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MODELS OF VOLCANIC ERUPTION HAZARDS
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Earth and Environmemal Science Division
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LOS AhllllOS, NM 87545

ABSTRACT

Volcanic eruptions pose an ever present but

poorly constined hazard to life and property for

geothermal insrallarions in volcanic areas. Because

erupuons occur sporadically and may limit field

access. quantira[ive and systematic field studies of

eruptions are difficuh to complete, Circumventing

[his diffrcuhy, laboratory models and numerical
simulations are pivor.af in building ow understanding

of eruptions. For example, the results of fuei-cools.m

interaction experiments show thal magma-water

interaction controls marry eruption styles. Applying

thes results, increasing numbers of field shrdies

now document and interpret he mle of exlema.1

water in cruplions. Similarly, numerical simulations
solve the fundamental physics of high-speed fluid

flow and give quantimtive predictions that elucidate

the complexities of pyroclastic flows and surges, A
pnmaq goal of [hew models is 10 guide geologists

in scamhing for crilical frcld rclwiorrships and

making [heir inlcrprmlions. Coupled with field
~,ork, modeling is beglmling 10 allow more

quimlilativc and prediuivc volcanic hazard

wwssmcms.

INTRODUCTION”

Several statistical approaches have ken
developed for predicting the pericdicily of an

eruption. These methods primarily include, for

example, techniques Lha[ evaluale lhe volume of

previous eruption prducts, theti absolute ages, and

some statistical analysis (Decker, i986; Wickman.
1976: Mann, 1988; Carla and others, 198 1; Crowe

and others, 1982),

The character of pmentiaf eruptions is

determined by study of stratigraphy in which

individual dated eruptive units are interpreted M to

their explosive or rffusive nature and the area.1

extent of their dispersal from the volcano. On the

basis of this analysis, hazard zonation maps are

created which designate areas around the volcano

that would likely be affected by each of the

recognized eruptive types (for example, Miller and
olhers, 191J2), Precursor activi[y is paramount in

establishing ! bon-mm forecxts of cruplions tind
such activi[y is based on geophysical evidence arrd

changes in hydrothermal manifcsrations Jnd VCIII

tuhavior (for example, Dzurisin and o[hers, 1%3:

Ncwhall, 1984; Swanson and others, 1983),

All of the prcccding mchniqucs require

prompt WYX!SS 10 [he VOICWW in qucslion und

considcrat-dc field smdy 10 cshhlish fxr,scline

behavior. Mmlelirrg mchniqucs compliment lhc,sc

uppmuchcs by allowing considcrtiblc i~i.scssmcnt 01

risk [o he ticcomplishcd ri@fly ml ulso prtwidc
prcdiclwn 01” h~r,iuti ,scvcn[y ;IIKI Ul\;iri~CICr WIWIU

fiCld (Ml iUC iwomplclc, Ill (Ills pill)Cr, I (IM’USS

III(MICIS FNLSAXI (]11 liillorillo~” Cxl)crlmcllui 01

mtigma/wulcI inwrticlion and nun;crical simululi(ms

in tmfcr K) illusllalc Ihcir ciqmhililits ill ~trmlillillg

slylrs ~i cruplion M quonlilying Ihcu cllccls
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HYDROVOLCANISM MODELS

Over the last decade, volcanologists have
been increasingly documenting the imporianl role of

exlemal waler in volcanic enrplkms. Waler/magma
interaction (hydrovolcanism] Iheaq was reviewed

by Sheridan and Wohletz (1983) and is based upon
Iahorwory models in which a magma simulam was
introduced 10 waler and the resulling vapor
explosion documented. The major finding of these
experimental models (Wohlelz and MCQueen. 1984)
was Lhat the explosivity and namre of melt
fmgmer,‘micraand dispersal was strongly controlled
by the mass ratio of waler 10 melt (Fig. 1), This
result was liner Iheoreticaily supported (Wohletz.
1986), and applications of lhe Iheory allow
geologists to predicl eruplive chatactenstics based
upon the hydrologic environment of a volcano (Fig.

2).
Where volcanic edifices arc highly

aamratedwith ground or aurkc water. here is a
strong likelihood of Vulcanian or Surtscyaneruplkm
(blasts) thal have a high deatructivc potential even
characte.ixed by the production of pynxlastic surgca
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lhc affccl cJ wmcr:ndl muc -b av CxplOSivo cncr~ urd

frogrnentii= (do@cd km Fmzzeuo et al., 1983).

for small volume eruptions of volatile-poor magma.
Another hazard common to Vulcartian eruption is
pfoduaion of Iahars from condensation of the
abundam moisture emplaced with volcanic producls.
If magmas of a volcano arc typically volatile-rich,
waler interactim cm result in very powek ful

@K@iniM emption that produces bol.hextensive
ash fallout and pyrcclaqlic flow deposils.
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NUMERICAL SIMULATIONS

Numerical simulations of volcanic

eruplions have been developed al Los Akamos
National Laboratory over the last decade utilizing

[he Cmy computers and adaptations of codes
developed and tesled for calculating weapons effecrs

(Wohletz and Valen[ine, 1989). Where knowledge

of eruplivc lype (such as that described by

hydrovolcanism mudels). vent diameter, and magma
volume can be prescribed, rcsuhs of numerical

calculations show with high precision [he spatial and

lemporal variation of imporurnt phvsica] pamrrmers

during an eruption, For any Iocolion, onc can model

tie arnoum cf fallout from Plinian style erupt-ions

and the velocities, dynamic pressures, and

lemperam.res of pyroclaslic ilows and surges moving
downslope from a volcano.

The simulations are based u~n solution of

the full set of Navier-Stokes equations for the

sepamed flow of compressible gas and parlicle
mi~ lures, For example, the conservation equations

(1)

(2)

(3)

W(IHLETL

in[cma: energy. R = heal cxcha.ngc bclwecn

and K = momentum cxchtingc bclwccn

phases,

phase~

When written for tmlh phases and using appropriate

closure equations, Ihe solution invo!vcs 16 equations
wllh nonlinear term included and 16 unknowns cast

in[o finite difference form and solved for 2-D

cylindrical or Cartesian ccadinaic syslcms. A

typical calculation requires scvcrid hours of Cray X-

MP time and produces over X),(KK) pages of

Labulaled dara that can lx then convcflcd 10

graphical display or video animations.

In cases where eruptions are ini[itilly

overpressured in the vein. numcricai simulalmns

predict a blast-type eruption Lha[ sends a shrxk wave
out of tie vent followed by ground surges of ash
(Fig. 3). Continuous emission of ash and gas from

rhe vent produces a Plinian eruption column I.hal

disperses fallout ash over a relatively wide sector
(Fig. 4). & rhe pressure al tie vcnl decreases 10

aunospheric levels and Lhe vent widens, the Plinian

column will collapse md produce p.yroclastic flows

in a fountain-like sfructurc (Fig. 5). in cases where

magma silica and volatile coruenls are low,

Strornbolian scoria eruptions are simulakd, By

taking imo consideration gerrmd knowkdge of a
volcanoes magmtxomposilion, typical enrplivc
volumes, and vent size, thew simuladons predict hc

magnitude and ma of hazardous effecfs to be

lM .13,
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Figure 4. Simulakd Minim enqIon column prtraycd u cotioum

of voltsne fmction 0[ volcmmciih. fhs and lineI me nodal dusi

veltxily venom. Nae migymmelry awund he vent (lower righl)

md Ihe 7X7 km Cdculaticmalrtgime.

expected, For example, the distance from a volcano
where the dynamic pressure of pyroclastic surgesor
flows is akwe that required to damage buildings can
& de[errnincd.

DISCUSSION

Models of volcanic eruption hazards arc
btxoming more sophisticated and should be

considered as an im~rtanl part of hazard evaluation

at geothermal insfallarions near volcanoes. Theti
application compliments more traditional

approaches by providing more quantitative .measurcs
of hazard. Where extensive field studies are lacking

or difficult to obtain, mad~ Is plovide at Iemt some
information that can be used 10 construcl hazard

zonation maps.

A needed improvement 10 [he numerical

simulations described is the ability 10 incoqmate

accumte representations of a volcano’s topogmphy,

sirlce variations in slope greally affect the runnout of

pyrdastic ffows and surges (Sheridm, 1979). At
presen~ only simplified topographic simulations are

achieved by the methods described above, but the
capability to do fully 3-D mcdels can be developed.
In the mean time, an analytical approach to
modeling tqmgraphic effects by using tie energy-
Iine methcd (Malin and Sheridan, 1982) has already
been widely tested and can be suitably applied to

results of the numerical simulations (for example,
Wtige and Isaacs, 1988).

With the rapidly growing capabilities of

personal computer systems, the po[entiaf of

transporting numerical codes trom supercompu[crs

is very real and may & only a year or two away.

ACKNOWLEDGMENTS

I thank Kobxt McQucen
Shcri&m for [heir lmlp in developing

and Mike

the rnodcl.s

based on [he Laboratory -cxpcrimcnL$ oi
water/mtigma intcruction, Greg Valentine II:L$been u

primary dcvclopcr of Ihc numcriud sl!iiula~ion

capahilillcs, This work was done under the uuspiucs

ot [hc (J. S. Dcpumncnt of Energy Ihmrgh Ihc Los
Almu(N Nt~tiomd Lahmltry Dircc[cd Rcscwch :II)d

l)cvch)pmcnl Progr;un,



WOH.LETZ

REFERENCES

Cana. S., Figari.R.. SarIoris, G., Sassi. E.. and
Scandone. R.. 1981. A statistical model for
Vesuvius imd irs vdcanologieal Implicmions.
Bull. VolcanoI.. v. 44-2, p. 129-151.

Crowe, B, M.. Johnson.M.. and Beckman. R,, 1982.
Cdcula[ion of the probability of volcanic
disruption of a high-level radioactive waste
qository wi~in the Nevada Ies[ site, USA.
Rad. Waste Man. and Nucl. Fuel Cycle, v, 3,
p. 167-190.

IXcker, R.W,, 1986. Foreciz?tingvolcanic eruptions.
Ann. Rev, Eanh PlaneL Sci., v. 14. p, 267-
~9]m

Dzurisin, D.. Westphal, J.A,. and Johnson. D.J.,
1983. EIuption prediction aided by electronic
lilrmeter (ha al Mount S1. Helens, Science, v.
221. p. 1381-1383,

Frazzcua, G., La Volpe, L,, and Sheridan, M.F,,

1983. Evolution of lhe Foasa conc, Vulcalo.

Jour. Voicand. (kolhcrm. Rcs., V. 17. p. 329-
Mlm

Malin. M.C, and Sheridan. M. F,, 1982. Compum-
assistcd mapping of pyroclaslk surges,
Science, v,217, p, 637-640.

hkmn, C,J,. 1988. Methods for probabilistic
awcssmcntsof geologic hazards, Math. GeoI..
v, 20, p, 589401.

Miller, C, D,, Muilineaux, P. R., Crandcl, D.R.. nnd
Bailey, R.A,, 1982, Polenlird hnzards from
fulure volcanic eruptions in Ihe [Amg Valley-
Mom) Lake ma, ca$l<cntral Califomiu and
southwestNevab-. -u prcliminury wwcssmcm.

11,S, (’W, Surv, [’ire, H77, 10 pp.

Ncwhdl, ~. G,, I W. Stmrl-lcm\ l’onxiulin~ of
VolCililil! t!UliUdS, I%i)C. {kol, I Iyllrol. 1kl/,,
TraiIt, Prug,, [1.S, [kwl. Surv. f)pw-[:ilc Itcp,
W-760, p, 5(:7-5)2,

Sheridan, M. F., 1979. Emplacement of pyr~lastic
flows: a review. Gcol. ScK. Amer. Spec. Pap.,
180, p. 125-136.

Sheridan. M.F, and Wohletz, K.H.. 1983.
Hydrovokanism: basic considerations and
review. Jour, Volcanol. Geolherm. Res., v.
17, p. 1-29.

Swanson, D.A., Casadevall, T. J., Dzurisin. D..
Malone, S. D., Newhall, C.G., and Weaver.
C, S.,1983. predicting eruptions at Mount SL
Helens, June 1980 Lhrough December 1982.
Science, v, 221, p. 1369-1375.

Wadge G. and [saMx. M.C,, 1988. Mapping the
volcanic hazards from Soufricrc Hills
Volcano. Mon-uwrraL West Indies using an
image ~esaui. Jour. Geol. Sot, London, v.
145. p. MI-551.

Wickman, F. E., 1976. Markov models of repxm-
pcriod pallcms of volcanoes. in Random
~ewe.s in -logy. Spingcr-Vcrlag, New
Yo& 135 pp.

Wohlets, K. H., 1986. Explosive magma-waler
inlcracl.iomx Ihcmnodynsmics, explosion
mmhanisms, and field smdk.a, Bull.
VokanoL. V. 48, p. 245-264.

Wohleu. K.H, and McQueen R,G., 1984,
Experimcnlal tiludics of hydromagmwic
volcanism, in Explosive Volcanism:
Inception, Evohuioo. and Hunrds, Studies in
Geophysics, Naiioml Acwlcmy Press.
Washing[on, p. 1511.169.

Wohlctz, K, H,, McGctchin, T. R,, Sandford Il.
M.T.. and Jomx, E,M., i984, Hydrodynamic
a..~L% or uddcru-foming eruptions:
numcricirl rnodcls, Jour. Gcophys, Rcti,, v, li9,
p. H269-H2H5,

WohlcI/., K.tl. A Vidcnlinc. G. A., IWO. (’ompulcr
sinmlw.ions of explosive vldcai)ic crupmms,
in MOHIIM ‘Ilans[xm tind Sloragc (MP ltyirn.

WI,). Wiley, lA)II(IOII, [), I I.1- 1.15,


