
Veourstofa islands
Greinargero

porsteinn Særnundsson

Kynnisfero til Frakklands i booi
franska sendiraosins a islandi og
Menntamålaråouneytisins, 9. - 22.
september 1996

Vi-G97037-UR29
Reykjavik
November 1997



Inngangur
Fero su sem her er lyst var farin f booi Franska sendinlosins a Islandi og Menntamala­
raouneytisins pann 9. september 1996. Tilgangur feroarinnar var ao bj60a starfsmanni
snj6f160avarna Veourstofu Islands til Frakklands ao kynna ser ao eigin raun hvernig
staoio er ao ranns6knum a snj6f160um, aurskrioum og grj6thruni og viovorunarkerfi
pvf se,m viohaft er par f landi. Sa aoili sel11 sa Ul11 skipulagningu feroarinnar f Frakk­
landi ,var Gilles BorelI sem starfar vio CEMAGREF, f Grenoble, a deild sem hei tir
"Division Nivologie". Undirritaour flaug til Parfsar pann 9. september og sneri paoan
aftur pann 22. september.

AOllr en lagt var af stao til Frakklands vom undirbunir spurningarlistar varo­
andi skiplIlagsmaI Frakka, annars vegar f snj6f160amalul11 og hins vegar f aurskriou og
g!j6thrunsmalul11. Vonast var til ao svorin vio spurningunum gætu gefio okkur nanari
hllgl11ynd um hvernig staoio væri ao pessul11 malaflokkum f Frakklandi og hvao via
getum lært af peim. Upphaflega var gert rao fyrir ao fjalla um snj6f160in ser og aur­
skriour og grj6thrun ser, en vegna pess hve umfjollun og 011 vinna via pessa tvo mala­
flokka er samtvinnuo f Frakklandi pa er pessum spurningarJistum svarao sameigin­
Jega.

Almennt var f61k mjog viljugt ao svara spurningunum og var mikill ahugi a
fram vindu slfkra mala her a landi, ser f lagi eftir slysin a Suoavfk og Flateyri. Sumar
spllrningar vom Frokkllm p6 framandi, atti pao helst via um alla yfirsyn pessara mala
f Frakklandi. petta stafar fyrst og fremst af pvf ao abyrgo og allar framkvæmdir f
pessum malaflokki eru mjog dreifOar, p.e. hver "department" (halfgeroar syslur) sja
sjalfstætt um sin mal, en pessu veroa gero betri ski I her a eftir.

Fyrst verour gero grein fyrir feroinni fra degi til dags og stuttaraleg lysing a
pvf sem fyrir augun bar. pvf næst koma svorin vio spurningunul11 sem lagoar voru
fram.

Feroalysing

Mti/llldagllr 9. september
Lagt var af stao til Parfsar arla morguns pann 9. september. Millilent var f Kaup­
mannahOfn og pvf ekki komio til Parfsar fyrr en um klukkan 16.00. Starfsmaour f
utanrfkispj6nustu Frakka, Antoinette Attie, t6k a m6ti mer a f1ugvellinum og 6k mer
til lestarstoovarinnar, par sem eg sfOar t6k lest til Grenoble. Um klukkan 22.30 kom
eg til Grenoble. par t6k Gilles BorelI a m6ti mer a brautarstboinni og 6k mer til
h6telsins.

[>riiJjudagllr [O. september
Fyrsti dagurinn f Grenoble f6r f ao heimsækja Cemagref par sem Gilles BOl'ell vinnur.
Hann byrjaoi a ao syna mer hvernig hægt er ao skanna inn kort og flytja a milli tblvu­
kerfa, fra Mac yfir a Pc. Eg var sfOan kynntur fyrir flesturn sem vinna a "Division
Nivologie" og fekk sæmilegt yfirJit a jlvf hvao hver gerir par. Seinni part dagsins var
sfOan umræoa um hverjar væntingar mfnar vom til feroarinnar og hvao eg vildi helst
sja a meoan a dvOl minni f Frakklandi stæoi. Upp ur peim umræoum spunnust ymsar
hugmyndir sem ætlunin var ao framkvæma a næstu dogum.

Vio byrjuoum a pvf ao fara f gegnum hvernig loftmyndatulkun er notuo via
hættumatsgero f Frakklandi.



f Cemagref feI' meoal annars fram gero snjoflooakorta, pao er utbreioslukorta
bygga bæoi ut fra pekktri snjofl60astigu og einnig ut fra tulkun snjofl60afarvega meo
loftmyndatulkun.

Mioviklldagllr 11. september
Å oorum degi feroarinnar fekk eg tækifæri a ao fara meo Robert Marie (Rob) i,
skoounarfero til Printe de Friolin. Rob er starfsmaour hja RTM i Grenoble (nanari

;

kynning a RTM feI' fram her a eftir). Vio okum sem leia liggur fra Grenoble, i
gegnum Albertville og ao litlu porpi Peisey Nancroix sem er i um 130 km fjarlægo fra
Grenoble. Par bættust lerome Lievois jarOfræoingur fra RTM i Haute-Savoie og Jean
Lomp Boisset verkfræoingur, einnig hja RTM i Haute-Savoie. Fario var til les Lanch­
es sem er litiO fjallaporp i um 1500 hæo.

f hlioum Printe de Friolin, sem er um 2700 m hått fjall beint fyrir ofan porpio,
atti. ser stao feiknar mikio grjothrun 1982 og var æt!unin ao skooa ummerki eftir pao.
Åstæoan fyrir pessu hruni var lagskipting berggrunnsins. Undir pykku lagi af gneiss
liggur pykkt lag af kalki. Pegar koltvisyringsblandao grunnvatn seytlar um kalkio
leysist pao upp. Storar neoanjaroarhvelfingar geta myndast vio petta ferli. pegar
hvelfingin er oroin pao stor ao buroargeta yfirliggjandi jarolaga heldur ekki lengur
uppi punga sinum, hrynur efnio niour i hvelfinguna. Yfirborosummerki slikra atburoa
eru djupir gigir sem nefnast karst, sem alpjoolegt 01'0 fyrir slik fyrirbæri. f pvi ti Ifell i
sem vio skoououm åtti hrunio ser stao i brattri hlio pannig ao i stao pess ao ofanå­
liggjandi efni hryndi ofan i hvelfingu og myndaoi gig på hrundi efnio niour fjallshlio.
Åætlao magn efnis sem hrundi niour er um 10milijon m3

. Efri brun skriounnar er i
um 2700 m hæo en neori brun brotsarsins er um 250 m neoar.

Komio var seint tilbaka til Grenoble eftir ævintyralega fero niour af fjallinu og
mjtig ånægjulegan kvoldvero hjå Jean Lomp Boisset og fjOlskyldu hans i Savoie.

f hlioum som de Bellecote, sem er um 3384 m hått fjall beint fyrir ofan les
Lanches porpio, er feiknar mikill snjofl60afarvegur. Par åtti ser stao stort snjofl60
fyrir nokkrum årum. Husin lentu undir 5 til 10 metra pykkum snjo en vegna f1eig­
myndaora varnargaroa fyrir ofan hvert hus og styrkingar peirra sluppu pau meo
minnihåttar skemmdir. Engin slys urou å mtinnum eaa bupening i pessu flooi, po sva
ao til ryming hafi ekki verio framkvæmd. Hafa skal f huga ao petta IJorp er gamalt og
varnirnar lika. petta er gott dæmi um pao hvernig folk lærir ao lifa meo nåtturufars­
legum ognum i Frakklandi.

Fimmtlldagllr 12. september
Pennan dag var fyrirhugao ao fara i gengum nokkrar spurningar af iistanum meo
Gilles Boreli og hafOi hann undirbUio dagskrå fyrir daginn. Gilles hafOi på veikst um
nottina og mætti pvi ekki til vinnu. Eg notaoi daginn pvi til ao skooa loftmyndir sem
hann hafOi låtio mig få fyrsta daginn. Loftmyndatulkun er stor påttur via hættumats­
gero i Frakklandi. Pao er hins vegar mjog fråbrugoin aOfero sem peir nota, en su sem
kæmi okkur ao gagni her å landi. Frakkar nota loftmyndatulkun nær eingongu til ao
skooa ummerki eftir snjofl60 og byggja storan hluta hættumats å peirri aofero. Ao­
feroin byggir å pvi ao greina mismunandi tegundir skoglendis ut frå loftmyndum.
pekkja parf vel prounarferli skoga til pess ao geta notao pessa aOfero, pao er hvaoa
tegundir trjåa vaxa fyrst og sfOan hvaoa tegundir leysa pær af.

Pennan dag fekk eg einnig tækifæri a ao fylgjast meo tilraun sem verio var ao
gera å yfirboroskortlagningu setmyndana eftir "landslide" og mælingar å skrioharoa
slikra atburoa. Peir sem stoou ao pessari tilraun vonl Mohammed Naaim og student il
hans vegum. Tilraunin var framkvæmd å pann hått ao åkveoio magn steina, af somu
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kornastæro, var sett i h61f "upptakasvæoi" fyrir ofan fallbraut. Breidd fallbrautarinnar
var hægt ao breyta milli tilrauna, pannig ao skrioan gæti haft mismunandi breidd.
Einnig var hægt ao breyta halla fallbrautarinnar. Ifallbrautinni hafoi verio komio fyrir
premur skynjurum til ao mæla hraoa efnisins niour hana. Fyrir neoan fallbrautina var
um tveggja fermetra plata, "uthlaupssvæoio". Par var einn skynjari til viob6tar sem
atti ao,mæla hraoa efnisins pegar pao kom niour a plotuna, pao er "brekkuf6tinn". A
uthlaqpssvæoinu hafOi veriO teiknao ruounet og var setmyndun hvers ferhyrnings
mæld og kortlagning a yfirboroslogun setmyndarinnar gero. Mest af utskyringum a
pessari tilraun f6r fram å fronsku.

Fostlldagllr 13. september
Pennan dag var Gilles BorelI enn veikur en Sandrine Sanehes, sem dvaldi a Veour­
stofu Islands f januar 1996, bauost til ao kynna mig fyrir nokkrum einstaklingum a
mismunandi stofnunum innan snj6f160a og hættumatsgeirans i Frakklandi. Jean Paul å
ANENA var så eini sem var violåtin pennan dag. Vio ræddum vitt og breitt um sam­
skipti Islands og Frakklands i snj6f160amalum og astæou pess ao eg var staddur i
Frakklandi. Fario var nokkuo djupt inn i snj6f160a- og hættumatsmal i Frakklandi og
svor via morgum spurningum fengust i pessu viotali. Rætt var um starfsemi ymissa
stofnanna og samtaka svo sem Cemagref, Meteo Franee og ANENA. SfOar um daginn
t6kst okkur ao komast i samband via Meteo Franee og f6rum vio i skoounarfero
pangao. Fario var almennt f gegnum starfsemi stofnunarinnar og viovorunarkerfi sem
Frakkar hafa f snj6f160amalum. Yves Durant syndi okkur veourfarsm6del og Ifkan­
reikninga. peir nota akveoin m6del, SAFRAN (meteorologieal analysis) og CROCUS
(snow mode!) sem peir keyra saman i MEPRA (expert model) til ao meta hættu a
snj6f160um Nånari LItlistun apessum forritum er i vioauka l.

MUlllldagur 16. september
Pessi dagur var notaour til ao fara i skoounarfero um nærliggjandi svæoi til ao skooa
snj6fl60avarnarvirki og snj6fl60afarvegi. Ekio var vfOsvegar um någrenni Grenoble.
Einnig var lOgo talsvero ahersla å aurskriou- og grj6thrunsmål og ymsir staoir tengdir
peim natturuvåum skooaoir.

PrilJjlldagllr 17. september
Næst sfOasti dagur feroarinnar f6r eg i heims6kn RTM i Savoie. Par t6ku a m6ti mer
Jerome Lievois jarOfræoingur fra RTM i Haute-Savoie og ieolas George sem meoal
annars heims6tti VI sioastlioin vetur. Fario var i gegnum hættumatsferli sem RTM
vinnur og kortageroin tekin skref fyrir skref. Nanari utlistun a pvi fer fram her a eftir.
Eftir hådegismat voru snj6f16oafarvegir, aurskriou og glj6thrunsstaoir i nagrenni
Savoie skooaoir.

MiiJviklldagllr 18. september
SfOasta degi feroarinnar var eytt i Grenoble. Fario var yfir restina af spurningalistan­
um meo Gilles Borell, loftmyndatulkunin skoouo betur og ymis malefni rædd. Meoal
annars var tOlvuforritio ELSA (Etude et Limites de Sites Avalaneheux) kynnt fyrir
mer. Nanari utlistun a pessu forriti er i vioauka 2.
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SNJOFLOD / AURSKRIDUR / GRJOTHRUN
spurnillgar

l. Skiplllagslluil Frakka ti sl1j6jl6oa-, allrskrioll- og grj6thrllllsllltilllm

l.a. 'Hvaoa stofllallir staIlda ao sllj6jl6oa-, allrskrioll- og grj6thrll/lsmtillllll
, Frakklalldi?

Nokkrar stofnanir standa ao snj6fl6oa-, aurskriou- og grj6thmnsmalum f Frakklandi.
Fyrst rna nefna:

CEMAGREF: Pessi stofnun er staosett f Grenoble. par em meoal annars
stundaoar ranns6knir a snj6fl6oum, Ifkangero, kortlagning a snj6fl60afarvegum ut fra
loftmyndatuJkun, auk ymissal' rådgjafapj6nustu.

CEN (Centre d'Etudes de la Neige): Petta er deild sem tilheyrir Meteo France.
A. ~essari deild feI' fram megin hJuti all rar snj6athugunar starfsemi Meteo France.
Paoan er viovorunarkerfi snj6eftirlitsins stj6rnao. Nanari utlistun a peilTi starfsemi er
lyst f vioauka I.

RTM (Restauration des Terrains en Montage): Pessi stofnun ser aoallega um
framkvæmd og gero hættumats og hættumatskorta vegna nattCmlfarsJegra 6gna f
Frakklandi. Htin starfar undir landbtinaoarråOuneyti Frakklands. Hvert "department"
par sem natttirufars!egar 6gnir steoja ao hefur sfna eigin skrifstofu, en stærri skrif­
stofur em til staoar, svo sem f Grenoble sem geta pj6nustao pæl' minni.

ANENA (Association Nationale pOUl' l'Etude de la Neige et des Avalanches):
Petta er einkarekin stofnun. Mjog oflugt starf er unnio par og ser hun meoal annars
um fræoslu til f61ks sem vinnur par sem snj6f160ahætta 6gnar oryggi peirra s.s. starfs­
f6lk skiOasvæoa, vegavinnumenn og pess hattar. Einnig getm allur aJmenningur
fengio fræoslu. Nanari utlistun a starfsemi ANENA er f vioauka 3.

l.b. Hverslllllargir starfslllellll villIla ao snj6jl6oa-, allrskrioll- og grjothrlllls
llltillllll i Frakklalldi og hvernig skiptast hllltverk peirra Iliollr (stofllallir /
lalldsvæoi)?

Pao er mjog erfitt er ao fa allar yfirlitstolur f Frakklandi en f Cemagref vinna um 20
starfsmenn auk 20 f veourpj6nustu a Meteo France. ANENA hefur um4 til 5 starfs­
menn a sinni konnu. Hja RTM vinna um 100 til 200 manns par af um 25% f snj6­
fl60um. Pao em um 10 RTM skrifstofur f Frakklandi, par af 5 f Olpunum og 5 f
Pyreneafjollunum.

l.c. Hverjir bera tibyrgo ti skipulagsllltillllll (byggoaskiplllagsllltilllm, t.d. hvar
lllti byggja) i Frakklalldi?

Syslumaour/bæjarstj6ri/borgarstj6ri gefur tit byggingarleyfi fyrir fbtioarbyggo, ion­
aoarhusnæoi og starfsleyfi fyrir skfoasvæoi.

l.d. Hvernig er hættlllllatsvillllaframkvællld i Frakklalldi? Hver fer fram ti ao
hættllmat veroi gertfyrir tikveoilJ byggoarlag og hverjir sja ll/Ilframkvællld.

Pao er bundio f logum f Frakklandi ao rfkio veroi ao sja um oryggi peirra sem bua a
hættusvæoum gagnvart natturuva. Eitt megin viofangsefnio er ao framkvæma hættu­
mat og utbtia hættumatskort fyrir viokomandi svæoi. i hverju "department" er tengi­
liOur vio rfkistj6rnina og a hann ao sja til pess ao hættumat veroi framkvæmt fyrir
hvert bæjarfelag eoa landsvæoi fyrir sig. pao em nokkur raouneyti sem koma ao pessu
mali en sa sem biour um hættumat er syslumaour/bæjarstj6rilborgarstj6ri. Ef syslu-
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maour/bæjarstj6rilborgastj6ri biour ekki um hættumat pa er honum bent a ao gera slikt
PV! hann er pers6nulega abyrgur fyrir oryggi fuua sinna.

RTM stofnunin i Frakklandi ser hins vegar um gera hættumats og hættumats­
korta. RTM hefur skrifstofur i nær ollum "department" og ser hver og ein um korta­
gero fyrir sitt svæai mea aastoa fra hOfuastbavunum, til dæmis i Grenoble.

,
I.e. } Hvaoa tegllndir ajhættllmatskortllm em til i Frakklandi? Hver er

mælikvariJi og tilganglIr hverrar tegllndar?
pau hættumatskort sem gera eru na yfir nær alla nattumva sem steojar ao i Frakklandi.
Par ma nefna snj6fl6i\, glj6thrun, aurskriaur, "landslides" og vatnsfl6i\.

Hættumatskort eru gero ! mismunandi mælikvoroum, eftir pettleika byggoar.
Til dæmis eru byggo svæai teiknuo fl: 1000 til 1:5000. Petta a bæoi vio um pa staai
sem eru pegar byggoir og svo pa par sem bygga er fyrirhuguo.

I.f Hver er abyrgllr jyrir oryggi a snj6jl6iJ-, allrskriiJll- og glj6thmnslllallllll i
Frakklandi?

Syslumaaurlborgarstj6ri/bæjarstj6ri ber abyrga a oryggismalum hvers svæois fyrir sig
og er hann pers6nu!ega abyrguf. Petta a bæoi via um bæi og porp og svo utivistar­
svæoi s.s. skfoasvæoi. Autivistarsvæoum er samningur milli viokomandi syslumanns/
borgarstj6ra/bæjarstj6ra og eigenda t.d. skfoasvæois um ao oryggismalum se fram­
fylgt en viokomandi syslumaour/borgarstj6rilbæjarstj6ri parf ao ganga ur skugga um
ao oryggismalum se fullnægt.

2. Tj6n - slys

2.a. Em jJorp / bæir i snj6jl6iJa-, allrskriiJll- og grj6thrzlllshættll i Frakklandi?
Hve lIIargir? Hve margtj6lk?

Flest porp / bæir i Frakklandi em orugg og hefur ekki verio dauosfall f porpi vegna
snj6f16aa uncianfarin ar. Ekki fengust neinar tblur um hve margir eoa hve margt f6lk.

2.b. Hve lIIargir hajajarist i snj6jl6iJllIn, anrskriiJllIn og grj6thrlllzi IlIzdanjarin
50 ar (t.d.)?

Eg naoi ekki i neinar yfirlitstblur um fjolda f6lks sem hefur farist f snj6fl6oum undan­
farin 50 ar. Hins vegar farast um pao bil 20 til 40 manns a ari i snj6fl6i\um einum
saman aoallega skioaf61k og fjallgongumenn. Pessi tala er p6 ekki samanburoarhæf
fra ari til ars vegna pess ao p6 svo ao oryggi og fræosla eykst fra ari til ars sem ætti ao
draga ur dauosfOlIum pa eykst fjoldi feroamanna einnig, sem leioir af ser ao mun
meiri umfero er f dag en til dæmis fyrir 10 arum.

f vioauka 4 em yfirlitstblur um hversu mar'gir f6rust f Haute-Savoie "depart­
ment" ario 1992. f hei Id em um 400 kommunur (einskonar hreppar) innan marka
pessa svæois og il pessu tfmabili urou 212 fyrir niitturufarslegum skakkafOlIum.

2.c. Em til einhverjar yfirlitstolllr (llpphæiJir) IlIIl skaoa a lIIaJlIlvirkjlllll?
Allar yfirlitstolur er mjog erfitt ao fa i Frakklandi aoallega vegna pess hversu stj6rnun
apessum hlutum er i margra hondum.
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3. Asættanleg ahætta

3.a. Hvernig eru mork hættusvæaa skilgreind? Emfleiri en eiu gera aj
hættusvæai (sbr. raua/gul/bla i Sviss)?

Sjå spurningu 4.d. via hluta pessarar spurningar. Af pvi sem eg best skildi på eru
uthla~'psvæoi snj6fl60a latin raoa mestu um mork pessara svæoa. Alfa I beta m6telio
er Ld. ekki notao i Frakklandi.

3.b. Em eiuhverjar viiJmiall/zartolur Il/n asættanlegan endllrkomlltima eaa
asættanlegar danarlikur? Hverjar? Eaa er e.t. v. miaaa viiJ akveana stika i
akveanll1nlikonllm?

Ekki fekkst svar vio pessari spurningu.

4. Hættllmatsgera, almenn og bygga a loJtmyudatlllkll/1

4.a. Hvaaa stoJnun ser Il/n Jramkvæmt hættumatsgeraar?
RTM ser um gero hættumatskorta og vinna par meoal annars jarOfræoingar, verk­
fræoingar og aorir aoilar eftir pvi a hvaoa stigi og hvers eOlis verkefnio er.

CEMAGREF ser hins vegar um aflun og tulkun gagna vegna snj6fl6oa og
byggir megin hluta pess starfs aloftmyndatulkun. Dt ur peirri gagnasafnun er gert
utbreioslukort snj6f16oa par sem bæoi metnar og pekktar utlinur koma fram (sja
vioauka 5).

4.b. Hvaaa kort em til, bygga a loJtmyndatlllkuninni, i hvaaa mælikvaraa eru
jJau og hvernig uytast jJessi kort?

CEMAGREF gefur ut utbreioslukort i mælikvaroa I:25.000 sem er byggt å pessari
aofero, auk pess ao innihaida upplysingar um skraoar sagulegar heimildir. Apessum
korturn kemur einnig fram mat a hugsanlegum upptakasvæoum snj6f16oa (sja vioauka
5). pessi kort eru sfOan notuo til gmndvallar hættumatskorta sem unnin em hjå RTM.

4.c. Hvernig er mat a lltbreiaslu sllj6fl6aa bygga a loJtmyndatl1lkllnJram-
kvæmd?

Pessi aOfero er byggist fyrst og fremst a tulkun loftlj6smynda. Notaoar em bæoi svart­
hvitar, lit og innfrarauoar myndir i pessari athugun. Skooaoar em breytingar sem sjåst
a uppbyggingu sk6glendis. Hægt er ao greina mismunandi tegundir trjaa å loft­
myndum sem gerir pessa aOfero mogulega. Haldg60 pekking å pr6unarferli sk6ga er
nauosynleg. Nauosynlegt er ao geta greint mismunandi trjåtegundir i sundur og pekkja
hvaoa tegundir koma i stao annarra. Pessi aofero krefst mikillar pjalfunar og er f61ki
ekki treyst an leiosagnar fyrstu årin. Hugsanleg snj6safnunarsvæoi em einnig skoouo
a loftmyndunum. Megin drættir i t6p6grafiunni skooaour, landhalli aætlaour og gefiil
mat a hvort um hugsanlegt upptakasvæoi er ao ræoa.

4.d. Hvert erJertia via gera hættumatskorta hja RTM
Eins og aour hefur komio fram pa ser RTM um gero hættumatskorta, hvort svo sem
par er fyrir snj6f160, aurskriour, grj6thmn eoa aorar nattumfarslegar 6gnir. Miklar
krofur em settar a pann mannskap sem vinnur viil slik kort og parf viokomandi ao fa
mikla og langa pjalfun aour fullt traust er borio til hans. Mikill fjaldi jarOfræoinga og
annarra nåttumvisindamanna vinnur ao pessum malaflokki i Frakklandi.
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Fyrsta skref pessarar vinnu felst i pvi ao merkja inn a staOfræoikort, f mæli­
kvaroa fra I: 1000 upp f 1:25.000 (fer eftir pettleika byggaar). 011 pau fyrirbæri sem
vitao er um, s.s. snjofl60, grjothrun, "landslide" og pess hattar, eru merkt inn a pessi
kort og svo tulkun sem viokomandi setur inn. Upplysingar eru teknar bæoi fra rituoum
heimildum, loftmyndatulkun og ekki sist fra skoounarferoum ut f morkina. petta kort
er sioqn borio undir bæjarrao og utskyrt og pau gagn sem liggja til grundvallar lOgo
fram (sja vioauka 6).

Næsta skref er framkvæmcl a hættumati. Par er hættan metin og mismunandi
hættustig sett inn. f Frakklancli eru prju mismunandi hættustig metin.

Stig I. Lltil hætta, Her getur vel byggt h6s staoio an frekari varm\.
Stig Il. Varna er porf. Mismikil hætta til staoar.
Stig Ill. Svæoi sem ekki er hægt ao velja.

Stig hættumats er auokennclmeo mismunandi litum, til clæmis er rauour notaaur f
mesta hættuflokknum t.d. rauiJfjolublalt =mesta hætta, /j6sfjolublatt =minni hætta.
Par sem hætta er miOlungs eaa Iftil eru svæoin auokenncl meo blaum lit. par sem engin
hætta er talin vera eru svæoin auokenncl meo hvitum lit.

Å rauou svæounum eru allar nybyggingar bannaoar, en eldri bygga metin. Ef
hæltan er talin vera of mikil pa eru hus yfirgefin, en log um uppkaup fasteigna hafa
ekki verio notuo mikio f Frakklandi enda tilt6rulega ny. Å bl<lu svæounum er bygga
leyfO ef h6s eru styrkt eaa hafa kjallara par sem folk getur viohafst ef hættuastand
rikir. Logun h6sa fer eftir reglugero. H6s purfa ao pola 3 tonna prysting a fermetra.
Opnanir eiga ekki vera upp a moti hugsanlegu snj6f160i. Å pessum svæoum geta bæoi
verio um miolungs og lilla hætlU ao ræoa. Engar byggingar eru leifOar 10 metrum fra
arbokkum vegna flooahætlU.

Par sem hus hafa verio styrkt, varin eaa bygga samkvæmt akveonum staOli
sem mælt er meo vegna yfirvofandi hættu pa getur rautt svæoi breyst yfir fbIatt.

N,lnari utlistun a starfsemi RTM er ao finna f vioauka 7.

5. Gagnasajn U11l snj6jl60, aurskrilJur og grj6thrlln

5.a. Er til gagnasajnll11l snj6jl60, aurskriour og grj6thrun i Frakk/andi? Er ti/
sa11lantekt eoa skyrs/a a ensku Il1n he/stu kennistæriJir sajnsins?

Nei, ekki sem eg fekk upplysingar um.

5.b. Hejur veriiJ gero toljræoileg greining a llth/allps/engd snj6jl6oa a grundvelli
sltks gagnasajns og a hverju byggist hlln?

Nei, ekki f vitund peirra sem eg talaoi via enda notast peir nær eingongu via soguleg
gogn og loftmyndatulkun.

6. Snj6jl6iJa-, aurskrilJu- og grj6thrllns spar og voktun

6.a. Hvemig er rekstri snj6jl6oa-, aurskriou- og grj6thrunsviiJvoTllnarkerjis i
Frakk/andi hat/ao og hverjir ha/a u11lsj6n 11leiJ jJvi?

Meteo Franee ser um rekstur viovorunarkefis Frakklands. peir telja sig hafa eitt besta
viovomnarkerfi f Evropu sem byggt er a CROCUS, SAFRAN og MEPRA (sja vio­
auka l).

Svipao og f Sviss pa fa peil' send inn gagn fra um 140 stooum daglega. Mest af
pvi er fra snjoathugnannonnum. pau gagn sem berast daglega er veourlysing, snj6-
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sOfnun og yfirborosasynd snj6~ekjunnar. peil' fa upplysingar ur snj6gryfjum einu
sinni i viku. Vm 90% af ~eim koma fra skioasvæoum og 10% fra snj6eftirlitsmonnum
og bjorgunarsveitum. Viovaranir eru gefnar ut daglega fyrir st6r svæoi feinu. Petta
kerfi er virkl fra 15.12 til 01.06 ar hvert.

6.b. ,Hvemig er vOktIIll å sllj6jJekjullni eoajarovegsjJekjunlli luittao og hverjir
I jramkvæma jJå voktun?

Dm 90 % allra gryfjusnioa koma fra skfOasvæoum en um 10 % ~eirra koma frå snj6­
eftirlitsmonnum og bjorgunarsveitum. Dm 140 stiiovar framkvæma veourathuganir
sem ~eir byggja spar sinaI' a. Par kemur fram veom og yfirborosasynd snj6~ekjunnar.

Meleo France sendir ut aovaranir um yfirvofandi snj6fl60ahættu en ~ær eru oftast
fæITi en 10 a ari. Veturinn 1995 til 1996 var aoeins send ut ein slik viovorun. Peil'
senda ut daglegal' viovaranir en aovaranir sjaldnar.

Aovaranirnar eru sendal' til almannavarna og hvers syslumanns/bæjar­
stj6ra/borgarstj6ra. Viokomandi ser um sitt "department" ~ar meo talin skioasvæoi
sem liggja innan hans I6gsogu.

7. Vamarvirki

7.a Er mikio IIIn jJettbyggiJ svæoi å snj6jl6oa-, aurskriiJu- og grj6thrllllssvæoum
i Frakklandi sem varill haja veriiJ meo vamarvirkjum, hverjir sjå lUll

hOll/llll1 og jralllkvæmd og hveljir fjårlllagna jJessar jramkvæmdir?
Talsvert mikio er af husum sem hafa verio varin. p6 er oftast um styrkingar h(lsa ao
ræoa. Nanari svor via ~essum spurningum er ao finna i vioauka 8.

Yfirvold viokomandi svæois sja oftast nær um ao fjarmagna varnarvirki fyrir
heil byggoarlog, en rikio lætur af hendi um 50%. pegar verio er ao verja einstaka ny­
byggo hus, sva sem verksmiour eoa annao atvinnuhusnæoi ~a ser viokomandi bygg­
ingaraoili um varnirnar, ~etta er ~6 ekki algilt. Oftast eru varnarvirki honnuo å einka­
reknum verkfræoistofum sem serhæfa sig i sliku en ef rikio ser um greiaslu å varnar­
virkjum ~a ser RTM stundum um ~a honnun.

7.b. Hvert er lUn/ang vamavirkja i Frakklandi og hvers konar vamarvirki er um
ao ræoa (heildarlengd netvirkja, jlatarmålllpptakasvæaa mea netu111, lengd,
hæa og rl111111Uil stærstu jJvergaroa og leiiJigaroa, brattir leiaigariJar eaa
jJVergaroar (?), o.sJrv.)?

Sama sagan her eins og annars staoar meo allar yfirlitstolur. En nokkrar upplysingar
fekk eg ~6. Lengsti vegskali sem gerour hefur verio i Frakklandi er um 400 m. Stærsti
varnarkerfi er i någrenni Charmoix, ~ao var byggt f byrjun niunda aratugarins. Kost­
naour var i kringum 35 millj6nir Franka. Lengst cmtex er um 7 km.

f Brages i Pyreneafjollunum hefur veriO unnio ao snj6fl60avornum fra årinu
1880. petta er stærsta varnarvirkjasvæoi i Frakklandi

7.c. Erll til kenllitolllr eaa viollliaullartolur byggaar å reynslu fyrir kostnao vio
byggingu vamarvirkja (pr. lengdarmetra ajnetum, rUIIl111etra ajgoroum)?

Ekki fengust upplysingar um ~essi mal i ~essari fero. pao må helst skyra a ~ann hatt
ao allar framkvæmdir um honnun varnavirkja i Frakklandi eru i hondum einkastofa og
~vf mjog erfitt ao afla ~eirra gagna. Eg bendi hins vegar a vioauka 8 til gloggvunar a
~essari spurningu.
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7.d. Hverm l1liklll er variiJ til snj6jl6lJa-, allrskrilJll- og grj6thrunsvama aan i
Frakklandi?

Pessar upplysingar eru vandfundnal' aoallega vegna pess hversu dreift framkvæmdar­
valdia er. Megin niourstaoa ur pessari spurningu er pa ao mjog erfitt er ao sannfæra
politikusa ao verja fjarmunum i slfkt.

,
7.e. ,Er til yfirlitsgreinlllll snj6jl6lJa-, allrskriOll- og grj6thrunsvamarvirki i

Frakklandi?
Nei, ekki sem eg komst i tæri via.

I>akkir
Eg vil pakka Franska sendiraoinu og Menntamiilariiouneytinu fyrir ao gera mer kleyft
ao heimsækja Grenoble og kynna mer starfsemi Frakka i snjofl60amiilum og oorum
miilaflokkum sem tengjast niitturuvii. Serstakar pakkir fæl' Gilles BOI'ell sem skipu­
lagoi feroina fyrir mig og allir peil' sem gåfu ser tima til ao ræoa via mig ii meoan a
dvol minni i Frakklandi stoa.
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TOOLS FOR AVALANCHE FORECASTING IN FRANCE

To evaluate the avalanche hazard, it is necessary to analyse the stabi lity of the
snow cover ant;! to use the meteorological forecast to know about the likely evolution
of Ulis snow. Severa[ models have been developed by the Centre d'Etudes de la
Neige (C.E.N.) of Meteo France (the center of snow studies in the French
meteorological office, Grenoble) to help this evaluation. Three models are used
actually working together for the avalanche forecast. Those are CROCUS, SAFRAN
and MEPRA which really gives an evaluation of Ihe avalanche risk.
So far, there are 9 meteorological "mountain" offices in France which are working on
the avalanche forecast for their own region, collecting the data from the lacal
observers of the area. They are using Ihe help provided by these inlormatic lools in
Grenoble.

CROCUS is a numerical model made to follow with more accuracy the evolution of
the snow cover because the data collected in the field were not complete enough (in
time and space). Tilis model takes into account thermical conduction, compression
of the snow cover, free water percolation, melting, refreezing and metamorphism. It
simulates the evolution of every layer as well. It has be tested during the winter
88/89 and gives very good results.

SAFRAN is another application which has been set up to complement CROCUS for
the avalanche foreeast performed by MEPRA. It enables Ule using of punctual data.
The resulls are given in real time. It estimates the IR and sun radiations (taking in
account nebulosity...), wind, temperatures, humidity, precipitation, arriving on the
ground. Satellite's pictures will soon be automatically used. SAFRAN gives directly
some inlormation to CROCUS.

Using SAFRAN and CROCUS, MEPRA foreeasts the avalanche risk.

What is MEPRA ?

MEPRA system is an avalanche-expert system. This means that it was sel up to
work as an expert in avalanches would do, following the same procedure using an
encoded symbolic logic. Expert systems seem to be required to be able to foreeast
Ihe avalanches because there are a lot of important non-numerical information
experts use. That's why Ule numerical proeedures need to be completed with this
kind of system.
MEPRA was installed in 1986 by the CEN. Its aim is to help the avalanche foreeast
at the regional scale (mountain range, 200 up to 1000 km2) by using fragmented
information. The data which are used are both collected in the field (snow profiles ...)
by local observers and given by the other informatic systems SAFRAN (for
meteorological conditions) and CROCUS (for the evolution of the snow cover).
Using on different ways CROCUS and MEPRA allow to separate the mechanical
stability of the snowpack and the avalanche risk.

At the beginning, Mepra were used to give more information about the snow
(hardness ...) and an hazard analysis taking in account the top of the snowpack and
the avalanches which already occurred. There were then severai problems: at first,
the total snow cover were not taken in account and then, it was always difficult to
know about all the avalanches which already occurred. That's why, modifications
have been made in the last few years.



Now, except for tl1e avalanches due to local condition (drifting snow, wind slabs ...),
1I1e avalanelle hazard is evaluated by com paring similar avalanelle tracks (altitude,
exposition, slope ...). Every day tl1e avalanelle forecaster sl10uld analyse the
differences on tl1e snow cover on 101'1 and higl1 altitude, soutl1 or nortIl exposition....
Tl1at's wl1at MEPRA is doing now, after a long training period. Tile data are given
for every 300 m of altitude, for 6 expositions (N·, E, SE, S, SW, W) ellosen because
of tl1e French Alps conditions and 2 different steepness of slopes (20 and 40
degree).

Hov; is MEPRA working ?

- At first, it will analyse tl1e mecl1anical stability.
Tile snow cover is studied in a sta tie way in order to find the weakest layers. It is
dOl)e by comparing tl1e shear strengtIl of eacl1 layer wl1icl1 is linked to tl1e density,
tl1e· grain type, tl1e tangential component of tl1e gravity. A correction l1as been made
in MEPRA for the wet snow, because tl1e mecl1anical stability is tl1en more
complicated. The percolation l1as in this case a big importance.
- TIlen, the l1azard estimation is made for eacl1 massif, every 300 m height, for 6
expositions and for different steepness of slope.
Six levels of avalanche risk have been set up, from very 101'1 up to very important
risk. Tilis estimation will take in account the worst instability level, the thickness of
the snow above tl1e weak layer, and the estimated evolution of tl1e snow cover.
Tile type of avalanche (wet loose-snow, dry loose-snow, slab avalanche ...), is
specified by MEPRA .

Validation of MEPRA

Tile first modifications were made after a training period during the winter
1992/1993.
Tile second validation 11as been carried by comparing the observed avalanches to
the MEPRA answers, during the last 10 winters (ti Il 1994) on the Vanoise massif. To
be able lo com pare, the observed avalanches should be evaluated by the same
scale of risk as MEPRA. This has been solved by severai formulas taking into
account the number of avalanches observed in each local stalion, for each day.

The results show that :

- MEPRA gives a good analysis for the spring condition. Tile correction for the wet
snow, taking into account the percolation, seems to be available.
- In tl1e case of higl1 intensity of precipitation, it is more difficult to know whether
MEPRA work because then, observations are becoming very difficull and even
impossible in same cases.
- It is still difficult to take in account the drifting snow for a global approach at the
regionalscale.

So, MEPRA seems to be a good tool for avalanche forecasting.
Those three systems SAFRAN, CROCUS and MEPRA should now com pare the
snow cover slructure observed in the field and the predictions given by these
modeis.
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ABSTRACT. The choiee of the best protection system against avalanches on a
panicular path rcquires an accurate clescription. or imagt, of these avalanches. In
order to get this image, avalanche consultants can use sevcral numerical models

·"...·hich are often difficult to handle. Moreover, these morlc1s dcal only with a part of
the phenomena involved in avalanches and ignore the others. As a resulr, the
consultants must use their expericnce and knowlcclge to imagine the avalanches on
any particular path.

This paper presents ELSA (Etude et Limites de Sites Avalancheux), a computer
system clcrlicatccl to the moclelling of the knowledgc of avalanche experts and to the
j"ttgra/ion of the new symbolie computer modcls with the cbssical numerical modcls.
The basic aim ofintcgration is to build a unique computer system incorporating all
these modeIs.

After a description ofthc tcrrain reprcscntation, we present the different scenarios
that ELSA takes into aCCQunt. Then, the mcthods which deal v·:ith some phcnomcna
occurring in avalanches are dcscribcd. The problems involved in the integration of
these methods elose this paper.

INTRODUCTION

The consultants respansible for avalanche path analysis
must answer the following questions: Is there any
avalanche hazard on the path? Which kinds of avalanche
can occur? In which conditions? \-Vhat are the propcrties
of these avalanches (magnitudc, vclocity, cxtension,
pressure fields, etc.)? These analyses will give the basic
information to rccomrnend the best protcetion strategy
(Buisson and Charlier, 1989).

The consultants have several tools to analyse an
avalanchc path. First of all, they can use their expcricncc.
They can make comparisons betwcen a particular
avalanche path and some other well-known paths. They
can make assumptions basecl on terrain and vegetation
features. But more and more, in avalanche hazard zaning,
veloeity and run-out distance are required for building
design. Sno\\' specialists can use sirnulation methods based
on mechanical cquations. Numeraus modc1s have been
deve10ped from Voellmy's mode! mainly to describe a
flowing avalanche (Bakkehøi and others, 1981; Beghin
and Brugnot, 1983; Brugnot and Vila, 1985; Norem and
others, 1989; Salm and others, 1990; Martinet, 1992;
Brandstatter and others, unpublished).

ELSA is a computer tool dedicated to avalanche path
analysis (Buisson and Charlier, 1989). It tries to provide
not only some ofthese nurnerical sirnulation methods, but
also some empirical methods deve!oped by using the
experience of avalanche experts. These methods provide
input data for the numerical modeIs. Recent develop­
ments in computer science enable the knowledge of
avalanche experts to be capturcd. Symbolie modd, based on

this knowlcdge can then be implernented (Buisson.
1990a).

Thcre is no confiict bct .....cen these two kinds of
method. They are complcmentary and can be combined
to producc an improvcd output.

DESCRIPTION OF TERRAIN

ELSA must be provided with an accurate descriprion of
tcrrain, which plays an important part in avalanche path
analysis. Topography, vegetation and the nature of the
sail surface are the parameters which. in combination
, .... ith meteorological conditions, control the release and
flow behaviour of avalanches. In nurncrical models, the
terrain profiles are used to describe the geometry of the
avalanche track. The vegetation and the the soil surface
are important in the choice of raughncss coefficients. In
symbolic modeIs, slope, topography around the ridgcs,
and exposure to prevailing wind direction are used as
dcterminants for the cornputation of snowdrift, snow
cover stability and fraeture propagation.

Three zones

The different models available in ELSA cannot be' used
on the whole avalanche path. As a rcsu!t, we .,stime that
the user is ab1e to define the 'tarling .l;an" the :a-'Hilanche
(TOek, and the run-oul .l;one elearIy (Fig. 1),,·lT!ill"'.de­
composition is commen. The starting zone i3 thafpårt of
the terrain where the mass ofsnow which will be"iriyolved
in the avalanehe is re!eased. The fraeture propågation



Bui"on and Charli,,: Aualanehe mod,lling wilh Ih, ELSA '.lsl,m

coordinatcs of ils vcrtices. This mcthod ".,-as suggestcd by
Toppe (personal communication) in order to kccp the
numher of triangles low and to get an accuratc DT~!

adaptecl to the tcrrain features.

Pane!s
sto1J1jng

z.on<!

~\·;lr:J.ndIO=

shell

run,oul zonc

Fig. 1. The Droyre aua/anche path Z11 Vatljanyl ISlTl I

R/gioll RJuJne-AlpuJ FranCt.

and the accelcration of the avalanchc are principal
features of this zane. The avalanchc track is whcre the
avalanchc simply Oows and the run·out zone is ""here the
avalanchc deccleratcs and linally stops.

Triangles and topography

In order to dcscribe the topography mathematically, a
digital tcrrain modcl (DTM) is rcquircd. A triangulation
mcthod is uscd \"'hich dcscribcs the natural tcrrain as
planar triangles (Fig. 2) with cach triangle defined by the

Fig. 2. T riangulation anaryns for th, Drayre aualaneh,
palh.

Thc same symbolic modcls are based on cxpcn;'
knowledge. As a res ult, ELSA must use the same terrain
analysis methodology as these expcTts do. The expens do
not reasan in small triangles; instcad, the.,.. usc a unit of
terrain called a panel. A pancl is considered to be
homogeneaus according to the criteria of [he avalanchc
path analysis: slope, exposure) vcgetation, soil and
distance to the main ridges. Pancls are represcnt~d in
ELSA as polygons dcfined by the union of sc':crol
connectcd triangles. The panel represents the minimum
topological decomposition of the tcrrain (Fig. 3). ELSA
dacs not consider units of terrain which are less than [he
size of a panel.

Fig. 3. Simpli/iealion of th, Drayre aualanehe palh inlo
pallds. Ridges alld breaks ofslop, are reprmnl,d by lille!.

A construetion system

The triangle and panel specifications suggest the process
of their construction. The basic idea is to use the data
which are easily obtained from sources such as (I)
contour line maps, (2) ridges and breaks of slape maps,
(3) singularity line maps (showing changes in aspect,
gullies, furrows, etc.), and (4) vegetation and soil surface
maps. All ofthese polygon al lines will become constraints
in the building of trianglcs: i.e. these lines cannot cut
through a trianglc.

According to the specifications of the panels, thcse
polygonallines may have severaI meanings. Same must be
panel boundarics (e.g. vegetation or ridge line); othcrs
may be included in the interior of a panel (a contour line
for instance). In this latter case, the lines are uscd only for
the construetion of the triangles.
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The tcrrain construction system is based on polygonal
lines. Each vertex ofthese lines must be known through its
three eoordinates. rf x and y are defined through the
digitization of the map, the z·coordinatcs can be providcd
only by the con/our line map. As a consequenceJ we decidcd
not to work with the initial data maps (2), (3) and (4)
(Fig. 4a) but whh the lines defined by the interseetion of
these data with the eontour lines from map (1) (Fig.4b).
Natural1YI the user is allowcd to keep one particular point
on a line ofmaps (2), (3) and (4) but he must provide the
elevation of this poi~t (Fig. 4e).

I

Fig. 1. aJ b and c: polygona!lineJ uud in the construetion.

The contour lines maps are purchased at 1'1nstitut
GcogrJphique National which is in charge ofmapping in
France. The ~vailable digitizcd contour lines are adapted
to a seale of l : 10 000. The other maps (2), (3) and (4) are
digitilcd by the llSr.r on the graphie interface of ELSA.
This opcration rcquircs a good analysis of the natural
tcrrain.

METEOROLOGICAL CONDITIONS

An uvaiJnche occurs ".·hen a parcicuiJl" sccnJrio takes
pbce on an aVJbnchc path.

A Jemario is dcscribed through an initial condition and a
scquencc of tVtll/s. An initial condition dcfines the
distribution oC the snow in the starting zonc. The last
cvent is called the critiea/ tuwt and it ends with an
::lvalJnche rclease.

ELSA is ablc to dcal with two sccnarios:

a heavy snowfall on an cxisting snow cover triggcrs an
a\"alanchc;

SilO ",drift

Fig. 5. Aua/allch, phmomma lakm ill lo accaullt by ELSA.
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a snowfall on an existing snow cover creates a new
snow cover and an artificial rcleasc is triggered later
on a panel.

In bath scenarios, the snowfall cvcnt can occur with or
withaut snowdrift. The user can choGSe the wind direction
and the empirical level of snowdriCt. The user can also
choosc the charactcr of the snow available for avalanchc
(e.g. the new sno\\! from a snowf:l.11) in both scen::.nos. The
charactcr is dcfined by physical parameters: clensity,
cohesion, friction angle. The ex is ting snow cover (calied
the old snow) in the initial condition is not supposed to
contributc mass to the aV:1lanche but is dcscribed by ics
upper surfJce (the Iliding Jurface). The initi:1l condition
provides a distribution of snow hcights.

lIIODELLlNG SEVERAL PHENOMENA

During an avabnche, scveral phenomena take place in
the avalanche path as shown in Figure 5. Four
phenomena are analyzcd: snowcirifr, snow cover stabil­
ity, release propagation and avalanchc now and stopping.
The first three are locatcd mJinly on the starting zonc,
the bst on the avabnche track and on the run-out zonc.

r

Fig. 6. Four u/a/itu pOJitionr betwun a ridg', r, and a
palld, p, cOflsida,d by ELSA: tuar, vuy n,ar,juxtapoud
and 011.

8Dowdrirt

Snowdrm and its innuencc on avalanchcs have becn
studicd both theoretieally and experimentally (Fohn and
~'leister, 1983; Meister, 1989). In ELSA a symbolic
simulation of snowdrift is based on empirieal knowledge.
The first assumption is that the spatial analysis ofpane!s is
relevant and yiclds homogeneous units with reference to
this phenomenon. Sevcral parameters are used to estimate
snowdrift on cach panel: relative position of the panel to
the ridge (Fig. 6); shape of the ridge (assumed to be
symmetrie); distanee to the ridge; ineidence angle
between the wind and the ridge; and position of the
panel and the ridge relative to wind (Icc- or windward),
The result of the snowdrift analysis is an empirieal
distribucion of a coemcient betwcen O and 5. A coefficient
of 1means that snowdrift has no errect. A coemcie~t less
than Imeans that there is wind erosion; a coefficient
greater than l rncans that there is wind deposit. The limit
of 5 is the maximum value. .~:';.

*li~~;,
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SnoW cover stability

Twa methads are used in order to estimate the snow co.... er
stability. This stability is then used in the analysis of
rclcase propagation. The first onc is based on a single
rule: if the upper sno\\' byer is a slab (i.e. with a good
cohcsion) and ifit lies on a weak layer with no cohesion or
a slirling surface wilhout anchorage, the stability depends
anly on the relative values of the slope angle i and the
external friction angle 9. As a result, the stability
condition is 9 ~ i.

1fthis concfition is not true. wc consider that the upper
snow layer is) held by ilS lateral anchorage. This will
expl:!.in the fracture propJ.gation.

Another very simple madel is uscd in the starting 2anc
to calculate the stability. It is bascd on the soil mechanics
interprctation which givcs, for a homogeneous material
and an infinitc domain, the critical depth h ctit (measurcd
venically) of material aba .... e which a slide can appear:

C cos I.p
he';' = d .. (. ) ,

gCOSISIn t - lp

whcrc 9 is accc.1eration due to gravity, i is slopc anglc, dis
density of the materiJ.l (in [his case, the upper snow
layer), c is cohcsion of the m:Hcrial, and I{J is internal
friction angle of the m:ucri.:l.!.

In this case, the condition for stability is h ctit ~ h.
lf h > herit, tbe llpper SHOW byer is considered to be

unstable. In both cases, if [itere is a rc1case] the whole
unst:l.ble snow byer is considered to be involved.

For both merhods, wc takc into account the mean
panic1e size at the soil surface. For cxample, in a slope
covcrcd with scrce (size 0.5 m), we assurne that no slide
can occur in the byer betwcen O and 0.5 m. In other
\'lords, the snow which smoothes the tcrrain is not taken
into account for the ca1culation of stability (Fig. 7). We
usc the same approach for grass, bush es and small trees.
For forcsts and large trees, wc usc an arbitrary association
betwcen types of trec cover and size of screes. In
dctermining this slide surface. wc aha take into account
the old snow described in the initial condition of the

soil or
"old StlOW cover"

singularities mean hcight

Fig. 7. The sliding surface on a natura! !(rrain.
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Fig. 8. All example oJ releaSt in the Drayre at'alanc!u
path. The PCI:el in hlack is cOllsidered to be the tligger.
The sllflded pallels are comidered to be releaud,

scenario. Therefore, in this p:1per. we speak of the eITicient
snow height, that is, the hcight of the snow which can
slide.

Also, in ELSA the user is always al10wcd to control thc
stability in a panicular panel.

Release propagatioD

In the rclcase propagation, twa phenomena occur with
different characteristic times. The faster is a wave
propagation whieh takcs place in a cohesive snow layer
where the slab stability condition is excceded; it is the
fracture propagatioll. The slower is the gradual cntrainmcnt
of snow masses maving dm.... n slope and is callcd Tllovemwt
pro/Jagation. Thcse twa phenomena act together to

detcrmine the part of the starting zone releasecl (Fig. B).
The wave-like fraeture propagation is bascd only 011

the stability inferred according to the first method (slab
stability). If a panel PI is scen as unsteady according t9
this rnethod J then it is rclcascd as soon as a neighbour, P2,
is releascd.

The second phenomenon is dealt with by exploiting
anothcr simple modcl. A panel P2 with an area [;2 \'las
not rcleasecl by the first propagation phenomenon; Le.
there \Vas no stab or weak layer. MoreoverJ the SIlOW

height h2 was 10wer than the critica1 snow height h2c. A
volume offh ofsnow arrives on p,. lfit is large enough to
overload P2, there is propagation. This condition is

When the condition is not fu!fil1ed, we consider that the
propagation has stopped.

The eharacter of the snow plays a large part in the
cornputation of h2c o Wc assurne that the character ofthc
movable snow and the moving snow are the same
everywhere. The spatia! analysis of panels plays a large
part in this model.

.t.



Avalanche flow

As cxplained abovc, the avalanche motion can bc
simulatcd by sevcral methods, but only twa of theOl are
available in ELSA: the method presented by Bakkehoi
and olhcrs (1981, modified from the Voellmy's melhod)
and the Saint-Venant's made! solved by the numerical
scheme crealed by Vila (1984-) and developed by
Marlinet (1992).

The first methad rcquircs an estimation of the mass of
snow involved ill; the avalanche. The second melhod
requires a hyclrograph , Le. a Oow rate versus time at the
beginning of the avalanche track. The mass is given by
the analysis of the fraeture propagation. The user must
choose a now time.

INTEGRATION

Integrc./ion is uscd here to mean the introduction and the
articulation of severai methods in the same computer
system.

This paper presents seycral methods used in ELSA.
Some melhods have been used already (especially the last
oncs, dcdicatcd to avabnche Oow); some are ncw and
necd more work to be validatcd. Thcse mcthods are
integraled in ELSA. The knowledge-based system
architecturc allows for the dcvelopmcnt of probltln solving
wI;irOllm(ntJ (Buisson, 199Gb).

ELSA is built on an object-oriented knowIcdge
representJ.tion system, SHIRKA (Rechenmann and
othcrs, unpublished), which is \Hitten in Le~Lisp, a Lisp
dialccl (llog S.A., 1991). ELSA runs on a SUN IPC
workstJ.tion with UNIX.

Sharing uata

Olle or ELSA's main strcngths is the sharing of data
betwcen severaI methods. The best cxample is topo­
graphy. All the different methocls use trianguiJ.tion to
represent te.rrain. Howevcr, the first three rnethods make
intensive. use of the decomposition in panets. The main
advantage of data sharing lies in consistcncy and in time
saving.

Cooperation

The output of the symbolic simulation can drive the
numerical simulation and vice versa. As a Tesult , all the
phenomena described abovc are linked to ane another in
the anal)'sis.

Interactive interface

The interacti\'e interface allows non~computer specialists
lo use ELSA. The user-friendly colour interface based on
a mouse and a high definition screen highlights the
important parameters. The keyboard of the workstation is
hard ly med and the mer does not need to know or use the
computer operating system or programming languages.

The language Le.Lisp is provided with AIda, an
object.oriented environment for the developrncnt of
graphic applications (Ilog S.A., 1992). The figures in

Buisson and ChaTlja: Aualanche modelling wien Ihe ELSA sys!(m

this paper come from the interfIlcc. It is used for the
construetion proeess (dclinition of the lines presented in
Figure 4a) and for the presentation of rcsults: sno\'l
hcights map, stability distribution , initial fraeture loc~

ation and release propagation. The sccnarios are a1so
displaycd in a graphie representation.

FUTURE DEVELOPMEl'TS

ELSA is still being developed. Besidcs the capabililics
presentcd in [his p:l.pcr and which have already becn
implemented , funher dcvclopmel1ts are being considered:
terrain validation of some. methods; funher ana.lysis of
stability in a forested or trec-covercd area; inte:gration of
the AVAER (AValanche AERosol) program for aerosol
avalanches (Rapin, unpublished)j and integration of a
statistical rnerhod for the estimJ.tion of the run-out
distance such as described by Bakkchoi and orhers (1981).
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1. SHORT HISTORY

ANENA was creatcd in Octoher 1971. A dramatie avalanche killed 39 people in a chalet in the
northcm Alps in February 1970. This avalanche was the starting paint for an invcstigation in to safety
in ski resorts and in snow-covcred mountains.

At that time, more than 15 organizations dealt \Vith snQW and avalanche problems, but bad
coordination harmed their efficiency. That is why the working group involved in the above
investigation recommended the creation of an organization to develop and coordinate research in the
snow and avalanche field. For various reasons it could not be an institute comparable to the Swiss
Federal Institute for Snow and Avalanche Rescarch. Instead, an association was created with the
following aims:
• to facilitatc the coordination between specialists and users, and to promote the exchange of
experience and knowledge \Vith foreign countries;
• to encourage and assist all research undertaken by any person or organization, to rccommend
research, and;
• to distribute and popularize information on sno\V, avalanc hes and safety ill snow-cov~r~d

mountains.

2. ANENA'S ORGANIZATION

ANENA includes any professional or private person or organization interested in any aspect of snow
and avalanches as well as safety in snow-covered mountains: professionals (ski-patrollers, mounlain
guides, ski instructors, cable·car organizations, dC.), clectcd rcpresentativcs of ski resorts, rcsearch
institutes, rescue teams, French public administrators, etc.

It is administered by a baard composed of 30 people elected by the rnembers of ANENA. From this
a seven-member executive board is selected. There is also a scientific and teehnieal council that
reviews researeh projeets submitted to the association for support. In addition, there are six
committees that \Vork on the following: communication, training, avalanche forecast, review,
avaJanche rescue, and judicial aspects.

Finally, five permanent staff are charged with the smooth running of ANENA: a director, an
aeeountant, a clerk and twa secretaries.

3. ANENA'S ACTIVITIES

Since 1971, ANENA has had four kinds ofactivity (research, training, eoordination and information)
and one mission (to inerease safety and prevention of accidcnts in the snow and avalanche ficld).

3.1. Research
In 1971, the priority was on the improvement of knowlcdge. Then, ANENA was the plaee where
practitioners and scientists could meet, discllss and define research projeets. ANENA proposed

l

slUdies, cncouraged rese; by specialized organizations, and facilitatcd the coordi on between
thero. ANENA either eonhoJled the work itself or facilitated the collaboration of others. l·he principaI
concem was efficiency. ANENA was resolutely situated where basic research and field practice came
together. The following examples might be ment ion: the improvement of avalanche forecasts,
3valanehe hazard mapping, artifieial avalanche release, avalanche defenee structures and rescue
systems.

In 1997, ANENA has a different role. After geuing things started, introducing everyone to each
other, and establishing what the)' we·r~ working on, its aetions are now more discreet. It manages
rcsearch projects involving many laboratories and suppans individual research projeets with some of
its partners. The main rcason for this cvolution is lack of mone)~ ...

3.2. Training
Since 1971, ANENA has organized many training eourscs. It is the Frcneh establishment for artificial~

avalanche-release training courses. More than 2000 ski patrollers have al ready taken the course in how
to lise explosives to release avalanches. Just before each winter, ANENA organizes four or five
training comses in the Alps and Pyrenecs for about 100 people. It also organizes a two-da)' training
course for future users of the French avalauncher system.

In France, ANENA is responsible for the training of avalanche dog handlers. In a period of slightly
more then two weeks, about 20 dog-handler teams learn how to locate a buried avalanche victim.

ANENA has also trained many ofthose responsible for 3valanche safety in how to take into account
the variolls parameters related to snow and avalanches and how to manage the avalanche hazard 50 as
to minimize Ihe risk in the area in which they are working.

3.3. Coordination
ANENA \Vas crcatcd to ensurc that cveryone had an opportunity of meeting others working on, or
intercsted in, snow and avalanc hes both in Franee and in ollter countrics. Sincc th~ beginning,
ANENA has facilitated meetings and exehanges and eneouraged new investigations.

For example, ever)' four years it organizcs an international symposium in French and English to
ereate a forum for exeltange and understanding amongst theoreticians and practitioners, to eSlablish the
latest scientific research contributions to safety, and to determine specific applications in the field.
Thus ANENA is also a link between the French and foreign communities involved in the snow and
avalanche licld.

ANENA plnys an important role in France: it is the placc wllere many practical problems are
disclIssed and resolved. All the involved parties are represent~d in the association so all can give their
opinion and eontribute to the solution. The implement~1tion of the solution in the lield by their
"tr00pS" is thus much eusier. Current diseussions include: the "avalanche flag" (and more generally,
public information on the avalanche danger in ski resarts), systems for reseuing avalanche victims, and
the writing of a glossary of snow and avalanche terms (so everyone speaks the same language and
understands each other betler).

3.4. Information
This is the area where dcvc!opment has been the mOSl important.

For internal eommunicntion, ANENA publishes a 32-page quarterly review. The print run exceeds
1400 copies and is distributed to more than 20 countries. For non-Freneh speaking readers, English
nbslmets for the articles have been provided since 1995. It allows all ANENA members lo be familiar
with Ihe activities of their Association and to reccive news of French and international \Vork in the
snow and avalanche fidd.

Information is n[so of course directed to the public. The first wa)' is indirect, through the media
(revicws, radio and TV), either those spccialized in ski ing, snowboarding or mountaincaing, or not



specialized at all. The other way is direct, through the distribution and sale of pamphiets, books,
reports, slides, video tapes, etc. edited by ANENA. Man)' conferences and displays on snow and
avalanches are organized and a lot of information is also given to students and children of school age.
Over the ycars, ANENA has developed an important documentation centre where anyone can obtain
more information on snow and avalanches.

Furthennore, since 1996 ANENA has been organizing a two~day practical training course for skiers
and mountaineers to teach them how to use a beacan and pravide them wilh essentiaI snow and
avalanche knowledge.

4. CONCLUSION
This year ANENA cclehrates its 26th birthday: 26 years of research, training courses, coordination and
information in the service of safety in snow-covered mountains. Important work has been comp1cted,
thanks to all members of the Association, and its activities have cvolved: now less researeh and more
public information. The faet that it is still very much in demand is proof of the importanee of its
existence and the interest generated by its activities.

~ ,
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Stage Techniciens de gestion ONF

LES RISQUES NATURELS EN HAUTE-SAVOIE

212 communes recensees comme ayant des risques natureIs sur l'Atlas national.

En 1992 :

- 42 communes reconnues sinistrees

- 113 routes departementales ou communales coupees

- I mori et 4 blesses (les accidents lies aux activites de loisirs
en haute montagne ne sont pas ici recenses)

- 130 batirnents ont subi des degats, I a ete entierernent detruit

- environ 13millions de degats directs

NB: ALEAS NATURELS X VULNERABlUTE = RISQUES NATURELS
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:ENTRE NATIONAL DU MACHINISME AGRICOLE DU GENIE RURAL DES EAUX ET DES FORETS

~EMAGREF
CARTE DE LOCALISATION PROBABLE DES AVALANCHES

EDITION 1991
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)
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.~ .

echelle 1 : 25 000

Avec la participation financiere de :
CARTE
IJ~

Collaboralion techniquc CEMAGREF Nivologie ­
INSTITUT GEOGRAPHIOUE NATIONAL

Photo·interpretation et enquete sur le terra in
1971 å 1975 ; Revision 1991

l:) CEMAGREF·IGN Pa';, 1991

il,, Direction de rE au et de la Prevenlion
des Pollutions et des Risques

. ~ Dell~gatjon aux Risques Majeurs
un':\.O••"k',

MINISTERE DE L'AGRICULTURE
ET DE LA FORET

Direction de I'Espace Rural
et de la Foret
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DJRECTION DEPARTEMENTALE
DE L' AGRlCULTURE ET
DE LA FORET
PREFECTURE DE LA
HAUTE-SAVOlE

RESTAURATION DES
TERRAINS EN

MONTAGNE
DE LA HAUTE-SAVOfE

,
NOVEL (74)
CARTE INFORMATIVE

de localisation des phenomenes (2)

: limite de commune

: avalanches reconnues sur le terrain et/ou
confirmees par des temoins ,\"9;,;: P/YA

~..

" ,..;:., .._~..~
~r) :/.... ' ..• ",'.'; ~ \

,...... ,I .....; , .. o'c c:
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: marals
, .' " ·.. ··:; ..":.f""ET

.'. . • -t' ;r8,~L,

, glissements .c,ifs nu,Lfr "·-,--'7

: fluages ou deformations anciennes

: ravinements actifs

: ehutes de pierres ou de bloes

", \
,ti

: limites d'ecroulements Echelle 1/10.000
Juillet J995
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The application of natural hazard mapping: the
example of the method followed by the RTM Service

of Haute-Savoie, Franee

In the Frencll AJps, natural hazards have been traditionnally considered by the
inhabitants, so preventing these hazards is essentially done by controlling the establishment of
new buildings. T1ils is done maitJ.1y by regulation doculllents such as the Foreseeable Natural
Hazards Prevention Plan, itl frencll P/all de Prevell/ioll des Risques Ila/ure!s pnJvisib/es (PPR).
T1lis plan consist oftluee stages, at the scale of the frenell "colllmu/le" (tO\\llslilp); first it takes
the census of all the phen omena that can lead to a risk, second it e>.:tends that census to all the
potential risks and third it fixes the regulations needed to protect from the resulting hazards.

1. The natural phenomena localisation map

T1le first step to follow is to take the census of all the existing risks, even jf they do not
threat any human activity, so as to give a complete view of the natural phenornena on the
studied area.

l. l. Finding the information

The information should be looked for itl any place it could be: in Haute-Savoie the main
part of it is in the RTM's records, but it can be also fouud in other goveumental services like
the Equipment that deals mainly with roads, or the Agricultural DepartIllent that deals with
rivers; the rescue services and insurances can also be of good help by keeping a record oftheir
actions onnatural phenomena, and a elose look shonld be given to local newspapers. The local
cOl1lmunities, townships maitJ.1y in France, and even more so the inhabitants themself often give
the last P31t of information and can be useful too. Each of these origins has a subjective view
on naturaI risks that shall be kept in miud: newspapers often look for spectacular events and
may embellish the facts, while local comrnuuities rnay see the risk mapping only as a constraint
and sometirnes reduce the gravity of the events, for example.

This of course is cornpleted by growld observation, both in reality and by photo­
interpretation, that shall detect all the phenomena that are not seen as dangerous because of
theit· distance from human activities and so are not recorded or even remembered (falling rocks
in a une>.:ploited forest or avalanches in a wllnhabited valley, for example), but are useful for a
global understanding ofall the natural processes.

1.2. Gathering the information on the map

The questions to answer are about the exact nature of the observed phenomena and
their date of OCCUITence and localisation. All this information is gathered on a detailed map (we
generally use a topographic map at the scale 1/10.000 or sometimes 1/25.000), called "Car/e
de !ocalisatioll des pl1lJIlomenes na/1Ire/s", or (Olatural phenomena localisation map»; it is
completed by a list of the phenomena, giviug information about their exact nature, intensity and
frequency.

l



2. Determining the probable risks: the risk map

2.1. The risk notion

Recording all the past events shalllead to lind, somehow, a mechanism of occurrence
for these events, and so determine the rrobable OCCUJTence of events of the the same type in
the future. '

At this stage, the in.f!uence of these events on human activities is not really considered.
However, we may map ouJy areas where human presence is possib1e; the accuracy of the
mapping may also be rougher in areas with very little polelllial vu1nerability; it shali not be
forgotten to consider not on1y the present human occupation, but the possible filtnre ones
when making these choices.

2.2. Detel1uining the risk

2.2. I. The prillciples ojmappillg

Finding that "mechanism" of occurrence is a real expert's job: it can be considered that
the occurrence of a phenomenon is lin.ked to the existence of favourab1e factors; some are
invanable (topography, geo10gy... ) and can be easily considered, but the factors that trigger off
the event are aften less predictable (amount of fallen and drifted snow for an avalanche,
changes in hydrology for a landslide... ) and shall generally be taken as the worst probable, as
we consider the probable events. Beyond this modelisation, the choices of the e"'}Jert are much
more directed by a fine ground appreciation and e"'}Jerience; at this stage too, ground
observation and also photo-interpretation are of great help.

TIIe attention paid to all the possible favourable factors can a1so lead to lind risks that
were. not recorded during the first stage ofphenomena census; the phenomena localisation rnap
slwll of COllrse not be seen as exhaustive. Particularly, events caused by human action shall be
carefully considered; for example, deforestation can create new avalanches and accelerate
erosion; at the contrary, the abandon of traditio1l1lally cu1tivated and drained areas can favour
landslides; there are also cases of subsidence due to mining or lUidergrOlUld water pumping.

Mnch attention is paid to take the census of al! the risks on the salUe doculUent, so that
the "white" areas of the regulation lUap are really withont any significant hazard, and not only
without any of the stndied anes.

2.2.2. To lise or 1101 to lise lIlodeIs: Mo examples cOllceming avalallches

It is important to notice that we do not use any specia1 investigation to fix the risk, such
as close geotechnical investigations for landslides or trajectory modelisation for falling rocks or
avalanches; the cost in time and money needed by these methods to give appropriate validity
and accuracy is generally much too hig for mapping large areas. Meanwhile, we may use
hydraulic studies to he1p appreciate floods (the expert's 100k alone is not really suflicient for
that kind ofphenomenon), and pre-existing detailed studies when they are available.

For the case of avalanche risk, we have tested the NOlvegian statistic method (Lied &
Bakkehoi, 1980 - Bakkehoi et al., 1983) that uses topographic parameters to determine the
maximal runout of an avalanche, with the good statistic material existing since 1900, maiuJy on
avalanche paths around Chamonix. The result was a globally pOOl' adaptation of this mode! to
our region, due to the variable shapes of avalanche paths. Indeed, this model assnmes that the
path, ill a vertical plan, can be fitted by a second-degree polynome; this is often. not the case
because of all the topographic accidents one can lind in the AIps. For example, a gIacier valley
will showa "D" profile, and so avalanche paths with steady sIope until a flat nmout zone; there
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were also, in that study, severaI paths with an intennediate flat mnout zone before a second
track. TIlat study has also ShO\\11 a great influence on the finalresults of the starting zone
dimension, that is generally not easy to measure precisely. It was 50 conc1uded that the
NOIvegian model did not generally fit Alpine avalauches.

On the other hand, we have an example of successful use of modelisation for avalanche
Jisk, on the avalauche of Le Bourgeat (Les Houches), near Chamonix. On December 26, 1993,
an exceptionnal po\l'der avalanche made some damage in an area of neglectable risk, according
to the exiSting P.P.R.. It was theu thought that numerical modelisation could help the expert
on assessiug the path of a filture powder avalanche. TIle mode! used was a 3-dimeusions
flowillg made!. already validated with a physical made!. First the model was levelled on the
occured avalanche: the model should give an avalanche with a zone of over lOO daN/m2

pressure coinciding with the zone of significant damage, as seen by the eX'jJelt; the calculated
height of avalanche during flowing was also compared with photographs of the real avalanche.
Once the mode1 levelled, the alllOlmt of snow in the stalting zone was increased and then
rcducen of 30%. to assess what could be a greater avalauche. On this basis a new risk mal' was
deteI1lliued, taking into account as Illuch as possible all the badly known parameters of the
modelisation (for the levelling, speed and deusity of the avalanche have only been estimated; a
deflecting dam 5 m high was ignored in the rnodelisation). lJI this case, a carefill use of
complex (and costly) mode1s has proved to be helpfill in detenllining powder avalanche risk,
that is always hard to assess by the eX1Jelt's 100k alone. 1llls has beeu done eX1Jerimeutally; but
the cost ofthat snldy prohibits the use of the method for all the powder avalauches.

2.3. Ouanti!Ying the risk

The resu1ting risk sha11 be quantified. TIle preemlnent factor is the intensity of the
phenomenon, taking into account its physical importance (deplaced volume for alandslide,
speed and height of water for a fIood, strength ou obstac1es for an avalauche... ); as the result of
the Plan consists mainly of building control, the levels of intensity cau be linked to the infInence
it could have ou a potential buiJding, if the snldied area allows it (that method asks for great
imagination if llsed on an area where building is llncouceivable, because of the steepuess for
example). Anyway, a thollght shall be giveu to that as the risk levels will somehow detellJ1ine
the regulation mappiug.

The second f.1ctor is the frequency of the phenomenon, especially with low inteusities:
an annuallow-intensity phenomenou is generally considered as a strong or mean risk, but the
same ane can be seen as neglectable if OlllY centennia!. This mechauism cau be used as saau as
the risk is acceptable (i.e. only low, material damage); large iuteusities aften meau important
damage aud sometimes death hazard, that cau not be accepted even oue only time. In the
Freuc1l Alps, it has beeu choseu to cousider only the probable events in the next century; that is
the average lifetirue of au ordinary human buildiug, and it has also beeu fOllud looking at the
past that humau activities cau change quickly, making the regular docull1eut outworu beyond
this limit.

Crossing these two factors leads to define severaI risk Jeve1s. lJI Haute-Savoie we llse
three leveIs: weak, mean and strong (in frenchfaible, moyen et fart). TIlere is of course a null
leve! that means null or neglectable risk, and the three other ones are defined for every type of
risk. That is not the only system: for example, the RTM Service of Savoie uses six different
risk levels to avoid crossing intensity aud frequency: there are weak, mean and strong intensity
leve!s for both low and high frequencies. Because of the Haute-Savoie RTM's habit to work
very close with local cOJllmwlities, we prefeI' more coucise ways to show risk, that can be
easily read by llon-expert.
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2.4. TIle risk map

TIlis leads to aseeond map, ealled risk map (in freneh carte d'aliias). It has generally
the same seale and presentation (topographie map) as the 10ealisation map, but sometimes the
land registlY (that will support the regulation mapping) is used, with then a smaller seale
(1/5.000 or even 1/2.000), leading more easily to the regulation map. Pay altention to the faet
that a too small seale only gives illusory aeeuraey: with the only e:-qJert appreeiation of the risk,
ascale of'I/lO.OOO is largely enough; a pen's stroke 0.5 mm thiek represents 5 1U on the
ground, aI1d we can hardlyassume less than a 10 m preeision in the risk mapping.

3. Assessing the vulnerability: the regulation mapping·

We now have a preeise mappillg of the probable fhture phenomena, sa as to be able to
protect the populations by avoiding them to be e"..posed to these events, or more precisely to
those tliat present a higher hazard than the maximnm acceptable hazard: while a risk is onJy a
probable event, the hazard represents the potential damage made by dus even!. TIlerefore, we
have to fix that acceptable hazard, of conrse by common consent with the eJqJOsed population.
The palt of the mapper slides from the natura! risks technician to the developper's one, and the
work has to be done in c10se contact with local commlmities.

3.1. From risk to hazard

TIte basis principle of translating the risks map into a regnlation map is to look for
suitable rneasures to neutralize the risk's effects on the studied area, according to the
occupation of this area. Measures can be detailed preliminary studies, draining or building
reinforcement for landslide risks, buildillg reinforcement, anangement or occupation for
avalanche risks, building raising for flood risks... IT the protection measures are impracticable,
because oftechnical impossibility or toa mueh elevated cost (we assume in Haute-Savoie that
the protection cost should generally not exceed abont 10% of the total building cost, but for a
new bli ilding the choice is let to the bli ilder), the buildillg is forbidden. TIlat leads generally to
forbid building ou strong risk areas (these areas are then called red areas), and to set protectioll
l1leasures on mean and weak risk areas (blue areas). Neve11heless, it is possible to bnild in a
strong risk area if the size of the project can justif'y costly protectiolls; at the contrary, any
occupation is often forbidden in weak or mean floods risk area, to preselve the flood damping
capacities of subrnerged areas: the work shall be done studying any particular matter.

3.2. TIle notion of acceptable hazard

The aim is not to proteet from any hazard: for exarnple, the seisnllc risk is unavoidable;
paraseismic constlUction allows to reduce it, but there is still a residual hazard for big
ea11hqllakes, that is necessarily accepted by the inhabitants jf they do Ilot leave the cowllry.
TIle aim is therefore to set dus residual hazard, the hazard remaining after protectiou measures,
at an accepted size.

Another example: in 1892, the breaking of an underglacier water pocket on the Tete
Rousse glaeier, in the Mont-B1anc range, caused a big mudflow that devastated the thennal
establishment of Saint Gelvais buih dowustream, killing 175. The probability of oceurrenee of
sueh a drama on other glaeiers of the range is very low but not null (maybe more than ane
event in one thousand years); nevertheless, this probability is not taken into account because it
would lead to forbid occupation in all the higher part of the valley, evaeuate 50.000 to 100.000
inhabitants and stop also any econonlle aetivity; the east ofthat is eompletely unstandable for
the community, and sa that is an aeeepted hazard.
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3.3. The protection measures

TIte stipulated measures are often building measures (reiuforcement of walls, size and
layout of the opellings, draiuings... ) but can also set the occupation, for example forbidding it
in periods of avalanches ifit is sllitable with the buildillg's use, or the arrangement ofbnildings
50 as to bave ouly a few e:'1JOsed buildings protecting the otber oues, or tbe maiutenance of the
forests, or,the information of the iubabitants about risks... For the meutioued reasons of cost,
large protl,ctions as dams or paravalauches iu starting areas are exceptiounally prescribed

In the red areas, where establisluuent of new buildings is forbidden, changes to existing
buildings can be authorized if these changes tend to reduce tbe hazard iu or arowld the area; in
blue areas, it is not possible to prescribe protection measures costing more that 10% of the
existiug building's value.

3.4. The ree:lllation map

All these prevention measures are gathered on a regulation map, based on the land
registry (scale 1/5.000 to l/LODD), 50 that every laud plot can be linked to the suitable
regulatious. TI1e areas where building is forbidden are shown in red, the ones where protection
measures are needed are shown in blue; for every area a number leads to the regulations that
are gathered in a list enclosed to the documeul. TIte area where risk is neglectable or null
remaius in wlrite.

111is regulation concems only areas with potential vllinerabiliry; we generally consider
the only areas reached by a caniage-road. The other areas are generally concerned by the risk
map, that can lead by the same way to a particular regulation if needed (for example, in the
case of a ski resort project in a previously lUunhabitated area, not concemed by the regulation
map).

3.5. Gther methods ofvulnerabilitv assessing

Tbat is the way we consider vulnerability, but it is of course not the ouJy oue; there are
palticularly more quautitative methods to evaluate the precise cost t1rreatened by the risk, that
have been applied in severaI cases in France, especia1ly with flood risks. TIte example taken
here comes from the fi'ench Major Risles Depar/men/ (in french "De/ega/ion aux Risques
II/{ljeurs"), a department of the Enviroll\lleut Miuistry that tries to federate the hazard
admiuistratiou in the COUlltry.

First, the method distiuguishes human vuluerability (the probability to have killed,
illjured or homeless persons) from economic vulnerability (cost of material dalllages aud losses
of productivity) aud public interest vllinerability (damages to public equipmeuts Sllch as
COUlllllUucatiou means, hospitals, schools... ).

The risk is then quantified iuto eudamagelllent leveis, which size the damage caused,
according to those three types of vuhlerability: for example, the econolllic risk is weak if the
cost of the prevention does not exceed 10% of the cost of an individual house, and is strong if
this preveution can ouly be supported by the collectivity.

For evelY risk and endamagement level, a damae:e cost is assumed Ul relatiou with the
grOlllid occupation (poplliation, economic activity... ) and multiplied by the rnathematical
probability of the damage; these probable costs are then summed into the total probable cost,
that represcnts total vulnerability.

This method can therefore be applied to risk where probabilities and costs of darnages
are we1l knOWlt, to obtain areliable vaIue of vulnerability; that limits its use to hazards that
have already eaused a statistically reliable amOlmt of damages.
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3.6. 111e final presentation of the Plan

Finally, the Plan contains the three maps (localisation, risk and regulation maps),
enclosed with a general presentation booklet that presents the township and the method used,
and details for evelY risk zone the exact nature of risk aud an history review of past events,
justif)~ng the regulation; aseeond booklet lists the regulation areas and the eOITesponding
regulation&.

A speeial word is also giveu about seismie hazard. 11lis hazard has been mapped at a
regional sea1e in Frauee, so that every distriet is elassified according to the historieal and
instmmental seismie aetivity (historical aetivity is based on all the reialed earthquakes, that can
he found in histOlY while instrIlmental aetivity is based on the present ealthquakes, that are
preeisely measured and localised). The Plan gives therefore the c1assification of the township
and the eon-esponding paraseismic building regulation. It has beeu tried to make a precise
seismic mapping ill the region ofNice, in the south ofFrance, taking iuto aeeowlt topography's
and gedlogy's loeal influence, but the cost of such a study is out of proportion with the seismie
hazard in the Haute Savoie (no earthquake with more than VIII MSK intensity has been
recorded in the region).

4. Conc1usion

The eX1JOsed method shall be seen as particular to the Haute-Savoie, and probably not
direetly appliable outside the Freneh Alps. First, hazard mapping methods are almost as
nUl11erous as hazard mappers in France, sa there are many other methods than the one
presented here, each one making particular choices adapted to particular situations.

The French Alps have been inhabited all year through at least sinee the Autiquity, very
probably during Prehistory; we have reports on its naturaI hazards sinee the Romans, know the
greater disasters for about ane thousand year and have relatively precise reeords conceming
the XXth and aften XIXth centuries. The permanent habitation has led to regulations
eoneeming naturaI hazards sinee a lang time; a1though they were generally unwritten traditions
in the mOlllltain commwlities, there was au ediet in the Dallphine (Grenoble's region)
forbidding deforestation in 1282. All that historical background faeilitates the natural hazards
mapper's task, giving him same good and sometillles even statistiea1 infonnation on past events
and giving also the populations a relative hazard cllltl/re, generally remaining even jf the
meltings of populations and new uses of the mountain areas, as tourism, oeeured in the last
eentury tend to reduee it.

The intrinsic nature of the phenomena is also partieular: for exalllple, our middle­
a1titude forests keep a good trace of past avalanches, for about 50 years for the greater anes
thanks to the photo-interpretation taGl.

Because of all these faetors, allY adaptation of this lllethod shonld be very earefully
made, maybe partieularly in Iceland where natura1 as historieal and eultural baekgrOllllds are
quite different.

We have deseribed here the lllethod we use the most eommonly to prevent hazards;
keep also in mind that even with the historieal hazard eulture in aur region, we often have to
deal with existing hazards in inhabited areas. The problems are aften solved with civil
engineering (paravalanche engineering for example) to act directly on the risk. The avalanches
can also be controlled by artificial re!ease, 1Th1inly in ski resorts but sometinJes also in inhabited
areas; the airn of the «avalanche releasing plan» (in french "Plan d'/ntervention pOUl' le
Declenchement des Avalanches" or "P/DA") is to fu the evacuations needed and the general
security of the process . More generally speaking, the ORSEC plans (<<rescne organization
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plan») consider the problems of recue organisation and evacuation, they are fixed at the scale
of the french "departement" (county) and cau be applied to any type of risk. The Plan
described here is ouly one of the numerons tools ofnatural hazards management.
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A SUMMARY OF FRENCH AVALANCHE PROTECTION TECHNIQUES

Fran90is RA PIN 1

ABSTRACT

The different kinds of an aV31anche protection must be \\"dl organized for to b~ well exploited. One elements can
be good in a special siruulion and bad in anolh~r. ;\ comparison safety - cosI of different protections can to
res~e advant:lge and drawbnck. French special fielJs are the snow rake", the artilicial release tecniques and the
standardiz3tion.

INTRODUCTION

The collective solutions for aV3lanche protection C:ln be presenled in 2 \'-"ays :
:;: according to the duration of the protection :

.. permanent protection, that \Vorks by building. durable 5Ul.lcrure~ (more than one year) for reducing risk;

.. tcmporary protection, that rends to pratecl for a Iimited time (n t'cw hours to several dnys), in times of
grent risks, but in a streng manner, \'ery onen \\"uh (h~ hdp of niyo-m~teorologic3lforecas( ~

::; 4lccording to the point of intcrycntion with [h~ .walanche :
.. passivc protection, that aims to prorect existlll~ ~quipment in th~ run-out and flow zones from the
avnlanche;
a- activc protection, that attempts to contral th~ aqllanche through actions in the starting zone.

j
Packrng do\\ 11

- \\ Ith skis

ArtIficwl
telense - \\1111 ~'\nll)SI\e

PERMANENT
PROTECTION

TEMPORARY
PROTECTION

Passivc
Table l

Activc
Table 2

l
Passive
Table 3

ActiYC
Tab!e 4

f
Deflecting : snow :,hed. dam, dyke, wedge
Braking and stopping: mound, tooth, \Val!

- Stopping: wall, dam (storage : deposit tidd)
l Zoning : inquiry of locali:wtion
l Adaptation, reinforc~mcntof the buildings to the site/phenomena

rReforestation : plantarion

f

Modification of the ground sUli'ace : terrnce (small), grass cutting,
drainage

Use of wind ,Ictjon : snow f~nce, drift defense
Supporting :;now CO\'er : snow rake sno\\' bridge snow net

{

Rcgulation : han, entcuo.tion

Wnming : m~nns of signo.lling, avalanche rcad detector

i hnnd-thrO\\'ll charg~
~ helicopter
I
~ gun
r pneumatic gun
- carrying cable : CATEX

- \,-ith ga, : gas exploder : GAZEX
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Togemer. these can be surrunarizcd in 4 tnbles (se~ lhl.: followmg. pnges. WilhoUI zoning). This summary does nOl

cinim to be exhauslive. For example, temporary building. pnl:ked sno\\' and ava1anches released with a gun are
not diseussed. It simply sums up the most comman French :1Valanche protection techniqucs.

The goal of any prolection proposal is to test the n;-;:,umptlOn thnt lhert: is ane solution to the "equation" :
,

geographic sile +
avalanche

phenomena
+ protection

goal
+

constraints
techniques,

tinances,
regulations

=
ucceptuble
proteclion
solution

A thorough knowledge ofeach parameter is indispensable. il' one is to cOlTectly solve the equation. It is possible
todetermine that lhis "equation" does not huvc u solulion. In timc, ane is onen able lo fmd a solulion using the
kno~vledge of a ne\'i a~alanche phenomena, the nllldilic~Hion of the protection goal or the adoption of a new
technique. Often, a suitable protcction solution can be found onI:; by combining scvcral typcs of protcction.

USE : FOUR FIELDS:

LIVING PLACES COMMUNlCAnON SKIAREAS "INDUSTRIAL"
ROADS DEVELOPEMENTS

Single house National. Local Road . Ski-Iifts (p\'lon. stution) Snow making
Humlet highw~ys Open ski ruDS installation
Village Railway Cro::is-country ski runs ? Dum, Electric ligne

FRENCH SPECIAL FIELDS :

Use of snow rake rather than sno\V bridge;
Historical habic mtber than technical.

2 Development and use of artificial rclcasc tcchniqucs:
Development of the u\'ul:lllche blusting ropewu\' (C ATEX in trench) und of the pneumatic gun since the end
of 70, of the gas exploder (GAZEX) since the "nd of 80 ; Speciull1lles since 1980.

3 Stant1ardization of few types of protection ~qllipmenB against a\·alanches.
)- 3 approved standards since 199:2: december : snuw bridge, snow rake, snow fenee - Design specific3tions
... l furure a.pproved standard in august 1994 : Pa:,si\'c l:oncenlrated anchors for soft g.roWld - Pull out tesls

method
• 4 stundards in run on the urtiJicinl release (General technicul principles, CATEX, GAZEX, Pneumutic
gun).



Table l PERMANENT PASSIVE PROTECTION

DEFLECTING BRAKING STOPPING
SELF-

ADAPTATION

TYPE OF ACTION Over Lllfcrlllly, Lalcrall)', Slowing down ~ l3Iocking : sloroge Architcctural
011 on~ \Vay on twa wnys dispcrsn! of cnergy rcquircJltcnts lo the

silel phenomeuD.

Snow shcd, Dam, dyke Splitting wcdgc MOllIld. loolh, W,,\I, dam, Rcinforccl11cnt,
TYPEOFWORK springhonnl, (prow) slom~c lidd slorngc f1elt! Ihickenillg. hlindness

tunnel

EQUIPMENT
Linear: Lnrgc or fllrnwn)' Limikd: '-..!'ge or f..raway Llrgc; or dose :Iren: Lilllilcd :

ronds, rnil\\'ay ... aren : pylon,lHHlsc nrCil : Ilrhallizlltioll, pylon, IHlU:-;C
CONCERNED BY

li rhnn it.:1t j< Ill. urhallll.al i\lll. fl\ads._
TIIE PIWTECTION

mads.. fO'](is ..

SAFETY LEVEL
Very gOlld (il' (iood {hul (iood {irr<llhcr I.my (hUl ,"miahlc, good ifllcar Ihe c:-.:lrclIlc (ioud (hUl rillher

!'<lllJer hmg) \'ilriahlc) high) lh':PllSils limit) \'ilriahl~)

COST LEVEL
Vt:.ryexplmsi\'e Mediulll (hill ,'..:ry I':xp~nsi,'e Lo\\' (1111.\lIIHI), \'ery I,tl\\' (dum), VeIS In\\' (\\'ilh

(11l\'eslmenl)
,'arillhh:) C.'\!K~IISI'·"': (10l11h) ~'\p~Il:"i\'c (\\";111) t:,\:ct:,ptinlls) ill froIlt

or rosl-~ollitiolls

Makes sal~(y \Vay Good \'[lllle for Cnn b~ easily Redudi()11 of the naturai stopping distnlll:~ IJIHlhtnlsi,'e
ADVANTAGE hy all kiml of mone)' ('lunlily - ndd.:d (ii"proteclion in Ihis liren)

wenther pfi!,;c rnlio)

Increnses knglh Not cOIl\'cnit:.lll Preser""1 ion of Prcscl"\'nlioll of Iht:. frec height and \'olulllc ~ Musl he \'iewed from

DRAWBACK
to protect because for aerosol; the frec height ; requc51ed IIr~a ~ calculnlion of id~nl the conception
of slope rcducing Angle directioll dimensions \Vith regnrd to the major

uphill phcnonlcna only

REMARK
Pay nttention to Betler with li verlicaluphill wnll ~ ne Necds lo be in nd I3eller wilh verlicnl Peoplc musl he

the widlh in hend careful il' olher ndjoining slructure uphill wnll sensitive



Table 2 PERMANENT ACTIVE PROTECTION

,
MODIFICATION OF THE GROUND

USE OF WIND ACTION SUPPORTING SNOW COVER
SURFACE

TYPE OF ACTION
Reforestntion Agricniturul Excnvation Disploccrncnt Modiliculion of Stiff Supplc

activities works of n deposit a deposit

TYPE OF PInntntion Drninoge, grass 5111011 fcrrace Snow rencc Drift defense, Snow ra!<c, snow Net
STRUCTURE cutting (1=1111) jet-roof bridge

EQUIPMENT Rccorded in Lnrge or farnwny area bUl le~s I.nrgc or farnwny nren : Lnrge or farawny arcn :
CONCERN ED BY times sensitive or very mnrginal urhallizlllioll, ronds ... urbanizlltion, mads.

THE PROTECTION lldp fur the supporiing slruclurc$ Sometimes ski Men

Medium Low (ulll)' H!!ainst a grollud tvh:diulll (if \\,cllloc:IICll) V cr~' good (iool!

SAfETY LEVICL (starting zon..:, ll\'a1:lnl.:!lc) (hill I"tllhcr lhlll ralher
hcighl) \'nrinhlc) variahlc)

COST LICVEL Medium: very 1m\' Ill!" cllt.:h l1llit hut Clll1ccrncd grea! EXPCllSi\'C V"':I)' ~\pCllsi\'c V~I)' c\pcnsivc I~\pcnsi\'c

(1I\\'csll11cnl) arCil

Plcnsnllln~ss : Simple /\.ssocialil)1l Ciood \',dllc for I1lnll~Y ir pair Solid ledllli'll1c Discred ,
ADVANTAGE light against Icchniqllc wi1h sitc!l.:quipmCJlI pcrlcdly llllaptcd Il" small rnckl"nll

crO~Hon rcl'orcslation

Inilinlli'" Unct:rtnin Rcsumption or Sno\\' rall w!thont \\'ind or wilh Less cflicicnl wilh snow covcr witholll :
witholll durnbility erosIOn ; wind in n bad din.:ction : winler

DRAWBACK proleclion ; OiOicnll slIrvcillilllCC ;
Dcgrlldations mnintennoce dclicatc st:lliing cohcsion good cohc:iion

risks

Ecologicnl Only for low SilO\\, cover; PCl11HlIlCnl or Division in 2 Mllst cover 011 the .starting zonc ; layoul

REMARK
conditions ; inefliciency against major rClllov!lule ; SulHicctnrs ~ in continuolls lines;
"procluctive" phcnomena sclf·ndjustilhle dcletioIl or li cssenlinl cmergcncc ;
invcstmcnt cornicc rcC)uircd scllling



Table 3 TEMPORARY PASSIVE PROTECTION

RESTRICTING REGIJLATIONS WARNING

TYPE OF ACTION Ban E\'nculltiull COJ1SigJllllcllt Si~II"lJill~ A\'lIl11l1chc ru.ul
detector

Pol icc ubilily of lbc Mnyor : Flag (ill Frullcc, wilh DClcclions (c[lhl~s.

TYPE OF
"'filten (in urgency, in Iirs!, only oml oreier) ~ black and ycllow chcck : meinr) in the path,

STRUCTIJRE
Advicc of ri snfdy stull ~ d"ngcr ; nil black: ncnte brondcllsling, red lighls

ond gc.mernl danger) ~ 011 the mad
rond signs

EQUIPMENT L<lrge or linear arcn : "Limitcd" : Lnrge (li" linenr area: Onl)' roads
CONCERNED BY ronds, ski-run, hlock of Ilais, hmnld, hui Iding. sile ~ki firen, miHI:>

TIIE PROTECTION ski· lirt

Medium: tkpcnds 011 : Mediulll : Good

SAFETY LEVEL - the quality and ollihe :>pL:ed Oflhc mayor ll11d his sali..:ly sl:lI'f th.:pcnd:'i Oil the (but :mpcr\'ision nflhc
~ the plan or action gi\'il1[!. Ihe inl()fmalion til1lclincss good \\'(~rkillg)

COST LEVEL Vel)' low (hul variahle) I.m\' Mediulll
(111\'csI Illcnl) (C\(,;CpL C\CLPli{)lls)

ADVANTAGE Vel)' good qualily/pricc rnlio ~ largc ahililics; urgcllc)' ; I.:lIsil)' lo st,lrl Silllplicil)' Aulolllatic

DRAWBACK Needs serious <langer; inter\'cJllion Ileither 1I1llil1ldy, nor inodequllk: Risk or C\'CI)' do)' 1:,\(,;1 Essenli:1I ndnpti.llion or
diflicult lo stop; decision and Iiahility problems; reguir.::; to nllow snme the pnl!l IIml of the rond

"nssistnnce or intervention plIlIlS"

REMARK
In I7cnnce no indemnity is given in this cnse lo the threatcIl owncl' in spile

of the possihle henvy economicnlloss



Table 4 TEMPORARY ACTIVE PROTECTION : ARTlFICIAL RELEASE

WITH EXPLOSIVE WITII GAS:
TYPE OF ACTION WITH FOOT GAZEX

I-lnnd-Ihrown I-lelicopler Pnculllulic gUll CATEX

TYPE OF
Skis, rope, Skis, cord, sled, Speeinl box for Avnl<lnch~ur ~ Cnn)'ing enble : 2 gns mixing(o,}'gen

EQUIPMENT
ARVA ARVA the cxplosivcs "nlTow" ; liquid options : descender, nllli propnne) in one

cxplosive nutomotic contral ::itrong apen tuhe

EQUIPMENT Ski nren Insensible (ski Ski area Ski area, mnd
CONCERNED BY run ... ) ; frec oren

THE PROTECTION unknowll

SAFETY LEVEL Very Jow for liser Mediulll (hlll vnrinblc) (lOtHI (I~)(ld Very good

eOST Illn.:,..;!. Vel} dlcap f\kdilllll l·\pell.'iin: VLT~' e\.lh:lIsi,'c

LEVEL
J{11 Il 11 illg Mediulll Very cxpcllsi\'c I~:\pcllsi \'C r':xpcnsin.: Medium

QlIitc ens)' (with very riglU'lll\:'i Practical (iood prccision ; Can \\'ork 011 milli)' No cxplnsivc:; ;

ADVANTAGE prclilllinary nrg<lllisnlit11l) disen:..::1 ; 110 pilndld truck::; or nil :2 \.lus)' mllJlllgC11lCn(

c\"pltlsi"~ slmag~ .... ilies

Vl:ry (lllngL:rOlls f)l1np,l:l'Otis Mdcorologicn! 1~,lIlg~ :; ~(l()O m ; LoclIlioJl ; rilllt.:, 01lt.: track pt.:l' lIl hl.: ;
(espeei"lIy"llhe conditiolls ; di ncrt.:nct.: in winli, Iightning ; "ay hnrd cold,

DRAWBACK time or llloving) lllltllorizlltion hcight < SOO III ; lI111IWgClllC1lt lightllillg, rt.:glJlatilms

US~ of cxplosivcs, regulntions, misfiring prohlem

EFFICIENCY Low Medium (hut vnrinhle) Good Vory good

Goal: To hlccd starting zonc ns soon ns a snow fall hdght n:nchcs ~o to 30 cm wilhin J liays : preventive mcnsurc (not for
urbllniznblc nren) ~ Rcgulation : * 2 gonis: public and liser snfety + control oftile us~ of cxplosivcs to pncilic goals;

REMARK * 3 Frcnch ohlig;'ltions : specinl plan (prccises : where, wilh whom, how) for lhe ncrn + liring spccilicntions (prccises the ro1c of
endl) + spccial ccrlilicatc (with oplion "Firing in motllllnin") and n(!ministrntive nllthorizlltion for the lccniclllmnn ;

Mcnn : nlnximlll cflicicncy if cxplosion from l to 5 m nhovc sno\\' cover



Table 5 : eOMPARISON SAFETY - eaST
(non e,hnllslive list nnd plll in ni iving place prnteelilln conlc'l) - ,

Cost leye\ \\'ilholll II"CS (in Francc) in 1994 Ratio
Proleetion t)'pe Sarcl)' leycl

sarel)'!cost,Investl11~nt Rllnning!yenr

Denecling dnm
Pay nttcntion to : the dcllccting angle, the

* 6 $!m' * ? **
~

hcight, lhe vcrticnlily ofllphill fnce * +**
Brnking mOl1nd • 7 $/111J

* *
_.-

Nceds a stornge field [lill! olhcrs Pl'olcclions : ? + the SilO\\, *+*
reqllircs n siluutioTl in Il nnturnl rUll-ollt zonc

() $/ml
clc:lring jL

Stopping dom • * * * +*
i'_~lllillg.

Nceds il dialnllll~ l-.:adcd lo Ihe goal ill gO(ld

* .10 (100 ); * 11$ **
-.Jr_

cllndilillllS * +**
TCIT:ICC On ly Ill!' 11 gWlIl1d a\'alal\l.;ilc • :!() III 75 $/111 = 115 $!m * ~-

= +*
Nccds adapll:d ::;ik ;

(,{lO $!m =
SilO\\, lcnc..:c = Il :2 $/m • --

olhcrs pmkclion ilI\~ Cssclllial • +•
Snow!'nkl:

All the slnrting ZOlle lIll1st he ln':;lh:d "

** I OOO$!m •• :! $/Ill • **be cnrcful with the hcight •• +•
Prncticnl nod juridicnl problems

=
Rcgulntion = 2 500 $ ** ?$ ** ** +**

Apprcciatioll Iccy .

** * = • ••
Very good Good! ehcnp Ncilher good, nor bnd ilnd lexpensive VCI1' bnd



Table 6 : eOMPARISON SAFETY - eOST
(non cxhnustivc list nnd pnt in a road protcction contcxt) ~ <

Cosllc"c1 (in Franco) Ratiu
Prolcction Iypc S..fcly Ic"cl

s.. fctylco'l,Investmcnt Running/ycnr

Sno\\' shed Bc cnrcful \Vith thc Icngth ** 18 000 $Im ** **•• O
•• + **

Stopping mounds
Necds olher mensures ~ • 5 $/m1

* 7$ * -----sitlllllion in stopping zone *+*
Problems wirh !h~ r.:Insing nnd \Viril the -

nan = :! 500 $? ** '1$ **ncw opt.:1lmg ** + **
A\'alallchc nlad

NL'L'ds PiI!!l <Illd nlHd ad,llllalillllS * 70 !lIH) :-\; I (Hifi 'f; 'l ! 11JL' _l!_
dcll.x:lol' : i\ l{ l) * ~ .,. *SIlO\\'·

Meh.:nwlngicai dimcull)' risk ~
c!l:aring -

Ildic~)pll:r homhing. = ·1 000 $ ** S 000 $ ••l1t.:ed:'i c\plosi\'L' cOsi ** + ••

CAlEX
Be cnrcrlll \Vith the rH;C~Ss wny :

* 100 001l $/km • ·1 oon $ • -:iL-
Ilccd:'l cxplosi\'c .+.

GAI.I'X
Nccds nnlll't!y in the starting. 7.011C bill **

90 noo $llJ •• 1111111 $ **
:'lll ilS lirens musl he ll'catctl

=sprc;ulallh.: Ishdlcr •• +=

** * = • ••
Vcry good Good I chcnp Ncithor good, nor hnd Bnd / cxpcnsivc Vel)' bad

Apprcci:tfioll kcy .



Table 7 : eOMPARISON SAFETY - eaST
(non ",hnllstiv" lisl nnd Pilt in n ski run prnle"lion conlo'l)

~ ,

Pl'otection type Sarety levet
Cost level (in Frnllce) Ratio

sarety/costsInvcslmcnt Rlinning/yenr

Snow fence Nceds ndapted si te == 600 $/m • 2 $/m = --.+=
Sno\\' rake

All the starting zone musl he trcated ~ be
** **1000 $/m •• 2 $/m =cnreful with the hcight •• +=

Bnn
Problems with the clusing and with Ihe

2500 $'I ** == ','$ **ncw OpCIlIIIg **+**
Nccds Dnc rclnli\'c1~' en:,,)' llpproHch ",hell =

Iland'llImwn l:hllrgc = 2 5(l(l $ ** I 1I(l(l $ * --
bad nivo·mdcorological comtilioIl:i **+*

Avnl:lI1chc pllClllllntic Pay alh:nlion to the npproal;h to shooting * 10 O(l(l $ = 5 (l(lO $ • -..:is-
gUll )llnec ~ liqllid c~plosivc mnking =+.

MeteorologienI t1iflicull)' risk; -
Hc1icopter bomhing = 4 000 $ ** 8000 $ ••Ileeds e~plo$i\'c **+ ••

CATEX
De cnreful with the :Ieeess \Vay ;

* 100 000 $/k11l • 4000 $ • -..:is-
oecds explosivc. .+.

GAZEX
Needs nobody in the starting zonc bul all ilS

**
90000 $/U **

orens must be treatcd •• JODD $ Ishellcr =sprcndnble •• +=

Apprcciation I<c)' .

** * = • ••
Very good Good / cbenp Neither good, nor bad Olld lexpensive Very bad
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