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Addendur tor,lvaLanohe lerard Studlee

Sherrln SLl. lrea (Snovereek)
llarch 1986

During tbe reeL of L6-?2 february 1985 r aerles sf Lntense raia and
gnot atol:ae apavaed a cycle of very large snor avalancbee throughout

the Slerra fcvada.

At Sherrin Shi Area the nost notabLe avalanches rere at forth faee.

rhere tro adJacent avalanche pathe releasedl aplnrently slnrltaneouely.

on the tStU ana ran fron rid.getop to valley fLoor, a vertical reIlef

of sone ?2@t t destroylng ranlr hundreds of rature conLfers enroute.

|!he veeterJ.y of the tro elldepaths ras signl-ficantly enlarged by the

tree renoval; in the easterly path, a giant auatb, sore JOO-?OO| ride.

vas clearedl through vhat had been nature foreat. llhese avalanchea ran

to ritbin sone 6OOt of predicteil rarrnun ruaout dietanrce. DebrLe ras

dietribnted across eone 5O-5@ of the rldth of the predicted nrnout lone,

Other notabLe avalancheB rerer (1) at Hoto Cross R,.se-area, rhere ayal-nnches

ran to approrlaately the predicted rtrnout distanoc, but etoeeded tbe

predlcted ridth iu the atarting lonea; (2) at louer f,orn (DtvLsion) Ridge,

vhere avalancbea ran lnto SolLtude llat, poesLbly sltghtly ln ercese of

predicted riliter but not as far as propoaed facilLtiee eLtes; (r) at

Caayoa Lodge arear rbere earth, snor and rook avalancbes frm f,orn Ridlge

affLned predl-cted uidlthe of avalanches anil attaLned eore 80d of predlcted

lengtbs; (t) at Solitudle Uest BorI, rhere a naegive avalanche oovered
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ar eltilated W6 of predicted thitr; (5) belor Sherrin Station.
rhere avalanche traeks rere algnifleantly rl.cleneil by deatroctlon of
large erounta of tlrber; end (6) et tbe ttree lingere (Sietera)-ldoral,acr

area^6, rbere nearly 1.@ of tbe predlcted avaLanche rone yaa affected
by avalansh{ngo

llrese avalanobes generally afflmed the conelusione of the avalanche
gtu*iee previousLy described herein, i,e.: a clear requireaent for
carefiil aeleetion of facill-tLes eLtes, ctruetural- lnotectiou eyete6
at eeleoted sitea, and a carefully conceLved and, erecuted ayal.nche
control pJ.an. fo etgnificant changee ia the cument dcveLolnent plan
are indicated; but the avalaachee do enphasire:

1. the need for very carefur positioning of the rover terrinoL
of rlugers Base Station, along vith special deeiga featuree noted Ln
the earlier text. Regarding the risk factor at thie tenina.r: the
loas of the great 'ount of tinber that occured. on 18 febnrarJr con-
etLtutes renoval of a slgnificant barrier that proridecl a 1arge leagure
of security for the teninal slte. rarge avalanches in thte path can
now be er;lected to run nore frequentry and to reach rarinul ruaout
d.istance rore frequently. tte terrain features ri1r etirr tend to
divert floring anor araJr fron the terainal- slte; but if future rvar-
encbes or anlr other cause further decinates the renalning tinber above
and to the veat aad eouth of the ter:rina} sitel the aval-anche threat
virl increase signlficantly. uith this ia rind, i.t appeare appropriate
that }ingers Base Station be installed not less than JOOI fron the ner
avalanche trirline.

Uhen the ski area coFnencea operationsl

regular and intensive active ava,lanche

lntensive conpaction of these slopes.

incidence of large avalanchee on these

the possibility of their occureuce.

the operations plap rill include

control along rith regular and

lheee reasnrea ri1l reduce the

slopes, blt cannot elirlnate
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l. carefuL pogltioning of r!.ft tc't-narg at lroto croes areal
along rltb an eartb barrier tlrator aB roconrended ia rt letter of 28 lrgret r9gj.

5. the need to coaelder ungtable rocl rhsre lt crl.rte. ltbe
eralanchee at canyon Lodge area clearly illuetrate thLs aeed.

l- a clear need to carefully posr.tion ar.I r.lft rine torera, to
ntnirlre tbeLr nurber to tbe ertent practical, and to provide et111ctural
protectlon yhere needed.

,' ?be occuFenceB of 2-86 alao euggcst recoraLderation of location
of upper telrinrr of U.ft #j. f reconEend thLe te:rinal be placed on
hLgh ground -- otl the erest of a eubdued. ridge eme 600. doua-Iine trc
the current proposed te'iner er.te, at circa erevation gr5or.

ru recogaition of the d'Lfficul-tLes of preeise positionLng oD avallable
naPar I recouend that flnat siti-ng of arl facilLtiee be aocorpliehed
on tbe ground at tbe indlvidual sl.tee.

Reepectfully euboitted,

'  , .7/
..(t . er(4,/s^-

fonian i.t wilson
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Snowcreek

Avalanche llazard Studies
and
Avalanche Control Plan

Ttris report completes work described in Standard Contract Agreement

ini t iated 21 Apri l  1985 between OrConnor Design Group, Inc.,  and the wri ter.

Contained herewith are:

I Narrative description of the Avalanche Control PJ-an

- Objectrves

- Area descripti-on

- Control methods recornmended

- Applicability

- Limitations

- Preliminary Avalanche Control Plans

- Est i -mated manpower, equipment,  faci l i t ies, explosives,

and other special  avalancne control  mater ials requirements

If Avalanche Zone Map

II I  Avalanche Plan Maps, each Alternat ive

iespectful ly submit ted,
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The Avalanche Control Plan

this pri-mary plan provides for necessary control measures discerned

as a result  of  development o1' tne Avalanche Zone l , lap (AZM).

The AZl"i was developed during the spring and sumner months of 1!8) by

vari-ous studies: 1.  Aerial  rec.nnaiscance and obl ique aeri-aI  photo-

graphy; 2. On-snow and on-the-ground stud.y of the terrain, vegetat ion,

avalanche damage patterns and debris distr ibut ion and,snow distr ibutron

patterns; ) .  Stuoy of winter photos taken in pr ior wintersl  4.  Aer: ,al

photo interpretat ion (stereo pairs);  5.  Est i -rnat ion of snowfal l  and other

weather events at the area based on the above studi-es along with extra-

polat ion frorn knor.rn events and observatrons at I ' lamnoth Ski Area and at

t ' la-nmoth Lakes Ranger Stat ion and on l imited data avai labte from the

Resources Agency of  the State of  Cal i tornia.

The pr imary plan is intended to serve as an in i t ia l  guidel ine that wi l l

be ref ined and upgraded vr i th t ime and exper ience in tne actual  operat : -on.

The objectrves ot ' the olan are to provide maximum operat ion and ut i l i -

zatron of  the area faci l - i t ies and ski  terrarn along with maintenance of

as high a degree of  safety as can be at ta ined within the l imi ts of  the

avalanche art .  This deg;ree of  safety cannot be considered absolute at

al l  t rnes in the rnountalns dur lng the snovr season; but cornpares favor-

ably w:-r l r  r lsks cornnonJ-1J accepted on a i ia i l_,v basis in var ious other

asrects of  dr i ) -y l i fe.

Snowcreek Ski  Area contains nunerous lar te and smal- f  avaranche paths

and avalanche zones where sKiers may be bur iec by large or snarL.aval-

anches. ! ' .a jor  avaienche paths t rat  carry great destruct ive potent ia l

are scattered throughout the areal  most notably,  tnese are:  i {or t r  Face

avaiarches that fa l l  f ron i .or th l iCge to i , idcen Lake l . leadou; t i :e Three

5:s:-ers- l :o: ' : ; :nes sf  o: :s:  f  i  v i  s,  on Ridge --  both the northwest,  and the
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southeast sides; sol i tude east and west bowls; and slopes that faI1

from Pyranid l{orth Face into Solitude Canyon.

Lift-served ninimurn and. mediurn hazard zones include:

Ilinimun Yazard: slopes trrat reouire Iittle or no control measures

or that ca::  be c rntrol led quickly and easi ly

slope (s) serveC by l i f t

the Gfades and adjacent lower s lopes 1,  2t  4dr b,  12

l . ioto-Cross slope, Divis ion North Face 2a

Sol i tude Flat ,  beginner \  ?

intermediate slopes

sropes below Canyon Lodge ?, 2a, Zb

l ' ledi-un Hazard: s lopes that require a 5lreater degree of control  and

ef j 'or t  to control ,  but  that  are special ly favoreC by
'  

t imber cover or terrain conf igurat ions and/or by

Iocat ion

slope (s i served bv l i f t
+

Lo' ,rer Judge's Bench slopes 4a
(east and no:thrvest s lopes)

Sherwin tsowf (above Juoge.s lerch, ,  4b,  5

In i 'u: ' t rer  ref ineneni  anC urgr: :d:n6 of  t : l is  cr- l - i rn:nary avalanche

control  p1an, i t  is  impor tant  to rote that  rne AZl" l  rs a broad. mapping of
the stuCy area; therel 'ore,  snal l  s l ide zones capabre ot '  re lease of  sra11
avalanches that may bury skiers may exist  wi t l : in areas not sho,^rn wi th in

i  the avaL=nche zones. Such snar l  avalanche si tes rnust be searched out
anc::rovlded for dunn; t ' ina1 develol :nent o1' t . .e avalanche contr<.r l  pfan.

a



I tecommended Control  Methods

l{ethods avai lable include:

1. PlanninF - rhe AZi4 allows planners to place facilities in safe

zones where such zones are aopropriately located that wi l l  a l1ow creatron

of a logical  and pract ical  ski  area. Thcughtrul  use of th.  AZi.  al lows

clanners to design I i t ' t  systerns that wi l l  make minimum hazard ski  s lopes

avai lable; anC that wi l l  enhance an eff ic ient act ive avalanche control

progr-am, wni le nrnimizing the necd for,  and naxr-mlzrng rhe eff ic iency of,

structural  protect ion of faci l i t ies, In development of the Snowcreek

l i f t  systen, pr imar;r  enphasis must be ;r laced on achievement of avalanche-

free l i f i  terminals anC other publ ic faci l i t ies si tes, and on deveropment

of l i f t  } ines where a minimum of structural-  protect i -on for l ine rowers

would be required.

In no instance should act ive aval-anche control  methoCs be rel- ieC on to

provide protect ion lor  i ixed faci l i t ies.

2.  Structural  Defenses -  I t  is  important to note that  each structural

defense systen, whether for  protect ix ot 'a l - i f t  l ine torver or of  a l i f t

terminaf or any other faci l i ty ,  must be designed and tai iorecl  fo-r .  each

indiv idual-  .s i te.  fn t . . is  report ,  certain structural-  types are recomnended

for two sceci f ic  s i tes:  a.  Ior , 'er  terninal  of  l i  i t  !42.  =nrt  h CAnyon. L.Odge

i: . i t  terninals/- :u 'c i ic  f=-c i l i t ; r  bu:- io i rg.

hJlne; 'e l ine torver protect ion rs i 'eoui :ec,  tne c,- , .n. :er  ar-eas are rndicated

on tne AZ' i ;  in these areas the nrotect ive design must be deterrnineC after

.  t r :e precise !ov, 'er  s i tes are de;errninec b; '  the l i f t  desi6ner.  A general

r :c:nnendat ion fo:  rhese areas is:  Des:1;n uhe l i f ts  so that the smal lesr

rracircable nunber of  tor*ers wi lL l ie wirhin the avalanche zones.

!xa: lLes o1'  pro+-ectrve structures ar"e i f lustrated. in the at tached

i lannins Guide.
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a. Structural  defense for lower terminal of  l i f t  #4a:

Ttris system rri1l protect against the remote possibility of laterai

spread of avalanches that fa11 from .North Ridge, and b,hich night

overrun the presurned lateral limits of avalanches here.

An earthen guidewal l ,  consist ing of an earth berm, 200'  in length,

19, in height (assume a 1Or snovrpack, with 9r clear height of  berrn

above the snowpack,),  Earth f i l l  in the berm should be instar l led at angle

of repose on the northwes'"  s ide oi  the bern, ma'v be at a lovrer angle

on the southeast side i r  desired. Snowfal l  should be al lowed to accu-

mulate on top of ' ,he berm dur ing the winter to increase the ef fect ive

height of the berm as the wincer progresses.

b. Shuctural  defense for Canyon Ldg faci l i t ies:

fhis systern wrl l -  protect against avalanches fro. ' : r  Divrsion Ridge.

A concrete shei l /er ' r th i ' r1 l  def lect ion barr" ier ,designeC to def lect

avalanches to the vrest anc ar ' ra1r frorn the vrestern-m,ost end oI the

faci l i ty .  The concrete shel i  w:uld serve to retain the earth f i I I ,  r
which would prov:-de the mass required to resist  expected snow pressures.

T"ne shel l  coufd further serve as surnort  for a sundeck or other port ion

of the facr l i ty-  The barr ier should intercept the f lowing snow at as

1or. ;  an angle as is practrcabre, but at  an angJ-e not greater than 20".

The she1l must be vert ical-  Earth f i l l -  retainec within the shel l

must l ie at  a s iope not greater than angle of  repose. ie ight  of  the

barr ier  must be not less l \an 1) '  above I  eve-L ground west of  the

faci l i ty  (assuine 2ct  snolnack, wi ih IJ '  c l -a:  height of  barr ier  ab, :ve

the na>:inur: sno'"lrack),

Ttre two defense structures descr ibed in

rece:ve f :na} design at-s i te,  concurrenl

precise locat ion of  the protecter i  faci l i

that  nerther faci_1i ty wiJ_1 actual- ly 1ie

paih;  but  because tne., '  wr] l  be ins '_: : l - leC

general  terms above must

wlth f inal  design anci

t ies,  fhe reader shoul-d note

withi-n a discerneC avalanche

innediately alongside di-scerned
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avalanche runout zones, the defense structures are recommended to

provide for the remote possibi l i ty of  overrun of the assumed avalanche

l ini ts.  Assuming no unprecedented or cataclysmic natural  eventst

the reconmended structures can be considered rel iable.

In design of the l i f t  system, avoidance of those port ions o1'  very

steep, unt imbered avalanche paths, where very high-veloci ty avalanches

are expected, wi l l  a lLo' .*  design o1'rel- iabfe defenses for tne l ine to lers,

, . Act ive Avaianche Control  l iethods

These rnetnods include standard methods t+idely en:ployeC i-n the ski  industry:

a.  Stabi l izat i -on by cornpact ion

( skier t raf  f ic  , t

b.  Contrc l  wirh expiosj-ves

c.  Temporary and per"manent c l , - -sures anci  warnrngs

Frincrples ot  these technrques are i iescr ibed. in depth in USD.: .  r4U9 Avalanche

l :andbook- The Handbork should be consldered a gurdel ine to be fol lowed

dunng development of  speci i ic  on-srte cr i ter ia and procedures tnat wi l l

render the avalanche control  progran for Snowcreek's own physical

cha: 'acter and weather envirorment as et f ic : ,ent  and ef fect ive as nos-. ' i  h l  e,

At Snowcreel l  ,  special  cols ide: 'at ion must oe given th l -o l lowing:

a.  The ski  deveiopne:r t  l ies very c lose to he:vi ly useC publ ic

roaCs a: :d a nopulat ion cen'"er.  . ! 'u: ' iher,  the a: 'ea has histo: ' : -cal- iy been

used by ski  tourers,  sk- i  nountaineer-s,  and ctoss couniry skiers.

b.  The Old ] . iamnoth- l ' iammoth Lakcs tsasin road (curr-ent1y not plorveC

in wrnrer ' )  anr i  the terrain througi :  which the r ' , .ad pasoes! airpears to be

a lagical .  winter ro; is to: .  i , i :e 5:-ou,- .s nent ioned in a. ,  above- Avalanches

I

1l

,1,._



t faLl into portions of this logical route from steep slopes imnediately

outside of the skj- developmen! boundary. DownhiLl srciers will have

easy access Lo these out-of-area avalanche slopes. Avalanche control

work just inside the boundary could conceivably trigger aval-anche relea$es

on tne out-of-area slopes.

a.,  and b.,  above sugges! that a procedure and warnrng system be

developed to prevent accidents rnat may occur if the hazard. zone were

entered at the wren8 time. Snovcreek management may wish to control

the our-of-area slopes mentioned as a pract ical-  matter;  but thr_s

act ion may entai l  assumpt:.on of undesirable l iabi l i t ies, should thus
be consrdered careful ly.  ln any case, the area bound.anes nust be
carefurly ano appropriacery narked at logicar poincs, along with
appropriate warnrng signs rvhere persons may enter the hazard zones
withrn anc. irnmediarely adjacent ro the boundaries.

i l
l

] l
i



O Preliminary Avalanche Control  Plan

Alternat i .ves f I ,  f l f  ,  V, or VJ

Note: fhis prel imi-nary plan is an ini t i_a1 p1an, intended to be
ref ined and upgraoed with exrer ience in per-formance of t 'e plan,

Plan A - r idgetor l i f ts operabre, morierate use of avalaunchers

/}tep L

opens
l i f ts
I t  2 l

2a,  2b,
4b, 5t
6,  7,
U, 12

o!ens
balance
of
hf ts

Step 2

l"n :

Stec 4

team 1 ascend l i t ' t  I  to avalaunche: posi t ion, f i re on al l  targets
tearns 2 & 3 ascend l i f ts  2 (or 2a & b) A g to r ldge,
then control  routes 1,  Zt  & mid J,
tearn 4 f i re Moto Cross l_auncher,  whi le
teams ) ,  6 ascend l i t t  2 or 2a, then
tean J descend to sol i tude Flat launcher '  & f i res salne, whiLe
tean 6 descends to and controls route ! ,  whi le
tean 4 ascend l i f ts to canyon Lodge & f i res r-auncirer on a1r
excert  Sol i tude , . jest Bol.r1 tar.gets

tear l -  ascend l i f ts 4a & 2, control  route lower J,
teans 4,5,6 ascenC l i f ts J & g,  control  routes
5, 5,  ?,  & upper J

al l  teans perforrn fol iow-up work as required. --  ski  checking,
addit ionaJ- hand.charges, set appr.o.:^r iate signs, control
route 10 i f  required.

one tean a_.cerd l i f t  J ,  contro1 roure

one tean ascend l i f ts  4a & 5,  or  10,

Barr
control-  routes 4,  4a
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Plan C Assumes several teams overnignt at facility on ridge (recornmend

at solitude Ldg) -- rf weather arrows, these teans would cornmence
bandcbarging of critical high routes to speed operations and
render thern more efficient.

Cri t icaL high routes: 5,  j ,  b,  ?,  t

Routes not control-led by t'e overnignting teams would be

controlled in order as in Pran A, a1so, avalauncners woulo.

be fired as needed in Flan A. l ' iring of t^ie avalaunchers on
any of the target zones may not be reluired during a given

control mission, dependrng on results achieved by control

of  routes , ,  5,  b,  7,  10,

vanous permutations of the above plans are possiole. !.or example:

rf an overnight facility is estacl-ished at solirude Ldg, five teans
could. commence operat ions at that point,  negatrng tne need for a
significant amount of avalauncher use, and speedrng the various
phases oi '  the process.
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Avalanche Contr,rl OP""ations - the various Alternatives

Alternatives fI, IIf, V, & VI each nake the entrre ski terrain 'i,

availabre to skiers; therefore, tne objectives and requirements are

essentially the sarne for each Alternative.

Ttre intent of  Al ternat ive I  is to make tue area north of Sol i tude

T,odge and Division ?idge avail-able to skiers, plus occasional avail-abilj.

of the area south of Solitude Lodge and Division Ridge. Regular

explosive control will be conducted north of SoLitude T,ooge and

Divisicn Ridge, with the areas to the south temporarily or perrnanently

crosed to skiers.

The intent of Alternative IV is to make the area south of Solitude

Lodge and Divis ion RiCge avai labre to skiers,  plus occasional avai labi . l i

of  tne area north of Sol i tude Lodge and Divis ion Ridge. Regular

explosive control  wi l l  be conducteC south of Sol i tude Lodge and

Division Ridge, .with the area.s to the north temporarily or perrnanently

closed to skiers.

In both Alternatives I and IV, the option exj-sts to open the additional

terrain to the north or south of the closure l ines mentioned above after

executton of control  measures in the outer areas. fntensive and caretul

control  nei : ,sures wi l l  be necessar: , '  tc o1'e- these outer areasl because

tne outer a! 'eas wrl i  receive relat:-vely f i t t le sl t i  compact:-on; anC thus

the snow in these areas wrl l  be more Drone to tne weakening ef fects of

tne ' i 'enperature-Ur.ad:ent metanno:""*hic : l rncess. Hig,her incidences ot '

'IenFerature-,5radr-ent netamorphisrn are seen durung rhe winter months

uhere the snor.r  l ies undisturbei anC uncompacteC for long periods.

:"v

rJ
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a Prelininary Avalanche Control PIan

Alternative I

Plan A - ridgetop lifts operable

;  Step 1

:

1
fts

tea.n 1 ascend lift I, fire avalauncher on all targets,

teams 2, 1, & 4 ascend lift +a, lrre avalauncher on al-l

targets, control  routes mid J,  lower 1, Lr 2,  & upper part  of  +,

teann I foLows up lift 4a, controls balance of routes + ,& 4a,

aII teans perforn foltow-up work, set signs closrng Solitude

Uanyon, the upper ridge, other areas as appropriate.

I tean 1 ascend. lirt 1, rire avalauncher on all targets,

tel.ms z, J, & 4 ascend 1-ift +a, fire avalauncher on aL1

targets, control  routes lower J,  IO, and set s igns closing

uncontrolled avalanche zones.

An essent ial-  el  er. :enr of th- control  p1ar,  fo:  rhis Alternatr.ve

is in overnignt facihty at .herwl-n Stat ion ( juogers tsench).

This teci l i ty w:-L oe reouired during major stornlhigh hazar:d

periods when approaches to Iower rerminaj. of li lt +a may be

dangerous prior ro control of llorrh Face avala:rches.

step 2 i f  Sol i tude uanyon wi l l  be opened:

two teanss ascend l i t ' t  {b,  control  routes ) ,  b,  9,  and set

signs clos:-ng uncontrolled. avalanche zones.

FlanJ - ridgetop lifrs inoperable

,  Step

NO'IE:
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Prelininary Avalanche Control Plan

Alternative IV

Plan A - ridgetop f.ift ope.r'able

I

opens
alrl
l ifts

oPens
outer
areaa

oFens
l i f ts
2?, I l

Step 1- tear I fir.e i,ioto liross avalauncher,

teams 2, 3, & 4 ascend to Canyon Lodge,

tea,n 2 f:.res Canyon Lodge avalauncher,

teetr' J descend to solitude Frat avarauncher, frre sa-me,
team 4 descend to and control route 9,

Step 2 all teams ascend, to Pyramid Lodge,

control routes lI, upper J, j, ?, & 6,

all tearns ascend. to Fyramid Lodge, controlroutes g,

perform fol1or+-up work above upper terminal lift 5, and
set signs ctosing areas north of cuntrolled areas, and

other uncontrolled areas.

:
step J rf areas to no'th will be opened, all teams proceed to

Fyrarnid Lodge, perforn control on barance of rr.rutes.

Plan B - ridgetop lift inoperabre

team I fire lioto Cross ava.l-uncher

tearns 2, 3, & 4 ascend to Canyon Lodge,

team 2 f:.res Canyon Lodge avalauncner,

tean J descend to Solitude FIat avalauncher, fire same,
tean 4 descend to and control  route ! ,

Step I

Step 2 teans I  & 2 ascend l i f t  11, control  routes ? & g,

all teams perform fc,Ilovl-up ia/or.k, set signs ctosi-ng
uncontrol ied areas.
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Manpower and Equipnent,  and Faci l i t ies Reouirements

Avalanche control persunnel usually consist of one Director-

Avalanche Technician assisted by Professional Ski Patrol personnel,

who normat ly recerve overt l -me pay for that  port ion of  the control

work performeC dur ln$ overtrme hours.

Est imated overt ime requirenents (averages) :

-  4 hours per man pe: maxirnur.  controi  day -  est imate 45 days per season

- 2 hours per man ae:' miniraurn control day - estimate 1! days per season

In addi t ion to the above personnel ,  a number of  l i f t  operat ions personnel

and oversnow vehic le operators would be required on the estrmated t ime

basis indi-cated above.

Est imated personnel  requirements for  each Afternat ive are shovrn in Table I .

Fac:- l i t res ani  major equi-pment requi-renrents wi f l -  vary in number wrth the

var ious Al ternat ivesl  but  each rv i l l  include, as rnajor features:

-  expiosives and explosives mage-zines, exploslves rnater ia ls,  and

explosives preparatrctr  f : ; 'c l i i ty

-  on-the mounta. in ove:"ni ;ht  fac: i r ty fo:  control  crei . rs

-  avaiaunchers ard f ixed f i :  ing posi t ions,  p:"ojectr les,  and propel- lant

-  avaia: :che rescue caches ar ld stot"age siace

- avalanche rescue beacons fo: '  cortrol  ano support  personnel

-  radlo comnunicat ions systei : :

- sk-r area bo:ndar";, '  si-gns

- s l :ec- 'aI  aval-a:ch^ warr : ing alo c losu: 'e s iSns

- ro: ' ,e for  use at  ser ected segne: is o: '  s ig: ' l  l i : :es

- rniscel ianeous snnal l  tools anC equipnent

-  cent: 'aL of  f ice sFace and storage f . '=cr l i ty

-  snow study plo!  a ic reiateC v;eather obse:"vat ion instrunents

Es' . :nateC recuirenerts of  tne above are shown in Tabre f .
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reouirement

control  Personnel

l i f t  operators

vehicle operators

explosives charges
( conrplete )

expl-  prep. faci l i tY

overnrght faci l i tY

avalaunchers

f i rrng posit ions

projectr les (complete

/propel lant)

rescue caches

rescue beacons

radio systent
base stat i -on
repeater
portables

boundary st-gns

avafanche st-gns

rnne fnr sr  or  I  ines4v}-e rvr  
' *5^- --

s rnal l  tools,  eo,uiPt.

^i f i  
na qtar= sa

snor+ stud.y, instrrnts.

explosives magazines
major
arrorn i  eh *
v v v3 . r tbrr  v

a t  Sherwrn S tatron
at Sol i tude Lo1;e

Tab1e I

Alternat ive

I I I IT IV VI
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VI
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Estinatecl costs, major equiprnent and facilities:

explosive charges, conplete v/cap, fuse, igniter

expl. prep. facility - (a siople, isolated,
wooden structure)

overnight facility - (sleeping & cooking space
within a lodge)

avaLaunchers

f i r ing posit ions -  var 'ous t lpes

avalauncher projeci i les (complete /progrel iant
& emlosive)

rescue caches (crmplete)

rescue beacons

radio system
base stat ion
repeater ( instal l -ed)
portables

boundary sr-Tns

avalanche signs

rope for sign lines

sma1l too1s, ecuipt.

of f ice,  storage space (wi th in base lodge)

snow study & weauhe:. instruments

explosives magazines
nrajor
overni-ghr

:l 4.25 eaph

1000. oo

no est .

d5O,OO each

fOCO.OO each

IO.OO per rd.

15OO.00 each

160.0.1 each

1500. O0
+ooo.0c

95U.00 each

no est .

no est .  !

t -Scentsper

2u0O.00

no est .

6uOO. OU

+coo. o0
r5OO. ou

foot
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Snowcreek

Addendun to AvaLa.nche flazard Studies and Control Plan

Special  Connents re l i f t  p lan received 2] Seotember I9d5

Li f ts 2a L 2b

2a -high spans, elaborate torver protect ion, and caretul  torver si t i -n6

wrII  be required to protect against f lowing snow pressures anC

windblast --  detatchable chair  factor is posi t tve factor.

Unstabre ground is possibr l i ty.

2b - less exposure than 2a, but above logrc ar:pl ies to lower degree.

l i f t  2

crosses majo:  avalanche zunes above Sol i tude Fl-at  - -  windblast

is a major problem here --  h igh spans, turzer protect ion,  and

carefui  tor . rer  s i t ing requireC.

l i f t  ]

h igh spans at id protect ion required as nent ioned above, especial ly

in the louer port ion of  the l i f t .

l i f t  5

t l : :s f i l t  l ine crosses twin,  h igh-veloci ty avalanche zones.

windblast  an<i  f rowrng snow pressures are major problems.

hiEh spans requi-r 'eC, pius el-aborate tower protect ion.  upter

terr i -nar woul-d l - ie in narron safe zone bet ' ,veen very act ive avalanches.

Advrse against  th is ins '"aLlatron. Reco:: :grend shorten l i f t  to safe

r ldSe ap_oroxinately )-rOOO' down tne l i f t  1 ine.

t l . rE ' /

th:s l i i t  t rave:ses across sane avai*nche zones as l i f t  2,

sarne problens as l i i t  2,  s l ignt ly lorver deqree-
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l i f t  I

high spans and protectron wil-l be required, no special

problens orherwise. lorver terminal must be located on safe

ground -- on rsafe peninsula' with other lift terminals

shown on Canyon Lodge si te.  protectron of lower l i f t  terminal

at preci:se site shown on lift plan would be extremely expensive.

li-ft 10

protectron ot '  th is l i f t  would be extrem€ly expensive, especial ly

the lower terminal. windblast anu flowing snoic pressures

are major problens at this site. Advise against this installation.

l i f t  11

some avalanche protect ion wi l l  be required for l ine towers.

possibr l i ty or unstable ground should be consider-ed.

other

various segnnents of other lifts

protection required wilJ. ad:l to

problems are ant ic ipated.

wr1I require protect ion,

l i f t  costs;  but  no speciat
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l INTRODUCTION

Figure l .  A ski  lodge,
debris within o few yords
A diversion wol l  wi l l  be
tect  the lodge.

During the eorly yeors of ski sport in this
country, the terroin ond weother foctors
thot inf luence ovolonche occurrence ond
the destructive forces of snow ovolonches
were l i t t le understood. Evidence of ovo-
lonche octivity ond destruction went lor-
gely unrecognized o r unheeded by ski
oreo plonners in their  zeol  to exploi twhot
oppeored ideol  l i f i ,  lodge, ond ski  run
terroin.  Eor ly plonning phi losophy hinted,
fotol ist icol ly,  ' thot  

ovolonchei  were l ike
eorthquokes, unpredictoble os to t ime or
locotion. Abetf ing r h i  s phi losophy wos
the humon compulsion to ossume thot such
fhings hoppen io others, not to oneself ,

wi th ovolqnche
of the lef t  wol l .
instol led tg pro-

Figure 2.  Evidence of  ovo lonche oct iv i ty;  note bronches pruned, broke;r  tops.
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F igure 3.  A smol l  ovolonche thot c lo imed o v ict im. The sl ide ron 90' ,  wos 18"
degp ot the frocture l ine

r l
As ski developments hove prol i feroted since World Wor l l ,  o body of knowledge ond
e4perience in deoling with qvolonche phenomono hos grown thot now equips plonners
tdlenter mountoinouJterroin ond to deiign ski foci l i t ies thot ore very neorly immune
to ]ovolonche. Similqrly, plonners now hove the bockground ond experience to be
o$fe to recognize overpowering ovolonche situotions where they exist, ond must
ddretimes odvise ogoinit o ski development or specif ic port ions of o developmenf .

I

* j "
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.. # 

" .kf '
..-,.,1s*,*rt 

-
., .* . : : - i
: f  

"  
, ' ! t ' .

o rd ing the ovolonches
copoble of knocking

l ize how frogi le their
bf snow in mol ion.

$a

w
,. .- tn

themselves, few recognized thot very smoll ovolonches
over,  burying, qnd ki l l ing people.on skis,  nor did-they
steel strucfures would be in the foce of thousonds of tons

i

Figure 4.  A steel  tower,  torn pcper by on ovolonche.
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I)ol As plonning expert ise hqs
philosophy hos ceosed to
developers, operofors, ond
technology fo protect them

grown ond technology hos chonged, the eorly fotol ist ic
be occeptoble.  The publ ic r ight fu l ly  expect i  p lonners,
odministrotors to moke the best use of modern ovolonche
from ovolonche hozords.

A second considerotion in plonning for ovolonche is economics. l t  is poor business
proctice not to plon ihoroughly for ovolonche. In o few doys in Jonuory, 1972, this
lesson wos brought 

-forceful ly home to severol ski oreos. These oreosr'seporoted by
os much os 1r000 miles, suffered:

l.  Loss of two l ives in on ovolonche, buriol of f ive other skiers.

2. Loss of one l i f i ;  possible domoge to one other, plus o very neor miss for the
night slope grooming crew.

3. Loss of fwo residence-cobins, not occupied of the t ime of the ovolonche.

4. Loss of severol do.ys'revenues when on entire ski oreo wos evocuoted os q pro-
tective meosure. In this lost instonce, the bose oreo ond occess rood ore criss-
crossed by moior ovolonche pofhs.

Ofher oreos-, of other ploces ond t imes, hove experienced similor disosters ond neor
disosters. The l ist of 

. these 
is long. Thoughtfuf plonning ond operof ing procedures

could hove prevented these occurrences.

This plonning guide is wr i t ten wi th three brood gools in v iew:

I .  To ossist ski ore.o plonners by identifying crit icol plonning considerotions re-
loted to snow ovolonchei

2. To prov.ide .guidelines for the use of Administrotors whgn reviewing develop-
menf proposolr, dorelopment plons, or when conduciing feosibi l i iy studiei.

3. ,To explore ovenues fhot moy present solut ion of  ovolonche reloted plonning
problems

Cri t icol  Plonninq Considerot ions

Adequote ovolonche plonning for insiol lof ion ond operof ion of  ski  oreo foci l i t ies
wi l l  proiect  the skiers thqt  use those foci l i t ies.  Thus, the pr imorv considerot ion
deol t  wi th in th is guide is plonning thot wi l l  provide o,rolon" i - ,e- f re l  ski  t i f ts ,  bose
foci l i f  ies,  gother ing.ploces, ond_ptrk ing lofs i  minimum hozord ski  s lopes; ond op-
eroting procedures thot yield sofe condit ions on those ski slopes ond'occess roods
thot ore threotened by ovolonche. This concept leods logicol ly to the fot lowing
priority considerqtions in evoluolion of ond plonning for o sf i  developmenr.
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Fixed foci l i t ies musl be ovolonche free or protected under ol l  condit ions.

o.  Lodge.

b. Porking lot .

c. Lif t  terminols - Line towers exposed to ovolonche must be protected with
structures.

d. At leost one minimum hozord slope per l i f t -served oreo.
hozord slopes should be reodi ly control loble by ovotonche

l l .  Access rood ovolonche problem must be coreful ly weighed to
it is o crippl ing economic foctor.

Medium ond high
crew.

delermine whether

l l l .  Operot ions

Reol ist ic,  proct icol .

Provide sofety.

l .  Fixed foci l i t ies

o.

b.

. .  .These f i rst  pr ior i ty- i tems ore obsolute requirements.  t f  the foci l i t ies ment ioned
( lodge, porking lot ,  l i f t  terminols ond one minimum-hozord s lope per l i f t -served
oreo) ore not in ovolonche-free locot ions, the oreo must rely on'control  operot ions
to proiect them, ond ol low them to be operoted, ond experience hos shtwn thot
control  operot ions ore-freq-uent ly impossible--or extremely'dongerous ond t ime con-
suming--when proiect ion is most urgent ly needed. The-greof storms thoi conl inue
ov.er extended periods hove o woy of cr ippl ing l i f ts ond ovlr-snow vehicles ihot ore
rel ied on for control  operot ions, ond even of stopping the most energet ic ond ded-
icoted ski-ond-cl i rnbing-skin-equipped ovolonche mln.  There shoi la be no ex-
c-ept ion. to the. requirement for ovolonche free lodge ond porking oreos. l t  is some-
t imes physicol ly possible,  buf  rorely economicol ly feosible to f rotect  l i f t  terminols
with structures or borr iers:  therefoie o proposol io instol l  o piotected t i f t  terminol
in o sl ide poth must be studied coreful ly for ef fect iveness of thestructures orborr iers
ond the cost foctors involved.

Line tower locot ions con frequent ly be odiusted to toke odvontoge of noturot pro-
lecf ion or lo spon obove ovolonche poths olong the l i f t  l ine. Wheie l ine iowers ore
unovoidobly ploced in ovolonche poths ihey must be protecled with structures qr
DOrfl ers .
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Figure 5.  L i f ts ore f requent ly inoperoble when most needed for ovolonche contnol .
Oie reoson why the octivit iei of control crews connot olwoys be rel ied on to protect
f ixed foci l i t ies.

Figure 6.  This
tection from on

tower locot ion tokes odvontoge of o
qvolonche to the lef t .

lorge volconic outcrop for pro-

5
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F igure 8.  A steel  vee here could nol

tective meosures must be used '

protect ogoinstboth ovolonches'  Other Pro-
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the west, but is struck broodside by on ovolonche from the south, then the *]an"
sirnply creotes o very brood surfoce for the ovolonche to impoct upon. 

i l  
l

Where the possibi l i ty of ovoloriches from two directions exists, o very high, teryYYnere rne Posslolrrry ot  ovolonches trom two orrecl lons exrsts,  o very hrgh, yery
stout concrete foundotion moy be necessolf .  The plonner must olso odopt his pro-
tective structures to the noture of the ovolonche ooth he foces. Exomole: o sheettective structures to the noture of the ovolonche poth he foces. Exomple: o s}reet
steel wedge ottoched to o tubulor tower is not rel ioble where trees or other lol id
debris con be expected in the ovolonches.

l

l

i

r l

ie

Where possible, eoch l i f t-served oreo should contoin ot leost one top-to-bohtom
minimum hozord ski  run.  l f  th is gool  is  ochieved, the l i f t  wi l l  be usoble unde]r  o l l
weqther ond ovolonche condi t ions.  Thus the l i f t  wi l l  const i tute o greoter econ6mic
osset thon one for which control operotions ore on obsolute necessity eoch t imq ov-
olonche hozord oppeors.  Minimum hozord t ro i ls ol low on-t ime, ol l -weother oVoi l -
o.bi l i ty ond operotion, even while control operotions ore in progress elsewhefe in
the oreo.

Avolonches thot threoten ski slopes must be controtled or the slopes must be closed
to ski ing.  With th is in mind, the plonner should design his l i f f  qystem to pr$vidp
occess to the ovolonche tr igger zones so thot control operotions con be pei ' fgrmed
with moximum eff ic iency ond o minimum of lost  l ime.

Fig-ure 9. .A ski  oreo thot provides minimum hozord s lopes. These slopes con be used
whi le ovolonche control  i i  being performed in other port ions of  the oreo.

rffiffi
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ll. Access rood oplglg4llem
l<

i ;  E,rety effort  must be expended to ploce occess roods in ovolonchefree locot ions.
.a^

i$hort term economic considerotions should not be ol lowed to dictote posit ioning o
i ioodwov in on ovolonche zone. A moior ski  oreo, developed in coniunct ion wi t [  oroodwoy in on ovolonche zone. A moior ski oreo, developed in coniuncti
i lbnd develooment, ploced its three-mile occess rood on the norfh side of o
roodwoy in on ovolonche zone. A moior ski oreo, developed in coniunction wifh o
Itrnd development, ploced its three-mile occess rood on the north side of o vol ley so
lhof lond (w.! i9h is ov_qlonche free) o.n the south side of the volley would be ovoil-
q le for subdivision. The rood wos thus subiect to severol high' intermittent ovo-
lonche poths thot:

f  inquishing o few soloble lots.

l

r l l
l

r1

0 io

e

oreo occess rood menoced by ovolonches. The rood could hove
the south side of the conyon where on ovolonche-free route is
lond wos devoted, insteod, to subdivision.

lf  the occess rood connot be ploced in o completely ovolonche free locotion, the
econornic feosibi l i ty of fhe entire ski development moy be in doubt. The fol lowing
foctors musf be weighed in determining wheiher o rood ovolonche problem constit l
utes 'o cr ippl ing s i tuot ion,  or  iust  qn onnoyonce. The di f ference here l ies in the
qnswers to severol questions:

scope ond the degree of di f f icul ty of the ski  oreo ovolonche con-
the rood qvolonche problem compound on olreody di f f icul t  s i fuo-

Figure 10. A ski
been instolled on
ovoi lqble,  but  the

l .  Whqt is the
trol  problem; wi l l
tion ?

I

/

low ecsy or di f f icul t  is the lgtd. r
t i?

!*-,.ehg oroblem, ond how frequently musf



3. Are the rood ovolonche tr igger zones occessible to control crews or is ort i l le4Jr
required? A*i l lery. is not reodi ly.ovoi loble.  The ovolouncher,  whi le o useful  toof

t i
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l i
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l l
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4.  Con the control  iob be done--proct icol ly,  re l ioblyr  ond without const i tut ing o
crippl ing droin on fhe ski oreo's resources of monpower ond f inonces?

5. Whot legolproblems wi l l  be encountered i f  the ski  oreodoes ot tempt tocontrol
the rood ovolonches? This includes considerotion of closures, wornings, ond iniury
or domoge result ing from performonce--or non-performonce--of ovolonche controf.
ls  th is foctor monogeoble or unmonogeoble due to uncontrol loble outside inf luences?
(Homeowners, other busineses)

In generol ,  i f  the ski  oreo ovolonche problem is not di f f icul t ,  o reosonobly s imple
rood ovolonche problem wil l  not constitute on unsupportoble economic or logist ic
droin; however, the onswer to ony one of these questions could be the bosis to de-
cide ogoinst development of the ski oreo.

l l l  .  Operot ions

The f inol  considerol ion in plonning o ski  developmenl is o reol ist ic ond proct-
icol  p lon for operot ion of  the foci l i t ies ond control  of  the ovolonche hozord-.  The
plon musf give fu l l  regord to publ ic ond personnel  sofety whi le providing recreot ion
oppor iuni t ies commensurote wi th the highest ond best use of  the lond. l t  is  not
enough for o developer to guorontee thoi  the foci l i t ies wi l l  be operoted only when
condi t ions ore sqfe:  h is plon must give reosonoble ossuronce thot- fhe foci l i i ies wi l l
be sofe ly operob le.

in mony ovolonche si luot ions,  hos l imi to i ions.

Areo Plonning - Requirements

Comprehensive terroin ond cl imote onolysis is the f i rst  step in evoluot ion of  o po-
feni io l  ski  oreo. This meons on-the-ground winter ond summer studies of  the ent i re
development s i te.  Slope ongles ond ospects should be onolysed ond recorded. Ve-
getot ion should be studied for ovqlqnche domoge, growth potterns ond disoster spec-
ies.  These observof ions,  ond the distr ibut ion of  ovolonche debr is should be coreful ly
recorded. Snow deposi t ion potterns should be recorded ond onnuol  snow ond roinfol l
ond snowpqck informot ion ocquired. Correlot ion of  o l l  th is doio ol lows on ovo-
lonche mop to be drown. The ovolonche mop grophicol ly i l lusirotes locot io i i l i f
i l lq".h"-poths ond runout zones within the'de-vefoprunf oreol ond, the expected
sizes qnd frequencies of  oct iv i ty of  ihose ovolonche pof hs

the proposed ski  foci l i t ies ond ski  runs into
esiobl ished eor l ier  in th is ouide os bosic

The second step is the process of f i t t ing
the ovolonche mop, using the pr ior i t ies
guidel ines.



t
terroin ond climote onolyses con be efficiently performed os follows:

l' 
-Obtoin 

the best quolity mops ovoiloble of the sub[ect-oreo, photo-topos if
sible. Study these mops, ocguire o generol feeling for the loy of the lond.

2. Terroin observotions, summer.

o. Anolyze the terroin.

"  l .  Slope ongles.

2. Slope ospect. .

r t. Residuol snow potterns.

b. Anolyze the vegetotion.

| . Growth potterns.

2. Disqster species.

'  3.  Domoge.

4. Debris.

c. lt.lf the oreo from the oir, using o slow-flying fixed wing oircroft op
hel icopter.  Acquire ouol i tv low onole oeriol  obl ioue ohofos of the dred-helicopter. Acquire quolity iow ongle oeriol 6blique photos 6r the or"ot

I

D^-^-J )-L- - - )  ^L-^---^:^--  ^ -- . r  - f - - r - -  |d. Record doto ond observotions on mops ond photos.

Terroin observof ions, winter.

o. Snow deposit ion potterns.

l .  Drif t  zones.

2. Scour zones.

b. Avqlonche octivity.

l .  Locot ion.

2. Size, type.

3. Occurrence.

c. Acquire closeup winter photos of ovolonche pofhs, from the oir or i
other yoltoSe points. Oblique oeriol photos of the entire oreo in wi
ore helpful .

d. Record dofo ond observr l ins c: .  n:ps cnj  ;hotos.

10
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b

topped neighbor.

4. Weother observotions.

o. Acquire ol l  ovoi loble doto,  h istory.

I  .  Overol l  c l imoie pottern,  Weofher Bureou is o good source.

2. Neorby weoiher observot ion stot ions, snow courses.

3. Exist ing neorby ski  oreos

4. Highwoy mointenqnce stof  ions.

5.  Residents,  newspqpers.

Bosic observoi ions oi  subiect oreo.

l .  Minimum.

o. Cumuloi ive snow siokes ot  key poinis.

b.  Per iodic f ie ld observot ions,  wind-temperqture-woter c
new snow.

b.



2. Desiroble.

o. gondord snow study plot observotions (see Snow Sofety Guide #2).

b. Recording wind ond temperoture instruments.

3*;t
*{*t.l:
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Figure 13. Residuol snow Potterns seen in the summer reveol drif t  oreos'

zo-nes ore heovy snow creeP oreos ond possible ovolonche tr igger zones'

5. Correlote ol l  doio gothered ond observot ions mode to produce fhe- c

mop, showing ovolonche poths ond zones,. I i lh ,h": : t l  
c lossi f icot ion 

.o, l - t
i ; ;" i  [";"; i=onur. one system to closi i fy individuol ovolonche poths

L\r6,:-i.,

&

is os fol lows:

o.  Minimum hozord.
Exomples:  A bui ld ing fu l lY
l ikely to ovolonche.

This c lossi f icqt ion indicoies proct icol  obsence t

proiected by noturol  or  or t i f ic io l  borr iers;  o

b. Low intermit tel t  hozord. This indicotes occosionol exposure to o

ofdong.,@slopenotsteepenoughtoovolonchein

l3
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{

volume except. under exlleme ::iiltl:fft::Hi::'.: "'"'"
enough to o slidePoth to

volume excePr' '" ln-i"r- i l i ; ; .  
ovolonche condit ions'

be domoged onlY u

c. High i ntermittent hgegr-d',^lt'; 
;1j;'"-*;

oreos frequentlY subiect to ovo-

o . looe oi suff icient dimenstonsient dimensions
_ c.  Htgh lnrerr l t l ' rE ' ,  '  

A t , ig1,_ongle s lope
lonches of1-geroY.l t:=": !.qiP].:;" 6\,Fru moior srormlon"h"i  oi1-@rous si te.  Exomple: A nrgn-. ,rre 'E Jrvr-  

o,  undut deloyed-oct ion
go thot hozord i'.i''k;itL "l..*:lil^"[L;:ii'"it"""0 hish iniermitt; ho=o'a;';ff i  i"..t i . ir. l ikelv to exist with every 6olY' " '";; l  -r-, igr-, intermirfent hozord

ovolqnche "ono"'oni' 
'(th" distinction between low c

Ir it"quunry -)

Fiqure Tl. '  ; terminor proced in fhe extreme runout zone of o moior ovolqnch

oo-rh. Atthoush ""'#;;; 
,f,o*ud, th"';; i ;;;t '" . 'a ttoi"tt"a ihis for sometime i

ihe post, it hod 
"*'il;;-"[r"*"a 

t"i" iftft 
'''-n"" 

tt't" o-o *"t developed ('14 ye'o

eorlier). Thus, rhe developer occept;';h"";irt "f "ing 
this oiherwise desirob

locotion -

d. Hiqh jnte,l l i t tent hg=grd' not control led '  lndicoies

which oruEt f tosible to control '

h ighly hozordous o

Ooeroting plonl should hqve suff icient doto ihot the fol lowing

*i l l  b"  ovoi loble:

fpes of informot

o.Alonpowerondski l | requirementswhichmustbeovoi lob|etocopew
ovo lonche si tuot ion '

b.  Proiected cost of  inplement ing plon'

c.  EquiPment needs '

d.  Control  meihods to be employed together wi lh occess routes'

14
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GUIDELINES FOR SKI AREA PLANNERS AND ADMIN I5TRATORS

toq
:teo
r t io l
oflSir

on the operotions personnel to keep the l i f t  running. Su-ch Pressure, under di

or morgi 'nol condii ions on o Soturdoy morning, creotes ferf i le ground for misi
ment ond ensuing trogedY.

All too often, instol lot ion of foci l i t ies in exposed situof ions hos led to o loter
to teor downond rebuild elsewhere, effectively mult iplying the cost of the f

l ip
le"

opt

I

mirls
omf c
f tt|re

ond the impoct on the environment.

:trril
j.l 

.

?t

M*
Figure 15. An upper l i f t  terminql  is  locoted ot  X,  beneoth the.800's lope ob

Th'is l i f t ,  serving intermediote terroin, must be. proiecled by ovolonche contro
*l l ,"""uJr hozoid oppeors, even though the hozord moy not normolly offeci
terroin.

2. Do not creote impossible situotions, such os o ski oreo with on overw
qvolonche problem. Avqlonche control  techniques hove l imi tot ions--both.  e.
ond physicol .  Al l  fociors presented here *r t i  b"  weighed ogoinst  the s iot
ort  in ovolonche confrol .

t5



o
3. Do not consider o. development plon thot does not include the comprehens

, l / ,
$r
ili

ive l l l
ete l l""jiI
.brilll
rcnl  l

l rroin ond weother onolyses outl ined eorl ier. The ovolonche mop must be compl
nd occurote ond development plons must f i t  logicol ly into i t .  The occurocy of
nolpes ond the ovolonche mop must be demonstroted.

4. When cleoring ski troi ls in steep terroin, do not creote ovolonche poths
utt ing continuous swoths through the f imber , orby removol of islonds of treis wh

ed os onchors.

Figure 16. An upper terminot in o very morginol posit ion. Avolonches from thE]
300'ovolonche slope obove buried the terminol freouentlv, ond cousedmoior domooei300'ovolonche slope obove bur ied the terminol  f ruquunt ly,  ond cousedmoi3OU'ovolonche slope obove bur ied the terminol  f requent ly,  ond cousedmoior domoge
severol  t imes before the l i f t  wos shortened. The upper terminol is now ot Y.

5.  Do not consider on ovolonche control  p lon thot is bosed solely on ovoi lobi l i ty
of  mi l i tory ort i l lery.  Overol l  developmeni plonning must provi je for  ovolonchq
contr.ol independent of mil i tory ort i l lery-os we look to the t ime in the future wherq
i f  wi l l  no longer be ovoi loble.

6. Do seek odvice ond consultot ion from o vor iefy of competent consultonfs bot l iq
in industry ond government.  An interdiscipl inory opprooch' is o necessi ty in de1
velopment plonning, ond the ovolonche consultont i j  on importont member of thq
teqm. The efforts of the teom must be directed by the developer ond the odministrol
tor  who should estobl ish porometers to guide theiechnic ions. '  

l i

l
I

l6
l
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Da

Fioure I7. A ski slope ofter trees were removed. In the noturol stote the slol
;;1-"i i ir ir"iJ ."oLn"h"t regulorly, lorge ovolonches.rorely. .Since,tree r

;;""; ' ;; ' ; ;;t i / lo"'"i r"io, o/olon"6es thot deposit lorle debris blocks

ski  s lopes below.

Fioure 18. This l i f t  system does not provide odequoi-e. occess. to th.e tr igge

ihY;';i-if"iy'i i , l,qlr; '.; ; '" ' pil i.. i ' ,Li-iun' A ond B . The Avo louncher mov
thus qrt l  l lery ls requlreo r .o Proresr 5

sui toble subi t i tute for  or t i l lery here -

17
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PLANNING
-

PROBLEM EXAMPLES

Typicol plonning problems fol low,
vories with locol terroin, weother,
procticolity for most circumstonces;
toi lormode solufions.

with solutions thot moy opply: Applicobil
ond snowpock. Solutions ore l isted in order
however, specif ic problems generolly requ

B.

c.

D.

A. Lift  terminol exposed lo ovolonche.

I .  Relocote.

2. Breok l i f t  in two, relocote one port ion.

3.  Provide ort i f ic io I  protect ion.

Avolonche crosses l i f t  l ine.

l .  Spon ovolonche poth, using tol l  towers on both sides if  necessory.

2. Proteci l ine towers in or on edges of poth.

Art i f ic io l  ovolonche protect ion needed.

I .  Provide structurol protection, el l ipt icol towers, sheet steel vees, tol l
cretefoundot ions,concrelevees--whichever isoppl icob|e.

2. Provide eorthen diversion woll or mounds.

3.  creote snow stobi l izot ion structures in ovolonche stort ing zone.

Cornice problem.

l. Prevent cornice formotion with iet roofs.

2. Prevenl cornice formotion with snow deposit ion fences.

E. Snow creep.

I  .  l f  e lecir ic i ty is ovoi loble,  instol l  heoi  wires.

2.  lnstol l  vee spl i t fers,  or  broces.

Dc

I
1l
ll
l

Snow creep is the slow downhi l l  movement of on ent ire snowpock. Snow creep
reloted to snow sett lement,  is  o_ mossive,  neor ly incolculoble force thot ocls up
ony surfoce i t  contocts.  As with glociers ond moving woter,  the snow neorest
surfoce moves foster thon the snow ot the bottom of the pock due to the drog of
terroin ond vegetot. ion. Creep bends steel,  pushes towers over or out of  l ine,
moves unheoted bui ld ings

l9



Sheet steel vees ond el l ipt icol towers hove successful ly been used to resist snow L
.1i3Pj brrt v.ery stout onchoroges ore essentiol. Where eiectricity it ouoilo[i"; i;;
vof toge heotin_g coils hove been succesfu.l ly ond economicolly'vt i l ized to prevent
snow creep effect on line towers by meltini the snow os it tontocts the towers,

The destructive copob,ility of creep is greotest on steep slopes, but creep is presentl
in_some degree on ol l  slopes. ?:ft l . t  of sno* pock, 'mognituie 

"f 
, l"pl 

"u'.r*, iobiect ,ondgroundsurfoceorecr i t icolelemenfs

Fiqure 19. This l i f t  wos instol led by o ski  qreo thot desired o hish elevot ion l i f t
.unl,.o.n9e *l ly seoson-pofentiol.  Avolonches from the left forc-ed the ski oreo
build in o feis thon ideol tower terminol lo""i ioi i i i ,  "r 

rhe ideol locotion (y) i
regulorly overrun by lorge ovoloncfies. High spons *Lre d"sign"J into the l ift tr
I l lq: l::T,:""l:n-ch.es 

forther up the l ift. l ine.' Line rowers wJre insrolted on pro;
tected knol ls ond outcrops. Snow creep is o severe problem ot two l ine fov
(block orrows).  The upper.  ierminol ,  .o l though within 200'  of  the r idge, suf
domoge from.snow creep ond occosionol c l imoi o,rolonches. Thus the pl inning
not on unquol i f ied success.

20
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Fig
the

bj idg".  o- moior ovolonche poth. Note fhe
lhe choirs ore over 100'  obove the snow.
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Snow deposit ion st iuctures. Note the
heovy deposit ion to left of the struc-
iures.  These structures prevented
cornice formot ion of  fef tof  p icture.

Figure 22. Structures
lef t .  Snow deposi t ion

designed to prevent formot ion of  cornices.  Jet  roofs on the
structures on the r ight .

(.

Figure 24. Snow creepdomoge too struct-
urol  steel  tower.

23. A str iking exomple of snow
C.r:.gp forcesr-octing on guy wiresep. L.rg.gp rorces, ocfing on guy wires

fhe uphi l l .  s ide of rhe pole, thieoten to

t l i

.1 g

,*

picture shows on exper imentol
l lot ion feof uring severol dif ferent

of rooB. The lost four roofs on
right were not effecf ive.

the pole.

22


