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Chapter I

INTRODUCTION

A, Studies - Authorization - and Report

On January 10, 1967, Hsieh W. Shen, Associate Professor of
the Colorado State University was authorized by the Bridge Section o
the Wyoming State Highway Department, to lead a preliminary investi-
gation on ""The EfZect of the Crater Lake Snow Slide on the Proposed
Bridge at Station 391 + 49.00". A copy of this authorization signed by
Mr. R. G. Stapp, Superintendent and Chief Engineer, is enclosed as
Exhibit A in Appendix I of this report.

This report presents the results of our investigation. All
figures and sampl= computations are presented as exhibits in

Appendices I and II of this report.

B. General Description of Area Studied

The Wyom:ng State Highway Department is considering building
an arch bridge over the Crater Lake Snow Slide Path at Station 391 +
49,00, near Wilsoa, Wyoming. The approximate location of this bridge
site is indiééted on Exhibit B. Crater Lake snow slide obtains its snow
supply from the southeast face of Mount Glory. The peak of Mount
Glory is at an elevation of 10,095 feet, and the proposed bridge is to
span over a grounc elevation of 7, 895 feet. A photograph and contour
maps of this slide area are given as Exhibits C, D and E, respectively.

The proposed bridge deck is at an elevation of 8010 feet and the span



of the bridge is <00 feet between the centerlines of the two skew-
bazks as indicated by Exhibit ¥ . Exhibits A, B, C, D, E and F
-were furnished by the Bridge Division of the Wyoming State Highway

Department.



Chapter II

REVIEW OF LITERATURE

- The physics and mechanics of snow as a material have been
_investigated rather extensively. The U. S. Army Cold Region Research
and Engineering Laboratory has summarized these findings in June
1962 (1). Several international conferences on the physics of snow
and ice have been held, with the most recent one being at Hokkaido
University, Sapporo, Japan in the summer of 1966 (2).

The dynamics of a snow avalanche are very poorly understood due
to the lack of reliable data. Avalanches usually occur during or near
the end of a snow storm. A. Judson (3) found that large slides usually
occurred when the water content in the snow accumulation is less than
one inch.

The most comprehensive study on the destructive force of
avalanches is given by A. Voellmy (4). Bruno Salm (5), A. V.
Briukhanov (6), aad M. Shoda (7) also presented their respective
dynamic models.

A general description of a snow avalanche is given by the U. S.
.Department of Agficulture as Agriculture Handbook No. 194 (8),

January 1961.



The following is a brief summary of previous pertinent findings:

Items

Slope angle:

Slope orien-ation:

Density of snow:

Maximum velocitly
of avalanche:

Impact force
of snow jet:

Vertical location

Remarks

Avalanche occurred on slopes
between 25° - 60°, Common
danger zone 30° - 40°,

a) South exposure - less
avalanche

b) Windward slope - less
avalanche

Fresh deposited (.03 - 0.1) x
density of water, Usually
.06 - .07 in this area.
Powder avalanche (very close

"to ground) = 0,15 x density

of water.

> 360 ft/sec

a) Direction: Usualiy upward
b) Magnitude: Seldom above

1, 000 1b /ft® near the ground

Maximum occurs at two meters

of maximum pressure above the ground and zero

in ground avalanche:

pressure at three meters above

the ground.

Reference

(7), (4)

(7), (4)

(7), (4)

(7)



Chapter III .

DATA

Climatological data are given in the following publications:

a. '"Precipitation Protabilities in Wyoming, "' by Agricultural
Experiment Station, University of Wyoming, Laramie.

b. '""Temperature Probabilities in Wyoming, " by Agricultural
Experiment Station, University of Wyoming, Laramie.

c. '"'Summary of Snow Survey Measurements, Wyoming 1919-1963,"

by George W. Perk and others, U. S. Department of Agriculture,
Soil Conservation Service,

.~

d. '"Water Supply Outlcok and Federal-State-Private Cooperative
Snow Surveys for Wyoming, "' by U. S. Department of Agriculture,
Sqil Conservation Service and State Engineer of Wyoming,
Unfortunately, no snow precipitation record near Mt. Glory is
available. Snow accumulation records at Teton Pass (Gage 10F13) and
Togwottee Pass Gage 10F-9 at elevation 9, 600 feet) are given in item
c as listed abov2. About 30 years record is available at Togwottee
Pass gage, and cnly 21 years of record is available at Teton Pass gage.
Snow accuraulations are measured once at the end of each month.
The largest recorded snocw accumulation at Teton Pass gage and
Togwottee Pass gage were 130 inches and 116 iﬁches, respectively.
These gages were installed in the forest and snow depths greater than
these records may have cccurred on Mt. Glory.
Private informal ccnsultations' were made with Mr., George Peak

of the U. S. Department of Agriculture, Casper, Wyoming; Mr. Mel Long

of the U, S. Forest Service, Jackson Wyoming; Dr. M. Martinelli, Jr, and



- Mr. Arthur Judson of the U. S. Rocky Mountain Forest and Range

Experiment Station, Fort Collins, Colorado and Mr. Malcolm Mellor

‘of the U, S. Army Cold Regions Research and Engineefing Laboratory . -

(CRREL). The zonfidence of finding- a 50-year frequency flood from
even a good existing record of 200 years is not really high., To
determine a 50-7ear frequency snow avalanche from practically no
existing record is about impossible. However, as will be shown from

our analysis, the velocity of ‘an avalanche is actually not sensitive to

these data,



Chapter IV

BASIC CONSIDERATIONS

Avalanche motion zan be divided into two broad catagoriés:
1) flowing, slidirg or tumbling motion along the ground, 2) turbulent
ﬁnotion through the air (powder avalanche). |
fA. Voellmy (4) found that "the disintegration of the snow and its
turbulent rﬁévement musz, in all cases, begin affer exceéding a flow

velocity of about 30 ft/sec."

Since the proposed bridge is at more
than 100 feet above the ground elevation, ground avalanches will pass
under the bridge without causing damage to the bridge, and thus only
a powder avalanche will be considered.

After reviewing the movie "Avalanche Control, ' narrated by
L. Thomas and rmade by he U. S. Forest Service, and consulting

with several snow specialists, (M. Martinelli, Jr., A. Judson,

M. Mellor and A. Roch) the following dynamic model, as shown in

Figure 1. Dynamic Mocel of Powder Avalanche,



A photograph copy of a model study of this vortex development is
included as Exhibit G of Appendix I.

As a jet stream cf snow comes down from the upslope, a large
shear stress is exerted on the stagnant air at the front of the flowing
snow. This creates vortices which migrate slowly (relative to the
snow jet underreath) downslope. But the vortex front, which is
formed by a newly created vortex, moves rapidly with the jet stream
of snow.

The commonly reported velocity of a powder avalanche is
determined by timing the traveling distance of the vortex front, and
thus is actually equal to the velocity of the snow jet stream.

This snow jet stream, moving at an extremely high velocity (up
to 120 m/sec, reported by A, Voellmy (4)), has a great momentum and
can be very des-ructive. A. Voellmy (4) stated that ''the pressure
effect in the thrust direction of the avalanche seldom exceeded five
tons/m? (5 x 2,200/10= 1, 100 1b/ft?) on the surface of the object

struck... Andire Roch has n‘leasured 20, 000 1b/ft? of pressure

force when the welocity of an avalanche is 300 ft/sec. Using p = %pva,
vy, the density of a flowing avalanche is found to be 9.3 1b/ft3which is a
rather reasonable estimation. However, the destructive force of the
vortex which consistes of a snow and air mixture can be much less.

Unfortunately, there is no known analysis on the variation of force

with respect to distance Zrom the ground in a powder avalanche,



M. Shoda (7) found, by actual measurement in a ground avalanche,

that the maximum destructive force was at six feet from the ground,

and almost no force existed at a distance of 10 feet from the ground.
A method will be suggested in Chapter V to estimate the lift and

drag forces acting on the proposed bridge.
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Chapter V

CALCULATIONS AND ASSUMPTIONS

Basic assumptions and principles of calculations are discussed
in this chapter. Actual sample numerical calculations are presented-

in Appendix II of this report.

A. Volume of Snow Contained in A Single Avalanche

From past experience (8), the majority of large snow powder
avalanches occurred during or at the end of the snow storms. After
consulting with s=veral snow specialists in this area, the authors
chose as a design avalanche the following condition: A 36-inch snow
storm falling uniZormly in the entire snow basin and this entire amount
of snow plus 36 inches of previously deposited snow starting to slide at
the same instant to form the design avalanche. It is difficult to
estimate the fregaency of occurrence of this design condition. However,
with proper operctional procedure as recommended by this report in
Chapter VII, the occurrence of this condition can be reduced. The snow,
which had been deposited or; the ground before this storm, could be dragged
down by this avalenche which consists mainly of freshly deposited snow.
If the operational procedure as recommended by this report is followed,
the total maximum ﬂowiﬁg snow depth cannot be greater than 72 inches
(including 36 inches of previously deposited snow). This would be the

same as having 60 inches of fresh deposited snow and 12 inches of

previously deposited snow or any other combination.
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The dashed and dotted lines, as indicated on Exhibits D and E, ‘
give the boundery of the snow basin., Since the snow-fracture 1ine
. normally occurs at more than 100 feet from the peak, we have used
the enclosed-deshed line B, as shown -in Exhibits D and E, as our

boundary of sncw supply for this design avalanche,

B. . Depth of Flowing Snow

The density of freshly deposited snow is about 0. 07 x density of
water, and the density of flowing snow is about 12% to 15% of the
density of water. In order to be on the safe side, we have assumed
the density of snow in the flow depth ot be 12% density of water. With
this assumption and the other assumptions made in item A, the depth of
the snow-jet stream is found to be less than 40 feet which is much less
than the unobstructed distance of the proposed bridge above the ground.
The broposed bridge will not be 1“lit by the snow-jet stream. Note that
as the snow is coming down the slope, the snow-jet stream depth should

decrease slightly due to the loss of snow powder to the vortices.

C. Velocity of Snow Avalanche at the Proposed Bridge Site

The following two methods are used to estimate the velocity of a
snow avalanche:

1) The firs: method is to find the terminal velocity (Qr equilibrium
velocity) of flow in a hydraulically smooth boundary with a slope of 32°,
The first equatioa is:

V2= -fg— gR 3ind (1) -



where V = average velocity of flow
f = friction factor
R = aydraulic radius

6 = -nclination of bottom slope = energy slope for established
tniform flow. ' :

The second equation is:
0.316 '
Lfn ey (2)

(Np) -~

in a hydraulica_ly smooth boundary where N_, is the Reynolds number

_ 4RV

R

and v 1is the kinematic viscosity of flowing snow. According
to A, Voellmy (4), v = 4.4 x 1072 ft?/sec. The terminal velocity of
snow is found to be 420 feet per second fczr our design condition. The
difficulty of this approach is to find the elevation at which the flow
reaches its equ:librium condition, In other words, if the flow of
snow reaches its equilibrium condition below the proposed bridge site,
fhe velocity of tane snow jet would be less than this magnitude of 420
feet per second.

| 2) The second apprbach is to estimate the amount of kinetic energy
a'vaiiéble at the bridge site. The kinetic energy available at the bridge
site (Sie-action 2) is equal to the drop of potential energy from the
béginning of the snow avalanche (Section 1) to the bridge site, minus
the head loss be-ween Section 1 and Section 2. By assuming an #verage
drop of 1, 355 feet, the velocity is found to be 260 feet per second.

Since this value is less than 420 feet per second, as calculated in the
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first method, we concluded that the equilibrium velocity would occur
below the bridge site and 260 feet per second should be used as our
.design value. Note that the second approach is independent of flow
depth, and thus.Z 60 feet per second should be used as design velocity
for snow depth greater than 40 feet, or a snow cover which starts to
move, greater than 72 inches.

This is rataer significarit because the velocity of the avalanche
is, at the proposed bridge site, independent of depth of snow in the
basin.

The actual velocity cannot be greater than this value of 260 feet
per second because the assumption of ‘@ hydraulically smooth boundary

is used.

D. Maximum Velocity and Size of Vortex in the Separation Zone

According to the measurement made by J. Ostrowski, Senior
Lecturer, Technizal University of Warsaw, Poland, (private communi-
cation) the maximmum velocity in the separation zone can be greater than
the velocity of the snow avalanche; and the size of vortex or the thickness
of separation zone cannot be greater than 2 h. where h, as defined
in Exhibit G; is tte depth of flowing snow (not the powder). h is found

to be 40 feet for our design condition of 72 inches of total snow.

E. Maximum Es-imated Velocities at the Bridge Deck Level

From private communication with J. Ostrowski who has contributed

much research in the boundary layer separation problem, the maximum
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vertical and horizontal velocities at 1.8 h distance from the ground
are less than 35% and 20%, respectively, of the velocity of the avalanche
at ground level.

In other words, the expected maximum vertical velocity at the

bridge level should be akout x 260 ft/sec = 93 ft/sec and the

35
100
expected maximum horizontal velocity at that level should be about

20
= S o= / .
o0 * 260 ft/se 52 ft/sec

F. Maximum Estimatec Pressure Forces at the Bridge Deck Level

According o the récommendation made by the American Society
of Civil Engineers (9), the drag coefficient is found to be 1.5 for our
case. After conscultation with Mr. Mellor of the U. S. Army, Mr.
Martinelli of the U. S Forest Service, and Mr. A. Roch and Mr.
H. Frutiger of tke Swiss Federal Institute for Snow and Avalanche
Research, the deasity of snow-air mixture at the bridge level is assumed
to be not greater than 0.5% of water. The estimated maximum uplift that
can be expected at the bridge for the design condition is estimated to be

2
%— = 1.5x0.5%x1.94x93'2

CD pA

The maximum sid= thrust is estimated to be 21 pounds per square foot.

G. Estimated Pressure Force at the Bridge Deck Level for Flowing
Snow Greater than Selected Design Condition

The pressur= force is extremely sensitive to h, the depth of flow-
ing snow, for h greater than 50 feet. For instance, if the depth of flow-
ing snow is 60 feet, the maximum velocity at the bridge deck can be as

high as 260 ft/sec.

A or 63 pounds per square foot.
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H. Effect of Natural Wind Storms on Snow Avalanche

If the wind direction is opposite to the direction of the snow
.avalanche, the snow avalanche probably will not occur, and even if it
occurs, the two forces would partly compensate each other, If the wind
direction is the same as the direction of the snow avalanche, a powder
avalanche will net occur because the relative velocity between the wind
and the snow avalanche is small. In either case, wind will not add

additional force to the proposed bridge.

I. Change of Ground Slope

As shown in Exhibits E and H, the ground slope changes two or
three times upslcpe from the bridge. This would have dissipated much
more energy thar in our analysis which assumed a uniform ground slope.
Since the last cliff is 1, 000 feet upslope from the proposed bridge
section, our analysis indicated that the snow jet stream would have

fallen to the ground before reaching the proposed bridge section.



(1)
(2)
(3)
(4)

(5)

(6)
g

(8)

(9)
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Chapter VII

RECOMMENDATIONS

A. Design Requirements

o

We recommend that this bridge be designed for an upward
vertica’ load of 80 pounds per square foot and for a horizontal
load of 30 pounds ber square foot., Although we have made con-
servative assumptions to the best of our knowledge, we do not
feel tha: this load can be reduced because thefe are many
unknowr factors involved.

We reccmmend that someone shoot down the snow this year
and measure the variation of pressure force at different eleva-
tions at the bridge section.

We recommend that the ground slope at 1,000 feet upslope
from the bridge be smoothed out. This location is indicated
by an ascerisk (%) on Exhibit H, Appendix I.

We recommend that an automatic pressure measuring device
be installed at the bottom of the bridge to measure the uplift

due to diferent slides.

Operational Frocedure

We recoramend that the operation procedure, as stated in

Exhibit J, be strictly observed. This procedure may be relaxed

only after several years of operation experience.
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Although we have used conservative assusptions, the
magnitude of the forces acting on the bridge can be much
greater if a snow depth of more than 50 feet should flow under

the bridg= as discussed in Section G of Chapter V.

.
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EXHIBIT A , - Cilifford P. Hansen, Gavernor

' R. G. Stapp, Superintendunt
WYOMING
STAMTIG
P.O. BOX 931 - CHEVYENNE, WYOMING
HIGITWAY TR
COMMISSION e
' s January 10, 1967 : “ 4G

PHYSICAL RESEARCH
General

Mr. James R. Grace

Contracts and Grants Fdministrator
Colorado State University

Fort Collins, Coloradc 80521

Dear Mr. Grace:

In your correspondence of December 2, 1966 you forwarded three preliminary
proposals on research. A brief explanation of the status of those
proposals will now be made.

The proposal by Dr. Sh2n on "The Effect of the Crater Lake Snow Slide on JF
the Proposed Bridge at Station 3914+49.00" has been accepted as a pre- -“,Lﬁi
liminary engineering investigazion by the Bridge Section of the Wyoming S

State Highway Department.

The proposal by Dr. Baznes on '"Super Critical Flow in Manhole Junction
Boxes" has been review=d by the Wyoming State Highway Department Research
Board. The Board felt that there would not be significant use of this
data in Wyoming to jus:zify the expenditures. The proposal was therefore
rejected.

The proposal by Dr. Ce-mak on "Wind Forces on Highway Sign Structure"
has also been reviewed by the Department's Research Board. The Board
decided, after reviewiag the proposal, to postpone a decision until it
could be determined what, if any, research has already been done on the
subject. The matter iz to be ciscussed with the appropriate Wyoming
State Highway Departmemt persornel in order that a final decision may
be forthcoming at the February Research Board meeting.

If any additional information is needed concerning the three proposals
please feel free to coctact our Planning and Research Division.

PO e !
. G. Stapp -/
Superintendent apA/Chief Engineer

cc: Joseph J. Evans, State Design Engineer
Mainard A. Wacker, Hydraulics Engineer

M. Charrmon, Lusk m DORREL GEITR, Vice Choasman, =lanner £
<en, Casper » Harold M. Johnson, Rawlins » C. E. "B :d" Webster, Cody ®» G. Clyde Larson, Jackson = Gus Fleischli, Jr., Cheyenne » W. E. Sutton, Secretary, Cheyenne

Bt g TSR ——



1

PER
e

WONS 3

" TETON :‘PASS

Mg

W

RPARALLEL

EXHIBIT B
A NASSS—

s M I D AN
YELLOWSTONE C))
st moan
B\l s
MATIO NAL
ooy
0 & o
PARK » A r X ", - R N wrra
[ p~t L
. “ 1o NsoN
R WASHAKIE
T oz o N
PO §
4 3 $ PRV NG S
»
\\ r AGE N T
N A T R N oA
PaeDALE casoeR
Ao
. o,
$ u BJL e\t T g™
y /'li
J \
I NCo N
b
-zl s wit E T W AT E x ::,\_...
¥ o~
5 c A 8 0 N
[ TR 4 =5

3 /)
%\W’%

\\\\" :\\\A”W//? _§J

e
“

,,
T"“'

) //4@0/

€

TR

%
%

/(

r

12

v e

—_—— 1 —

A / L
IR

:,l,ﬂ N

BYAN

=z

ral




EXHIBIT C

o

b S

g L R

g ol v g

2R 4 G Al S .T’,i;; y

o 2 o . ,,',] " W P 2oL Jy»(‘d R

3
\,
B

s

-
prapory TRy

bt ots




EXHIBIT D
TOPOGRAPHIC MAP

WYOMING h S-WAY DEPARTMENT
TOPOGALSHIC MAP FOR
SNOW S_LDZ INVESTIGATION
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EXHI3IT G - Dynamic Model of Powder Avalanche.
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EXHIBIT I
CONSIDERATIONS ON THE DANGER OF AVALANCHES ON THE PROJECTED

BRIDGE ON TETON PASS NEAR WILSON, WYOMING

After extenced discussion with H.S. Shen, J. Guessler, and
M. Martinelli, tte impression is that their work is extremely competent.
The calculation cf the possible force of avalanches on the bridge
requires several assumption which were discussed and seem reasonable.

However, experiénce of the measurements we tried to make of the
force of avalanches in Switzerland has shown that avalanches developed
always more force than expected.

For this reason, I would recommend to do everything possible in

order to avoid th2 destruction of the bridge.

1. Shape of the Bridge

Fig. la Fig. 1b

As planned (Fig. la), the bridge presenté a large area to the
wind pressure of-t1e avalanche in the middle of the main stream; I

would suggest a shape like on the figure 1b.
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2. Pro“ile of the Bridge Structure Acainst the Flow

» of the Avalanche

'//////////)

The profile of the bridge agéinst the fioﬁméfﬁfﬂé'avaianching

. snow should be as aerodynamic as possible in order to give the smallest

possible resistamce.

3. The Cross Profile of the Gully Under the Bridge

From a certzin distance above the bridge N 150 feet to a
little way downstream o~ 50 feet, the cross section of the canyon

should be smoothed and rounded in order that nothing would break the

" speed of the avalanche and cause more turbulence which could throw

the current against the bridge (Fig. 2). rah
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4., Shooting to Release the Avalanche

Even if the bridge is not destroyed by an avalanche, there is a
. danger that a car passing over the bridge at the moment of the avalanche.
could be thrown In the canyon by the air pressure.

In order to avoid this possibility, it is advisable to shoot with
a cannon on the slope where the avalanche usually starts. The shooting
should take place after every important storm.

During the shooting the traffic should be stopped.

If the shooting is successful, the avalanche has come down and
the danger is over for the moment.

If the avalanche does not start, it means that it is not ready
and may come on the next shooting.

The crew will rapidly gain valuable experience on the efficiency
of the shooting ia relation to snow conditions;

It is advisable to shoot at the same time at the twin avalanches

which start near -he top of the glory.
5. Remarks

Avalanches mzy slide under the bridge once a year or more often
and not cause any damages. These are not the ones which endanger the
bridge. The dangerous ones are the important avalanches which are
released after one or two weeks of storm and move és a powder snow

avalanche. This may happen every 10 or 20 years.

Andre' Roch
8 March 1967
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EXHIBIT J

FORM 6200-3 (1/€4)
UNITED STATES GOVERNMENT Department of Agriculture—Forest Service

! Rock ai i tati
e T llle y Mountain Forest and Range Experiment Station
Mern OrCiﬂQ Um Room 221, Forestry Building

Fort Collins, Colorado 80521

TO - : Dr. H. W. 3hen, Room 200, Engineering File No. 4300

Research Center, Foothills Campus
FROM : M. Martinelli, Jr., Project Leader Date: March 14, 1957
SUBJECT: Avalanche Control--Glory Avalanche, Your reference:

Jackson, Wyoming

The enclosed report is by Andre Roch. It summarizes briefly a few of
the points concernimg the bridge over the Glory Avalanche that he
discussed with you znd the Wyoming Highway Department representatives.

You also ask for some suggestions concerning shooting at this site to
reduce the danger of a large avalanche. The most important points can
be summarized as follows:

1. Artillery control is intended to reduce the chances of a major
" buildup thkat could lead to a large, fast-moving powder avalanche.

It should be pointed out that such control does not guarantee
safety for the bridge. It is possible under extreme conditions
that an artificially released avalanche could damage or even
destroy the bridge. Should this happen, the only consolation
would be tne fact that traffic would be stopped during the
shooting and the chance of catching automobiles on the bridge
would be eliminated.

2., Once there is enough snow on the ground to smooth the surface
roughness Japproximately 30 inches at the bridge site or no
more than &0 inches at the Pass) the avalanche should be shot
after ever> major storm. Until more data is available, a major
storm can be considered 12 inches of new snow without appreciable
‘wind, or 6 inches of snow accompanied by 10 hours or more of
winds 40 miles per hour or greater. Snow depths are measured
at or near the bridge site but the winds should reflect con-
ditions on the ridge crest,

3. It is important to shoot promptly after the first major storm
of the winter. Moving the snow out at this time will reduce
the amount of depth hoar at the bottom of the snow pack and
increase stability for the rest of the winter.
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4, During prolonged storms=--2 or more days--the area should be ‘
shot after every 12 inches of new snow measured at the bridge.

5. Shooting should be done early in the morning following the
storm to avoid exposure to the sun which would help stabilize
the snow 2and reduce the chances of bringing out an avalanche.

6. The gun position nust be well away from the avalanche path
to assure safety for the crew. It should permit firing at
‘the top oI the Twin Avalanches as well as the Glory Avalanche
if this is possible.

7. Arrangemeats should be made for blind firing so the area can
be contro_led even if low clouds and poor visibility obscure
the target.

8. When firicg on the area, shots should be directed to the roll
of snow just below the crest. Shooting should proceed from
left to right across the top with a minimum of 3 to 4 shells
in this area, Attention can then be directed toward any steep
places in the lower part of the bowl where the snow would be
under tension from down-slope creep. As experience is gained,
the best target will become more obvious.

9. The 75 mm recoilless rifle is recommended. - This is a military
weapon. The cormanding officer of the local National Guard
unit is the person to contact for information on obtaining
such weapans and ammunition for them.

-10. Help and suggestions for this type of avalanche control and

for the us= of the weapons can probably be obtained from the
Forest Service personnel at the Jackson Hole Ski area. Con-

tact here is: Supervisor Teton National Forest, Jackson,
Wyoming. Additional information could be obtained from the
Colorado S:ate Highway Department by contacting: Chief Engineer,
Colorado Highway Department, 4201 East Arkansas Ave., Denver,
Colorado.

Enclosures

. Wocdintle,
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