Visit of avalanche 

sites, and analysis 
office recording 
avalanches. Schleiss 

·r..unch 

as in morning, groups 
with changed activity. 

' 
Break 

/ 

' 
' 

I 

Departure for Fidelity MtA. 

Snow. pro le, slope testi1lg 
Visit observatory 

Plotting pro le 
Stability analysis 

Break 

Weather observations 

Evaluation avalanche 
hazard, 
Avalanche control, 
case histories. 

Schaerer 

Schaercr 

; 

I 
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P. Schaer er 

Loose:~ sr1() ... / c1\1 a,J .. a.ncf10:3 ------·A--r~• ~-- •-•• 

StQrt at a point. 

Loose snow avalanches contain cohesionless snow: 
' a) Dry new snow, usually a day after a snowfall ~1en tlie 

crystals aro rounded but ~eforc they have 

c) Wet old r::m•;, during sno·.-.r m,:clt pr0rioas7 these aval~11iches 

can be largo. 

S L::1 b 2w a.1 an Cf).(') ,:3 --- .. -- ---... ----•---~------
Star·'.:. from 21 linE:'!; the whole. widt:.h of a slope move;:;, 

Avalanche:-::, m~y start as loose sncnv aval;;mches, and the 

:;noving sn6u can release a sl2b lower down the slope. 



L. 
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Slab avi:llanchGE3 arc cau:::ed by an . inc:,tabi1i ty of the 

snow cover due to the l~yering. 

A relatively strong, stiff layer (slab layer) overrides 

a relatively v1e.::;}~f:r, in.stable lc1.yer. 

The weight o:C th0, slab layer result::, in she:1:c stres,3,33 

in the we~~ layer. l1. fr2:.cturc occurs ,,/ncn the st:::-es'.::s.s 

exceed the~ strcmssth of the weak L1yc:t:. ·· 1 J. n ·· .,_ -, 1--. ·i 1 i' ,. • · f;J. .. ~~ b t,.,.O • .:v ........ ,_ L- ).1 

. . 
.ir~~::ccn=;e, o:.: 

or thro,J~h a loss of strm,gth due to high te:·:~pe:r:at1D_re1::,, 
1 

There are sever&l diffc:c0nt modes of :tai.1ure of the 

snow. 

After tbe sl2b bets fractured it must overco:ne the 

friction on the bed surrace. A minimuin incline of the 

slope is necessary. Sometimes a slab that has fractured 

remains at its p1ace. 
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]. "' .. ; avalanche::; 

will st2rt within a given t~no. The analysis is based 

cm i1unEin jud,y::rnent us1.ng rules of t.hurnb and personal 

experience. 

Observations ( :i..npat) usE::d in snow stnbj_li ty annlysis: 

Snow depth 

Snow prof:ile ( L,:,"yerin9 of the snov:, SLOH pack structure) 

Weather: sn0\·Jf c1ll I tcmperc.,ture, \·:ind. 

Avalanche occurrences: cu~ren~ and past. 

cutt:i..n.g of s.lab, skiin:;;, explosions~ 

'l'he V/eath·c-r f ore:,cc1st for predictions of the dcve:loprnent 

ot the ,'.mow stability. 

Certain 9roupt3 of obsi:~rvat.::_ons are strc::.s0.d and cthe!cs 

control rn~t.hod.s. 

stability analysis. 

Inf J.uPnc_e of snm-, cl""pth \ 
\ 
' 

_,,. "I • -r,,., f, • ,-, 

I 

rnethc:,c1f,1 r or 
I 

A minimum snow dc>pth is ncce3Ea:ry to cover the roughnes:3 

of the ground beiore avalanches occur. 'The threshold 

c:l.epth can :be e1:.,i:2blished i.rcm ol:sr2rvations of seve:ca1 

It is usu ic,1.ly: 

On a fJ!Ttooth grout1d, e.g. rock slabs, grass, permanent 

snov.1f:'iclds 30 cm (12 inch) 

On a.vera,;;e mounta.ins.lopei::, covered with bouldc:~r s, ' . snruJ:i::3 1 . 

rough bccdrock 60 cm. ( 24 inc;.1) 

On very rough qround, with big boulders, big E,i:urn.ps 1 

fallen trees 90 cm to 120 cm 

(3 feet to 4 feet) 
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Most i:"requcnt application: ski\ouring, construction sites. 

Ora'E,.r of' :L"'l''lO'~··c -"lC'"' of' 0 1·•c•,:,--,,:-,,-J .. ('\'-1~ • .~ J.•·J:- J.. ~C.> ~t.....: ...,_ J...)..._-,~ .... L. Vu. L- • J. U"' Sno·,v pro:Cile 

Slope tests 

WeathGr 

Avalanche occurrences 

a) Observe a cJ:ow pro:::ile at a Y(:presentc,+:iv,::, lccoticn ne:aJ: 

the startin;i zonE: and look for weak layors; determine 

their strengt.h (hand te.st) , tbe dep'.::.h and st.rengt.h cf 

the slab lc,yer. 

'11he followin9 can be cri tic::,l VlGc.tJ::. layers: 

surfo.ce hoar 

depth 1102.sr 

crustr:3 

old snuw surfaces tho.t have gone thro:.1gh a .strong/ 

1nct. c1.rrtor;;: t1 J. srr~ 

very W(YC SDO'd 

I 

Evalu2.te the streng-i::.11 of tho layers vs. the weight, on 

top o:i' them; deveJo,:i vour e~;.:::~€2-:ie:'l_ce_!., 

Some rules of thun~b: 

The depth o:i.: snov, above a weak la.yer must be 30 cm 

(12 inch) to produce insta~ility. 

Snmv with a hardness of 4 fing·ers can .sup:~ort a 

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

Snow with a tempcra.ture betv1een o° C c:md 

may become unstabl.e :cupidly when the 2ir 

increas0s or with strcng radiation. 

l
o ,.., - \.., 

t.emperatt .. re 

- Durirn;; the snov, melt period, deep avalanche.CJ wi11 not 

release before isothe:i:m,ll cor:d~tion is attained ( o0 c). 

b) Test a short, steep .slope of critical exposure. 

c) Consider hm·1 the ,,,incl and sun could influt?nce the 

d . . l .. , con 1t1o~s on s opes wicn d_iff E:rent aSI)CCts. 
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I·1o s ·t f 1:' C(ftl c~r1 i.: Cl_r)fJJ_ j_c Z·l t: io~~l: :'COC:i.C.S 

planning o:.:.": ski touring. 

Order of inwortanco of observa~ions: 

Weather 

Avalunche OCC\1r:cc~1ces 

SncY,J prof il2 

Slope: test.s 

a) Estimate from weather observQtions how the snowfall, 

wind, ten9eratures influence the stability of the snow 

in the ~vala~chc stnrting zones. 

Significant weather observation[: 

Amount of snowfall 

Intensi~;y of snovn:c0.ll 

Wind.sp'c:cc1 a.nd directio:1 

S012::r radi&ticn 
\ 

\ 
Sorr:.e x:··,·<Le::"l of t1liJrn1J ~ --·--·- .. ------
l-Jhen the old now cover is stab.le, insta})ili Ly b0::gins whr:-:n 

snov:f,).11. E:,xcee::m~ about 2. 5 cm \'later equ.ival'i.:,nt, or about 30 

cm DE'W snow. 

2~5 cm. par hour: greater th&c 1.5 cm per hour in association 

.Sno 0.-:L:<L7 of: rimed crv::;t.::..,,__l_s, graupe.7-s, needles are more likely 

to form avalanches '·'11;,r1 si··r-,l.1' ~-.- ~r,.,c'- al C' ( e ("i L- (...l I,.. - _,, • C,..J... I,.___ J. "'-" l..- .... )..) • ::,JD after 20 e:n 

r·=\·' ~nc,,,) ... ... it..:. .... a.:, ... - \. • 



J ... d~. ''\__t J • t· ··re'.] ri:)'"t"I--,.,...,-·,-.·--.<.""' cJ ... a\'f""i•·1:.·1-,,· ,(;';Jll1 a .GS WCl.gn CO CX.LS 1119 :cHlCVl COVer ~All. ~cc.,. <:::n.:o(:.. •• , 01.- ,~ ••. : '•J: , 

high tcmp,::r-atun,:;s associated with rc.iin m:oducci additional 

weakening of ·the snow. 

of snow means rapid increase of strength. 

The nevi snow beco'Jles usua11y stable 1 s·hen the settJ.emer1t :;..s 

gruater than about 15 pcirc\:rrt pr:~r day. 

Wind can move loose snm•; and produce av,::t1anches even after a 

snow.i:·all. Avalanches form on a le'.?,side of ridges. Obs(:c:rve 

for drifting, snow plumes, cornices, drifts around buildings 

and trees. 

Critical windspeed about 20 m.p.h. 

Wind breaks up the snow crystals and the small fragn11::mted 

crystals pack a~nsely to form a slab. 

when supported by a weaker b2.se. 

Slab can be dangerous 

' 
Hi9h relative l'u-,rnidif y in association with v.1ind produce~ ~;lc:1br: 

more readily. 

Lov1 t 0-~T)i?i':" ;;1·l::t1:1:· ~.;.: 
_.,_~. ~--"----~---- .sl.ow ;~,,0t.F,rcr:)Yi:,hi.srn, li ttlo chc:m;;e 

unstable coridition:3 may persist. 

of 

Hiqh temoera!:ur,..::•..,-;, hL:.t not high.::.,r than 30° F,. (-1 ° C): rapid 

gain of strength, leads t6 stable snow. 

Tern,El.era.tu:ces higher than 30°F~ loss of ul:ren9th, lE:ads to 

instability. 

Drop of te:;:a:;ier-:1ture ircm 31 °F and higher: weaJ.;: snow bGcomes 

st2::le. 

Strong rac1
~ atior: :frC2_:E.._fJ1-2 ..:~un increa,ses the ternperature on 

exposed slop2s. Tho radiatio~ usually not significant in 

December and L-rcinuary, but it is an important cause of 

avalanches. in spring. The effect of solar radiation is 

intensified when the sky is hazy. 

The £Q!tbin_2,tion of adverse 'deather factors is important. 

b) Obiervc avalanche occurrences. There are usually 

indicutor slope::, on which a~•alanches run first. 
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tho t.J:ac}:.s, and ' . . tn.1.s snc-1·.' J_;.:; av,.,ilab.1.e in sub.~;c:,qL:c:,it . ,-· 

c) The stabi~ity analysis by usina weather obs0rvations is 

sabisfactory for avalanches that form during snow storm, 

bul.: it becomes difficult ·,:hen the avalancb.,::;s build up 

ov e:c me,:::-,:~ -~han one s torr:1 pc:c iod. The starting zones 

should be-'! visited about once pe;__· month (by ski·, helicopte:d 

for observation of snow profiles . 

.Most frequl"T1t; applica.-l::ion: 

Roads with artillery control 

Order of .importance of o1JsE:-:::::vations i h'eathEn: 

is to remove the unstablG snow by 

mu.st be app.liecl. 

Slope test;-; 

livala.nd,,.:· occur:ecnces 

Snow pro:.:ile 

nro~~cina ha~mless a~alancnes. 
~ ~ I 

The m,2thcd used for stabiJ.i ty analy~:is i2. est3enti.ally the': sa~ne 

as for uncon-crolled inaccc,.ssible slopes, but it must a.lso 

consider how ~.:el.1. a s1a}) has forrnc~cl in the starting zom,)~ '.i:'he 

formation of a sla2) is important for the successful applic2.tion 

T)le terrain and experience will determine the arnount of snow 

that may be psrmi ttc,'d to accumulate before avalariches must be 

relear.:C?.d. 

Slab$ form readily v,rith wind, moist air, and high temperatures. 

Snowfalls with wind illld in cold weather do usually not produce 

slabs. • 

8) l,v.::tlancho hazard svaluation ·····--------~ 

The av,3.lc.nch•3 hazard is the probability of avalanchc-~s i1:.f licti.n(; 

a C--i··vcn dc.~r·rce r .. +:: d·::tp·l-..,-,-e +-o "'''J-~S v-·,.-.ri}~~"' ;";\s J'O ::>rt _,l .;!1 -:.-:;J... · V,. Clluu.'::> • '-- o...'1'.. .IC: / L.; J_'-'.1.E; / P. pi.:_.. •Y• 'I'lle 
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The snow stability analysis the first stc,p of the 

avalanche ha~a~d evalua~ion. The .size of the zwalanchcs and the 

outrint ·dist;_,nccc:~ rnu:st be considt:~rod in a t.3E":cond step. 

a) Rules of the size of aval0nches: 

The deeper the;; slab layer I the larger the av2lc.::11che • 

.An avalanche in motion 1nay br1::2..k. deeper \•;ea];:_ layers. 

Th(0:! harder the slab th<-J. morr~ 1ike1y a fr&ci::ure coulc1 

prop&!_;at:e and a vride slop J-;tay start to slide at onc-2. 

The surface penetration meazure by the foot or the r~msond0 

is o.n incli.catc:>r of tbe 2100•.int of unstu.ble snm•: in the trcl6:. 

l->. pen2trati.on less than 30 cm produces small avalanch:-"::.'3 1 mo:ce 

than 60 cm lar9e a'Jcd.anches. 

b) Rul<?;:: f o e:::;ti:na".3.119 the out:cim dista~Jce: 

Large 2.va ... '.anc:.,.e.s h~ve a. higher speed and 2.. lar0cr 0-.J_t'riJ> .. 1 

\..,.'l,...,t. •....-~·-, .,!_lil. \..A_.,__,._, l..,..L'.,.l ·• ..... '. • ...,) st 

I 

Be safe and assu~s that avalanches might go further !than 

estimz-:.ted. 

\ 

\ 



AVALANCJili: COUP.SES 

AVALANCHE PJ'.:SCUE 

by: W. Pfisterer - Regional Alpine Specialist 

Department of Indian and Northern Affairs 

Parks Canada 

Avalanche Rescue: 

- History. 
Classic cases. 

- Research. 

Vanni Eigerunann Foundation: 

Statistics: 

Time limit: 

Causes of death: 

Conclusion: 

- Background. 
Function. 
Results. 

85 victims. 
~R f'rninfl n1 i vP 

)( lDUSlQ aear.1. 

- 67% death rate. 

28 victims found alive. 
- ll within first hour. 
- 12 within second hour. 

2 within third hour. 
- 2 within fourth hour. 

1 after six hours. 

- External - internal injuries 
- Suffocation by compression 

Suffocation - snow in lu..."lg 
- Suffocation - settling snow 
- Exposure . ................. . 
- Shock 
- Unconsciousness, combined with any of the above 

named causes. 

- Death caused by suffocation - 86% 

- Suffocation by settling snow - 6&/o 
- T:une elapsed................ 2 hours. 



I 
f 

I 
I 

' I 
I 

I 
Paeo 2. 

A rescue toctm has .:i. fair chance to recover an avalanche victim. alive, 
providing they arc: 

- Well organized. 
Well, trained. 

- Woli •Jquippcd. 

Equipraent: 

- Standard equip~cnt. 
- Special cquipwmt. 
- Improvised equipment. 

Standard equipment: 

Probe. 
- Shovel. 
- SpD.cer. 

l{arker. 

Special cquipracnt: 

fu,,._ 
. ,"-'­

_, ' ' . 
- NaGnctomct!::!r. 

Improvised equipment: 

Rods. 
- Poles. 
- Shovels. 

Rescue oreanization: 

- Co-ordinator. 
·· Leaders. 

Rescue procedure: 

Search racthods: 

Team members. 

- Accident report form. 
First party. 

- Follow up party. 
- Coramunication. 

- Safety of rescue team. 
Last seen point. 
Hasty soo.rch. 

- Probe li:.c. 
- First aid. 
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_ Page 3. 

Search for vehicle: 

- Safety of rescue team. 
- Last seon point. 
- Upper rond limit, 
- Use of snow removal equipment. 

11A rosc110 lcri.dcr' s foremost consideration i.s the S::l.fet;r of his ~O!'.llJ"!, n 

Survival in an avalanche: .. "·-==~--~-·.• 

Accident Witness: 

Unprotected victim (.skier, etc.). 
-- Protected victim (motorist, etc.). 

Reporting. 
/-1ssistin[;. 
P0rsonal safety. 

· 1"'\rtm T'IT""T'l.....__ ~ .,. ti. 
"-iV -A .l.a.V.L\,.U,..L. #;. '-

\ 

'-,. 
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SNOW PHYSICS 

by R.Ie. Perla 

Glaciology Di vision Envi.ronment Canada 

1. Dcnsit.y of 11c1v snow 

rtcfcrcnce is water, dcnslty 1000 kg rn- 3 (spec, grav. = 1.0). 
Layers ·of newly fallen sn01·1 have densities in tho range from nbout 
30 kg m- 3 to 300 kg TH-

3 (?.:f; __ J.rS?JIL.9:.Q~_tQ •. Q~ .. :3..QJ. Tlic _]_1_tgh9x __ ct9.n_­
siti_cs ... ars.. duo_ ts; lvind fragynu11tatioq, Ol'...J)J)C_£}":'.). crys_tal f:':?l~~llS __ ~ucl_~ 
!!.§._.!l.£,~1£:S • 

2. Dcnsific8tjon 

As weight is a<ldccl to the pack, snow lay,)rs may co;;,p1·css and double 
or triple in density (for cxampJ.c, in a few days a ,1Ch' snow. layer 
may dcnsify from l 00 kg m- 3 to 200 kg m- 3

). Dcn_s j_f icat ion Js._9b-
--, 

2.£!1~£.<:LJ'!.~--~..9_t t1_9J£~l!! · Season snow may clensify up to about S00 kg m ~ 
Crusts and firn r;1:iy reach higher <lcnsi tics. 

3. Snow strcn9,1~ 

!he I~ i 11 fa~to~~ s_arc d~ s j ty' :3Y a ill. s} H\, . a ru;l__x;etJl (' s s. Hj n h <l (:ns j t y 
c:1,m• r1inn l·r,p, ·11 111~1v l,r• 1nnn timr•c; ;,<: c..1·,·n1'.". ,~s JH~l-'l~· fn11cn sno,1.,' 
(100 tf;~i-1 -->); gJ~:c.ial ic8 t:JUU l~g!!! ~~) :.s r::_ r:!1JJ.10;1 t::?~::~cs a5. s·t:r<..'!)~; 
as nc~ly fallen snow. 
At. a given density, snow layers which con st of snall, 
may be over ten times as strong as layers ~1ich consist 
coarse r.; r o ins . ::: ,.;,;. . ....a:,.::.-=-=. , ~~L1..9_.JJ!D!EJ.:_fl19...JiDJ2.S...&2:3:~];.1l§ , 
fb.£._1!.!}S.2.'i· Tc;npcrnturc docs not play a llH,:~or role in dctcrmin_ ng, the 
strent;th of drf sno:·:; hm1·evcr, snow drastically loses strcngtll ;men 
warmed to ther.--:c1 tpo 

4. Sintc:ring / 

~t:_grjJ1.g., or the: formation of necks 
12£.t,·:ccn.grajns, o~urs alongNith­
dcnsi cation. This process involves 
the transfer of H2O mo] eculcs from 
sharp grain co1n·cxj tics to r,rain 
concavities. Sjntcring is always 

_..z.....__~,.,__,..,-_,~,_..-,.,,,,__,,.,,,.---,.,.-..,·....-
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!he __ dominant __ tn:~ .. c_ of. mct~~morphi sn1 J n _ _dry_ s11ow .,.1 avers _gf newly _f;,3.Jl en 
~n~--which __ sJ'.l.~.s!J;}.,)~~~-S':tUS.., ~S:JJ.~jJy, ~DQ ___ g;:111.1...::s.tr.c~ngtb. During the 
initial stages of sintcring, grains tend to become smaller and rounded 
(des tri1ct i vc mctamo5phi srn, or equi-tc:npera ture metarnorphi srn) . 

5. Recrystallization 7-/~~ 

The natur;d evolution of snow grains to small, rounded shapes with 
large adjoinj11g necks js sometimes offset by recrystalJjzation. This 
may occur at any stratigraphic Jevel, includjn 6 tlic sno11' surface. l~!.9_-
ClTSt_al 1 iza t ion ___ wjth~ n_.~J_ l?yqr Acpcr,dspn -~h~ _ tcmp~r~turc _di ff ercncc 
~£."!:Q~~-J::.hr.-l~tXQT ( the ts:ml),,QI.at.tULt;,__1!!.0._c:_ii_~!lJ:) . J n gen era 1 , strong 
temperature gradients are caused by low temperature at the snow sur­
face. 

6. Energ~-l~a l ancc at th c snoh' surfr ce 

The tempero.ture of the snm•; surface is a 
function of solar radiation t·w tc:r:res-

•.•--· .... -·.,,~ .. - ... _o,.. ,c.-.-~~-~ ... ·••-- ' -~• fa._,..,,.-,.., _,.,. 

trj aJ __ raclL1 _ _t,:i.on. balance. and s0vcra1 no1c-

7. Temperature gradient 

Ground temperature is usually 0°C 
(or possibly 1 Oh'er _in hi13h alpine 
areas or at high latitmlcs). Snow 
surface te1nper:1ture may fall well 
beloh' 0°C. A~tgnpqra_ture_ difference 
of about lO°Cpe:r:_r.1cter_Js consiclerc~ 
~ s~ifico.nt_ .. ter.1perature __ grad~_ent. 

11\ .1'· ·--, 
(

"- .. _.I • ' c IQ•1 .• -', ..J .,,.,.._. / 

I • t,, · I ·--- /;\ 
•• ( I 

I I ,. I 
O c, .,...o/· '-' -.:, -10 

I~ I 
I i.':M;', 
I f'~'.O'.··; L !." 
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8. Recrystallization deep in the nack 

When the temperature: gradient is significant, vapor __ is. tr,msportcd 
across-_ laycrs_from_warm )eve ls __ to_cold _l_c_vcls. The vapor is de•­
l?.Os ~.t£d_ ... Qn __ CJ)'.§°!:..'.:'l-LJ}tC.9§ ... Ec'l:.t)!gLJ.bJJll .. Q.lLJ:JLQ.Jl.9.~t§. bet ween grains . 
Thus, the grnins enlarge 1d.thout corresponding increase in the size 
of adjoining necks. This type of metamorphism (which results~in 
)'.'.~}~_1{~):t.£.~:.£.f..}.~EtP, _<;:.Q?U:?..c.",gr3:i5.11.s) is cal 1 ctl t empcra t ur-c:-gra<l i cnt 
metamorphism. The enlarged ins arc called TG-grains. VcrL].~, 
coarse ns (3. t9 8 l_!En) are_b_no_:.l'n_y,2.. .. dcpth ho~!'· 

9. Recrystallization at the surfac~ 

Vapor may .i lso £10\·I from a relative 1.y warm, humid atmosphere to a 
cold snow surface. The result is a thin 1-:cak layer of TG-grains 
called sur £nee hoar. It is also possible that certain radiation con­
ditions can cause stron::: temperature gradients at the surface, pro­
ducing radiation recrystallized grains. 

10. l?P.<:"''vsl:ill iz:=ttirm as n f1mc:tin•) of cle11<:itv 
, ______ ----------- . 

Rc<;:IyJ;tal 1.i zaU on .. dccp __ in ___ thc pack depends .. also .. 21) .. densi t_.Y. Tl1e 
dcnse1:_J;hc sn,..,,~, the s1otLer the ten1p(ffat~uT~ . .z.E.E:2 j_cnt:.__mct~m:o!])h:t~.12.:. 
!il;Jlf.£ , s k i an cl boot c:r:>,!!lEI!E.1= i o _E_J:..~._I:J:il~~C?,!:.t a 11t_~I)-~_f:.8.~.~D st,_, t ~r 
~]JTI.I!8:}l-E_L.51£e.J~£E-! · • 

11. The wr:_;t snowpack 

\v11en the sJ1owpack ternpcrature.i,,s D°C_ fJ:om surfa~!,o _ground, the 
s11owpack is said to be iE.2.t.!.~<?.I~~~!: At this t:i.me, 2.L£!!.LfiS}!1l!_!lLCl_!, 
wa.t_C:/l: ... J;.ill_L.f_Qn;LJ'ij,.thin.J;.JJ!L.12£U;:1, t1-ncl .J:~~~1_a.valan~1cs m:.:iL become a_ 
11.r5:l!J91:1..: tL<?.1L.QL_E.0..L:1 ..... ~~(lf,:s;r_ ... l).QX,..t;.St!ntQs_ <lO\m thru the pack l!!}J,:jJ_ 
reaching~;. hcird c.n,1st._1•:hcrQ._tJ1c 11'atormax rccl1.!£P_ bond~.?_£!,l•:e<::21.. tl~ 
}~-~r [ ,~~-§l.12? th c over-~, id j.Jl&-JiQ t _J_; _ _!.gj!_. 
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12. Viscoelastic model of snow 

Under stress, a snow sample will show both a viscous and elastic re­
sponse. The v:.t.~~(!_t1~.-~9.IFIY!S1!: is quite evident in nature (~_9t!:1QJQ91.L~, 
9:S:SH). _gJ_,zg~_tJr.Ji~Jgv:iQr, that is, the ability to store spring-like 
energy, is revealed in more subt1c ways--for example, the l?I.9J2§l:.P,.~_Q.~-­
~,2p~d_ brittle_ f~·L,t.urcs. 

13. Fracture of snow 

If snow is lqaclcd_aLa.relativcly_sl,owJ,~t.':, the_snow .. wLU_dlssipa_!c 
~n_g:rr,X,,.J:J1rmJJ".!1.Yj_;:-.,_c:_o_t).~_ fJ9._1·:. (dcnsi f icat ion; creep) . However, at 
}1:igb_joc~d •. :cnt.es ~ (intense snowfall, explosive blast, ski pass), the 
viscous dissipation cannot keep up with the energy in;)Ut. [lastic 
.£~~g1.:g,L_\jj]l_J11ti 1 Q_J,ip_,J..!Lth e ."~J,1b_ ( e la s t i c stretching ) , ~n:tiJ_)::J;~ 
slab frr:c_t:ure~:; _cauis_tropicai, 1 V. Fracture_s _tenet 1:o .Jff(?,_))_::.z2t<?.J?~t•,;~-~:1. 
str~e.§_.£2n_c_~J.!J::~~IJsn1.~. Ctr~~, rsi..<J~~, ~.½.L.!E~t-~) • · 

14. Shear stress and fracture ----- ---... ~------·----
\.JJlVV.J.. ,,\.JOl\,\...,Jl.l.tl~:~ ,\_.IJ ·J~J,u\,~l-1.1.J~\,., fq(l.)' J..,!J.1,L-J..rt-t~v ,(l.t_l,,jJt~; (L .. ':-t.J.O,...J_~J <J1n>J.L. 

discontinuity .strc:;sc<l beyond its capacity. Shear _strgss t.~ a 
function_Qj S~Jl}C ama~, <lens:LJ;y, and sla):i .... Jhickn~~-

shear stress ';;:; Q h 9- sin A . 
~~--index of _~}:i_ear stn.mgtl1..san,.J)e .rnc~~~irc,_clv:ith .. thc .. shG.ar fr~~g__. 

It is •1ot clear how shear iracttl,res propagate over the enormous 
areas of slab avalanches, but it is thought that the opening of ten­
sile fractures jars the weakened shear surface into .final fracture. 

·On the other hand, tensile fractures cannot advance over long dis­
tances without accomp~Jnying shc::ar fracture. The conclusion is that 
the tension and shear fractures reinforce one another. 

------ "I • ____.,..,~w.__.,.# ___ ~-~•-,..~-•.,--~;,,-~•~•-..--.------•~-----•....._,,-... _ 
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15. Origi.n of tensile stress 

r------· 
I Bridge 

over 

weakness 

Anchor 

cttccts 

·l _______ __ 

Slope 

curvature 

_______________ _. 

I 
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FORMATION OF AVALANCHES 

by R. I. Perla 

Glaciology Division Environment Canada 

l, Slab instability 
' 

Basically due to layering effects 
whereby a relatively strong, stiff 
layer (the slob layer) overrides a 
relatively h'Cakcr layc:r which con­
tidns the main shear surface. There 
pre 1everal categories of slabs. 

2, Wet slab instability 

-.--~------~-----. 

llar<l surfaces which block water percolation are possible shear planes. 
Normally, ,~ct slabs can ah:ays be expected during heavy rains, thm,·s, 
and habitual J y in the aftcnioon during the Sprbg. Ho,·:ever, it. is 
d:i.ffiuul t to predict the timing of deep \~et sl:1-bs, for cxa:nplc, those 
\':hich slide near the ground or on deeply buri(;d ice crusts. Soir.ct:irics, 
tilirlr, ,~1":}r;;l; \,·hi(~i) nn('D 1:!1°(.>- in t·h0. ,P:-1c:nn CTiur\ ~Ti1r"\1rJ, l•.'~-r,,1i11cr, hi 0 1· 
\a!. ,L \.... J.. l.J 

~:.!_::.~~ o 1 J_ .•. }:.Y _ :--- i 1 r. '-~, .!~ rJ~~- CJ.J. '.~1 :-~-"~~t)e e X_£t~-~~ T c~q ·~ a. t ~r1 :1g __ l._!:_ c_ __ .. J __ LT s ~-- 1: n C!'·.: _l.~,Q) .. ~_10 1.•/}:J! g,_,,. 
ll late season ·n01·:. Evaluation ~ s liascc:l_Ql) .1:c::112crature_J?_rofi lc_s..., __ and_ 
visual warninr si~ns (increasing actjvity). ----,--"·~---·--.. ---·--~--.. _;,., . ..._ .. 

3, · Dry new sno1>' instability ·-------- . -
Occurs during_or foJ lo,,:ing._),~J.Qrms: Besides heavy precipitation, th(::;._ 
fol)owing_3torm sosi.uenccs niay ..... c .. OJ)trib_utq to produ.cing a relatively 
stiff over relatively weak layering: 

R~sjn1L te:y:pentur0:,..during_,_§torm, (cold front follm-:ed by warm front); 
Inc£easlng__1d.nd~ (wind slab over lightly bloi-m sno1-:). 
I~~j ng rimi_n,g (heavy snow over light snoh'). 
l!!.£.~_sin£ humicJJ,.tY.. (heavy snow over light snow). 

lt~J:j]_2,ds_£..f __ evaluatin,g_ins_t_a,bility __ t,n the new snow ..iJ1clud.c: 
1·ecopl, test _skU,1J.g_, small_cxRlosivc-~ c.J.largc .. ~ (about 1/2 kg. 
pparcl test, s)lcar _framQ......t,.!?.st, anj visual w~rni1!_g__s~. 

storm ---~·-·~-, 
TNT), ti It 



Ill • 

4. Dry deep slab instability 

~!~.5-.~JL,c:lu:i:~Lng:_9!'.. £0JJg_1yJl1iL.~!:21-~1s, but 2-f!S!l. <lccp ins tabi 1 i ty P?rsi st_s 
~r lon_g_J.:.£1-:ioc!s __ aftc:r storms. In f!Cneral, dry <lccp instability is 
most intense early scnJiQ11, and <liminj_shes as. s,~~h'£ack_gocs._iso~hcrma_~ 
~•:ard _ SJ1ring,. The most COi~-1·:pll~11cs.ses __ arc __ TG-lnycrs (depth hoo r, 
surface hoar). Sometimes, if new .snow instability is not removed, th0 
weakness gets buried uncle,_' a deep slab and becomes a futuxe problem. 
Since d_5.J_£p __ :'? l ah? .... ~~~~".:;:1.rni:ed i ct ab 1 c .. and. tri ckY_, the situation sl~~Lc1, 
be .avoided JJY cpmpactiqn and cont i nw1.!_ .. s tabj li :u1t io_n. __ ().f.ncw __ s110~"- in.­
stc:.bil i ty from cad v season 0111·:arg. Mctho<ls of evaluation include: 
Sl19J.:'.P5&~' 11:~:.~scg:91.q rJL£.<!.1.]:QS:9?~S~~ '. {iJ_1cl_Q~~nJ2.~tY..~ .. Is.~!-~ ( 1 or 2 kg 
charges). 

5. Loose snow avalanches 

Initiation starts as failure in ~T-~-o-•>"•--"""'~•-,,~,~-~-•~-•-•-~ •---»••~--
• a rclati vc lv ___ cohesi onlcs s_-surf acs_ 
layer of dry or wet snow, and hence 
docs not depend on the stiff over 
weak layering. !Jm-;cvcr, once :ini­
tic.Ltt,;~, 'L!1Q l(',V~:;c failL;r~-- _,i~-~~-..,~--l~L--v-
'l""\,,.,,l'Tt"l+r- ·+,...,, ri ;:,..ril~ ..-1; , .. r-n·"1-.,.-in11"l ~- ... ~ ~nrl 

rcJ_ease l.:i_:rg..9._n!J~'1Jlt.iJ;jg __ ~_ of dry or 
wet snow. Ei." luated on the basis 

~~}!.~.L~~!D.!!l2_j]_i;m1 · _ 
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SNOWPROFILE OBSERVATION 

Objective 

the characteristics of the _ __..,_.,.. __ ,,_ .. -,_,.,,.,,__,.,,,_.,,...._~~"'-

4::2£! Y-4-i!l!.a.!2.!l9j:,;_.,l~~~ o The obj e ct iv e of observing 

the snow profile is to determine: _"" .... "'"" __ "' ___ '"'""-~ 

a) 

b) 

c) 

d) 

~s_-!-,.EY.~J;..§ that are E£_~_§_1: ti_tl_ ! ~ .! u~~~ 
the ~.!;.§1!9?.§E~ a 1;11-ll§., 

the tht_c~n~~~_poten ti a.l -~--t~itl ~1:lll, 
the ~..12.iL<?~f.-~:..~?E.Ehi§lJLf>l._i..l:!~Jfs 

Other than for snow stability analysis the information ---
..L_U.L. C::\...,L.A...,-.l \...~ '--'""' 
.. ~--~~-,,> •••-.,..•-·- ~d•---_;M,,.?1, ,.- ""'t 

~~~~WJ12ff., studies of the effect of snow 

on vegetation, wildlife, structures. 

\ 

' 

. •, 

The amount of information that must be collected 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. 
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Equipment 

Snow shovel __ ............~~~·__,.,,,,.,..~ _._._ 
Snow thermometer (preferably two thermometers) 
- ~ T ,_,,_ •• .,,., •• H ...... __ ,~-

Mag~ i ~.¥2:.!22-~g_l?-~§ 

~l:-~.SE:£.~.U ·:,. 
~~~-1:-~i ty ~am:Q_ler with weigh scale 

Cutter ___ ,.._._ 

~~-.E.l,§i§ 

~~ ... !292.~--~-'!tth .. ~ at-~~ st __ a_n_t--"p........,a P~: 

Gloves __ .,...,..,_., __ 

For Special Observations 

Ramsonde .._.... ___ ,_--..,,,,.,d 

~.E~~E..-tF~~~~-tliL.~£Ei.:1.5L.~~-~!.1~ 
Hardness g9g_e --,......---·~ 
Climometer _____ ,__".,,,_... 

- - __:. .,__ 

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 the snow depth from the last1one. 

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

pole. 
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b) Slope 

The best information with respect ·to snow stabil~~y is ____ ._..,. __ .. ,~ .. --=-~,_.--,---... -.. --·-~-·,,-~ .. -~-.._,_,,....,_ __ ~---.. ,.""'- ... ~ ~ - """'-·-
~~~~:!-~ r_~~--E:!:~2fi!.§:}i ... 9E.-~l.2E§"~-tha !_ha v~--~~~~ 
~?-~u~-~·-·'.:.~-~~.-~~ncJ1_g_~~J-oE.~.. The observation 

slope ~0~9-..,E.,~.st~t.~E..._ e 1 ey _a~~~~-!_<,::_:!2l.~:L.2!_i:~ 

~l~~~~j.n,g_~~o 

c) Fracture Line 

~_:e_r o ~~-!~k~-':!.~h e fr ~.::~~~.E.?S-t!Y 
after avalanches have occurred are important aids in ... _,...........-, ......... ,_ ... ___ ,. ,.---~--,..,_,.:i,.--~ .... ----·-------
checking the stability analysis. ____ ....,. ____ .. __ ... ,,.., __ ,.,, ____ .,__"'_..,,,,, ___ .,..,._.,.. 

Procedure 

.1) 

2) 

3) 

Prepare the notebook before going into the field. 

Select the location of the pit. The wall on which 

On -
~.½:l::: _.~:!:_~~_edy_~p t ag~~;:lll-~--.!~S~-~~e the 9_t,_~~r~~!2..~ 
on a side wall. 

Dig pitt consider the depth and make the hole wide 

enough to allow shovelling near the bottom. In -... 

~~ ~-s .. t_l,;!:__~~-~~~~~~£-..S~r ied 

~t ,in _g, 't;~J?.§_~f_g,b_Qp~pl.:- s_. m --c!.~m.!::11.. ~~-~~ 
wall must be vertical and smootho ------------""""'·-----..-.-~-----.....,-__,...-,_.....,,... 
The second observer begins the following work while 

the first observer prepares the pito 

4) Record datet time, location, aspect, incline of 

terrain, weather. 

5) Observe air temperature (Ta)o Must be· observed 

with a dry thermometer in the shade. Read 

about ·5 minutes, wait another minute and read 

again. 



6} Observe surface temneratureo· Place the thermometer 

on the snow surface and parallel to it, shade it. 

Wait at least one minute, read the temperature, 

wait another minute and read again. Record 

temperature if it has not changed between two 

readingso 

7} Observe surface condition, eago surface hoar,. 

crust, wind packed; penetration by foot or by 

skis. 

8} Observe snow tcrnperatures (Ts). Two or more 

thermometers may be used simultaneously, but 

compare them firsto !~!~2:iE-~E,!~~-~ 
~.JBJEJLd--~Lini~;:y31§_.Q! _ _h~--:~:Jl't: t Q f ,.lQs:Jll_.~n d,-1,Q.s!::_ 
i-.!!.~9E~.~t.~_<!!?J2.t~~. 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 radiationo 

9} Determine the location of each major layer boundary. 
- . . 

,..,c"',.+"-J-'~" ... t.-1..H:;..1,..t.. i.1t:::.J..'::11,-v .L-;,..vu.t .1-~1H--::- ,k-Jt,JLt ... •.JH~ L>J. L ... 11e lJJ~t.,.!' 

10} Determine the unstable layers or interfaces of 

layers where a failure may occur and which are 

potential bed surfaces for slabs. 

ll) 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 

bo four fingers /Ill 
c. one finger xx 
d. pencil II II 
e., knife )Q{ * 



12) Determine the _shape and si7e of the crystals 

of each l'ayer, as well as that at the snow surface.·,, 

The shape, or form (F) is recorded with a graphic 

symbol,: 

-r 
/'\ 

0 

CJ 
I\ 

V 

new snow 

partially settled, branches 
rounded 

rounded 

with 

depth hoar, partically or 
fully developed cups, lines 
on crystal faces 

surface hoar 

if necessary add to the symbol 

rimed r 
C clusters, conglomerates 

Do not mistake conglomerates for bas.ic forms. ~--.,.,.-------·~~-...-------·-~ .. ..._ _______ ~---
Watch for melting on the crystal screen. -----..-.. .... .,_ .. _____ ,.~ ___ .._ ..... __ __,,.~---,_.,..,........---

, . .• ., , . 

with the aid of the screen. Record the range 

average sizes. 

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 

Co wet~ shiny surface, water can be II 
recognized adjacent to snow grains, 
no drops 

d. very wet water can be squeezed out Ill 
e.. slush: snow flooded, water runs off IJII 



14) Measure the Specific Gravity of layers that are 

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 

<lirection 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. 

NOTE: 

Specific gravity= Weight of snow 
X 100% 

Weight of an equivalent 
volume of water 

Weight of snow, gram ___________ X 1000/o 

500 ;gram 

Practical method of calculation when using the 
3 

500 cm samples: 

Weight of snow divided by 5 gives the 

Wear g lo_::_~ ha!}_gd.4,ng_!:,~~i!::~_tE.,~~.D!.e .. 

_Ke~~-tJ:ie ~!E~~he_~~!1~• 

-, 
• I" 



ORGANIZATION NAT Io N AL R ESEARC.H co IJNC-JL 

SNOW PROFILE 

DATE 22 FfB OBSERVER 

LOCATION LA KE LoUi.SE LA'RC\-·I C:-iALLEU Gf 

ASPECT NORTH SHELTfRf:.D . SLOPE INCLINE I 5 1JE6. 
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Appendix 2 

Solid precipitation 
Type of particles 

Plates' 

Stellar crystals 

Columns 
( + pyramids) 

Needles 

Spatial dendrites 

Irregular crystals 

Snow particles with­
out any specificatiota 

(Depoeited new snow) 

Oraupet 

Jc:e pellets (include3 
frozen rain) 

Hail 

J. I D / alvea lho common sh:o nutP (mm). 

@ 

~ 

# 
ru) 

~ 

Abstract of the 
International Classification for Snow 
This classific.-i.tion was prepared by a committee fonned by 
the International Commission of Snow and Ice in 1948 (Oslo)';: 
lt was principally adopted in 1951 (Bm.ssels) and sub­
sequently published (ICS!/IASH, 1954; Schaefer, Klein and 
de Quervain, 1951). 

Some minor adjustments are included in t.hfa abstract­
marked with an asterisk (•) 

~t 
~ 

Codo 

Fl 

F2 

F3 

F4 

FS 

F6 

F7 

Fl to 
F7 

Fa 

Oraphic:. 
rymbol 

0 

* 

' +) 

n.n 

0.-12 

1-8 

1-4 

2-8 

;:l-4 

j 

; 1-8· 

Otltzr solid prulpltaliM 

F8" J-S 

O.S-S 

FO 5-100 



Si:te of J~7rticles (D) 
Lar&e3t dimension measured in millimetre:1. 

!1!!.4fft!~]f.i!l!!!!/}f!.,. 
Broken crystals 
Rime-coated crystals 
Clusters (flakes) 
Wet crystals 

Symbol 

p 
r 
r 
w 

Example. Wet clusters (flakes) of stellar crystals, average 
aize of the crystals 2.5 rruri. F2, D2.5, fw. 

Deposited snow 
The material snow in its physical behaviour is usually well 
enough defined by the following features: 

Density (or porosity); Free-water l Representing the 
content; Impurities ~ constituents • 

size (see below); Strength or Representing the 
Grain shape (see below); Grain ~ . 

hardness(see below); Temperature Slructure 

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

• the structure. lt may be composed of more than one single 
crystal (distinguishable only in polarized light or on specially 
t:reated sections). Grain size as visually determined is the 
average greatest extension of the predominant grain fraction. 
Often grains belonging to different shape groups are found 
in a snow layer. This is indicated in combining symbols or 
code figures. 

Strength or hardness 
Strength is n defined and measurable physical property .. . . 

'Hardnes.s, however, 1s a compit:x property related to a par­
ticular instrumentandmethod. As hardness is easier to measure 
than strength, hardness figures may be med as a substitute, 
but the particulars of the instrument should always be given, 
Strength and hardness are correlated mutually and, to a 
certain extent, with density. 

Subcla.ssification of ckpmited snow (see facing page) 

Snow-cover measurements 

Vertiut 
1:'crpendicu!u 

to alopo 

Coordinate (cm) 
(from ground up) 

Tot.al depth (cm) 
Total water equivalent (mm) 
Daily new snow (cm) 
Water equivalent 

or daily new snow (mm) 
Soow-covered area / tot.al area (tenth) 
Age of deposit (hrs, days, etc.) 
Inclination of snow surface (degrees) 

H 

HS 
HSW 
HN, 

HNW 
Q 
A 

N,!f! 

M 

MS 

MN 

Snow•surface conditions 

Surf•oe deposit Code 1ymbol Graphic sy,mbol 

Surface hoar VI 1-.J or V 
Soft rime V2 V 
Hard rime V3 \/ 
Glazed frost V4 (\.') 

These symbols are also used if such surface deposits are 
identified inside the snow cover. · 

'Slirface roughness 

Smooth Wuy Concave Convci< llandorn 
fur-row1 furrows !urrow,i. 

Code symbol Sa Sb Sc Sd Se 

Graphic symbol -~ v...AJ /V"'V\ NV\ 

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

n b c d e 
Depth of penetration (cm) < 0.5 0.5-2 2-10 10..30 > 30 
A similar value to PS i~ ohr:iin~rl• lw' J.-tti11« 1h,- fl,., .,1,."'""' 
of;! ~· crr!-ratrwcnde (1 kt:) stc.adi:y iJ)C,wttati.:. undt..r hs owti 
weight.• 

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

T -we -s -s 

R 100 kg 

Fio.6 

2.0 I no 
- ..J:~.smo 

1-1,:, 360 

2,0 

3,0 I 265 

I 280 

50 

0 

Representation or a snow profile by curves, symbols and 
figures. 
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Appendix l 

Subclassificatiofl of deposited snow 

Subclu,i~ca1ion 

Feature Unitl Symbol 

I, b C d e 

Density 
g cm--1 G 
kg m-' 

Free water % w 11 111 I 1111 I 
Dry Moist Wet Very wet Slush. 

Grain shape F I+++! 1/, / 1° t>l 0 ol @~ 1/\/\/\1 
New snow. Often felt-like. Granular. Granular. Depth hoar. 

Close to F 1-F71 Partly sett!cd1 Rounded With facets, Cup-sl1aped' 
without/with full crystals' 

melting' 

Grain size mm D o.s o.s.1 1·2 2-4 4 
Very fine Fine Medium Coarse Very coarse 

Strength hardness• K [XX] ~ 9 cm-1, kp cm-1 IL/I [ll] kp R 
Very soft Soft Medium Hard Very hard 

Snow temperature •c T Jmpurities I- -I ke (layer, lens, 
,.,, /0, 

. __ ., __ .., 
JJV.,.'l',.\.,l} JI 

,.,_,, - "' or ~ ~ -( 

1. Unchanged new ,now crystals according to Fl to F7 or table •Type orpirtides' above or ,lightly tranirormed crystal,. OrigiMl shape well r,cogniublce, 
2. Cryllal, in advar,ccd transformation (destructive •nd/or constructive metamorphism), but element, or origiMI new snow cr)·st•l• still recognizable. Symbol 

for b may l>< mi«d with lYP< •• c or d to ch.n>etcri1e intermediate states. Snow of type b often has a fell-like structun,, 
3. Rounded, often clong>ted a;;rains formed in prevailing destructive meumorphism without meltins arc mukcd with foll dolt. They ere USUAiiy In the 1i,e 

range below medium. Melting and rcfreetinc produeu ch•racteristic rounded grains with >tron11 bonds•. They arc symbolized with open circles. Grain atzo 
usually rnne•• from medium upward. 

<I. Usually only ports of the surface of a cry,111 or thi, type are d<:velop,:,d .u even glinerina facets, Often rounded irains or cup-shaped clemcntt 11re intcrmlud. 
Combined 1ymbal1 of• with b, c and e arc pouible. 

S. Depth hoar d<>c1 not ne<:essarily imply fully de,elopcd cup.shaded crystab. U,ually only fror:,mnll or cup; chu•cteri?ed by rt~ntrant JnElff and r,«11liai· 
lcdget u• foun<I (for comb,ntlion of •~mbols i:ce note 4), 

6. The subdivision of urength and hardnn• ii baied on lhe Ram hardneu (4 cm diameter cone•pc,nctrometer wilh 60• apex) nod the following rou2h cor• 
~~= . 

Jhms.ondc Shear •trcn111b R1msonde Shear strength 
4 em di•m. Hand lest (cohesion) 4 cm diam. Hand lest (cohesion) 

R. (kp) K, (s cm-') R (kp) J<, (i: cm-') 

a Very sol\ 0.2 Fist 0.10 d Hard $0-100 Pencil 2so.soo• 
b S<:>rt 2-15 4 fioecn 10-7S e Very hard >100 Knife > 500• 
c Medium U-50 l finger, 75-250 

The hand te,t indicate• the object which c1n be pu1hcd in the snow with a prcnurc of nbout 5 kp up to \he uppc,r limit of the given hardness clan, 
(Uni\ kp 1tand1 ror ~g w•i&ht.) 

I 
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f~tj,t....,\ 

I 

and 5~00 p.m. 

Ac1d.:i.tior1:::l oJJc:.2J~'~Iat,ic;r1:3 rc:"~J~:-:~_ }Jf: rr12~dc! \.-..1l)c::r1 t-~'t":!::-~ ----------------.. ---------------~--
\~/c: c.t t~}1<:,: t- c:[1 ~ .. ~·t1 er c: s ~:i j~ c;~·:. if' i ?.:: a.:~ t .~i" \l c:~~r1 c1 a:C f ec::. t .? ·::} 1 C; ---.. ·-------
avalancb0 h~~~1a, e.g. during s~ow storms. 

Use the 2~ hour sc2is, e.q. 1700 and nat 5:00 

P • 10.v 

Clrn.1,~t, ---·-·---

lfo cJ cuds 

!-,a c1o~Jc1s 

3/ I:.} clouds 

fully covr:::rcd 

fog 

Symbol 
-''i 
\-f·.-"' ( 

J -~· 
:, .. ,i..:'J / 

' 
,r:,-v·, 

(di/ 

(ffif) 
'./,;l/ 

R8port 

clear 

cloudy 

overcast 

fog 



Li.ght ::;no\•/f all l .,,<. 
J .,., ' 

Ruin R 

If nee / ot:I"te~.'_'.' i t,:l 

bB recorded, e.g. cl 

or a th ! 1101..1t1 in a Stevenson 

scre:en. 

Jl'Jinirnum 

·tl1e r1sc:cJ1f.:~ 

co]xr1:-1; ,._,. _ _..,. 

Snor.v ·f:J.1.l. --.. -----~----~ 
wi a ruler on 

platform st. pr .ir1 c;er1 t. 
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snow for specific gravity observ2tion an~ 

Storm stake (STOR½): Depth of SDO';J 

since the beginning of the storm. The 

bc•aJ~c:l ::_s c1c~ci}~e'!c3 (11;d r·(:J?.l..c.:1ced or\ t11.0 s11 1~·V>/ 

su1 ... :C:::cr::. v1}1.r-::r-1 t11e s·tcJrm JJC::ciod .. ..i.s o,.ri::=r--. 

Afditional pl~~form st~~es, e.g. 24 hours, 3 hours, 

6 hours, artil.1.ory control perio,~i.s, m21y be 

~['ui:a1 c.c:pt:--; oJ.' the sn'.JV./ on the ground, 

observed on a preset and calibrated pole. 

LevGl the Enow th~t clings 

Pene_tratjo,1 

It is obsc:cvc:::d by stepping v1iti.1 onfc:: foot. 

into an a~ea of undisturbsd snow and 

measuring the depth of p8lc~ration. A 

more accurate and less subjective method 

is obser~ing tho penetration of the 

r amr,onde. 

Weiqht_Ne'>·l snow 

Snow is colle::::tecl i:rom the daily st a.kc with 

a san1.9li;:1g tube=, oc knmrn cross section area 

and weighed. The tube is inserted vertically; 

more _than · one sillnplc is col1ect8d v1hen ths 

snow depth c>:cecdr., the hei9h·c o:c the sa.mp].ing 

tube. 



Sl:d!J 
3 cm ., 

;:.,; ec t: i c) r1 <:t ~cc; i:t o :~.~ 2 r> Ci~l ,:_. ~ 

of the new s~ow is 

c,;lcu1a its v.'E":' 

28 cm2 

(C) 

'J1he ic i l."' ·~ 
dividing its water Gll. t 

G -

·* 
It mD.y !. 

a weiqht o:E 1 

1 Cf.l - 10 IT!Irt 

1 inch - ') 54 cm . .. 25.4 rrun ,,_. 

of gv.ug-a 

tbE:t. c:o11c::::i: 1 , snow or 

c2tor should cont nan 
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1:',·'tsr rr.ixture: to m?-l t t118 solid 
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J.O 

130 

52 

2;:. :'i 

0~08 

I 

3 Dec 

0700 

1':i'l 

23 

8 

12 

15 

22 

11.(,l 
I 

! 60 I 
l 

3G.,G 
., .... , ,., 

CL09 

111ocjf~r ;:; .. t: 8 ; c.: a.lrn 



AVALl\JW! ff,: r;rnmr;r::~: 

}!.y V. G. ;ichleiss 

St1Jdy arc+c and w:i.nd station:; mu~;t be csto.bli:;hed in order to 
obto.in nr1(M CJ.nd wcctthc·c obsr::rvation:; ,'\.·h:Lch re the cornUtions in 
an n.vnlanchr: an:a. The loc:ntj_on of t11c::::;e rcpn:~,e:ll or ,;tandard 
sitc,:J i:; t~elc:etcd by ur;ing experience n.nd a tborouc;h 1n1owled{!,e of the 
local area. A numbc:r of factorf; mugt be conr;idcred. 

1. 

n) Locat.iou: tcd in ~~uch u. manner thnt the r;cncr.:tl p:t:CV[til:in1s 

b) 

c) 

weather urn). snow ccnd:i.tions for the ,D'(:a can be obtained. For· 
av1~.lri,ncl-le 1'1n.z.a:rd ev,stJ.11:.:J.tj.on tl1e s:i.tes G1'1ouJ~cl be c1.or3e to tl1c 
starting zones of the avalanches. 

Elevotion: f.t. a }:ey elevation to pcrm:i.t intcrpretnt:i.on of 
conditions in the significant areas, 8ucb us artillery 
ac·c.:1,mlatioi1 arr:[~S of snow. An elevation ec;w1l to that of 
avalanche starting zone is prefcr~cd. 

Protection from vlirnl: Snov driftinG must at a minimum. 

' the 

This in ~ifficuit to achi~ve for locations above the ~ree line. 

. , 

·at least their own height from the snow stakes and i1wtrum0nt 
screens. 

e) Ground Covc·r: Covered with C,;rcenery (grasf:, moss). 

f) 're:r:;:·,dn: Fai:cly mnootl:~ level ~tml good dn:i.:imtbc. 

g) Other Protection: }'enccd to prevent interference from outr::iuers 
(hurn:llrn and. gnn·,c;), sign. 

2). Wind Stati ns: 

tlic locr1tion ot wind si.n U.ons it mu,;t be realized 
rd to .:tvalancl!c h:1.7.urd is t.tw main requirement. 

----------·---·-- ..C...----· 

Wh0n 
tlmt. 
For to po::-.:L tion n 
wJncl :~tat.ion on a ridge in preference to a pc,ak1 n:incc Jurge mountain 
slo;'es f(Y•:ern the 10(•11.l wind activity which :i.n turn i;over·m1 the 
lwai1ncl~(' hazar(l (slalJ forJ11:ttion). · 

lfl~lll:V r I'• HJ 

fn1alyfd.0 of p:ir:t 1·cco1·c!f: ~ :if nvaila1d.e ~ nn(l !,lmpt~ of tcrra:in ::hould 
l)e u:;etl to tktc.>n1d nc rcpr-c:;cntat.j vr; Joca Li.ons. 01.Jr;erv·e locutions 
of snou drifting a L tllc: rncuntnin rj dr;c•:J. 

/ 



October, 1972 

AVALANCHE TERRAIN 

by: Peter A. Schaerer 

1) Definitions 

Avalanche path or site: Entire area where snow moves, 
_______ _,_., •• ·---~ .. .,..-,,.--- -------~ •• -""'-.~--------•~' --~~- µ 

a) Starting_-~9.ve (zone o-f 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? ~<?JJ.L.e911Q .. (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 
zno·w is depos~tcd, a~d o. ~Tind blast zone. Only airborne sno~.; dust .-~vould 
'I • , -

---.c -- - ·- -·--

... 
2) Recognition of Avalanche Paths from Vegetation 

Scars in the forest: vertical strips having either n~ 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, limbs, on the·ground in an outrun zone. 
Damaged trees on the opposite valley side, 

avalanches: 
rings, 

More sophistic methods tordetermining location and time of 
studies of type and height.of t·rees, growth patterns, tree 

NOTE: />.. forest_must_be dense to prevent_avalanches., Avalanches may 
start in areas covered with scattere~ large trees. Tl1e forest offers only 
limited protectLm against avalanches that start on open slopes above timber­
lines. La q"t~Ygl§!i:!£t~_]E,?.:L.£~k J::Jrr~z.l~a~l-E!l:>~. 
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~) Recognit1.on from Characterist::ics of Terrain 

a) Look for starting zones, Avalanches usually fracture on steep terrain 
at chara~tcristic spots: 

- convex slope o~ cliff 

'headwall 

.~~ 
leeward side .of ridge, often below a cornice, 

.• 

/~=-:---~·I. . . 9-,11·' I-~ 

~,,, · '~···~ J/ 
'·(' -~ '\ ✓,. J • • 

. . . 

>'\·. ' 
Snow patches in summer often indicate the location of cornices· and drifts. 
There are usually no avalanches on very steer> terrain with incline more than 
60 degrees, 

b) Look for Tracks, 

After fracturing the snow will continue to.move only when there 
is a s~eep slope below the line or point of fracture, Inclines more than 
30 degrees are usually necessary, but avalanches may slide on slopes with 

'less incline under particularly unfavourable snow and weather conditions. 

~~~.!~!1.£JlC;_~-~1:".e_!11ore_l.:i.kt:lY to run __ in_ channels __ thaILo~~!1 
g.2.R~. ~9~k _gullie~.?..E~- al~s ayalanchuracks. 

1 
• 

c) Look for Outrun Zones 

Flat terrain or adverse slope below the track. The distance 
travelled by avalanclu .. ~s depends on their type (wet, dry, airborne) and size, 
Large, dry snow avalanches can move cons·id.erahle distances, c~imb the 
<?PP~site valley side and then fall back, · 

Avalanches may stop on wide terraces, Tree nnd rock debris ind'icate 
location of avalanche doposits. 
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4) ~nit:ion from Ohservati.01rn of Snow 

Avalanche sites may be identified 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 Spring when 
about half of the snow cover has melted. 

5} Roughness of Surface 

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

I,n- rugged_teJrain, about S .. feet ___ ofsnow is ne_<:es_sary, on __ s_moot)1 
st:ff~p.ces JtQORt 1 fooJ:. SlQ.P£S ~hat ~not.J:i,aye...aLleast __ thi§.._c_ri tical snow 
depJ:_l]_~Jr_.9~!£.£.-no~~rn1.s1.D~CbQ?. · 

. 
6) Freguency of Avalanches 

General rule: 

frequency Q.~P..~.D.Q.§. also Q.!L o factors, such as 
fil.'!l.4, .!:_~!!11?.C=.J;"?J.:.ur.~_s.. Steep terrain produces usually 
but sornetime,·for some reason large avalanches may 

exposure to 
frequent small avalanches, 

occur • 
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AVALANCHE COURSES 

Avalanche Classification and Recording 

P. Schaerer 

November 1974 

Avalanches that have occurred must be observed and 

recorded because the information is necessary, 

a) for the day to day analysis uf the snow stability 

and hazard evaluation, 

b) for the planning of control measures and the 

design of defence structures. 

An international avalanche 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: 

· 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 slopeo 

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 

interruption of traffic. 

The following additional information should be recorded 

when the starting zone is clearly visible or accessible 

(e.g. at a ski area): 

Type of fractur~: slab avalanche, loose snow avalanche. 

Position of the sliding surface: new snow fracturA, 

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 

391-402. International Association of Hydrological 

Sciences, Gentbrugge, Belgium. Chart 1 is a summary of 

the morphological classification. 



Hydrological Scie11ces-B11tle1in-des Sci,·m·cs lfydmlogiques, XVI JI, 4/ /97 3 

AVALANCHE CLASSIFICATION 

Proposal of the Working Group 011 Avalanche Classification of the 
International Commission on Snow and Ice: 

M. de Quervain, Chairman (Swit::crlwul) 
L deCrccy (France) 
E. R. LaChapell(, ',.. (USA) 
K. Losev ' (USSR) 
M. Shoda (Japan) 

1. PRINCIPLES OF CLASSIFICATION 

) . J. PURPOSE Of CLASSIFICATION 
,!,! . 

~~ientific 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 
~-yalanches and observed avalanche activity (terrain, weather, climate, forces etc.). 

fractical Purpo.1·1' 

Recording and exchange of condensed information 011 avalanches that have occurred or arc 
p:,pcctcd to occur in view of precautions, rescue 011crations or engineering measures. 

pt Usrns OF THE CLASSlflCATION 

According to the wide range of the purposes, users may possess very different levels of scientific 
and practical knowledge and exoeriencc. It i~ !hnf'ff\r,, ,nlan,IM' ·- --- ... ., ,• •• , • 

~unco 1or gpnerat us~ nut!! s11oulcl 1mp:y the ba:;ic cli:11h:11h of a systematic scicntilic classification 
\vhich may be extended and refined without changing the fundamental structure. 

I.~. MORPHOLOGICAL AND GENETIC CLASSIFICATION 

[tis deemed adequate to split the problem of avalanche classification into two basic subclassi­
fi,cations, one dealing with obserned (or observable) /itn1· about the immediate phenomenon of an 
avalanche. We call this the morphological classification using the term 'morphological' in its widest 
sense. The other classification is focussed on proet'S.l'CS 1rhic/1 induce avalanclti' siluations. We call 
this the classification of avalanche conditions or, shorter but less appropriately, 'genetic classifi­
eatioit'. 
'" Thi' morphological classification is concentrated on the avalanching snow, its.properties and 
its appearance. It also includes the morphology t)f mnvcment, which does not require an eye 
\Yi,t,ncss in most cases. The morphological classitlcation as such does not imply knowledge or 
V1,so,ries about avalanche formation and avalanche mechanics. 

391 
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The genetic classification (classification of avalanche conditions), relating avalanche events 
or avalanche situations to prior influences, is based on certain more or less established connections. 
It envisages either 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 cal'! for a proper classification, 
quantitative properties like 'length', 'volume· etc. should be expressed in measured or estimated 
figures. Such precise properties, however important, arc not part of the classifications. 

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

2. MORPHOLOGJCAL AVALANCHE CLASSIFICATION 

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

2.J. MORPHOLOGICAL AVALANCHE CLASSIFICATION 

See Chart 1. 

2.2. COMMENTS ON MORPHOLOGICAL CLASSIFJCATION 

Definition of Zones 

Zone of origin 

Zone in which the appearance and movernent 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 transi1io11 

, · 11,w 1111.11:p.-1w1,11 1 ('! manner or start mg.· I he vc!ac1ty may be increasing, steady ur Jccrcasing. 
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 

Jl,fanner of s/arling 

loose snow avalanche - Starting point may be initiated by a falling object (stone, ice chunk 
etc.) or by a skier. In the latter 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 I · 

ft,forphological avalanche classificmion 

Criterion Alternative characteristics and denominations 

A. Manner of starting A I starting from a point 
(loose snow avalanche) 

B. Position of sliding 
surface 

C. Liquid water in 
snow 

D. Form of path 

BI within snow cover 
(surface layer avalanche) 

'B2 (new snow I B3 (old snow 
fracture) fracture) 

CJ absent 
(dry snow avalanche) 

D 1 path on open slope 
(unconfined avalanche) 

E. Form of movement El snow dust cloud 
(powder avalanche) 

F. Surface roughness F 1 coarse (coarse deposit) 
of deposit F2 angular I FJ rounded 

blocks clods 

G. Liquid water in snow GI absent 
debris at time of (dry avalanche deposit) 
deposition 

H. Contaminati~n of II J no apparent contamina-
., •"'"'~ .. \ v, ..,,._. • 1 .,., ~ ._,. ,._.., •"-'l 1'-' / 

A2 starting from a line 
(slab avalanche) 

A3 soft A4 hard 

B4 on the ground 
(full-depth avalanche) 

C2 present 
(wet snow avalanche) 

D 2 path in gulley or channel 
(channelled avalanche) 

£2 flowing along the ground 
(flow avalanche) 

F4 fine 
(fine deposit) 

G2 present 
(wet avalanche deposit) 

H 2 contamination present 
\\.-VJ HUtHUIU~VU U 'ic.t.ldlll..J IC} 

H 3 rock I H 4 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 sort, or soft and of low density (see snow classifi­
cation). Slab disintegrates into loose material immediately after the start. . 

hard slab: 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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Position of the sliding surface 

fVillti11 snow cover - 'New snow' in 'new snow fracture' is defined by a uniform layer of 
snow more or less continuously deposited within the last l-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 fracture' even if the surface condition of the old snow (e.g. surface hoar, 
sun crust, loose surface) favoured the fracture. 

An 'old snow fracture' lies u:ithin 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. 

Liquid water 

A 'wet snow avalanche' requires liquid water to be present throughout the avalanching 
layer, otherv1ise 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 pa tit 
Many channelled avalanches start as unconfined avalanches and arc conccn trated in a channel 

only in the lower part of their course. If the dominant part of their path is channelled they arc 
characterized as 'channelled', otherwise a mixed type is reported, dcscri bing the unconfined and 
channelled sections. 

The longi111dinal profile of an avalanche path is often very important (changes in slope angle, 
intermittent steps). A quantitative description of the profile is rated to be better than an elaborate 
classification of all rossiblc terrain profiles. 

Form of movement 

Mixed types arc very frequently observed. 'Mixed flowing-powder avalanche', 'powder 
avalanche with flowing component', 'flowing avalanche with powder component' arc possible 
ways to characterize mixed types. A movement detiichcd from the ground--eithcr of powdery 
or flowing type-may be called a 'cascade'. 

Liauid waler ln .tnnw rfl'hris 

Large avalanches which arc 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 tyre) 
A full set of codings refers to one particular avalanche only 

General use of figures 

unknown or not applicable 0 
- specific characteristics l-6 
- mixed types· 7,8 
- reference to special remarks outside the code system 9 
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Afa1111er of starling 
Loose snow avalanche 
Slab avalanche 
Slab avalanche 
Slab avalanche 
Mixed or intermediate 

CHART 2 

Code syst,'m 

(general) 
soft 
hard 
type 1 +2 

Position of sliding surface 
Surface layer avalanche general 
Surface layer avalanche new snow fracture 
Surface layer avii,rnche old snow fracture 
Full depth avalanche 
Mixed type I (2 and/or 3) + 4 
Mixed type 2 + 3 

Liquid !l'aler in snow al fracture 
Dry snow avalanche 
Wet snow avalanche 
Mixed type 

Form of path 
Unconfined avalanche 
Channelled avalanche (dominant part) 
Mixed type 

Form of morion 
Powder avalanche (dominant) 
Flow avalanche (dominanl) 
Mixed type 

Surface rougltnC'ss of d{'posit 
Coarse deposit (general) 
Coarse deposit-angular blocks 
Coarse deposit-rounded dods 
Fine deposit 

Liquid irater in deposit 
Dry deposition 
Wet deposition 
Mixed type (locally separated) 

Contamination of deposit 
Clean avalanche deposit 
Contaminated deposit (general) 
Contaminated deposit--rock, debris, soil 
Contaminated deposit-branches, trees 
Mixed type I+ 2 (locally separated) 
Mixed type 3 + 4 

Mode of release* 
Natural release 
HumaT) release (gen·cral) 
Human release-accidental triggering 
Human release-artificial triggering 

• This class is an element of the genetic classification. 

A 
I 
2 
3 
4 
7 

B 
I 
2 
3 
4 
7 
8 

C 
I 
2 
7 

D 
I 
2 
7 

E 
l 
2 
7 

F 
I 
2 
3 
4 ., 

G 
I 
2 
7 

H 
I 
2 
3 
4 
7 
8 

J 
I 
2 
3 
4 



Use of the code (example) 

Either: A 3 B9 CO D7 E2 F2 G2 H4 Jl 

or (on a prepared form): 

ABCDEFGHJ 

3 9 0 7 2 2 2 4 

B9: 3 fracture levels 

3. GENETIC AVALANCHE CLASSIFICATION 
(Classification of avalanche conditions) 

•"'5~. 

This section offers a tentative abstract of a very complex system of genetic 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 rroposal of Mr. Shoda). shows the relations 
between genetic factors, snow conditions and the dominant mechanical parameters for avalanche 
formation (stress and strength). 

CHART 3 

F/01c chart represe111i11g relatiom het1ceen !ifenetic factors, 
terrain co11ditio11s and the development of stress (driring force) and strengrh (supporting force) 

Kehorologi<:-1 

condiUona 

long ln'.ve) 

T•rrb.in condi t.1ona Sncr,, coMiUo-no 

L...{S"-"lHY . ~ '..J 
j i:iechui.1 ea.l prop. ! ! 1 ,--.------1 phy1Lc"l prop. I i 

., 1
1 ""''-'!on ' 1 I i 

(tnl.t\, global, ·-~II __ 

Alr te::p~rature ------~ l H=ldity 

~ 

Roughn.e-u 

1&,;eta.Uon 

Structures 

f'orcea dec!..ding 
ori av&lanch• 
fracturt< 

1 IHJ"ttn.«i:o I 

'fore•) 
1.(,upport!n,f I 

The chart refers to the interaction between variable factors (meteorological conditions) 
and stable parameters (terrain conditions). An attempt to establish for each individllal genetic 
factor its specific iniluencc on avalanche formation, or vice versa, to attriblltc to an avalanche event 
its specific genetic factors, will hardly reach quantitative results. One has to be satisfied with 
pointing out general tendencies. In Chart 4 dominant relations arc plotted only, omitting excep­
tional features. 

Given avalan~he conditions-local, short term or long term-are entered in the left column. 
On the right-hand side reference 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 to an other, the basic relations, of course. remaining the same. 

No attempt 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. • 

ft may be mentioned, that statistical methods are being studied to correlate numerically an 
observed avalanche activity to a set of observed meteorological parameters. With the multi­
dimensional system 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. =avalanche(s)] 

Condition 

A. Fixed framework 

·(I) Terrain Conditions 

(I.I) Relatit>e altitude 

General topographic situation: 

- zone of crests and high plateaux 
- zone above timberline and 

( 1.2) Inclination ( l{') 

>35° 
. >25° 
> 15° 
<290 

(I .3) Orientation of slope 

relative to sun 

- relative to wind 

Effect on avalanche activity 

Effect depending on latitude and level of surrounding moun­
tains. 

Strong wind influence, cornices, local slab av. 
Extended areas of slab av. formation. · 

Reduced '>'.'lnd m!lt:ence. t<:ectucw slat> av. so!t 1ype preva!f!ng. 

Formation of loose snow av. possible. 
Formation of slab av. possible . 
Stationary or accelerated flow. 
Retarded flow or deposition. 
(Slush av. at very low angles.) 

On shady slopes enhanced slab av. formation. 
On sunny slopes enhanced wet av. formation. 
On lee slopes increased drift accumulation; enhanced slab 

av. formation. On luff slopes vice versa. 
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Condition 

(1.4) Configuration of terrain 

open, even slopes 
- channels, funnels, ridges 
- cha-nges in gradient 
- steps · 

(1.5) Roughness 

smooth ground 
protruding obstacles 
(rocks, cross ridges) 

- vegetation 

B. Genetic ,·ariables 

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

(2.1) S1101c fall 

- type of new snow 

depth of daily increments of 
new snow 

- intensity of snow fall 

(2.2) Rahr 

\"'"•-'! ,, '"" 

- direction 

- velocity and duration 

(2.4) Thermal conditions 

Significant factors: Temperature 
and free water content of snow. 

- air temperature 
- sun radiation 
- temperature radiation 
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CHART 4 (continued) 

Effect on avalanche activity 

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. Mosr 
important factor of av. formation. 

Fluffy snow: loose snow av. 
Cohesive snow: slab av. 
Increasing instability with snow depth ( tp> ~ 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 land slides. 

I WV Cu,;;\..\!>, CHlt'1HL-CU tUl..41 ~lltJW Ut:J.}O"tH \~Ct J._1J aUU 

increased brilllencss of snow. 
Increased slab av. formation on leeward slopes. Formation , 

of cornices. 
Local slab av. formation increased with increasing velocity 

and duration. 

Ambivalent effect on strength and stress, i.e. on av. 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 Snou: Conditions 
Integrated past weather influences 

of the whole winter season 
(3.1) Total snow depth 

(3.2) Stratification 
Sequence of strength 

- surface layer 

- interior of snow cover 

(4) Triggering Conditions 

Not dominant factor for av. danger. Influences mass of full 
depth av. Important to compaction and metamorphism of 
snow cover. Surface layer av. see { 1.5). 

Stability governed by weakest layer with respect to Sli;ite of 
stress. 

Looseness (surface hoar), brittleness, roughness important 
to subsequent snow fall. 

Old snow fractures caused by 1ceak ifltermediate la)'ers (old 
surfaces) and depth hoar. 

(4.1) Natural release Natural av. 
internal influences Spontaneous av. 

- external (non human) influences Naturally triggered av. 

(4.2) Human release 

accidental triggering 
- intended release 

- Accidental av. (triggering). 
- Artificial av. (triggering). 

3.2. COMMENTS ON GENETIC CONDtTIONS AND EFFECTS 

(I. I) Relative altitude 

The altitude cffe1.:t is very complex. Ii invoives variation with altitucie oi: 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) lnclinaliort 

Due to variable strength and friction of snow there is a great variation in slope angle related 
to the starting and flowing condition$ of avalanches. The given figures represent common values 
of inclination but not the extremes. There is an overlap for stationary or accelerated flow and 
retarded flow and deposition. 

(1.5) Roughness of ground 

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) Recellf iceather 

Only avalanches caused by recent weather conditions a:nd running in new snow have been 
called 'direct action avalanches' (type B2). 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 neu: 'snow 
Most catastrophic avalanches atTecting settled zones and a high percentage of winter sports 

avalanches are related to new snou· 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 •. 

4.1. NOTES ON INSPECTION TRIP 

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

4.2. MAPS, SKETCHES, i'iiOTOGRAPHS* 

On maps general location and outlines of avalanches arc recorded. 

Sketches are best suited for plotting dimensions and local characteristics of avalanches 1 

(scale I : 500-,- I : 5000). 

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 

400 

Location: District, town, mountainside, if necessary geographical coordinates. 

Altitude: of fracture zone, of lowest deposit.• 

Date and time: of avalanche descent.• 

Characteristics of avalanche: according to morphological classification.• 
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COUNTRY: 

Nam< and address of rcporr<r: 

CHART 5 

VNITF.D N!,TTONS F.DVC!,Tl0N"1., 

SCIENTIFIC !,ND CVLTURl,L ORGMIJZ!,TJON 

Drpartment of Environmental Sciences 

'!linter 19 .. / 19 Serial No.: 

LOCATION: (Namr of disuict, nearest tot1.rn or viUagr, mountain arc-a 1 aval.inchr parh) 

Latitude: Longitude: 

DATE: . 19. Time: = . (GMT) 

DATA ON AVALANOIE: 

Typr (ln1,·rnational cl•ssHic"tion): 

Startin,: zone: Altitude: Width: Dcprh of fracture: 

Avalanche path: Len~th: Widrh: .. Anragc slope: 

Deposit: Maximum depth: Volume: 

Causrs 

Snow structure-: 

Wrathrr (sno•:fall, wind, trmpcraturr): ..... 

Trig)!rring mechanism (ii kno.,.n): 

CASUAL11ES AND DAMAGE: 

Damage 10 buildings (typ<:, number, degree of destruction): 

Other damage (forests, communications, etc.): 

REMARKS (rescue work, former histoty of avalanches, t'lc,) 

Attach photographs and/ or sketches if possible. • P1eaJ:e use mrtric system 

Sore: This form should be completed as soon as possible after th< event and, after checking by the national 
reporting centre, be sent, in duplicate, rogethcr with the corresponding annual ava.lanche report, 10 the 
following address: 

The Director, 
Department of Environmental Scie-nces. 
Unc:.cof 
Place de Fon«noy, 
Paris 7e (France) 

IMP/1520 
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Dimensions: Width and depth or thickness of fracture*, total snow depth in fracture area, 
length and width of avalanche path*, dimensions and volume of avalanche deposit. Arca of secon­
dary action (blast effects). Former avalanche descents. 

Dynamic characteristics: Velocity, pressure. 

4.4. DESCRIPTION or AVALANCHE CONDITIONS (GENETIC FACTORS) 

Terrain canditions: Tnclination"', orientation*, apparent roughness, vegetation, geological 
aspects (in all sections of avalanche path). 

Recent 1cea1her (about 5 days back): Snow fall"', rain, wind*, thermal conditions, humidity. 

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

Triggerin!{ conditions: natural release, human release. 

4.5. AVALANCHE EFFECTS 

Number and 11u111c.1· ofpl'rsons a{fectl'd: killed, injured, unharmed. (Circumstances of accident.) 

Damages to h11ildi11gs: Type, number, degree of destruction. 

B/orking or di'struction of traffic systems. 

Damages to forests and pastures, lost ca/lie. Performance of anti-ava/anrl,e structures. 

4.6. RESCUE OPERATIONS 

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

4.7. fORM FOR SINGLE AVALANCHE ACCIDENTS 

A condensed standard c/wck/ist is available from UNESCO for plotting most important 
avalanche data (Chart 5, reproduced with permission of UNESCO). 
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AV/,LhHCEE CO.N'fiWL 

by llorrnan A. Wilson 

INTRODUC'?ION 

A. Man'G efforts to prevent loss of life and property are 
broc1dly termed }\valanche Hazard Control. 

1. 'rhese efforts take many forms 

a. Closure 
b. Artificial initiation qf avalanche at selected 

times and locations (Test skiing, explosives, 
etc. ) · 

c. Physic.ul interference with natural metamorphosis 
(protective skiing, boot packing, compaction) 

d. Structures 
l) To alter the course of avalanches 
2) To prevent avalanche movement 

2. Method chosen should depend on specific n1c"ed at 
specific location 

a. Need v&ries with use, terrain, climatic zone, and 
economic factors 

h. F.,,~;rn,nl r,.,.r-; 

l) Ski slope: structures 1 no 
Gully above ski slopes: structures, yas, if no 
other alternative 

2) Town, Alps, Rockies: structures, yeE' 
3) Town, Sierra, Cascades: struct.nres, no 
4) Ski slope: closures, active control, yes 
5) Highway: ·closurGs, active control, no 
6) Town: closures, active control, no 

B. Each method 

1. Is va.::.id where .:i.t applies 

2. Has limita.tions, specific uses 

c. No single method is appli.cable tr, all situations. 

1 



I 'I'cI~i?_orarv Closuro 
/) ... 

A. Was once only torm of control 

B. Is least des able form of control 

c.· Is simplest form of control ---~·----·~--~-····-~~ .. 
1. Quick and easy - smallest manpower, equipment 

requirements 

2. Most effective it: 

a. Physical (lift closure, road blockade) 
b~ At logical points - terrain separations 
c. At routine points - not haphazardly posted 
d. Understoo¢t by public - public information 

D. Reliable for short time iods 

1. Only ,1s lorn;1 as public believes the neE.~d ( storm) 
I 

2. •rime period particularly short in clear wcatJ,,2r 

a. Physical clsoure will b6 resent 
b. · Signs will be di.sobGyed - resultant pr.:)bl0,ms 

E. Proper use -
measures ·-
1. ri'est skiing 

2. Explosives, artillery 

to other control 

F. On ··--·-·-···-··· zed as .final weapon in 
avalanche man Is arsenal, During certain conditions ot w{rid' 
rain, snowfall, or tc::rnperature, closure is the only method of 
avalandic- hazard control that ,::an relied on. Even the rnoE:t 
sopbist.icated crn .:ro1 team cannot contain the hazard if it grov;s 
too idly and is too widespread. In these conditions the 
avalanche forecaster should exercise s most effective means 
of closure I then wi thdra,v and v;ai t for a change .:i.n the weather. 

G. P~rrn2nent closure 

1. To be. effective, requires separation by natl:;.ral 
terrilin :catures 

2. Within area, closures will be violated, thus 
hazard must be controlled by other rnc~a11s ( clsoure 
can be maintained, but not tor a.valancho) 
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II. 

H. Summary 

1. Closures necessary at times 

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

Stabilization by compaction 

B.. l\qe liardeni.nq is the process snow undergoes when it is 
skied on ~r _.el:S'.:PJ2..ed _on_.,.( di sturbe'211nechanic~lly) , . and-tJ:~_alJ.-9.d­
ed to set. This hardening orocess continues for a period of 
h~~ter tlw ,snow is disturbed until the snow reaches a 
maximum value of hardness, t1:.¼L c~~~j~h:Le_2~~£<l~_£22:!}SI. 
i:E_~2 C c~d---.EY._..tb£_! Cl:!:c~~~!.:_~_3_t}.~ a t~_:i; ... _~1_~LS?.f~. 
Age hardening of snow slope::s by a:::ti:!::' icia.l me:o.n:::: such a.s E,J:.iing 
or foot packing can be an important factor in prevention of 
direct and deluyed action avalanches.· 

C. Effect of breaJ::ing surface slab.s 

·~· ,t. , 

Another ef feet o:E protective skiin0 is the r0.liAf o:f: 
~- .• ·---·-........ -;-.. --..----;-·-=,--------~;::-----::-:-----.. ----··-:-~------::-----· -

~,-·_ ... _ -1;.-- ·- -_· ... ---~---- ·;_·- •·_,~--:-:-•-•"'. --~""'·"' t-,~....,.•'.'"•:".":-~·._.._,.,.,. ..... <..l) .._.,,,.,_. __ _ 0.J~·'f , .. -~ .. J.-~~ .J,.,JJ,...,_(.,,.,U'oq~l..~l"-~ U • .J V.:... 

ho1r1;"9EnlGOllS "sl.<-11)8: ""-•si'aEs tlia t: "'hav;--j)-0~1:;·· bx:;fen-ii1---thi~:roDnn3r 
wi 8.10Tm'aI~~che release tend to become bonded to thG .Layer 
bene2:L:hv Whrm protective skiing is performed while Uw: snov: i.s 
falling, slab formation can be completely prevented. Protective 

. -~~-skiing will not affect h2rd slDb. ------------------· 
D. Protective skiing differentiated from test skiing and 

the two combined. 

2. . ~-.§]5.ij:J}_9.. is a~~_npj:• to _ye le as e 9-~~ 
~elected sma 11 s l ..2E.£e.,J:?.~).n g .... A·.!L.?L~_£.sl~<2~~~!2iL .. ih2 
!.1.~,1:mal tJ; .. Q.~_tJu;L,.,::OOnE':~. ~&l-t.lJ..o,.se. ... ,:iJop,Qi;i. •rc:J::::t skiing is used 
primi:l.rily as "' quide or indicator in dcte1:mining the degree of 
direct a~tion hazard buildup and the possible need ior control 
measures: closures, Dla.sting, protective skiing, or more test 
skiing. On selected sniall slopes and under low and sornc~times 
modcr.::itc hazard conditions test skiing is frequently used as a 
means of control. The avalanche man, however, must beware of: 

,-·--------.;,:::-;c...._ 

-3-



I 

' i 
r 
! 
! 

~i.vy reliance~ of tost: __ s}:;_j.inq for_.c.Qntrol_..l?1)~0:.;0s. vil'hcn 
dvalanche control personnel arc avalanched, it is usually 
bf~cau:3c thc,y were test skiing when the:,y. should have~ been usin9 
explosives. Similarly, the rare avc-.tlanchcs that occur vd.thin 
controlled areas after control rnGi:l::;ures have been completed and 
the.slopes opened for skiing cnn usually be traced back to 
improper control measure.Si i.e. 1 non-use or mis-use of explosives. 

3. Test a-pd_ protective -skiing combined. 

;':££,St skAt1:1.9. ~h()Ul_9:-p5t_f2..llQ.yf_~.sL.i1:!~~-:t.<:~ 
~ll~:sk~g . ~ 1 ~ s s ll!.:2f£'~-5?.?.S t ~ ::: i ~!!2.§s"::1-§JJ.,:r,:~_g;c:_~ i ndi cat_£~~ 
thus, the test-protective skiing operations are often combined. 
§.~~.J2£Q.C.m.ttJ,.Q.Il§. for both are identical: ~~~13-__ ~tJ1e_~~.L?.J~e 
at a t.ir!.).e,. all other crewmen watchinq him from anchor points 1 .._ -- ______ ..,__ __ ,,,.,~----·- "" .... --..,. _ ___...,_., __ ___ 
each cre\'Jrnan trc1ver.sing_j.}~ slon_~__in_ tu_:i;n, ~cil th~~e h~ 
P~£ffi~ _ _lll2,.}~,:.JL_§..§.Ei..~1:~!.g; es., • aft c-r which 
the slope may be:: skiGd·norrnally. 

E • 1!§1:l'l i .~~,Y_§);5. ~ d. s 1 S2Q.-;~JLi.lYJU-3ill..£.h!Ll.9Jlli ..... Qftfm_.st2LJ:.~ ;3 s 
severe 1 y t h.Q..12_]:.2:9. h U,y_J::.1:!:.§'~_J;L!.9JJS~ q • Light 1 y skied s 1 opes -
probably yield rnore small avalanches and sluffs than slopes 
which are not skied <1t all but tGwcr large, de2p avalanches. 
Thus, breaking up the snow with light skiing improves the stab·­
ili ty of the puck in s0v<::1ral wayr;. Compa.cting th8 snow with 
heavy ::.;kiin<::i cU:it LU;E::!s a ::;oJ.id, well anchorc~d layc::r that will 

1. 'l'he public should be encoura9ed to assist in the 
protective skiing process. ·Exper.ience::cd avalanche men attempt 
to encourage the::! skiin~.J pL:blic to ski onto o.val·anche slopes 
once::~ they have b0en tested, so thi:'rt the irnpact of ,.umb2rs of 
skiers will thoroughly pack each layei of newfallen snow. 

F'. Immediate and long-range efiects 

1. ~rhc _in!~.Qgdjat~ ___ eff:.:;_g·~- of protecti VG sk.iirig is 
cornn l.ete stabili2,~,tioJ1 o:C the suri: iJ.ce· lavcr~ - - ---~----·· -~·--~---~----------p----~-•~.----~-----·-~---·~-·- ·~-

2. The .lonq range 2ffect is a snow pack that is much 
~es~. pr()D~t.9- c} ~la~.~--~~ ci1=.§~nch,\1}9 ___ ~:}:i_i.;12__~~!1.:.c:tgl_"po_;:_~:!?5L,_Y~-~~J~A-~i~--
slope of the .sa,mt~ anqlc .:md orientation if. each nc:;w layer is 
C O.!_np-1 Q 1::. E:_lyst-:-:;1~:~2~·.0~1 }1i::11;~ii~t.i-~·;::l.]:--•··;rh-.L_t> ___ ~~9~~i1g;;~~"it .. ~g:t· . 
W~9-£E2:::Li-:1g_ th <:1.~:......ssm.sii t tone ~""U?-_J'i.QJJ .. __ c;_l,.s ___ J;:9-__ ~.1i.!?: 1:g_-9 QP di t )~ 

G. _£'0_9.:-:_ _pas_}~t~g -. J .. ~=Il~➔.S .. <'~!r~q::;p.!_1~p] ( ~9.i1t_!:,_~) 

1. DE;pth hoar does not compact as readily as new 
snow: age hardening is tncrcfore more-difficult to initiate. 
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domp21ct d9.Q:~J2.. ho§.r. ~-~----
3. Compaction wilJ. inhibit future. growth of depth 

hoar but will not prevent its formation if other factors pre­
dominate (sharp temperature gradients). 

4. Summary: surface layers of depth hoar can be 
compacted and stabi·lized by foot pacJd.ng. Routine foot packing 
of each 1a.yer of 1"1evi snow ,vill only inhibit iuture growth OJ: 

depth hoar within the pack. Where depth hoar is a·serious 
problem (as in the R9ckieD), foot packing certain key slopes is 
economically justi1:ied but must be done to each layer bet ore it 
is buried by lu.ter snm1falls. As a practical matter, only 
small slopes can be effectively treated with foob packing unless 
a great amount of manpower is available on a volunteer basis. 

H. ~1awing_s11Q..w 

1 ; ~!:Jyg_i::, ki ing_j..Q_:':~ct':~E£1::.'.. assumes a 
erc~nt dimension fror,l protective .skiing in cold snow. It 
~s::_t~Al l Y....2-S:,S'!llb in ~-2.:LJ: es t:~~_g_: 

diff-
is 

2. ~en th.~i,D-~_,S_Q!l9.A:.ttS2!1e.~Sf'~c:1t.s...£Ll~~~-~9~, water-
sq_tu~tsc!...;;l.;iyg:c_qn~tbe -!~lJJ:::f2c~ _Q:.C.:tJ1G ..... GD.Qwpac1;:_ I ."::., EJJ.!I'.Pl_9 .. -----
traverse alona the unoer pnd of~ st0~D elope may release a 
' :: ~~--=~;~-~-:= ==-=-,::~· -:: :~:·--:.. .. ~ ., ~--:~: -~:=-~-~ ,..,_;_~-'~! ;:;·· .:~.~~~;:-, 
siopes -~~-i~~0_i ti.9.9, ~~~ .e.9~l1:.S~ ·~ 
closed to .sk~.9- until stabilize.9. 

a. 
12.r,gE. snowballs, 

~.§_e shr.1_.l:!:2}:L0.r lavs:-)~s than mentioned, 
that carf_,'t.. less dGst2:~J:ive __ p9tent-J::_al. 

b. .Rcduc:c:1 the ha::::;ards inher·~nt 1.:.0 tE:rnporary 
closures in cicar weather. 

or 

C • t~J1§ _ .:t:: 5)_.....§.t.~ 11t 1 i 7:-sLJ: h? ... J ~n'_(:;:t.:_t, __ tl}~_!: .. .E. er.~-~ i 11...__9.E 
the ~}ope th~~!.SJl~ _J::£1,.Q..9..s_@_Q_J;. __ J:ho_J}_i.gh.:ly __ g1_1_.?l,ti1ble _.Q:_~E 10_1:l..9, 
followed by3ge han::l_c~rd.J~~~. 

4. Wheth01: large or small, the _rest_1l._:ti1:i_sr. WGE__ a,v_~:L.Qn_s:l}.g_~ 
~-·~l __ at t.s:1i1.1._j::h_q . spcc~! _g~r f.l]:l}I1j,_Dg __ w~_t_er __ 9[1_ .. ~;t,pc,:::_;} ____ s_l()pg_§ ... _~n(,LITI1J._~t 
~)e considnred aluou..t th~: _rl)OS t. d.-:.tng(:::r9u~ ____ ()_:(_ c~y.9J,.9nches tor the 1?i:rs~9t .. E3ii-- ·--~--- ·· · - - · -- -- -
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5. 'I'hc:: technique of protcct.i ve skiing in thawing 
snow requires ca:r:c!ful a[;se.ssrnent.--~f~.--- --- ------· ~- ~--·---~- ----~·~---·------·~--~.---

b. The position of the -avalanche crewmen·, and 
the techni~1e he will use in the ·snow conditions encountered. 
For exarnpl C:'!: 5=. f J_:_l1,s....§.ur{_?.<::;_~.-1?:L-9X_b2-. hi:_2}1~_:r __ ::1-n stable tb_e 
~ ~m_p J. G --?~2S?J? _g_;t qr~L.:tl} e top d ~..:~f' :i.)?9d _ _;e_9s Jjgx: _ _ra_g~t_ c;l_g __ the__ ·j o~~­
_I f t 11 G s ~-:cf _s. c e __ -l£Y~: .. 0:~ _?-l]}Y __I_:rl<? d ~F a~c e ~~_IJg_~]2lg__t]J..e __ <;.L~ an 
rng,y h~ze to_l! ide,r:5lir2 v0rti~,._g.l.lY_c1 __ .fs~vv f ~~.½ ___ t<:>_ ~i,,r~e-~now· 
movr.::::;r.,.:mt. onJ.y _ _s~; ---~}.9.g_, _Qi_ .. KLEE_t, _o-s.l~-~-§..- He rnc:-,y- hg.~-t..9 
do th~-:.9....JI"..0:D.Y tjrnes, ~_j.d~_i_::-~Pl"2_ir:.q_b;-~l\:......~-:i to_J1is startin_g~_l8._- · 
vat.ion P.ach t im 1:?, aero~:.§__ t.b e wid t~ g~lQI?_§!, lx.:I ore the 
~l9J2_0 can l:?::-.~~;J,_dQ£_£SL:s1::E!-:?.tL(~- 'i'his is an arduous process, 
but the alternative is to close the slope and outrun areas and 
do nol:hing but hope for a deep fre:;eze whe.n the sun goes down. 
If_ the hoped-for freeze do8s not materialize, the water-so~~ed 
layer will be deeper and more :1a.z2rdous the next day. In the 
sicleslipping process, th8 crevmi;:in must continuously Gvalunte 
dle snow he is dealinq with and his loaction in it. He must 
~_ta_y_ aJ.)°-.Y_l?~j_~_-1.:1_i)-~:E._1!::;!1t he haf_; :i,nitiated, or· he ~naybe _________ _____.,._ _______,·--~---
part ot the av~lanch2. 
_,_____ _____ ~-~--------------

IN'rlWDUCTION 

The use of explosives i.n snow avalanche control is routine 
in North l'imerica. Explosivt1s intru:::3.uce a violent .. ,e:,chanical 
disturbanGe to th2 snow c-over, thus provide a definite answer 
to the question, 11 Is this s.1.ope stable?", at locations and 
under conditions in which test skiing techniqueEJ would be 
exce::.sr5.i.veJy dangerous or ineffectua.l. 

With explosL1es a positi vc test Cun be applied to a slope 
quickly,· safely, and ,,.'ith a minimum of manpmver. F~::>(plo.s~~-cs 
ar_©-__ t;):1e O!]-ly__ ~_an s __ g:(_ ..:.~~_§._t).r:~g __ 8-DQ':~_t,f f o_s::J:::i':':9J,y .}','b..0re there is 
1]._~r_g__:3 lab. · · 

Hand cha1.ges and their uses have 1:,ecornc more sophisticated 
since the first Snow Ran9er became dissutisf:ied wit.h the effec­
ti vcncss of his II Closed Arca, AvaL.rnche Diln~J0r 11 sign.'J. On that 
duy a quarter century c190, the Rr.1.n9cr had no history or any 
other data on \vhich to ·base hi~:; U1ouqhts rc"jarding the amount 
of explosivE~ he 1:,hould w:-:;e, 01· vmere to p.lc1ce it. Ilis charge 
con~,isted to some twenty pounds of milito.ry explosive set at 
considerable personal risk II some\\'hc1.-e 11 on the avalanche slope . 
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'J:hc Ranger armed the chargc, with an elect:c blast:i.1v:; cap,, ,i,-vircs 
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. 

·Hand placed explosives ---~---- _d0.fig_.ed __ a~ _a!1...:t.--~-Y.J2J_9.,sive 
~ e ~;_-; £!EOPJ?.G? :,· 1 O\:L<;>~§ , QE_~~l::}._t _ _E_~ t .J:EJ: 2_.~;!~ t·--. 
posit-is.;J by member an avalanche control team. Hand placed ..., 
explosives are further err.ed to as· 11 b.and thJ:-ovm charges 11 

or simply as tthand charges. 11 

B . '.El}.§...._~_<2.f. •. S~2:U2.l21l iv p s , whether hand p 1 c:.c_ ed or delivered 
with. projectiles, ~~ai:,iche ,£913.trol work __ ~s several 
purposes: --

l . To ~h!:_ :31:;_ ~JJ:.i!.=-.:i.....21= new- f al 1 en s n O\~ 1 

avalanche ha:-:::ard. 'rhe test vields one of three results: .• 
. ·-------·- - -.. ~-~-_______........-----
snow is 
slopes. --

a. lill.~\.2tncQ.£....£S,£]JX-.§, This proves that the 
unstable and further control ·action :LS needed on' other --------- ~---. 

I 

b.. The snow crack.s 
distance or stabilize's"J.n pl~ce'"".:'" 
cJ.§:sp~ee 0~ _in3:~ 1 and calls 

and either ides only 1a short 
'11his indicc.1tcs a moderate __ .......___·-··--·-~--~ 

for further action. : 

c. pothing_]J.~rm,en§. except the format.ion of a 
crater in the srlow. '11his s12.oq0..sts stabilit_y. If confirmed bx'... 
.1:3_~~-~~S-G.Y_ ~yal-:1;-a;~b;;.-; j,_t I~~ "tJ)~§_ 
~1 ~~ s-9J;~_.s ame asD~q.!:: -~n.9 __ ~l~~t:i£!?:_~_S; 
stable . 
...._ -'"' ....,..o"'"--

2. To hasten stc1bilization of ne~ fallen snow (reli 
~~,,___....,....... t • "'-=za t <t"~ 

of creep tensions) as a rnec.1tis oj: prevent..,.nq deep c1valanching at 
a later datd, and as a by-product: age hardening at limited 
locations. 

3. To release hm~d slab formations, determined unstab: e 
, ... ~-'-•· -- _,........ - _,_ ~-·-

by other tests such as stratigraphy studies, observation ot 
artiiicial or ~atural avalanche occurrences at other avaiancl1e 
sites, or analysis ot snow, weather, and avalanche records. 

4. To release cornice for~ations at selec times. 
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i C. rrhi:3 f~i:1~£...12£iD.cJJ;;i1.o in the fwe of exp1o:3i ves in 

av al an ch c cont r o 1 k-t£L..i1l1J2l.Y : ths~---.1:" .. iu!.1~2,:g.Q!- -·amount and 
type of explofJive; ~-j,:h~_ri_gJJ,j;--12)~~--the trigger zone of the 
specific avalanche path being tested; Q..L!:l~-.t.:t!:!:.S--when 
a resulting avalanche woulc:l not endanger anyone, and when tbc 
snow has reached an unstable condition. 

1. The. E.t..9hi: charqp 

[:, hJ:..<J~~l::-~onat~2!2.J2LEJJ.&~JJ!::e is believed best for 
s 1 ope av a 1 an ch e t est in g of ~-1J.filJ __ fill9;,.v . Q.§;._t.,<2,p at i2E.l .. J?.~ S ~ s u 1:; <;. 
~;t~~ a.Elnoxl!.!st~.-1Y '.::!.tlll._!:_h.SL f,;ouare oi: '!;..hc:>~9~org~!:J:2D. vEd.oc.\ .. tt 
5:!l d di r C:£::.2:.Y_ w~-1:['~_sien s i tv C?L.<:1!~£1:.~Y-~. f:..9n ~ :i. t y i s t 11 e -­
~ s s to vol~.-~Q. of the explosive. 1-2.s!C?.nat~J.Hl...Y.&Joci t.Y.,, or 
detonation rate is ~£:.§}:1,re of_ tl}..9.L.~3;;:~d w.i tl1....\:!'.bj,ph .sc"ill-~J2J.Q0ig13 
I?E..?J2.?2l1-1:.Q.~.; .. w t~1LtrLILS£J~ __ Qf_fgsr~J .. Q,c;:;j_~'iJ~-5.• De ton at in g v el o cities 
are ~':'p~~d in ...... t eJ~t.-.:u.c:~;f.__s_os;:onwg,, An explosive with twice· th12 
detonating vo1oci ty of another o:i:: equal densi t:y wi.l l deliver, 
roughly, four.times the detonating pressure of the other. Thus, 
the fas test, densest, explosives ave1.:Uablc-.: should be used. 
T.N.T., w~ith an unconfined detonation rate of' 21,000 f.p.s., is 
used as the st.andard against· which to compc:.re othEir explosives 
for relative ~ffectivencss as an avalanche charge. It has been 
determined through experimentation and fi21d use that a two-
E0u 129_ch~~g5 __ 9g_!;s~a '0g ;-ii~$~'5':ui!-_ .i.Q._9LiJLi~:p3_.._S}~ 
that of. 'l'.N.'J.'. wilj_ oro','l(Je a rJati::;i,"lctorv i·_0::t: For ::::oti- .c;l;1l1 

-avalzmche hd:7.,ard. rro achieve an eCJua1 ef1:ect with s1ov,er det: 
~~ting ;-xpl;;ives, a considerably -greatc::!r amount· of E'~xplosivcs­
per-charge rnust be usC?d. How much greater that amount must be 
has not been scientifically demonstrated. Controlled experimc~nts 
involving as variable a cornpon0nt as sn:ow are difficult; 
however, experimentation with explbsives oi different deton~ting 
velocities, comhirn,~d \vi th opinions formed during field ust.:, 
perm·;.t this statement: in order to apply a test to a soft slab 
equc1l to thut applied by tv.ro pr'tmcls of '11 .N.T. or a fastE:•r 
explosive, not l0st:, than f:::mr po·u.nds of 60'X, gelatin dynamite 

. (16,0uO f.p.s. unconfined) or not less than eight pounds of 40% 
gelatin dynrunite (8,000 f.p.s. unconJ:irn:d) must be used. 

Thus, f o"r economic and practical reasons; :\:JiO __ po1U11ls 
of '11 .N.'1'. -or-·a-faster <::)xplosive will be rc:cerrcd to here as the 
~~dard .slrn~~iifor~~e~L~~;;-­
b~ co1rtro:U~i;1 b~oa~;:;_-;,-~~owls, or 1 where terrain 
configurations·or islands of timber provide numerous anchora0es, 
it is often necf?ss2<ry to ut~e morci thun one:: charqe, perhaps many. 
Q,.!2....£2 rt c2, ~ n ];, ?-~ o ad s + o l~LLJ: 11 c l!l.,<';,'JJ.L,_c ft 1;.s;..t.i.\LC_,1,1mc.crlw~ll.JJ.c..-, 
t11e usci of double, tri1:,J.c, or even J.ar-oe .size chc1rlgc':,, or mu.l ti1.1le ~-----.----"' ....... ___,. ---,.,J,;:!'..,..,_,.,,.,,..... _____ ... .,,~------~ -- .,,_,,, .. ~,y--;..;.J,.;.:.,,, 

9 h c:J.£Sl£~-~~-~l_:. t ~ .L c12 e , ~~,~ilg_;::;.1_!!}1~-~col,1 £~:!:Y-.1" :l,_t;.]J 
J?0llil.£.<2£9.· _l_i~2.12S!J£~LJJ:l;J.!:,__E_l';_CJ,l~ i r 0. ;t.11 is tr(, a_tn~·✓ j:JL..SJ..£!:~.£~11 l Y-. 
be1 hard slab or cornbintition hard and not t slub uvzilanchcs. 
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Hard slabs form und':·r known weather condi tionfl: the 
avalanche forecaster must consider the possibility of their 

presence. £S'.22,,t~~l:._~ t .Jl~:.~ll':...L£9:~~!:_<;E__l~_!J!e 
chi1!9-'2:S. 'J:he size of the char~.F~ required for a part.icular ---... .... 
avalanch,2 path can best be determinc:;;d through ·exp0Jx: ience with 
that path. Efl~l-;!,J)_do.12,m:, however, ;bLJ.§._~V- bet_:t,QI;_j;._C2.....J::lr~.£ 
~l}_-~l1QJ18)~l2~2.~-~--lit~ 

2. The right place: trigger zones 

1'~.S ;!,g_h t ..P~SL-f . .Q.r_~_l]...s1.tta _c;;_h.D....:c.g.e..._c_?__n _..{Lg i Y .~0 
~~~~12.Q.'!;J:(_}'.li].l __ _y_~x_y__i!).,_B..Qf,!l.G_degrg_G __ ~j_~~..JW.sJ.t.hti. Wind ---d.i.r;:ect.i.oJl_ and .. veloc.i. ty;:1nd __ thi::; __ amountof __ new __ sr:ow __ are ___ k~Y. 
f.Q£.t.l'.2.r~. 'l'J}~_l':::.s_te,J:.__.9_9.!)_tgnt of the nev{~s!2.9.tL......i~~-:-1J-ev_~9 __ be_. 
c1 factor here, but this has not. been conclusively proven. 
J::::;;;ylia;ity with his area will help the~ <1va.LanchG man choose the 
best shot placement at a given time. Lacking specific area 
fcnniliarity, the avalanche worker may app.ly the following .rules 
to both hara. and soft slabs: lli~~£gL8.h~u.-bV~ Rlac;;;eq. _ _i.~qd­
;~9..J.::L .... Q~l-.Q_t:_r11£_~t ~ eQ_9..§.tJ-22...i.r~u,D_C0!2YsLiillsL.£9L1.£sY~..s£~ , -
.f>.!~~J~Y...J..1_E.'. ar tt~~..!.9.12_Qt :tt.!.§._§1.9~, ~};},.9.....!.1.9.J:_qif_~~~P.QY~ 
fd_D.c1}.9r;::icrr;:0 -sus.ih,._~E~ck outq;:9.I,!.:;':._ . .QJ; trees. 1£'. th8.,E.£._).s a wind 
.r_qJ.J ... ...12_:i;:g_.::L~t, th~ .. _s,P_ot will _be ~iJLeg,:ti_'L.{~--~.12:-L..i;hQ.._)2g.ti.QIJL9..L-ib_e 
.!:Ql}; hm·:ever, the blaster may wish to try shots higher in the 
rol.l in order to remove a.11 of it, thus 2,voiding leaving a 
t.3l1t)V/ (!.LJ.J . .L .Lfl 1~.1.JJ,:.,·i· t~~LUJ,:t-.:.J., \~·1<_,cn1 l.JJ.,:ll '-..."11n.::t1t~,~~~, .. 1.11 liU~L-.t .,L\::,"..:i r1.1.t:~ ..J,,J1 

hea.v,, depos:i.1:ions, or ·Jock~ts ~~: snow~~r;;ated· b~ the wir0-: ...__..,.,.,.._..r,....,._____:~----·-""-'"____ ~---~---,,_.._,....,.-__ ,_,. _,,,,,_______,,_;...i_._,,, .. ----....---

Thcse are nearly always on lee slope~, but occasionally will be 
fo\md as hard slab formations on ~.lopes adjacent to the true 
let:? slope. Presence oi such clcposi tions can usually be observed 
by tl:1e avalc;.nche crewman. 

':'~-~J}-~1JJ..:L..h2:S~9 .. E!:£_;;:0.1-~J S,J_C i_~c i es a.E_9 
~.ST :i. ei1 c ~g. , t1w avalanche er c~vv' s hou 1 d ':' .9j:.c h . f o ~;:__.E; __ c;ll~W-S:--;i:.~!..: 
the r3lative elevations of the fracture zones. Fracture zones--
,;:r~~E-J2..~i0~LJ0~ 0:.~~1 t ~~,--~·--ae110E1~~c1+1L 1~~~~10~?.:1212.e 
at these time-:3, £S,£_tQ__, depo~i tion a,D..SL..1:?J~...t£..1-J.D.f1L~1,.,0...l1~::~~ 
at the lower lr qat.i.ons h:l,._t_tg_g~~incl§..- Results 
yielded by hand charge placement at the first two or three 
tc1rgcts should tell the avalanch(;~ forecaster i-f he is dealing 
with abnormal trigger zone locations. This information should 
be passed on to other avalanche personnel, if any. 

I..I.,.J-J_1.9.,222_i.~-~1?l}12,._t., about tllE:' very best placements 
:for any avalanche path, the crcv:,nan s115mLSL£.l cice __ hi.§_~!2'-·c1e 
sJ.i9htl v .low in th~• pr(?sumed tr ic1crer zone, rather than sJJ:Ti11 tl v 
~-,,J..;,t:.........- --------..-c;1,lt4'~~-,,..,r-,,-~-~ --....---_..,.~-,-·---·;1,,;_,,.. ... ,._,,.,.....-4 
.h2:5Jb.· 'l'hc.-) low placemc~n t is more likely to 9ive a rc-)liablc indi-
cation of snow in.stability. In most catws · the hand charge will 
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will sir;iply be tossed into the tr igqer zone: the crewrnan will, 
therefore, have 1 ittl.e control over J1ow deeply the charge sinks 
into the snov1 bciore detonating. WhE:ire possible he sbould stri vc 

1 f_o.E_,;1.~~~~~-2S:J:-~.i2.~.~--3~eo·~~~t_o4 ~tifW , !2:l ____ __ 
hancirr the charoe over a cornice bv a cord, for ex:amole. __ ,., J ~-....,-------------';J ... ----... -3/~-------"'...,},.,,,,.,..,;,,tto""'----... J:, 

'I'hese will give maximum air blast effect. __ ,,, .... _..,.,_,,._,.. ____ ------~~-~,,~-----

~1~,E._:t_g.h:~ .. -ti~_!~_!s=c:..1: ... ~~~,She slOJ.?<;:. j.3::_ 
selected on the ba[-;;is of two__j;jJctor s: one is controllable, -•-~ ..... -·-~---~~ .. -------..,.,,,-~-,.,_,,_ ____ .. ,~·---~- ,~-··•--., .. _ . --~-----------
the oth(::r is not. ---,-----~~ .. 

'[l::.£..£?_f!,!F-O l;J,._a~eJ:.S; fa c _-tor __ is s af et y. .:filL3J.Y.A1~.r1 ch~ 
.:tl.,Qp o mu s .t_u_ex~ J; •.. 2i9_.t:.s" .. s Sf!..9.-.Y/tu::~1L~_£s::.s u l t in g __ i.:l_'{,?-1 211}.5:J~_~u ~~­
end an a er someone below . . _____ _.,2..,.,...._ .. ~,-.--~~---,,,,•"''"'-'•-'"'"""--4 

~he un _cg.rrt.f_Q 11 able f.ac t~9...£-i.BJJ-1n.tng- -w!}~_Q_i.~e 
_g_vaj.~~hq-.£,Q?.dy? 2.!.l.~, •j:tf2§.tJJfil, i!.JJd ij.Y:?J~.9-h .. !;?._Q.Q.9_~:[Y2 .. ti.oll§ 
QQ...·t~XJ.Id r~_fLj.;JJ,i.,<;iJ_g c.t.Qr • The S1'R l'/[' EGY for dealing with this 
factor, once determined, .collo\vs: 

The :foreca~ter rr,2s:t: ( l} Use all t11e hazard ...... ------~ -~ ,,_,. , . --'-'---~;..;;~.------ , __ 
cv ;,J. u a t;i on t Q['Jln :h cp.: G.fi._@J:__}1~~ -?, __ dj._§J?S,)J2.s1 ~- in his de t e rrn in at ion of 
the hazard build--up; ( 2) z,llO\l __i:!;[l_sJJ.f.:1.--"lJ-e_ti}J!.:~t_int.~J:.. to assure 
a rnare1in o:C • sc1f etv, them: ( 3) H2.1.ke cr:11:J.cun die O.dilqE;:!i;:: ___ zones. arc 
c.lcc1r of 1x:ople and apply the Lest t.cs t 112 c2.n to t.l1e &V,,lJ..::;r,che ·-------path. This v,ill usually he will test the slopes a number ot 
hours before he feels the slope would slide naturally. This 
should alw.J.ys mean testing the sl0pe before it is triggered by 
passing skiers or other traffic. The forecaster must consider 
~he liklihood of such artificial triggers in his calculations 
of the critical avalanche period. 

A serendipitous benefit o:E the early test is t.his:, 
by causing a small avalanche at an early point in the hazard 
period, large avaL::rnching in \vhat. would h~ve been the .-iatural 
critical period is frequent~y avoided. 

The preceding paragraphs rc:l:er to direct action 
avala11che hazard, for which .standard .slope charges or ski 
testing techniques are used. The strategy also applies to 
delayed action, deep hard .slab., clima;....: avalanche hazard. Cal­
culation of appropriate timing for testin9 for this hazard is 
based on evaluation of sl:ratiqraphy studies and on a correlation 
of the snow' weather I and av aic:rn~he occurrencci charts. Again' 
maintenance of a margin of safcLy is necessary. Hard slab t.cst­
ing techniques apply here . 
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D. Limitations: Hand placed explo.siv2s 

~l'h e ___ ,t eg_l},12Lq1!e .. of _li_£nq __ 2l.11c; i l1.9..._~.SJ21 o s j.y c ~J Q :i;- a Y.,.Q.J..i:JD c J)_e 
cont1~.1:....J,1ork Js 1irnitcd,by_)~actors oi.: tine and_distance, ,s\!.12. 
terrain, weather and snow conditions. ------ ---.. --.-----·-- "_ ... -- ~ 

1. Where safe access to safe positions tor throwin_g 
charges to avalanche trigger points is not possible during 
difficul.t weather conditions, hand placed charges are not a 
dependable means o:C' control. In many cases an enjoyable, 
albeit strenuous climb up a ridge ori a fine day will become an 
unreasonable if not impossible task on a day of high winds, 
cold ·temperatures, heavy snowfall, ·and zc~ro visibility. In such 
situations, al tern9U.v2 means of avalanche con troll must be 
availuble and should be & ba:::ic part oi initial areu planning, 
whether t:hey be artillecry or other projectile-throwing devices 
or simply closures. 

2.· Studies of· the eifects of explosives in rain-
soaked snow are not conclusive. The obvious effects are a 
snt'aller crater than would be expected in dry snow, and extremely 
rapid attenuation r,f blast e:i;iecL within the snow. 'l'he practical 
result o:..:· these e:c'Lects is that ~piosives ar~_JJQ:k rcgs1rded _21~ 

much us.e in st2bi.liz.ino rain-soaked snow, neither by a settling 
-· .. ··--....----~-·-...----.. .... -~-----.. ~·----- 9___..,,_.,._,;,..J~--•---"'~-~-·~ -·· .,.,__..---... -- ..... 
e:ff ect nor by causinq c.1.va.lanchinq. Ver" larqe exr?l·osive char·ges 

· have successfully caused avalanches in rainsoaked snow, but a 
J !<"='::Jc~ l J. '·' e J~ (.:..' ;:5 U .1

aj ! ~ ~ d J J 1 Jl_.) l.. J_)(::! J, 1-.,:~J- .!. t:~f.,! t.Jl 1 -c~O cl.I. J .LJ .IU.!.l..: c.~ LI...J.L Ul.. t:.i l. t:.·l JJ .1 I_ .LI_, y ,. 

E. Handcharge placement: Methods 

1. W11en soft ~wow co11_c;,li:t..~9.ll§ prevail, hand ~har~L<;,E __ mc.1:.J: 
be thrown 1:rq;n .. rid9C;_~o,2~ to avalanche slopes belov;, .9.Y.,';:!1:,_£d:_tt:1;;.,§.., 
dov✓n j 0!}.:\;Q...~ffi1llj__.~.§, or 9f!2PJ2Sd Lr.om overhead lift£ if convenient 
and from hc::!licopters if economics and \veather permit. 

2. }-vhen _!:,_0;£.._,snow ~j:ace is har_d_~l~..9.....l~~h winds and 
high snow den.:ity, thrown char9:es mav bS?I!.J};~0~111d roll or. s!_l_de 
down the avalar.-.::he path, _o-gJ _Q.LJ~.hf::.._tJ;.igg_r;J;: ..... ..z...0..11~, to detonute 
uselessly belmv. In these conditions, s::haroes should be o.tJ.E.2_1-
ed to • 1-9!?_9 __ 9_9.:i::.£1§._, and thrown o t:_l.Q,:vQ.£Q._4_.J;..9~th c tr i c;_g er zones . 
The cord, most of it, is retrievable.· 

·when chan;res· will be dropped from a lift, no onG 
should board the lift behind the blaster until he pusses WO)'.'d 

that he is through dropping chorgos~ The bla~ter should be 
moving uphill when dropping charges from u lift. 

3. If .9_y,q;:-030 char:.ge:;, are .'-..~£-22:~~~~a~, the 
chirg_e will be most .effective if it is buried two or three feet 

--~-.----------'"""'""" • -~- .... .... .... __ ..,,...,. _ ___,___ ____ J., 
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,;h[l_J:E_s=,_n._~_~:!.,_:':2I!.9.':Y'., _t_}Jg.n_g_gJ.QJJ.~.tJ~.c.d. · 'J1his . can· sometimes be f!.,S'(;..9.Q:£­
JJgJ~:S!g_]__:z;L__EiED.lDiU9..-.fLltQ.1.r;_,,iILJ~bs:L .. eD.Qj'l.. with a §l~l---l?S:~.1.P 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 effect will be➔ achieved if the hole is stermncd before ______ ,__,..,....,._. .. ..,,_,_, ____ ... _..., ____ ,~_ ... ___ .,. . --~,,----------~-------» .. __ _ 
df:tonat-iqri, o.f the deep charg~. Also in either ca.se tb~_!!:!§1.1 
!'.?J th .... t}19_J2 .. <2..:bg ___ g_,:i:_:2lt9..Y.J~,LJJJ.ll§ .. t.J2.9.._§§£11..f .. QQ._f? Y....il_ he 1.~.:i · 'rh e fy.s, C. 
ler!._gj:._h ~m1,,wt l:)Q well __ s;;alculated_J:;Q all.9v{_.ftm_ple time f.2L...~ ma!: 
to_cl.imb up tro;:Q_,t.he char_g!f: .Qf the. char.gE; pµs.t-1~? _ini tia_te.9:_~ 
£.Q!!!_i)bov e .~{;L_i]i._cl. .. J Ol}_g _ __Q~i_e £§_.Q.f ..• sJ.e t 9!2.~! i D.SL .. QQ.r.9.:. . 

. . 
F. Standard control mission procedures 

1. I~S!B.-t es mu st be ..££E..9.fl~)- ~L.Slhl§ .... ~LfQ.I...:..,~J.~£1:-i ~con -
t.!:2.}.:~9..-f ££_.9£~. a f::!;l~- Y · §M.0.J?.9J,,n t~_(I£<ll\_..:c'.£i£.7.-12...J: h r..9_\_;' --
9.!.illf.SI.~?lL.i.12..tE...J;lt_S_lE~:.9.g_G r -~!l:"~-2:E!~l.~~~S.!22:'lgn._~n cL~:&i!., so 
that there is no confusion during periods of zero visibility~ 
These points are referr~d to as shot points. 

2 • fil d£!~P....2:.?~!'?.. and other routes y_; bi.£.l:!_J.2!-2Yi£~.~ 
landmarks or reference points should be marked with stakes □t -----•"'--..._,,_,,~,. ... -,.,---,._-... ~·-----·"'-----------~----~•~,oc<>~ 
i,i::it§.fY.~1.:,, for the saf Gty and convenience of the crews during 
whiteout conditions. 'l'he stakes can· double as shot point 
markers . ~t es ~9d _ _§,h o t p_o int. s mu s_:LJ}_Q_t._b e_§ ub ks:.:L~£.C'::9.!_, d-
2:D.' -a-<.1-:-1.J_~~.!!cl·:.es 0:.: to t.l~~ c~ciJ.c:Loii.~~L l1~Lg:_ (-:'vTulc.ncl1e fract:.u3:-e .. _... . --:-~·-:-----,.. . .. ~--~--=--.... -~---:-----M--:--· -.... :---:--- ___ ...,.._ ...... ___..---=---· .. 
-~...:_A_'::.~, "~:-~,~::.-~-,. ..... /· ! ,_ ·--~ ,,,.:.,,1;;_;,.-.t-4.>r_.:--.. ::-:..~;~~ .. ~-~- '!':~ . ....='.!! -~!-;:-.,,._~-=..';-.;. ... 1,,~~.!;'.;.!"::!~~~~;;;.~~--~~l-.:_ .. :=:.._ 
~-12!:':.f.£E_~_Jl.~lig}J ts hi §_f 1:1 se. · f 

4. Avalanche control tc<lms should maintain radio _,,__.._..,,..,_,w,-.~•-----.,,-•--~- ·;;,....----..,.,_,,.,,...,.,•- . .,,,_.,,.... __ ,_,_....,_..,._. --• 
cont2ct• at all times. rrhey shou:LJ. discuss results of testing --------------.. of avaL1nche slopes as they become known, particularly results 
at sl0pes tested early in the operation 0nd at indicator slopc:.'s. 
'l'his communi.cation provides knowledge that can increc'!as:.: the 
efficiency and safety of alJ. ccntl~ol tean1.J. 

a . Q2_j;_Q.~~_£.S t ed ;1clf£.....P..<2..:tn!:_.9E_~ .. t a ~SJ et , ~ 
£:;,rta_i~--~~C;t;l~--l~h.~Zs-1-1.nd how .£_a~_!.Q_f..!2fQ.\i,_the_£11:_9Ege. 

c. Cut one inch off the end of the fuse • .......,__-----~--------=--~ 
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d. •rhi s _ ~3~_§)_.i_s _E_~:; ~ 00ne:g_~ only __ af tcr ___ c_rJ?:·1~1 n __ is_ 
tl and i~_J.9...2:.£1.....!_h e po §J.:...ti?D-f.1~9.l1l_\Jll~lL.b.~-j:i!j). l_th r o.J:LJU::.§__£:h azg_~ • 
£]:.i~SS! ... .2U !2:...Y~i£~i~I' . .QIL±.S.§.9 , II~~!D.Sl ... EET c -i.!_._i13 a 11 thg 

I ~-QD,.._il!}Q_§.Q_s~1 • 1152~~: !.1!3l~_s:2n.s1.in_§~Ll,1LtLQ__;tr.2.i:.n 
iq0J: tcr can!?.2i.JEL~-Q_g.Qn~L wi_1::l}...Jlu.L._~2:(...121£~.9 msJ,:!;:_Q_!=" i Q..:!;: 
£E_£~_en ~PaS:!5:~9~2:l~.!?J:._!~~~~!?-~? unless sealed with tape or 
other.protective covering. Afte1:_J.9.,!!_itc::;.r is on f~, the 
£b2;.£9.£._I~.§..t......f.~~ai_n_j..n. the cre1.vman' s hand until it is throw-r1 to 
~t. 'l'he charge must nol:besetdown-~or handed to ____ .. ____________ ,. ____ ..., ___ ... ________ __ 
~-

e. I:.I..21.~~!} ~-_sh a £9£,_;_l\N~_J~h e_j52n it er f i Enl y 2:!1_~!1 e 
hand and pull (a fast pull) the igniter wire with the other•......, ~a:•~,.,,-,--•~'--.. --... ;,._...;n ·---,.•-Jc------·--~- ,____ --

(normally 3 to 4 __ ., __ ...... _,~,-- .. ,_ ... ___ _ 
then throw it to ____ .____,.-,.,;.--...-----~---

1 ) fill':?1-2.;h d .Jd.U2._:f. us e ~.P. i ,l_j:._g_J_gn. it~ , th.£...i:m:ri.t_g r 
.sllould. j?.s.L,,.£._~m9_Y§d, tl"l.fc.L fus~ ..... ~~!];y__s:u:t_5;9_;_:i.if:..1 ..§1!1.cl.. 
~o>-h_S2:.-).:.9l.~~j:..Q.,r ___ ,ej;_t3:"'.c fl e~ 

2 ) ~.2£.£Y_t i 9.ll-~~-J-D.9_~_ <:1£L exg e r:.ien~d, .:t11§; 
b~~f__rnav find it _difficult .. so ignite __ his f~:~-~, 
evPn wi tl1 null wire ianiter~. 'l'his will be the 
.. . ···-·--•·------·-·--·-~-----"'" 
,-~,.," l -1--- ,-.,f' 1-h"' ,,,; nrl ::,,~1-11.::, l l" 'h l rn.,1~ nrr c::nrr10 n-f -!-hr:, '"'----------~---•-" -·-· •.... 

_ P<?.v~QU t of th G ~.?SQQQ9_£__fEQ§hly_~~'0::--<?.I1 q __ ~ f t_h~ 
f,\g,_s P.£'2£§ _ t]l~L . ..i9J1 :i:..t er _i_s a J:, t C:lg_JJ~sl, 1 ea vi ng a gap 
between the igniter and the power train. When this 
occurs, the team make' shou.ld statid by, rc~ady to 
affix the igniter to the fuse the instant a fresh 
cut is made. 

g. .§ .. t~.J;i,a9J5. one or two stc~ps, if you are on a 
ridge cop , .§_0_ th si-1;;_31._.J;S;;L~lkUl....QR,~];'i~QS~~L . ..2~~ 
£.hE:E_g_e, and wait the 60 to 65 seconds for the e.xplosic 1. 

~I}S.£_crt~~f.~~'"l.1~ c tL t9_~ s !:S:Pl:i.§l:L.11~:.__t iri_~~t i o £,_~"'!} _ _;::: c.t.!:::~ 
££_§.~. Ii c :st abl is hm en t of _{L_'t,£'J~}-))_ar r i er is 1~<2,E~~ , 
~k . a L~ ti on . no~-1 ~"i~ ~LO f ~ et f 1J?!!l._~9-~}:.i.:S£_~~~. 

IV. Cornice Work 

A. Definition 

A cornice is a projection, ·or.an over~and, formed by 
wind deposit.ion to the lee of a ridgeline or slope inflection. 
Cornices are formed at 011 elevations, on ridges, cliffs, 
large. boulders, on the edges of crGoks, and on. the ends of roofs. 
They vary in size and bulk from bri.lnd new cornices only inches 
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thick and a few feet wide.:: to mature cornices many feet thick 
with overhangs of fifty feet or more and as wide as tl1e parent 
ridge is long. Where cornices overJ,1cmd slopes with a true 
(ground) angle of less than 50 degreE:S, the snow slope beneath 
the cornices universally assumes an angle 50 to 52 degrees. 

Cornices can assume dangerous proportions overnight. 
They may fall. as direct action coilapses as soon as their weight 
and outward lean overcome their anchorages, or they may pass 
their period of instability and gro0 stronger with each snow 
storm. But they c1.ll fall sooner or later, either as drops of 
water, as chunks of the original mass, or en masse. · 

At present th£!,:e_j~o ~eliable method_gi.._slet~r­
.!!lining the_ strenqth-weakne9 s__f act.9r of_cornicgs.. It is kno\m 
that cornices ,,1ill often support thousands of pounds of applied 
weight at a given moment. rt is known, too, that the same 
cornice--or one apparently the same--may collapse with little 
or no artificial provocc.1tion. Every experienced avalanche 
mq.n hi:15 rn0TttCfr ies. o.C c.:u.:i:u.ic"~s that sighc;d and fell as he approa­
,,...,.,""ri i-hc.m 

C. Methods of dealing_\y__i th cornice? 

1. Removal after formation ·-------"-"# _____ ,_,,, __ ~,,.,,.-------··~-
a . .Methods: stepping off, explosives, sha.ped 

charges. Removal can be accomplished as follows: 

{ l) ~~ect9d ,1-.Q_g__ill,.Ql:u; '· _S!!½.,-i]_J:..sorni_gg.:!~, 
<?~~~S-:.£§....2:!.L.th.£LJ2J.::SlS:GS s_g £...bej.ng__.J:.Q1I!g;;_Q., . ~£_§,_~:r:ny mc)c1L:r flt eJ:_y 
.'.!:§_J:-.9...Q_c;_Q£1_1j~5:.c;JLJ:tl,-~ 0,~. st (,'PP ~ rJ. , QE s tpmpal.:!., p J f by ..9_]?_g_ 1 a yg_§ 
£.f.§l:.'W..£112.: 'rhis ·technique should be applied only whGrG a smo0th 
snow slope lies below the cornice and where the size of the 
cornice is not so great that the crffi~an will be injured should 
he drop beneath it before his belay rope stop~ 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 blocks that will lie.in the ski 
slopes below. 
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(2) At all other cornices, the safest and 
fl'lCJSt: practi.c_al means of cornice. :i::-emoyaJ :i,s_.e;,zp,1Qsiye:;s. * •rhe 
objective here is to blast - away the,· cm;nicc for1nation, and, 
with :i.t, the ha;;;ard it presents to the slopes below. Slow 
detonating explosives., '?1:1.c:h _a.s J·Q% g_el,ati,n, l}_~ye b._0_c::ri __ _f_9:u1,d_ the 
most effective- f.or .. ~9rR,ice wor-}',_although tl}e fast_er __ explosives·, 
at a:· slightl:i ti:LgheL9ost, ·-,~J-JJ ... dQ~·tJ:1~ _jc:>p_jlJ)_g _ _gbv.i,,at-J:CLt!le -----
n~~-g _:!_Q_r ___ pur ch a~ Lr:ig . .,~.!:!. d storing _ _!:_":lo types _()_j: __ C:;;<p 1 o s iv es . ---
. - . ' - ··-----·--· - ' . ., ------···-~-~---''~· .. ' ------------"·•----~ -- ---~~--~-------

The explo_si v_es _shquld be __ em})edd~d_j,n_:t_!}e 
c~nter of the_ mass of the cornice, vertic_ally abo\T_~_ t]1,e _ §J..ope-
cornice overhand juncture. Standard- procedure is: drill ·· 
sliot 110:Les at six or· ~ig1;·t_ ft~ __ J11_t'c,)ryals along ___ t:he._ eir;<:!c:t-E:d 
shear ·plane. then load two tq_sixpoµnds depending on the size 
of the cornice} of~-O'z'.'<? ..... .9eJ...9_t:,t_n __ in each }1ols?, .J.::!:nk tb_c➔. gharges. 
toge1:h£!'__j'{tth. p_rJrnacor:d., ~_t_<;!ill.....§_s9}l ... b.ol e . wi.th snow., ?nd_g_<"=tonat~ 
tl}_e_whole thing_~s a simu1taneous .. mu1tiple shot_., The shot 
holes can be made with a snow sample..:: or other conveniently 
sized tube, probe, or pipe. The relative hardness of cornices 
varies widely. At some locations shot hole making is easily 
accomplished by ramming a pipr:~ down with the hands: at other 
places a sledge hammer is required. 

An alternative procedure for ~emoval ot~_s1J,:_:Y!".!2 
the use of shaped c11arges. These are commercicilly 

a-rvTn.iJ~Llble ch-J.r';:,2,3 ~3ed fo1:- bouldej:- r2duct.io1.l \y"itl·1out: di.-illii1g 
cornices . . . i.s 

., ., ., ~ ""'I • • ., ... 

_____ ,._,., •---.... -... -~-• --,--:.;.,-~ . .,,, .. ,_.,=.w., .. .,." .--~-•_,.,"~:.::,-~~-•;,.. ._,.,.,._ .. _. ~~--.----~---.I, 

en tire JQE_<::e __ _o_f __ the -~~plo-'c;:i,QIL mc:iyqs __ :i_:n __ QI1§_ c_:l:.:b.E~ction_. 

The procedure: at th_e_ expe_cted s,l}ca~ __ pl_c:122e, 
gig_an ob],ong ho1e ___ ?4" deep. with 'the glovedJ1a11<;1, place .:tJ1e 
arm-ed charge in the hol.e \vi.t:J1 _thE:; c1ir§:£tion ._o:f:; __ ;EOJ"C~-- po __ tnJ:esI 
alor:ig the horizontal l_engt:,h of the cornice, stem the hole with 
snmv·, and detonti.te. The· resuff''wiiT-be a- crater ~her~ the . 
charge' wa;·-p·l;-;;~-a~:- a -long vertical shearing along the direction 
of force applied by the charge, -and a short. vertical shearing 
behind it. The visual impres...,icn is much neater than that 
pro1uced by the ..,tandard procedure, cind the method leaves 
fewer odd chunks of snow precariourly balanced on the rim. For 
long cornices, sev:eral shots, or a rnultiRle shot may be required. 
• •~- • ••-• -"" •• - • ••~ •--•• •- •• •• • ••.--,•-~--• ----•-•-- •~--,-- 4 ,_., ___ '-___ •--:•-~• • •~<' - > ~-•••• •; -~ -••-"-•* ~•-~•-"'~•-~•--""•""----• •-~------ - ••--

*At certain locations cornices can be sawed through with 
rope or cable, but this requires elaborate measures and special 
circumst.:mces to justify them. The simple technique of two men 
sawing through a cornice with a rope sounds nice and will work 
in some locations, but· it likely Lo be less economical and 
certoinly more do.ngcrous than the use of explosives. (Loss of 
rope, time, and danger ot entanglement.) 
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rJ':'est~; ii::idic _t3.eclining §£.f iciC}1<;:Y_JQLadd_es:J. 
sh.ape charge weights beyond five pounds, and that only 12.92..X.: 
re_su).t~.::1i~_l be realized by _directing th<:Lfprce_straighJ:. down.­
Wi'J:.rd. {\~_~1cl).9..,-~_E_ev1TI1en must be'-veJJ._E.D9 _el}_tl;Jly ayed •vh~ 
eyer qQj:!~ .G.Q£D.ic~_w_qrk_. I-\ loose belay or an inattentive be-
la:ier should not be tolc.~rated. .l:\:.J:s~se belay ly s 
da,r:i_g_c;:,}'.'_ous as no b~l,aY.· If avalanche control teams normal 
travel along ridge-top cornice-fprming 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 
si Cornice falls initiated this way will usually stabilize 
the slope as .well, although the avalanche man will not be 
certain of this if visibility below is poor. 

b. Risk.involved (to public) 
. 

A calculated ris};:_ 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 it. 
Another method is to knock the cornice down systematically as 
it forms, no mattE~r what t.he size. ·The latter technique, 
nh\1in11t...~l\, ;:Q -· 'lTC,,Y,r -1-;n'1f".:l-~("""\'t""'IC'l1'r!''l"lnrc -:::-,...-,rl ,....,.....,n..i-'1.,......"".;nt"''1" .,.....,,...,.,,_1--,,_,,,4 1-.,,..,4-___ • ......,_ -~---.1. t -- • "._.,_.l -..- .. •~- ..._..., • .._,...._.~,..~~J....o.A":j, '-,AJ,........,_ '-,,,'-'.l.4.1..,,..l.,AA.t,..c,..t..i..J'::::J J.~l\....-\..,.,1,,.1,-....,;'-.A,J '-.,IL,,(.t..,. 

_:. ,J_ ,_, __ ,..._ •-~- __ _! _,, _____ ,!____ •. _ J: I. f':-. I "L. _, .• "'I. '1 ~~"l 

..,. - • •·~ .J." ··-·--·--··- -- ----,,1, --- ---- ------·- ., ____ ,, __ ,.. __ --

mer method produces large--frequently very large--cornice blocks: 
in the slopes b,?!low after cornice removal operations are comp­
leted. Where such rubb1e seriously affects skier use and enjoy­
ment, prevention of cornice form~t{on may be better than removal 
after formation. 

2. 'Prevention 6f formation 

. Prevention of cornice formation can be accomplished 
by appropriately installed sl.'.:'ucturcs. There are two types in 
current use: s1:~w 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 area with the intent to disturb the natural 
windflow-snow-fallout pattern so that the snow eitl1er. deposits 
before reaching the edge the ridge or falls vertically past 
the ridge. Such fence installations are effective once the 
most advantageous location, hei~1t, and density are determined. 
While guidelines do exist for those three factors, each 
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~nstallat.i.on mu:c:it bG tailored to. thcJ specific locc1tion because 
:each location is unique in its combination of critical factors: 
/windward and leeward slopes, prevailing storm wind direction 
and velocities, and annual snowfall and snuw types. Most such 
instaJ.lations are constructed in stages--a few trial set-ups 
for experirncmtal purposes; followed by a winter or two of 
observation and remodeling or relocation--followed by the perm­
anent installations. 

(2): Snow blowers--Jet roofs 

Snow blowers work on the Venturi principle. 
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 snov1 deposition structures, although the factors applied 
differently. 

b. Advantages of prevention 

The principle advantages rea'lized through 
prevention of cornice formation are elimination of the hazard 
factor, and elimination of frequent depositP of cornice debris 
in the ski slopes below. In ~dditidn, (1) prevention means 
one less tirr!c~cor~,~1i.,l1ning chcrc for tl1~ i.l"'v"'U.lc.~c;he crG"vv', and ( 2) 
orevention of coinice formations fre6uentlv means there will 
be a usc1.blc and populaJ. ::;ki slope of rnucJ.eraLe s'.:eepne.-,s 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 rep­
resent a capital investrnE''1t that may be amortized over a period 
of time through annual savings in L:iJJor and materials (explosives) 
and through the values represented in th0 otl,er advantages 
mentioned above. 

V. lxtillery Control 

A. Det.ini tion 

Fundarneritally, 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 tims:-: factors, artillery is the tool, that allows the 
highways to be travelled and the ski slopes enjoyed in safety. 

B. History 

Mortarq were fire•cl on avalanche slopes in Europe for 
some years before the 1:irst artillery shot brought down a slide 
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in the United States. In Alta in 1950 a World War l French 75 
was fired on a call-when-nE;eded basj_s by the Utah National 
Guard until special regulations allowed Forest Service person­
nel to man the gun themselves in 1952. SincQ that time exper­
imentation and operational use have proven the avalanche 
control capabilities of the 75 mm and 105 mm pack howitzers 
and recoi.ll.ess rifles. Other weapons were tried and discar_ded 
for various reasons: the Mighty Mouse air to air rocket for 
its poor accuracy,, the 3. 5 11 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'o£ 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 d~y or night. 

D. · Requiremer: ts 

Ari-i l ·10rv 11.c:;Pn in ;:1vr1l r1nrhP rnn-t-rnl wnrk m11~i- h;:,vo -t-1,o 

following capabilities and characteristics: adequate payload, 
reliability, accuracy, adequate range, mobility, and simplicity 
of operation and maintenance. 

1. The artillery piece must deliver an explosive pay­
load at least equal to the standard slope charge. The minimum 
requirP;ment is for two pounds o:E T.N.T. for most work. With 
·a payload of 1. 49 pounds of T. N. 'I'. the 7 5 mm HE rounds are 
con.sidered a bit light, but it is felt that the shaped charge 
effect of these rounds causes a ground wav~ effect that compen­
sates for ~1e relatively small explosive-charge. Therefore, 
this otherwise- _superb weapon has been relied upon for many years 
at many location·s. 

2. Projectiles must detonate reliably in soft snow. 
A dud rate in excess of 1% is not acceptable. 

3. The weapon must be accurate enough to hit a 100 1 

diameter circle at a range:i of 3,000 yards. '\11 artillery in 
use more than fulfills this requirement. 
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4. Ranqe requirements vary. Few ski area targr:::ts 
are more than 2,500 yards distant from suitable rifle positions, 
however, efficient opc~rations in highway work require co'mi.r;;rnd 
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 mobile enough to be transported 
from one firing position tc another without the use of heavy 
c1quipmcnt. In this regard the 7,5 .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 J'._'ecommended can be fired from vehicles or from their mvn 
wheel mountings. All can be fired from fixed positions for 
blind'or for visual firing. 

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

E. Artillery limitations 

1. Artillery must never be fired unless the gunner 
is certain that the area gun-to-target ·and the paths of/result­
ing avalanches are and will remain completely clear of people 
and vehicles ch-<ring the shoot. 

j 

2. Firing over structures is n6t desirable, as "short 
:r.ounds 11

, while rare, are not unknown. If a structure must be 
fired over, the distance gnn-to-structure must not be more 
tltan two:..thirds the distance gun-to-target. If it is necessary 
to fire alongside a ski lift or road, the lfne of fire must 
diverge fro~ the lift or road line. 

3. Artillery may not be used where shrapnel d.i..spersion 
could harm persons or damage st"ructures 1 lifts, oi: vehicles. 
Shrapnel dispere i_on varies with the type and size of ammunition 
used. Artillery field and training manuals define 11 effective 11 

fragmentation areas but do not refL.r to actual distances that 
flying shrapnel may travel. Avalanche control personnel 
occasionally find steel fragments as much as one-quarter mile 
to either side of known targets, and it is reasonable to assume 
that a f~w high trajectory fragments travel still farther. 
Fragmentation carries approximately three times farther to the 
sides of the target ':hen fore and aft. Persons observing 
artillery operations should obscrvG from the firing r_;osi tion: 
or, if observing from the side, should be at least 900 yards 
from the target zone. 
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' ' ' f Firing positions should be no closer than 500 yards 

from targets when 75 mm BE ammunition is used, or 700 yards if 
105 mm I-rn ammuni t.ion is used. HEPT a.mmuni tions, with a thinner 
steel :iackct than IIE arnmuni tion, has a smaller fragmentation 
area, but this area has not yet been verified through field 
experience in avalanche work. 

4. A fina]\limiting factor in the use of artillery 
is the recently developed requirement for elaborate security 
measures. Both artillery and ammunition have been.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 

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

1 .. All firing positions must be accessible under all 
conditions of weatncr 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 poss~ble comm-

maximum field of fire in order to gua:,,::ctntee rnosl: icitC?nt 
use of the site and to minimize the number of positions requirf3d. 
1l'hey must be in locations in which muzzle blast will not cause 
damage. 

2. Recoilless rifle positions must be chosen so that 
backblast cannot damage structures or vehicles, and desirably, 
\vill not cause undue anxiety to persons within the structures. 
E:xte:'.t of backblast damage varies with terrain configurations, 
tree cover, and the r le used. In most circumstances life 
shack window~ 100 yards behind a 75 mm wi.11 not be broken: 
behind a 105 m:.1 there might be damage as far away as 200 yards. 
If a target is s·o located that backblast must be directed 
toward dwellings, not less than 700 yards clearance is a min­
imum requirement for all recoilless \•✓0apons. Recoilless rifle 
concussion, not back.blast, is known to have broken lar9e windows 
250 yards in all directions from the rifle, tl\us at lenst this 
much horizontal separation from dwellings is required. 

3. In ski areas fixed rif positions must be raised 
well above maximum snow depths or back.blast will be a problem 
to the gun crow. 
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Weapon 

Recoilless 
rifle 

75 mm R.R. 

Recoil less 
rifle 

1Q5 inm 

Recoi I less 
rifle 

106 mm 

· 75 mm pack 
howitzer 

105 mm 
howitzer 

Ave launcher 

-

*l = 
2 = 
3 = 

y A 
B 
C 

CHARACTERISTICS OF ART LI.ERV RECOMMENDED FOR USE 
IN AVALANC IE CONTROL WORK 

. 
Approx .Wt. Maximum l MuzzlE Wt. of Round Explosive Pay- Fired. 

(lb) Range Velo- (lb) load (lb) Mob ii ity 
Weapon + . approx. city 

mourit f ' \ (fps) ~yas 1 
* 

HE HEP-T HE HEP-T 
~.t-,.,:., __ 

~~~~ - ~ "• 

170 6900 990 29 26 1.49 3.00+ l 

i 

700 8400 li20 50 37 5 classi- 3 
fied ..... 

I 

460 8400 1650 none 37 none. classi- 2 
fied 

500 9600 1250 18 none 1.49 none 3 

-
5000 13900. 1550 42 none 5+ none 3 

- I 

200 + 3000 vari- variable variable 2 
. · gas able 1-4 lbs 1-4 lbs 

bottle 440 
fps@ 
200 il: ' 

presSL'! ::: -··. ~-

Maximum mobility, transportable bys :i patrol toboggan, road, or oversnow vehicle 
Excel lent mobility, transpc.rtab[e by r )Cd or oversnow vehicle 
Good mobiliry, transportable by road 1ehicle or en own wheels 

Fired from tripod, fixed mount, read, >r oversnow vehicle 
Fired from fo~ed mount, or rbad ve:h icl : 
Fired from road level only, fixed ors:; ;1i-fixed positions, on own wheels 

r rrom 
y 

-- -
A 

B 

A 

C 

C 

A 

1! f :-r of l 

Crev, ' i 
Re- I quired J .. :t::- ... -· 

i 2 

I 
' I 

2 I 
I 

2 l 
I 

2 I 
i 
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i : 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. 

Howitzer positions can be chosen without regar~ for 
back.blast: howitzers may be fired from near or even from in­
side a shelter. Procedures should guarantee preventidn of 
damage or shifting of fixed or semi-fixed position_s by road 
maintenance eguipmen~. 

· G. Weapon types (continued from table) 

Avalauncher: The avalauncher is a corTu.t1ercially 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 
distances.· The propellant pressure can be varied, giving the 
avalauncher short and long range capabilities not available 
with milit~ry artillery. Thus, it can be fired over inter­
vening terrain into nearby targets. It has no back.blast or 
muzzle blast, and can be .fired from ·a vehicle or from within a 
building. Maximum fragmentation-zone is approximately 100 
y~rds - r;, c,ro,::,n t- 1 y . rlcuo l r,.:::',:,rl ;_m_:::) ;,r,t- d,::,·I- r,r .1 t- i ng -fn C:C> C: prnu; rl 0 

crew safety features comparable to military artillery. The 
avalauncher, with necessary accoutrcment3, can be transported 
in a pickup truck or over-snow vehicle, and can be fired blind 
from fixed positions. Accuracy of the launcher is adequate to 
avalanch0 control requirem0nts where cross winds are not a 
·serious factor. 

H. · Ammunition 

Of military ammunition used in avalanche control 

1. The warheads arP. 11 bore-safe 11 
• '11his means that tl-iey 

cannot detonat~ ~ntil 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 rifle 

-or howitzer.) 

2. The propellant charge can detonat9 if the shell is 
flagrantly mishandled. 

3. Most ammunition comes equipped for S.Q. (super­
quick, instantaneous) detonc1tion und .05 second delay c.:-ipab­
ilities. All rounds are preset for S.Q. deto~ation at the 
factory. Delay· detonation can be -:3ct with a -small screwdriver 
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or a thin key. Use of the .05 second delay setting occasionally 
c~uses duds as the projectile apparently penetrates shallow snow 
c;overs to the ground, knocking the fuse off the warhead before 
detonation can occur. 

4~ HE (High Explosive) rounds have historically been 
used for avalanche coDtro.l 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 ainmunition, HEP-T (High Explosive 
Plastic-'rracer) has·1r·ecently 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 sot't · sn::r.v. 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 

~,~~- ......................... .,. _______ .,.. ____ --- ----------~:;1 ··---- ---~----

A. Dud retrieval, Handcharge duds 
' ~"- ------ ··--------

Wait 15 minutes, then aE,J?_roach and eith~: 

1. ~e1:ight the [1::t_~.§ 

2. ~~-~no_ther_ cha1.qe a3:.9_!1qside ~pd fire it 

3. Retrieve and disarm the misfire ------------ ------. 
12_q 1 ·ay,. . .A.J.J::-1?..9_r_: .. @.,QDD9J-_ h an.9~~n.s .... ~9_l:L9L9Jl.-c1 Val an Ch ~ .... 1.d .. _Qp_~ 

or cornices. Duds that cannot be located and retrieved irnm~.s:1-
iately--·;~;~~;t be--;~~ght when ... ~~at1-;;"r: and s"no~--C())lditi~-;:;-;-:;-11.~·v.:. 
Handcharge dudn f ounc:Llat .. ~ in the snow season_or . a::, __ t!1e ___ s1_1_9'0'. 
melts clr.:.e __ §._a_f~.--to handle. '1~.SJ!P_ and fuse should be remOV£<! 
f~_!!l_t.be charge i_g the _g._µd will no_t be destroybd in __ placc. All 
duds shou_tg.~ ]2e dcs.t;roycd., e.ith.Q1:-__ ir:i _place _or:__ a_t:: . another (fir<=: 
l}9~f..£_ _frc,c) _l_~c;_a_t_f.QD. 
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B. Dud retrieval, Artillery duds 

Artillery duds enter the snowpack at high velocity, 
, penetrate to the ground, and remain in place .. They will 

occasionctlly ricochet short distances within the snow pack if 
the ground surface is hard rock. Point detonating fuse assemb­
lies 9"re usually, but not always, knocked off the warhead up_on 
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 f?und, the dud 
must be destroyed in place immediutely with two to four pounds 

-of high velocity 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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OP'I'IMIZli'.rION OF CONTROL PROCEDURJ~S FOR SKI PJ<.El\S 

To bring avalanche control procedures to their optimum level of 
efficiency is to achieve coordinated perfor~ance 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 specif 
local.situation time and distance, terrain and weat~er, and 
needs and priorities. Each such plarr 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 foll6ws: at ski areas the ava­
lanche forecaster is able to uget on the ground 11 for close obser­
vations of the avalanche fracture zones; he is thus able to 
perform test and protective ing at many locations and can 
usually selectively test portions of the ski area 0ith hand 
placed explosives to further his evaL1ation of the incipient 
hazard. 'l'he highway avalanche forecaster usually does not have 
ready access to his fracture zones, is therefore denied the 
degree of intimacy with his avalanche paths that the ski area 
forecaster enjoys.· The ski area forecaster must beware of small 
avalanche slopes that can .loo"se avalanches large enough to bury 
skiers, but which may be no concern to a highway man because 
they would not ide down to high\vay 0.lrv.::it..i ons. Wh<:?re 1-hr., 

-highway forecaster is normally concerned only with natur ava-
, -..-.-1-.- ___ . ..,..,,,,.,,,,.,,...______ .1~'\...- _,,_,! .... 

. presence of perhaps thousands of artificial triggers skiing 
around his avalanche paths, and must design his forecasting and 
control procedures appropr iate.ly. Most ski a·rea control is 
done with hand placed explosives; inost 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 ~oals, Priorities, and Responsibility 

Which lifts and slopes to be available under: 

1. Zero 

2. Moderate 

3. High avalanche hazard conditions. 
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Sequence of control operations and order of opening of lifts 
and slopes. This portion of the pro~edures may be dictated 
entirely by terrain factors. In some areas it will not be poss-

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

Person responsible tor 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 
requirements must be determined by th.e 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 second, high level plot may be useful. Charts, logs, other 

m;::,in-1-;::,in,:,rl ,,,hcYo .... ~ ...... -... _ ... ,... __ ............ .__ ....... __ ....., crev-1 can look at them and 
Cl~"":)~.J.t'.::")l.., \''f.J....,t .• JJ. l.,JJ.t--::.Ll- lllO.Lllt..~..:.:J.10.lJ\.,.C• 

B. Records and reporting system 

Mountain observations by aval~nche crew leader, ski 
patr?l, other crews and s~iers. 

These observ.ations 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-

' igr~phy studies, excessive creep movement, cornice falls, etc., 
~hould 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. 
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Ski patrol-avalanche crew should routinely test and 
pro.tective ski certain slopes when conditions warrant. All 
skiable avala.nche 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. 'rhawing snow 
slopes can be stabilized, in many cases, by aggressive and 
well-timed side slipping techniques. · Stratigraphy studies and 
Snow, - Weather, i'..valanche Occurrence_ charts may indicate need 
for deep explo:sive 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 plots his control action and the 
timing of the action. He may choose to exercise standard con­
trol procedures, testing aval.anche 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 c0ntrol procedure to provide for spP.c:ifir. t-.emrior,3:ry 

.needs or hazards. 

E. Control--Alert Stage 

~- Notification of public and personnel 

. Routine temporary slope, lift closures, organization 
or equipment,· explosives,. personnel assignments. Area personnel 
and skiers informed of incipient avalanche haza~d. 

High hazard areas may be closed· at routine closure 
points. The publ~c 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 pL1ccment in predetermined targets. Their 
assignments should include blasting where necessary, followed 
by test and protective skiing of smalf avalanche slopes. The 
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protective skiing procedure continues until the hazard condition 
ends. 

Li sand slopes opened for public use as the haz-
ard is controlled. The avalanche control leader should evaluate 
the ectiveness of the control action each time control is 
perfo~med 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 comrnunications: results of hand charges or test skiing, 
pa:i;ticularly at early or key targets, should be m_ade known to 
the entire avalanche crew immediately so they can modify the 
procedures to suit specific conditions; the leader's latest eval­
uation of the hazard and time estima~ed 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 fore6aster must time his control action--
closures and/o:c active rnethods--in th<::: knowledge that ers 
can act as artificial triggers, thus cause premature avalanche 
activity. Therefore he must commence his control action befor8 
he would expect natural avalanche· occurrence.· 

Numerous pract considerations will influence 
his decision on what action to take. the operations day is 
drawing to an end as the hazard is reaching full deve opment, 
he ma1 simply close selected lifts or slopes and do nothing 
further until next morning, especi ly if the storm iE predicted 
to last all n!ght. If the operations day•is young as the hazard 
develops, he rn2y call for aggressive protective skiing, with 
selected closures and possibly some hand charging and reope11ing 
of certain slopes. 

In the event of rapidly deveJoping 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-sc control 
operations. Skier demand will also affect hi., decision~ the more 
skiers the greater the fort to maintain open lifts and slopes. 
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During thaw conditi_ons the forecaster must org ze 
and time his closure and/or protective skiing--s lipping 
efforts most carefully to coincide with.the onset of the hazard 
period. This requ es close observation and evaluation of 

' elements--snow depth, snow temperature, snow type, and snov'l 
surface, air temperature, and the weather. 

III. Communications 

Telephone communications should connect all headquarters 
points, manned stations, and other key offices. Headquarters 
shoul:d be connected with commercial t-elephone services. 

Radio communications are essential to the efficiency and 
safety of the avalanche crev1. The anche forecaster and 
crew should have instant communication with one another, with 
a manned base station and•with road maintenance vehicles. 

IV. Personnel training 

Maximum efficiency will be realized if the crew is thor-
oughly trained in all phases avalanche control and is intim-
ately familiar with the control routines and avalanche paths. 
Training should include safety procedur such as· wearing 
ski pol·e straps during avalanche work.; having a spare pair of. 
gloves during a.·alanch0 work~ not:. ski check.i.11y above cli[[s; 
,..h,.....,:.,....-.. -.-r- .-.-. ➔--. "l'-..--~+,o,,.::,...........,.,... -i-- +,,,1" ....... .-.. ... , ......... i...-. .... ---.. ..... + ...... - ........ -.....-....-1 ..::- .... 1,.,..;_1..,, 

-
to await detonation; how to be certain the fuse is burning 
before throwing the charge, etc. 
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CHOICE OF EXPLOSIVES 

Several types of explosives can·pe used for avalanche 
blasting. Each type has something to offei in terms of per­
formance, safety, storage, handling, and cost. 

Two fundamental properties of an explosive larg2ly det~r-
rnine its performance; detonation speed and density .. 

Detonation speed is the rate of propagation of the explo­
sive reaction through the expl6sive material (~easured 
in sec-1)~ · 

Density is th~ mass to volume ratio of the e~plosive 
-(measured in g cm-3, the density of water isl g cm-3). 

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 detonati0n pressure. The higher the detonation pre­
ssure, the greater the s~attering effect of the explosi'-'.e. 

i 

For performance, avalanche workers '}enerally prefer ex:p-
lr-.~i,,r::,, rr1ivt-1,roc: ,;,;-1-h 1"l;rrh not-n.n;:::i.-1-;n,n \'"'\"l ..... CC'C"1'\V-r°'}.C'" +-hl'"""l ~r,n 1C"'"',....,....,.. 

-
and faster explosives. It is claim~d that higher detonation 
pressures are more effective in activating instability} all 
other factors equal. There is not an obvious explanation for 
this claim since 11 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
~lly c~nducted in confined bore-holes. Certainly more studies 
are ~eeded to confirm the advantage of a high detonation pres­
sure for avalanche blasting. 

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

l. 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 infrequent. If a misfire 
is lost on a slope, exposed to the elcmenfs, it should not 
become shock sensitive. 
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4. 'l'he explosive should be packaged in a non-shrapnel 
container. 

5. The explosive should be reasonably non-toxic under 
normal outdoor handling. Headache effects should be minim~m. 

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

Most military·gemolition explosives adequately meet these 
requirements. Avalanche blasting is in fact very similar to 
milit.ary demolition work wherein explosive charges are applied 
extern~lly 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 divided 
into two categories: non-nitroglycerin (Non NG) primers, and 
nitroglycerin (NG) primers. The composition of primers varies 
a~cording to manufacturer. 

Non NG-primers are usually h.:j..gh density, pressed or cast 
cylinders of TNT and PETN. TNT and PETN are fast, powerful 
cxplo3 whic.:~ are quite insensitive Lo acciderli:.cil uei:.u11ation 

mh-,T .... ....i.,.,.... ....... ..:J...-..T'Y_, ___ ,,.:;i 1 .. u,,. .t-"-"'- -.! 1 .!.L-..,--- .1-.- •• ..!.L.1.....-.L.---, .J_'\_ - ~ ~ ~ 

rigors of the .battlefield. They do not produce headaches. 'l'heir 
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 oxygc:1. 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 
COqt. 

NG-primers a.Ce cheaper and do not leave a black crater. 
'!'hey usually- consist of about 80 peY'cent gelatin dynamite, 
which is as fast as TN'r, but slightly more bulky. 'l'hey share 

.· -· the disadvantage of all nitro_glycerin mixtures. They produce 
headaches, deteriorate, and are more shock sensitive than 
primers which consist, for example, of TN'r. 

NG- and Non NG-primers are classified as high explosives 
and must be stored and handled according to strict codes (see 
section 6.7). Storage is expensive. \"1hero there is a limited 
need for explosives, avalanche ~orkcrs may wish to avoide stor­
age requirements by using a 11 two'-compbnent sxstem. 11 Stored 
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s~parately, the components are not: high explosives. They are 
classified as high explosives only when 'mixed. 'I'he 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 blasiing 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 includes 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 caps that is large enougn to reduce the misfire 

thrown onto 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 
r_equire .the equivalent of No. 10 cap. It is best to determine 
the appropriate cap size in consultation with the explosive 
rnanuf.:icturer. 

2. Safety fuse. It is recommended :·.hat the highest quality 
safety fuse J;)e clmployed in avalanche work. The fuse should 
have excellent water resistance and flexibility. The stand~rd 
burning rate of fuse marketed in the United States is 0.5 meter/ 
65 seconds (40 seconds per foot)± 10 ~ercent at sea level .. At 
elevation 2,500 meters, standard fuse hurns at about 0.5 meter/ 
70 seconds (47 seconds per foot)± 10 percent. 1 After the fuse 
is purchased, a test segment should be ignited, and the burning 
rate timed. Fuse that burns faster than 0. 5 :·1eter/rninute {40 
seconds per foot) should not be used. 

The minimum length of the safety fuse _will depend on 
the time needed to escape from the ~lasting location. UNDER 
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NO CIRCUMSTl\NCES SHOULD A FUSE LENGTH BE LESS THAN ONE-Hl\LF 
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 ~lexible and prevent brittle cracks from for­
ming ih 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 de~troyed. 

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 f_use 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 in.serted into the explosive, the system is 
armed. At.this instant, the relatively insensitive explosive 
----J... .... ~-- -. -- ... ,..-...:.i...:· ... ,._ ..-.-..,,...,. ..._..,.....,.-1 'l(""'I hr-..~-~-F,-.....-+--'h 'ln1l'Y"\Ar::lhlo +-A ~f""t""-

idental detonation if mishandled. Fo:t this reasons, the assem­
.bly of fuse, cap, explosive should be delayed as long as poss­
ible in the field operation. In some cases it is 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, ard 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 is 
inserted into the explosive 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-ce~ter 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) 1 or a misfire is-likely to occur. In avalanche 
work,· it is convenient to lace the safety fus~ through the 
~e~tral hole and then into the off-center hole. 
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i Ideally, the base bharge section of the cap should end 

up about half-way down the ~ff-center ho.le. · The assembly is then 
taped securely, avoiding sh~rp bends in .the safety fuse. Because 
of its simplicity, this ass~mbly lends itself .nicely to "field 
mass production" where the ~ontrol team assembles, say, 100 or 
more charges for a morning ~peration. Considering the shock 
insensitivity of the Non NGf-primer, and the fact thc:i.t the cc).p 
is protected in the middle ~f the charge, this assembly today 
represents the safe;st armed!charge that can be carried.on a 
control mission. · .• t . · 

6. Armin·g of gelatin-primer. Gelatin-primers do not have 
precast holes: it is necess~ry to punch two diagonal holes as 
follows. First, a_diagonaljhole is,punched through the charge 
with the.punch end of the cJfimper. Next, the charge is rotated 
one-fourth turn, and a seco*d diagonal hole is punched slightly 
deeper·than the length of t~e cap. The fused cap is then laced 
through the first hole and ihe cap inserted into the latter hole. 
Care should be taken to·avofd. sharp bends or kinks in the fuse. 
The assembly is taped securJly. A disadvantage to this system 
is: increased headache facior due to the additional holes in 
the explosive. Another mettled: make a diagonal hole in the 
explosive with the pointed 4nd of the crimping tool. The hole 
should be approximately thr1e inches from the end of the explo­
sive cartridge and roughly qentered in· the circular dimension. 
Make the hole deep enough sd the entire cao will ao insidR iL 
1.nsert tn£ cap, p.Lu:ce the t.rj.urnb over .th8 cap hole, and loop the 
fuse over the end and back dlong the length of the cartridge. 
Then tape securely. The fu~e loop should be at least two inches 
in diameter. This method ofj arming yields approximately one 
half the headache likelihoo9 as the lacing method. 

7 •. Arming of detonatir[g co1.·d~· Some explosives, for example, 
military tetrytol, are deto1ated by a high explosive cord known · 
as de!·.onating cord or prima9ord. The method o_f arming such 
charges consists of ther t{aping the cap to the deton:-ting cord 
or joining the cap and cord !With special .'".onn0ctors. The exp­
losive end of ~Fie cap must pbint along the detonating cord to­
ward the main cha·rge. In bolth cases, the final connection c,f 
cap and detonating cord shou~d be made only at the blasting 
position, b~cause in these s~stems the cap is exposed and vulner­
able to accidental shock on ~h~ control route. 

I. . I 

8. Assembly of safety !fuse iqniter. This final step in 
the assembly is made £!l!_y at: the bL::isting pos.~ tion, and only after 
the crewman. is standing in tpe position from which he will throw 
his charge. First, .about l pm. ( 1211 - l 11) of the exposed end of 
the safety fuse is clipped o[f squarely. The fuse core should 
be ·shielded from the wind. ;rhe squared end is· pushed firmly 
into the safety fuse igniter. The tystem is now ready for det­
onation. -34-! . 
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9. Detonation. Defore the igniter is attached to the 
fuse, a quick 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 crewm.an makes certain 
the fuse is burning. The c~irge is then tossed onto the target. 

. The information presented here and recommer:dations . 
made in these pages are intended to provide knowledge that 
will enable the aval.anche worker to work confidently ari.d safely 
with explosives. The worker should know that if he handles 
his explosive 11 tools 11 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 prescribed handling 
procedures are not.followed. · 
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Suy)J)1.:;_(::r: A. t;r;cd; r:~·1~·:.r·ic Envi 1--unr:1c:nt Sc:r\ric e. 
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Uanff, /\lbcrU1, ToL 0C0 

For individuals: Ski shops 

V/cstern /,.vi"'h,nclw Cont:rol Spcci~dif;ts 
P. 0. Box 176, 
Stewart, B. C, 

A~:pen Gnides Ltd., 
J:lox C,, n 
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Frcd 1 ·ric (;ovl'lz Lid., 

J'.L~B \\'(::.n P,:;l(l,·r ~;ln: 1 i, 

Va n c o u ,. , · r l , I> . C . 

CANJ,/\ E: Can;uli:.t1i L.ibc,ralory ~;upplic,s .Ltd., 
7<JO AldcrlJt. ;_;c Wily, Richmond, B. C. 

al.so al Cal ry and Edrnoiiton. 

17' is lw r Sc i c n t i fi. c Co . Lt c1 • , 

Vancouver,· B. C. 

Johii Chr,til.J.on /::. Son 
I"° cw G,1 rdcns 
New York, U.f:;.A. 

rcprescn1,'d by: T 

lndustria} Scale Co., 
Ed1nantu.n, J,lb~!i' ta 

Scale Shi:ip tJd., 

Aviation Electric Pacific Lirr:iicd 
Vancouver Airport 
Richrnond, B. C. 

Regional Director 
Aln1osp:ier ic Environrncnt Service 
E n-_•j ron 111(: n l Co nad a, 
739 \Vest I-lastings Street, 
Vancouver 1, B. C. 

or 

Federal E:iuilding 
982CJ - 107ih Street 
Eclrnontc.,n, Al.be r l.1. 

Note~ T be Atn1osphc ric Env ironrne:r:t Scrv c suppl ic s govc rn rncnt 
departrncnl;S 2.ncl un:·,:crsili•.cS c.,111.y, but dues 11/Jl SZ:~11 cq1..1iprncnt 

to private c Private and public organi2ations 1nay 

obtain llw equ r!nt free oi ch<irgr- by becorning a co-operative 
weather st;t\ ion. 

Ccol<':;t Jn~,! nunclll Coi·p. 
Box :',5), 

I; :' l l : ~ • , , ; ... /. n 1'• r, (\ T T C.: 



I 
I 
I 
l 

I 
I 
I 
I 
I 

! 

t' 
( 

~-:...· , 

t<; i 
·-. \1 

"~; 
. ,.\ ... {~, 

...._:.i \_ .. , 

\. _____ _ AJ.1 10':'C~C 

Ste.inless steel> amn·oxirnrd.,01y U.S. 01:u5e 21. 
All connections welded. 
Tlle hooJ: !,B.y be any suitable rer.td.:U.y avaLIAblc. 
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