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ABSTRACT. An explosive d etona tion in snow produces high intensity shock 
waves tha t are ra pidly a ttenua ted by momentum preading as the snow is compac ted . 
Our experimenta l measurements and numeri cal calcula ti ons indica te tha t the 
maximum shock-wave a ttenu a tion in seasona l snow (250 kg m -3) is proportiona l to 
between x - 1.6 and x - 1.5 for plane wave and x - 3 for spherical waves (x is the 
propaga tion dista nce). Outside the region of shock-compac ted snow or in a ir ove r 
snow, stresses a re transmitted as acoustic/seismic waves. A ttenuation of these waves 
depends on snow permeability and the effecti ve modulus of the ice frame a nd is 
proportiona l to a bout x - D.7 for plane waves in seasonal snow and to a bout X- I for 
spherical waves in air over seasonal snow. Increasing the scaled detonation height of 
an explosive up to 2 m kgf - I / 3 a bove a snow cover increases the far fi eld (scaled 
distances grea ter th an a bout 8 m kgf - l/3) snow surface pressures. Scaled detona ti on 
heights greater tha n about 2 m kgf - I / 3 have little additiona l effec t . 

INTRODUCTION 

Explosives a re used in snow to transmit pressure to snow
covered objec ts, red uce the hazard of snow avalanches 
and excavate snow. Effecti ve methods for using explosives 
in snow have been d eveloped through practical app lic
a tion and experiments. Additional improvements in the 
effective use of explosives in snow are limited by a lack of 
qua ntita ti ve information about how snow res ponds to 
explosive loading and ad equ a te models to predict the 
response of the explosive/snow sys tem . The physical 
as pects of snow tha t make d etermining its response to 
an explosive difficu lt include snow's high homologous 

temperature, low strength, porous structure and high 
compressibility. In addition, the ph ysical ma keup of a 
snow cover and its surroundings (for example, interna l 
snow layering and substra tum ma terial) and the cha r
acteristics of a given explosive will affect th e stresses a nd 
deformations that are tra nsmitted in to a snow cover. 

An explosive, d epending on where it is d etona ted, can 
produce shock waves tha t permanently deform the snow 
through compac tion, produce fractures in th e snow and, 
for la rge stresses, cause melting. A shock wave propaga tes 
as a steep transition zone between undeformed and 

d eformed materia l and the shear strength of the ma terial 

can generally be ignored . When stresses in the snow do 
no t cause perm a nent sno w co mp ac tion , they a re 
transmitted as acoustic/seismic waves in the interstiti a l 
pores and the ice-particle frame. The aco ustic/seismic 
waves are called precurso r waves when their propaga tion 
velocity is greater than that of a following shock wave. 
Shock and aco ustic waves may also p ropagate in the air 
above a snow cover. Snow surface waves and ground 

seismic waves may a lso occur, but a re not discussed in this 
paper as th ey a re seconda ry eITects and do not contribu te 
significant stress to the snow cove r. 

In this paper, we present our measurements of shock 
wave propaga tion a nd a ttenu ation in snow along with 
our num eri cal calcula tions to describe shock waves in 
snow. W e compare ra tes of a ttenua tion for pla ne and 
spherica l shock waves in snow, plane aco usti c waves in 
snow and spheri ca l aco ustic waves over snow. \,Ve use 
ex isting d a ta to develop a method fo r se lec ting a n 
explosive's weight a nd detonation height to maximize 
its effective ness . In addition, we review earli er work on 

aco usti c wave pro paga ti o n in snow to p resent a 
comprehensive description of snow's res ponse to exp
losive loading. 

EXPLOSIVE DETONATION WITHIN A SNOW 
COVER 

An explosive detonated in well-sin tered snow produces a 
shock wave tha t p ropaga les in to th e snow . Nea r th e 
explosive, where stresses can approach severa l G Pa, th e 
shock-wave velocity may be grea ter th an the aco usti c! 

seismic waves tha t propagate through the snow so tha t no 
precursor wave is present. As th e shock wave a ttenuate, 
its velocity decreases until a precurso r aco ustic/seismi c 
compression wave and shear wave eventually precedes th e 
shock wave. This acousti c/seismic wave propagates in th e 
ice frame but is coupled to the air in the pore spaces . As 
the shock-wave velocity continues to decrea e a second 
compress iona l prec urso r wave , propagating in th e 
interstiti a l air pores, bu t coupled to the ice frame, will 
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appear. Eventu a ll y th e shock stress a mplitud e will 
dec rease below the level required to cau 'e perm anent 
snow compac ti on a nd only the two compression waves 
a nd shea r wave will remain. In snow tha t is unsintered , 
aco usti c/seismic waves are not able to propagate through 
the ice fra me and onl y the second compression wave will 
be present. This situa tion may occur fo r new snow 
(persona l communication from D . G . Albert) . 

Shock-wave a ttenuation occurs b y momentum spread
ing. An explosive impulse applies a finite short-duration 
m omentum pul se to snow that res ults in a high 
momentum density, pressure and pa rticl e velocity. If 
snow were elas ti c, the momentum pulse would propagate 
a long unchanged so tha t for pla ne waves there would be 
no momentum spreading and no a tte nua tion. Because 
snow is perma nently compac ted by a shock wave, much 
of the momentum behind the shock front is transferred to 
the mass of snow ra ther than being propagated through 
it. This spreading of the momentum over th e mass o[ snow 
behind the shock wave front causes the momentum 
density to dec rease with a consequent d ec rease in pressure 
and, particl e veloci ty. Spherical shock waves a ttenua te 

even more rapidly than plane waves because the mass 
over which the momentum is spread increases in direct 
proporti on to the vo lume of compac ted snow behind the 
spherical shock front . The a ttenua ti on of a spherical 
shock wave, ass uming a simple a ttenuation model, can 
ra nge from X - 1.5 to x - 6 as com pa red to x-1.5 for plane 

waves, wh ere x is the propaga tion dista nce Oohnson, 
199 1) . The severity of shock-wave a ttenua ti on d epends on 
the amount of hys teresis between the compaction-Ioading 
pa th and th e release or unloading pa th , where the relea e 
pa th is determined by the release modulus of the snow. 

Our previous labora tory experiments have shown tha t 

this hys teresis can be quite la rge Oohnson and others, 
1993) . 

We condu cted a series of fi eld tests to determine the 
magnitude of shock-wave a ttenua tion in snow and to 
exa mine the important [actors th a t control the response of 
a snow cover to an explosive. In these tes ts, a Oa t shee t 
ex plosive was placed on a snow surface and d etona ted a t 
severa l points simultaneously to produce a pla ne shock 
wave. We used stress gauges buried a t different depths in 
the snow to measure the shock-wave pressure reduction 
with propaga tion distance. The res ults from th ese tes ts 
show tha t the magnitude of shock-wave a ttenua tion in 

snow is very high (Fig. I ) . A simple power-la w fit to the 
measured d a ta indicates that the a ttenua tion proceeds 
a pproxima tely as x - 1.6 , which is simila r to the x - 1.5 va lue 
predicted by simple theory (J ohnson, 1991 ) when the 
uncertainty of the fi eld measurements a re taken into 
accoun t. Our examina tion of recovered snow after eac h 
test indicates tha t the snow com pac ti on is caused by the 
rea rrangement and plasti c deformation of ice particles, 
and mel ting. Gases genera ted by an explosive detona ti on 
penetra te the snow's interstitial air pores transmitting a 
strong impulse into the ice pa rticles and air-filled pores . 
This often results in a thin layer of carbon intermixed 

with snow in the cra ter region. The bonds connec ting ice 
pa rticles that consti tu te th e snow are broken by the shock 
and flow pas t one another until th e snow reaches a critical 
density, a t which point further compac tion is by plasti c 
deform a ti on of the ice pa rticles . Near the explosive 
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Fig . 1. Comparison of our measurements oJ planar shock
wave pressure attenuation in snow with calculated values. 
Our calculations (CRREL simulation) were done llsing 
the Pranto-2D program and the SRi simulations were done 
by L. Seaman using the P U F'P program. Both simulations 
used shock compaction and release data ]rom J ohnson and 
others (1993) . 

source, we have observed pa rti a l wetting of' th e snow 
that may be due to shock heating or conduction hea ting 
from the chemical reaction of the explosive. If the impulse 

of an explosive is completely conta ined in the snow cover 
then most o[ the momentum in the snow is di ssipated in 
the crater region as a result of inelas tic deformation. 
Consequentl y, littl e momentum is propaga ted away from 
the cra ter region as aco ustic/seismic waves in the ice 
frame or through the air pore structure. 

Simul a ti ons of fi eld tes ts to examine the influence of 
explosive cha rge geometry on the red ucti on of th e shock 
pressure as a fun ction of propaga ti on distance were do ne 
using the Pronto-2D finite-element program (Taylor and 
Flanagan, 1987) . In th e simula tions, th e ex plosive 
parameters were determined from published values for 
Dupont ma nufactured Detas hee t (Dobra tz a nd C raw
ford , 1985) and the d a ta desc ribing th e shock response o[ 
snow were taken from J ohnson a nd o th ers (1993 ) . Th e 
simulation results for th e fi eld tes ts a re in good agreemenl 
with measured values (Fig. I ) . 

Ca lculated results comparing the shock-wave pressure 
red uction for a plane wave to tha t of a spheri cal wave, 
using the same initial explosive impulse fo r both is shown 
in Figure 2. The maximum shock pressure a ttenuation 
proceeds approximately as x - 3 for a sph eri ca l wave and 
x - 1.5 for a pla ne wave. The predicted a ttenua tion [or 
plane shock waves using a simple model (x - 1.5) and finite 

element methods (x - 1.5 ) agree with each other and with 
the fi eld measurements (x - 1.6 ) within the limits of our 
experimenta l uncertainty. These results indica te th a t 
shock-wave attenua tion is predomina ntl y d etermined by 
an explosive's impulse and geometry, and the pressure-
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Fig. 2. Calculated normalized pressure attenuation Jor 
plane shock and acoustic/seismic waves, spherical shock 
waves ( Ra = 0.01 m) propagating in snow and a 
spherical acoustic wave (Ra = 1 m) propagating over 
snow. Peak pressure Jor the shock waves was about 1 GPa 
with an impulse of about 3 kPa. Calculations were done 
using Pronto-2D and data from Johnson and others 
(1993) . Calculated results Jrom J ohnson (1982) and 
Albert and Orcutt ( 1990) were used to determine values 
for the plane and spherical acoustic waves. The snow 
density used in the calculations varied from 210 to 
290kgm-3 

volume d eformation path of snow during loading and 
unloading. The snow compacts with very little vo lum e 
recovery producing a large hysteres is between loading 
and unloading. These results also indicate that the 
a ttenua tion of shock waves that a re completely con
tained within the snow may be estimated with reasonable 
accuracy using a simple analytical theory without 
resorting to finite element methods. 

EXPLOSIVE DETONATION ON OR ABOVE A 
SNOW COVER 

An explosive detonated on the surface of a snow cover will 
produce a spheri cal shock wave in the snow, in which 
much of the explosive impulse will be absorbed by 
compacting snow, and a spherical shock wave that 
propagates in the air over the snow cover. M easurements 
of the attenuation of air shock waves as a fun ction of 
radial distance, R, from ground zero (the position directly 
beneath the detonation point ) over perennial and 
seasonal snow indica te that attenuation is proportional 
to R - 2 to R - 1 (Melior, 1985) . When shock press ures a re 
sufficiently reduced the waves propagate and attenuate as 

acoustic waves (Fig. 2) . The attenuation of an air shock 
over snow occurs because of geometric spreading and 
absorption into the snow. 

Seasonal snow is composed mostly of air and the 
resistive part of the snow 's impedance is similar to that of 
air. Consequently, a significant amount of the incident 
energy from an air shock is transmitted into the snow. 

J ohnson and others: Response of snow cover to explosive loading 

Power refl ection coeffi cients for normal incidence acoustic 
waves vary with freq uency, but our calculations, usi ng 
data from Attenborough and Bu.er (1988) and Albert 

and Orcutt ( 1990), indicate that maximum values of less 
than 0.5 are typical , and minimum va lues a re near zero. 
Conversely, calculations of maximum power refl ec tion 
coefficients for hard pack soi l, using data from Attenbor
ough (1985), commonl y exceed 0.98. 

Pressure transmission into the snow from the air shock 

wave will be primarily through the air pores; thi s is 
equivalent to the second compressional wave discussed in 
the preceding section. This wave is coupled to the ice 
frame and is responsible for producing the peak stresses 
and motions in the ice frame near the snow surface 

00hnson, 1982) . 
Pressure measurements indicate that ex plosives deton

ated in air above th e snow produce high er stresses and 
pa rticle motions in th e snow than for explosives buried in 
the snow or at the snow surface (Ingram, 1962; Wisotski 
and Snyer, 1966; Joachim , 1967; Gubler, 1977) . As the 
detonation height above the snow cover is increased the 
pres ure at ground zero will decrease. The snow-surface 
press ure as a function of rad ial distance from ground zero 
wi ll , however, initiall y increase with detonation height to 
a maximum va lue and th en decrease . In Figure 3, we 
rel ate Hmax to RHm~' where Hmax is the detonation height 
of an explosive that produces the maximum pressure at a 
given radiu s (RH", . .,) (maximum press ure c urv e) . 
H max, RH",,,,, and PH",,,,, are sca led to exp losive weight. 
We use data from Ingram ( 1962) and Wisotski and Snyer 
(1966) summarized in O'Keeffe (1965) and M elior (1985) 
for this figure. Ingram's tests were done on perennial deep 
snow with an average density of about 300 kg m -3 in the 

upper 0.5 m. Wiso tski and Snyer's tests were conducted 
on seasonal snow with snow depths of between 0.2 a nd 
1. 2 m with average snow densili es that ranged from 250 to 

360 kg m-3 in th e upper 0.3 m of snow . 
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Presenting the d etona tion height and radial distances 
as scaled against the cube-root of the explosive weight is 
done to simplify the comparison of explosives of different 
size. It is a recogni tion tha t the energy, and thus the 
momentum impulse of an explosive, is directly propor
tional to its weigh t, and that a fter detona tion, this 
momentum is spread thro ugh an expanding spherical 
volum e. P ress ure is a fun ction of th e ch a nge in 
momen turn density across the shock-wave fron t. Since 
the momen tum density is proportional to the explosive 
weigh t divided by the expanding spherical volume, the 

radii of equal pressure (r l and r2 ) for two explosive 

cha rges with different weights a re rela ted by the ra tio of 
the cube roo t of their weights (Wl and W2 ), r2 = 
rl(wdwl)1/3. Hence, exp los ives with differing weights, 
b ut the same density, specific energy and spherical 
geometry produce the same pressure a t their scaled 
distances when the medium surrounding an explosive is 

homogeneous (Baker , 1973). 
T he scaling rela tions and the results presented in 

Figure 3 can be used to determine the ac tua l d etona tion 
heigh t of a given weight explosive that is needed to 
produce the d esired maximum pressure a t the snow 

surface beneath the explosive. The detona tion height H, 
in meters, for an explosive of weight, w, tha t produces the 
same pressure as is produced by a scaled detona tion 
heigh t of H max is given by 

H = W
1

/
3 H max 

and R = w1
/
3 RH"nu . (1) 

This scaling relationship is applicable fo r a detona tion in 
air over snow and depends on the m aximum pressure 
curve fo r snow which may change due to differing snow
surface power refl ection coefficients, bu t will have the 
same genera l form as shown in Figure 3. 

G ubler (1977 ) used accelerometer measurements in 
snow to develop a scaling relationship for explosive 
detona tion in and over snow given by 

(2) 

where R 1kgf is the radius of equivalent pressure fo r a 1 kgf 
weight explosive and the value of 8 depends on whether 
the snow is wet or dry and on the location of the explosive 

at detona tion . (kgf is commonly used to represent the 
weight of an explosive. T o convert to Newtons multiply 
by 9.8. ) For detona ti on on or above the snow surface {j 

eq uals 1/2 for dry snow and eq ua ls 1/4 for wet snow. The 
scaling rela tionship is assumed to be independent of 
detona ti on height. Because maximum pressure curves 
were no t d etermined for Gubler' s experiments and 
d ifferences in ambient air pressure between the different 
data se ts can affect scaled results, it is difficult to directly 
compa re Equa tion (2) sca ling with th a t given in 
Equa tion (I). The fac t tha t the value of 8 differs for dry 

and for wet snow, however, gives an indication of the 

magni tude of change tha t can occur in snow pressure or 
pa rticle velocity due to changes in snow conditions. While 
the ass umption tha t Equ a tion (2) is unrela ted to 
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Fig. 4. The ratio of PHw/ PHmax as af unction of the scaled 
detonation height Hw. PHw is the pressure at a specified 
scaled radius from ground zero, R w , produced by an 
explosive detonated at a scaled detonation height of H w , 

and PHmax is as defined in Figure 3. Calculations were 

done using data from Ingram (1962) and W isotski and 
Snyer (1966) summarized in 0 ' Keiffe ( 1965) and 
M elior (1985) . 

detonation height is not strictly correct, it probably 
results in an uncertainty of less than about 40% because 
of the rela tive insensitivity of snow-surface pressure to 
changes in detona tion height, as d iscussed below. 

The maximum snow-surface pressure a t RHmax IS 

rela tively insensitive to changes in the scaled d etona tion 
height, H max , for heights greater than 2 m kgf - 1/ 3 (Fig. 3) . 
For example, the change in maximum surface pressure 
caused by changing H max from 1.0 to 1.2 m kgf - 1/ 3 is 
about 260 kPa, but the change in the maximum surface 
pressure resulting from a change in H max from 2.0 to 
2. 2 m kgf- 1/ 3 is only 12 kPa . Further changes in the 
m ax imum surface pr ess ure a r e pro porti o n a l to 
(Hmax )-3.4 . This insensitivity can also be seen in Figure 
4, which shows the ra tio of the surface pressure at a scaled 
radius Rw , caused by d etona tion at a scaled height H w , to 
the maximum surface pressure produced when the 
explosive is d etona ted a t Hmax, PHw! PHmax ' The max
imum surface pressure occurs when PHw! PHmax = I , and 

Hw = H max and R w = RHmax ' A scaled detona tion heigh t 
of 1.2 m kgf - 1/ 3 produ ces a maximum snow-surface 
pressure a t a scaled radius fr om ground zero of 
2 m kgf - 1/ 3 . When the scaled radius is greater tha n 
4 m kgf - 1/ 3 , however, H max remains a bout 2 m kgf- 1/ 3 . 

This indicates that detona ting an explosive a t an H max 
greater than about 2 m kgf- 1/ 3 does not significan tly 
cha nge the far fi eld pressure a t the snow surface. In 
addition, the pressure ra tio increases by a bout 40% when 
the detona tion height is increased from zero to H max . 
While this is significant, it is a relatively small effect when 
compared to an increase of an order of magnitude or 

more in the far field snow-surface pressure or particle 
acceleration that can result when the detonation is in the 
air instead of in the snow Ooachim, 1967; Gubler, 1977 ) . 
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APPLICATIONS 

Our understanding of the response of a snow cover to 

explosive loading can be used to explain prac tical and 
experimental experiences of using explosives in snow. 
Fou r problems of pa rti cula r interes t includ e: using 
explosives to release snow-slab avalanches, remove snow 
cornices, excava te snow and transmit stresses through 
snow to a n underlying object. 

Explosive release of snow slab avalanches 

Explosives are used to release soft snow sla b avalanches by 
increasing the stresses in zones of cri tical weakness . These 
zones are generally located in a rela tively weak layer tha t 
supports the snow slab along its basal pla ne. Experiments 
a nd prac ti ce have shown tha t suspending an explosive 
a bove the snow cover is more effec tive a t producing sla b 
avalanches than placing an explosive in the snow. The 
mos t effec tive height of detonation for a I kgf charge has 
been found to be a bout I to 2 m (Gubler, 1977 ). This 
ag rees with our finding th a t increasing the scaled 
detona tion height above 1.5 to 2 m kgr 1/ 3 does not 
significantly increase the maximum far field pressure on a 
snow surface . The physical detonation height for an 
explosive of la rger weight than I kgf, tha t produces the 
same pressure as a I kgf explosive at a given radius, may 
be selected according to Eq uation (I ). 

U ltima tely, to obtain a given snow surface pressure or 
deformation within a specific radius from ground ze ro, 
the size and location of the detona tion position of an 
explosive needs to be determined according to th e 
maximum presure curve (Fig. 3) and Equation ( I ). For 
soft snow-slab avalanches, estima tes of the minimum 
additional pressure needed to cause sla b failure vary from 
a few Pascal to several kPa ac ting over a radius of from 10 
to 150m (M elior, 1973, 1985; Gubler , 1977 ). 

If higher pressures, or snow compaction a nd excav
a tion are desired , then an explosive may be m ore 
effec tive when detonated in the snow . For example, in 
some instances a hard snow sla b may be suffi cientl y 
strong tha t the stresses from an explosive detona ted in 
a ir may not cause fa ilu re . In thi s situa tion , practi cal 
experience indica tes that detona ting an explosive in the 
snow cover will help crea te frac tures in the sla b a long 
with activa ting cri tical zones of weakness in the sla b's 
basal laye r. The fractures a llow the sla b to break apa rt 
and slide under the influence of gravity. Because of the 
la rge loss of m omentum tha t will occur by snow 
compac tion , la rger numbers of explosives detona ted in 

the snow may be needed to cause a ha rd snow sla b to 
fa il , as compared to releasing a soft slab using explosives 
detona ted in air. 

Snow cornice renloval and snow excavation 

Other examples of the need to detona te an explosive in 
the snow cover include snow-cornice removal and snow 
excava tion . To remove a snow cornice, exp losives a re 
usually buried a t intervals in the snow along the crown of 
the ridge underlying the cornice and detona ted simul
taneously. This creates craters and fractures in the snow 
reducing its strength along the line of maximum tensile 

Johnson and others: Response oJ snow cover to explosive loading 

stress so that the weigh t of the cornice will ca use it to fa ll. 
Experiments (Gubler, 1977) and our calcula tions of shock 
waves in snow indicate the zone of compaction for a I kgf 

explosive in seasonal snow is abou t I m, sugges ting tha t an 
appropria te in terva l between explosive cha rges is a bou t 
2 m which is in good agreemen t with recommended 
practice (Perla and M artin elli , 1976). 

Snow excava tion may be used to remove sta ble snow 
from a slope to preven t it from failing as a we t sla b in 
spri ng or to trench th rough snow. H ere, the techniq ues 
employed are the same as those developed for mining. 
Explos ives a re buried in snow a t cl osely spaced in tervals 
and with sufficien t weight to provid e the necessary 
momen tum to move the snow. 

Pressure transnlission through snow 

Pressure tra nsmission of shock or aco ustic waves through 
a snow cover in to an und erl ying object is extremely 
ineffi cient for uncompac ted snow. Th e impulse from a 
shock is dissipated through inelas ti c deforma tion of the 
snow. Acousti c waves propaga ting in the snow a re low 
in tensity and the aco usti c imped ance match between 
snow and an underl ying object is genera ll y poor. Press ure 
transmission through snow can be significan tly improved 
by increasing the impulse of a n ex plosive sufficiently to 
compac t the snow completely. Snow imped ance, in its 
uncom pacted sta te, is nea r th a t of a ir. Our calculations 
show tha t as the snow is compac ted its impeda nce may 
increase by a facto r of ten or mOI'e, more closely m a tching 
the imped ance of the underlying ground. T he continuous 
change in snow impeda nce upon compac tion acts to 
imped ance ma tch an air shock to the ground , or o ther 
objec t, underl ying the snow and results in increased 
pressure transmission. Our calcula ti ons a nd experiments, 
and recent ex perim ents of o thers (pe rsonal communic
a tion from G . G . Leigh) indicate tha t pressure trans
mitted into snow-covered ground from a n air shock, with 

sufficien t impulse to compact the snow cover full y, can be 
enhanced by a fac tor of fo ur or more as com pared to 
snow-free ground. 

Predicting stresses in snow 

Qua ntita ti vely pred icting the response of snow to 
explosive loading requires th e use of models th at 
describe shock a nd aco ustic/seismic wave propagation 
in and over snow. R ecent experim en tal a nd analyti cal 
work by J ohnson a nd o thers (1993 ) provides a basis for 
determin ing shock-wave p ropaga tion a nd a ttenu a tion in 
snow for quite complica ted loading situa ti ons. Rigid
fra me porous media models (Albert a nd Orcutt, 1990; 
Attenborough a nd Buser, 1988) can be used to describe 
the propaga ti on of aco usti c waves over snow. E las ti c or 
inelast ic po rou media theory Oohnson , 1982 ) may be 
used to desc ribe aco usti c/seismic wave propaga tion in 
sin tered snow. 

SUMMARY 

An explosive detona tion in snow-covered terrain can 
produce shock waves tha t propaga te in snow and in the 
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air above the snow. The detonation will also produce 
aco ustic waves that propagate through the interstitia l 
pores in snow and in th e ice frame. Dissipation of an 
explosive's impulse in snow is caused by momentum 
spreadi ng a nd is most pronounced when snow is 
permanently compacted. Planar shock waves can experi
ence a pressure red uction of over 90% within 0.05 m of an 
explosive with a pressure impulse of 3 kPa and a peak 
pressure of I GPa. Spherical waves are even more severely 
attenuated. The impulse of an explosive detonated in the 
air above a snow cover is transferred into the snow 
primarily through waves propagating in the interstitial 
air pores, in the absence of inelastic snow compaction. 
The cou pled motion of th e air in the pore space to the ice 
frame is responsible for most of the stress in the ice fra me 
near the snow/air interface. 

Increasing the scaled detonation height of an explosive 
up to 2 m kgf-1/ 3 above a snow cover increases the far 

field snow-surface pressures. Scaled detonation heigh ts 
greater than about 2 m kgf- 1/ 3 have little additional 
effect. 

Both shock and aco ustic /seismic waves are propagated 
when a n explosive is detonated in a snow-covered 
environment. Con eq uently, a complete description of 
the response of a snow cover to explosive load ing will 
req uire that models of shock-wave propaga tion in snow 
be coupled to those describing aco ustic/seismic wave 
propagation in snow . 
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