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Potentizal ef s of future volcanic eruptions
in Mount Ra‘. ier National Park, Was h; ngton

By Dwight R. Crandell

Introduction
An evaluaticn of the geologic events of the last 10,0C0 ysars at
Mcunt Rainisr suggests that, if the past pattern of volcanic aciivicy
continues, a2 substantial aueam, pumic or lava =ruption will occur o

)
an average of once =2ach 500-1,CCC y=ars
predictably will be accompanisd by destn !
along the floors of scme valleys that head on the sides of the volcano.
The purpose of this report is to describe ways in which an impending
eruption might be rescognized, *to d*scuss the =2ff=2cts that might be
anticipated from an =2ruption, and to r=c end ways in which Dcte ntial
threats to human life might be reduc d or eliminated. In additiocn,
the potential hazards at varicus r-use facilities and Park
intenance installations are di ars mads ccn-
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cernlng the possible rslocation ¢ me of these facilitiss, Tlae
accompanying Appendix, "Procedurss to follow in case of 2 volcanic
eruption,” is prepared in such a way that, if desired, it can be re-
produced for distridbution to Park Service dersonnel responsible for
the various installations in the Park.

The informaticn given hers concerming the sruptions of the last
lO 000 years is summarized Irom Geological Survey 3Bullstin 1238,
Volﬂanvc nazards at Mount Rainisr, Weshington,” by Dwight R. Crandell
and Donal R. Mullineaux, which is now in press.

Since the end of the last major glaciation, about 1O,\.OO years 230,
molten rock has b e from Mount Rainier at least 10 times., Pro-
ducts of these eruntions include lava flows, pumice,,/ and hot avalanches

L= =2

l/ Some zeologic fterms used in the following &
ash, lapilli, bcomb, and pyroclastic Pumice consis
cellular volcanic zlass in which the included zir
bubbles, graatly raduces the weight of the rock.
rocm Mount Rainiar ranges in si ’
a foot in diameter. Ash is
volcanic material less
(about 3/16-1f in.) in siza
consist of glass which may te ¢
mineral cr or two or mor

[\

()]
'
H
O
ct
IJ
13
a
[ 3]
R}
[
)
:
cl
3w

B

[
®
H
cl
(ST T (V]
I=

o
O

D {0
o5

or dense,

M

o |
=}

I~ '

O O . = u (]

0

l\) O (

O

(1))
ct
o
S
<<
b
®
]
Q
1§
{2
b .
(]
A
o
o
]
D
L
<

<
7

SHNS|
q.
LS
(1]

0
f
[4 |
Hy ¢ O

3
)
b
2
by oo
)
i,
o)
0 -

0n
U] f= 2O
L
(]
)
b (b~

by |

W
(3]
b

ol
fL O

B
V]
<}
O
-
P
E
(]
.
w ct
$ B
o]
0
O
(@]
|
S]]
[\
2
E
fon
0
(@]
—
b
(B
[
u

N F
O
B
[\

ct O
o
ct

(]

H (oD
q)
p
1]

+

O fL O

Il

The <erm ny* cl
have bteen

2 Ve
e - - B,
to the type c; eruption that zr

(N
D
3

ct

(]}
)

| &

ot

()]

2 ct
1y




of rock debris and volcanic bcmbs. In addition, steam explosions

repeatedly have caused rockfalls and rockslides from the summit and
upver flanks of the volcano, some of which becams thick mudflows

when they resached the vallsy floors. If the futurs activity of the
volcano is similar ©o that of the last 10,000 yesars, an eruption of

molten rock might be axpscted on an averags of once =ach 1,000 years,
and a large-scals steam explosior accompanied by major landslides
probably will cccur at least as often. 3mall steam sxplosions
probably have occurred svery faw years, and procably will continue at

the samé rate in the future.

The only erupticn of lava within the last 10,000 years built the
small summit cone o the volcano. The cone is indented oy two craters
that are nearly filled with ice and snow. There ars still fumaroles
along the =dgss of the craters, and areas of warm to act rock are
present both on the crater walls and on the outer slopes of the cone.

Substantial amounts of pumice have been erupted six times oy
Mount Rainier within the last 10,000 years, most racently between
2,000 and 2,300 years ago. Pumice deposits from Mount Rainiar ars
mcstly restricted to the sastern half of the Park, as shown on

figures l-4. Three additional pumice deposits blanket almost the
entire Park; two originated at Mcunt St. Helens volcanc, which is
about 50 miles to the southwest, and cne came from Crater Leke,
R -~
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er, Many other thin
‘2l between the racognizabd
r el

om both Mount Rainisr an

Oregon, 250 miles directly south of Mount
apd discontinuous beds of sand-sized ma
pumice layers may oe pyrcclastic deposits £
neighboring volcanoces.
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tion molt rock that was accompaniz2d by the sjecticon
An eruption of molten rock that was accompanizd b h Jecticn
of bombs caused a hot avalanche of rock fragments on the east side
of the volcano some time prior to 5,000 years 2g0, and a similar
avalanche descended the west side about 2,300 years agc. These hot
avalanches of rock debris resached distances in she wvalleys of the
White River and South Puyallup River, rasgectively, of 7 2nd 8 miles
from the summit of the volcano.

Certain deposits at the volcanc are bdelisvad to have Tesn
as a result of steam explcsions, protably not accompanied by th
tion of molten rock. One such deposit is a layer of rock debri
much as 3 feet thick northeast of the volcano, which may have
from a steam explosion betwesn 3,000 and 5,6C0 jears ago. Othe
explosions prcobably causad avalanchies of rock and clay at least T
times from thne volcano, each of which formed 2 very large mudflow In

5

the valleys. Such a mudflow za2bout 5,000 years age moved downvallay
for about 45 miles, then sprzad into the Puget Sound lowland and
coversd an area of about 65 squars miles to depths as great as 75 feet
About 500 years ago, snother mudflow originating at the vclcano moved
downvalley to the lowland, where it coverad at least 12 squars miles

© the arsas inundated oy beota

W
to depths as great as 25 feet, Parts o
nudflows ars ncw densely DoD 3



Within historic time, accor T e
C. A, Hopson, A. C. Waters, V. R. Eender, and Meyer Rubin, eruptions
of Mount Rainisr wers resported on at lsast 1L occasions between 1320
and 1894, but apparsntly none resulted in the fcrmation of racog-
nizable pumice or lava. Scme, perhaps most, of these "sruptions”
may have bteen dust clouds caused by rockfalls on the volcano; others
may have teen authsntic sruptions, although on a very small scals.

A sma_l Steam sxplcsicon hizh on the south flank <of the volcano
in August 1961 caused 2 small rockfall, and it was followed

ent compilation by

‘iﬂ
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oy the
emission of steam from a vent in the rockfall scar for at lsast a
month and a half, A similar explosion may have triggsrad a saeriass of
very large rockfalls and avalanches from Little Tahoma P22k on the
northeast side of the volcano in December 1903 which ars described in
Geological Survey 3Bulletin 1221-A, Zven mors recently, a short-lived
Steam vent was rsported oy a climbing party at an altitude of about
11,500 f2et on the south side of the volcano in March 1G63.

The significance of recent sporadic steam phenomena is not known.
These phencmena may be substantially mors Irequent than <he xncwn
record indicates, both within the last faw years and during 21l of
historic time. On the other hand, the phencmena of the last 5 or %
years could represent a significant change in the thermal state oI
volcano.

Recognition of impending =ruptions
o g P

An impending srupticn might be rsvealad in a number of ways; scme
preliminary phenomena would be noticed by peopls in the Park, but other
such as very slizht earthquakas and 2 changs in the tharmal state of
the volcano, might be detected only by the use of sensitive instruments
Still other ways of anticipating srupticns by instruments ars by recog-
nizing changes in the magnetic fisld at the volcanc, and oy deteciing
a slight swelling of the central part of the cone as molten rock rises
into it. Also, temperaturs of fumaroles mizght increase just before an
eruption, and the amount of sulfur and chlorine might incrsase In
fumerolic zases. Alexander R. McBirney (Director of the Center for
Volcanologzy, University of Oregon) has recently pointed ous that a2

study of such changes may be of great value for pradicting =srupticns

at some volcances, but nearly useless at others, and that the value

of any study can only be established bty accumulating and studying data

for meny yeﬁrs. These studies z2re best suited to a volcano which

erupts frequently, for thers it can be determined which phencmena

reliably forscast an =rupt
v

»

The sizns of en impending sruption that would be most rsadily
apparsnt ars clouds of stezm, dusi, 2nd "smoke™ rising above the
volcanc, although such clouds might indicate taat the initial phase of
the eruption had already tegun. Loud explosions and rumbling noizes
might be heard, zlthcough any singls loud noise might easily be mis-
taken by obserwvars for thunder or 2 sonic "bocm" caused by sugerscaic
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aircraft. Other phenomena that might precede an eruption zrs:

gl) appearance of steam jets, (2) increase in fumarolic activity, and
3) abnormal glacisr melting at hot spots on the volcano, appearance
iy 1t ti snow and 1

-

summit cone, and a largs incrsase in s
conditions.

o
of melt pits in glaciers, incresased melti
T

No single phencmerncn would necessarily indiczate that a2 catastrophic
erupticn was about to occur., However, the nearly simultanesous
occurrence of several of these prhenomerna should be regarded with alarm,
and should alert personnel in the Park to watch the volcano very cars-
Tully and prepare to evacuate the valley floors within and near the
Park.

Barthquakes

Numerous earthquakes are racorded in the vicinity of Mount Raini=sr,
but a few are strong enough to be felt, and virtually nothing is now
being done to analyze the total record of activity in the rsgion of

the volcano. The U.S. Coast and Gecdetic Survey has been reporting
only atout one felt quake per year in the central part of the Cascads
Range near Mount Rainier. However, Norman Rasmussen, Univarsity of
Washington seismologist, rsports that the permanent seismegraphs at
Longmire record 23 many as 4 or 5 small tremors sach day.

» C

Rasmussen veliaves that at lzast two kinds of small shocks can
be recognized from the Longmire records. Some probably result from
seismic events that occur at a very skhallow depth under or very near

; - ,
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the volcano. Most, however, agvarsnt
whose dirsction and distance T
defined, tut since they also seem to originate about the distance
of Mount Rainier, they conceivably could originate beneath the volcano.
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Thus, the seismic activity of Mount Rainier »r
s istory of

separated from other local minor activiiy, and no
the volcano can be compiled. Such a history might
T

sently cannot oe
s

H
}—J.
0
R

however, if the number of small shccks rscorded af
suggesting a rsnewal of volcarnic activity.

As molten rock forces its way upward and moves into a wvolcano

e )
it 1s accompanied by numercus =arthquakss. These increass in numcer
and magnitude as tke molten rock nears the surface. I molten rock
were to rise into the cone of Mount Rainisr, many rasulting tresmors of
small magnitude provably would zo unnoticed by peopls within the Park,
but they could be recorded by the seismographs at Lonzmirs. The
shocks of small magnitude could be racorded sven mors fully by sensi-
tive seismcgrapns placsd 3t selected points cleser than Longmirs ¢
the center of the volcano.

Seismic records from the instruments at Longmirs are now teing
mailed daily to Raswmussen 2% the University of Washington. I other
warning sizns of an impending 2ruption should appear, the sseismic
records should te carefully sxamined immediately by Rasmusssn or
another gualifisd seismclozist, and additional s2ismograpns should te
installed at other localitiss nsar the volcano for monlitcring purpcses.



Thermal fesaturss

An impendirz =ruption might be anticipated from an incrsase in
the number and :temperature of thermal fe ares at the volcanc. Thsase
features are cormcentrated at the summit craters, but include warm

springs on the Zlanks of Mount Rainier.

Thermal Tsaturss 2t the summit have btesn xnown since ths firs
authenticated ascent of the volcano in 1870. They include arsas o
warm and hot roek and fumerolss along the rims and inner walls of
both summit crazters, and on the flanks of the swummit cons., A
geologist who examined the rim of the western crater in 1959 reported
a rock temperature of about LT4°F in the fumarole zcnes.
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Aerial investigation by Robert M. Moxham of the Geological Survey
with infrared radicmeters in 1564 ravealed arsas of thermal ancmalies
associated with both craters and the flanks of the summit ccone. In
addition, some vossible thermal anomaliss wers found high on the
south flank of the volcano in the vicinity of Gibraltar Rock. The
summit of the volcano was reexamined with infrared radicmeters in
1566 by Moxham, who found that there had been no change in thermal
anomalies since 156k, :

Thermal springs ars mown at Longmire, Ohanapecosh, and on th
south flank of the volcano near McClure Rock. At both Longmirs
Ohanapecosn, th=2 springs occur in ar as underlain by the Chanapeccsh
Formation of Tartiary age. Near McC 2 Rock, springs issue at
altitude of about 6,300 feet from fissurss in an east-facing cliff
formed by a2 south-dipping lava flow from Mount Rainisr,

-

At Longmire, the temperaturs of springs ranged from 51° to 85°F
in 1930, according to rscords of uhe National Park Services, and
temperatures detarmined by the writer in 196L ranged from 54° to T3°F.
Nonthermal springs in the vicinity had a temperaturs of L6°F in 1G6L,
At Ohanapecosh, the temperature of springs measursd by the writer in
1964 ranged frcm 100° 5o 120°F. Tempsraturss of springs near McClur
Rock ranged from 53° to T6°F in 1930, and frem T7° to T8°F in 1396k,

A nonthermal spring in the same vicinity had a temperaturs of Leew,

The temperzturs of cne spring near McClurs Rock was recorded
continuously from August 15 to August 28, 1566. During most of this
time, water temperature was between TO° and T7T7°F. The highest temper-
ature recorded, T8°F, was rsached momentarily at noon on August 18.

The lowest temperaturs, 67“?, was reached during the night of August
26-27, during a2 pericd of rainfall, The rscordings indicate an a3prox-
imate average &iurnal variation of 4.5°F; a2 daily meximum wa
generally reach=d avbout noon, a2nd a daily minimum 2%t or sho
midnight.
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The thermal springs 2t Longmire and Chanapecosh may have 2 sourcs
of heat unrelatsd to the woclcanc; the two localities ars at 2 distancs
of 7.9 and 12 milss, rasspectivaly, frcm the center of the ccne. Hcw-
ever, the sorings near Mcflurs Rock are only 3.5 miles from the center
of the volcano, and inasmuch as thay occur in rocks of the ccne, their
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heat provably Is derived ultimately from areas of heated rock withir
Mount Rainier. II molten rock rose into the vol-ano, neat from i
might be transmitted to water circulating within rocks of the ccne.
If this occcurrad, increasad temperaturss of the ahermaT springs ne
McClure Rock might give early warning of an impending eruption.

Zffects of various kZinds of eruptions
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Mount Rairier is the central fsaturs of a much-vis
Park, and liss at the heads of five major rivers that 4
popu_ated lowlands; thus, a2 future sruption of the volc
have sericus, if not disastrous, consequencss. Within the Pn rk,
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some existing visitor and meintenance facilitiss and year-round
residences ars in locations judged to be votentially hazardous,
long-term view, from an evaulation of volcanic svents that have
peatedly affectad these locations within the lasz 10,000 year
effects of diffarent kinds of eruptions, znd the hazards they
create, are specifisd in the following dl:CUSalOD, and course
action and evacwuation routes ars suggested in ths Appendix.
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Lava flows

If future lava flows are similar in scale and location to those
of the last 10,000 years, their grsatest potentia1 threat lies in
causing such irndirect effects as floods and mudilcws., Dirsct effects
will probably De confined to the summit area of the veolcano, for n

- o
recent flows are xnown to have been srupted T the tase or flanks
of the cone. Ewen if a3 Tlow wers To te 2XtT from the flank, it
probably would e moderately stiff and sluggish, and would move at 2
speed of less tran 5 miles per hour. The dirsct dangsr of a lava
flow overwhelming 2 campground defors campers could te svacuated is
negligible.

The indiract effects of a lava eruption ars a far greater
potential nazard., If lava were erupted at the summit, its initial
effect would te to melt snow and ice in <he summi: craters. Down-
ward infiltration of this water to meet the ascending molien rock
could lsad to steam explosions that might disrupt the summit ccne and
cause landslides. Bodies of water in the summit craters wouli a2lso
be subject to expulsion by a steam explosion, or could suddenly be rs-
leased by the rupturse of the sides of the summit cone. In sither case,
flocds undoubtedly would result from the largs amount of water thet

Q

would rush down the flanks of the v

Lava erupted onto sncwiields or glacisrs on the flank of the
volcano would czuse rapid melting which weculd alsc lead to flocds on
valley floors.

Pyroclastic eruptions

The degree of dirsct hazard that would be created by an erupticn
of ash cr lapill:l would ts governad by the rate and durztion of the
eruption, the lccation ard inclinaticn of the eruptive vent, the inter
mittent or continuous character of the sruption, the height of <he
eruption colum=, and the strsngth and dirsction of winds. The six
pumice eruptioms of Mount Rainisr during the last 10,C00 years 2avs all



produced relatively small volumes of material; the direct eoffa T
a future erupticn of ash or lapilli on the same scals, and affacting
the same geographic aresa, would be troublesome but protably not
disastrous.

In the past, the ccarsest and thickest deposit

5 nhave accunulatad
the volcans roughly oounded by 1i v

in a sector east of nes extending
northeasterly 2ad southeasterly from the summit (sse Ffigs. Ll-4).
Takima Park Visitor Center and Waite Rivar Campground lis near the
northern edge of the sector, and White River Ranger Station and Tipsoo

Lake lie near the center., The ranger station and campgrouad at
Ohanapeccsh lie at the southern edzge.

A pyroclastic =2ruption from a vent on the flank of the volcanc,
or from an inclined veat at the summit, might rssult in dsposition of
coarse pumice within a distance of perhaps as much 23 5 milas ia soms
direction from the wvolcano other than =sasterly. I the npumice
distribution were to e controlled wholly by wind, the height of the
eruption column and wind direction and strength would control the
shape of the fallout pattern. A narrow, =lonzate pacttern such as
that of pumice layer L (see fiz. 3) would result from a driaf or weax
eruption, or one accompanied by strong winds at the altitudes reached
by the eruption column. A broader pattern would te expected from a
strong eruption, ocne of long duration, or one that occurrad whil
winds were weak or shifting in directicn,

The probable eifects of wind in distridbuticn of pyroclastic
materials at various times of the year are discussed below. It should
be pointed out that these statements apply to a2 pyroclastic eruption
that would continue for several days to several weeks or more, becauss
they are vased on average monthly wind directions and velocities. If
an eruption were to be of a singls day's duration, the distribution
pattern might be radically differsnt and almost unprsdictable. 1In
general, the average monthly wind directions obtained from high-altitude
records (years of 1958 through 196%4) of the U.S. Weather Bursau 2t
Seattle, Olympia, and Tatoosh Island in western Washington suggest that
fallout from a pyroclastic eruption could te distributed anywhers in
a sector extending from the northeast to the southeast during most of
the year, with either a broad or narrow patterm.

During January, prevailing winds ccme from the west and northwest
at altitudes between 18,000 and 66,000 feet. Winds at 18,000 feet
have a monthly average velocity of 20-40 knots, and at 33,000 fest,
50-T0 knots. The strangth of winds a2t these altitudss increases the
probability of a sharply defined and narrow fallout patiern, sstecially
during a short-lived eruption. Coarsest and thickasst depcsits could
be expected to fall within a sector extending scuthward from Tipsco

ke to Oreanapecosh. A signifi oyroclastic material

&
£
could fall as far west a3 Paradisa.

During February, March, and April, the dirsction of average monthly
winds ranzss from southwesterly to northwesierly; winds at altitudes
below 66,000 feet ars slightly more northward than during January.

Lrd
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1. Carbon River Rangesr Station 10. Parzdise ?an5_¢ Station,

2. Ipsut Creek Campsround Visitor Center, Cazp-

3. Mowich Lake Campground ground, dotel

L, Yakima Park Ranger Station, 11. Cougar Rock Campground
Campground, Visitor Center 12, Longmira Park Headguerters

5. White River Campground 13. Longmire Campground

6. White River Ranger Station 1k, Sunshine Point Cazpsround

T. Tipsoo Lake Picnic Ground 15. ©Nisqually Rangsr Stacticn

8. Ohanapecosh Ranger Stationm, 16. Tzhoma Cresk Camv~*ouna
Campground, Visitor Center 17. Summit Crater

9. Box Canjon

_— e — . — - L . i - . -

:igurn l.--ﬂrea within Park (shown oy pattarn overei Dy yumica
layer C to a dz2pta of 1 inch or mor Long dashed lines indiczte
re, ard

:a
boundaries of arez covered by 3 inches of pumice or @m0
short dashed line, 6 inches of pum1:e or zore. Puxmice
about 2,000 years old.
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Carbon River Ranger Station
Ipsut Creex Campground
Mowich Laxe Campground
Yakima Parik Ranger Station,

Campground, Visitor Center:

White River Campground

Wnite River Ranger Station

Tipsoo Lake Picnic Ground

Ohanapecosh Ranger Station,
Campground, Visitor Center

Box Canyon
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igure 2.--Area within Park (anown oy paute*n)

laye; D to a depth of 1 inch or more.
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Figure 3.--Area within Park (shown by pattarn) cov
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layer L to a depth of 1 inch or more.

6,000 years old.
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Carbon River Ranger Station
Ipsut Creek Campground
Mowich Lake Campground
Yakima Park Ranger Staticn,
Campground, Visitor Center
White River Campground
White River Ranger Station
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Campground, Visitor Center
Box Canyon 3
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Nisqually Ranger Station
Tahoma Cresek Campground
Summit Crater
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At an altitude of 18,000 feet, winds have an average monthly velocity
of 15-35 knots, and at 33,000 feet, 25-80 knots. Frallout of coarsest

and thickest dezosits could be =xpected within a sector =2xtending
southward from Yakima Park to Ohanapecosh.

The averag= monthly wis
southwesterly. Winds at an tit
monthly velocities of 10-25 5nots
At an altitude of 66,000 fe i
in direction ard weak. Coarsest and thickes
could be expected to Tall within a sector =x d
Yakima Park to Tipsco Lake. Scmewhat lower avarage wind wveloci
might permit fallout of coarsest and thickest mate r*al ralative
close to the volcano and greater lateral svresading than during meontas
characterizad by stronger winds.

nds during May are mostly westerly an

During June, average monthly winds are mostly westerly and
southwesterly. Although generally strongsr than May winds, theay are
variable in strangth. At an altitude of 18,000 feet, averazs monthly
velocities range from less then 5 to 30 kmots. At 33,000 feet,
velocities ars 2s high as 55 knots, but during some years the averags
June winds ars Irom the east and have 2 velocity of less than 5 Xnots.
These weak eastarly winds are sspecially narﬂﬂterlstlc a2t an altitude
of 66,000 feet. TFallout of thickest and coarses:t material can be
expecLed in a sector extending Ifrom Yas*ma Park southward a2 shors
distance beycnd Tipsco lake.

Both July and August ars characterized by westerly and scuthwesterl;
winds frono lB,GOO to 33,0Cu feet. The average monthly veloc1:ies of
these winds ranzs from 20 to 3O Xnots at 18,000 feet, and 30 to 4O kmots
at 33,000 feet. Altitudes of 46, OOO Te2et and higher ars T2aztursd ty
easterly winds that mostly have average monthly velccities of 5 knots
or less. These winds might cause pyroclastic material fo fall west
of the volcano if the sruption column r=2ached 2 sufficiantly nigh alSituds.
During both months, fallcut of coarsest and thi kest material cculd Dpe
expected in the sector bounded by Yakima Park and Tipsocc Laks.

Average monthly winds during September and October ars £
southwest, west, and northwest. Averags ﬂonthly wind wvelccit
from 15 to 40 kmots at an altitude of 18 000 feet, and from 3
knots at 33,000 fset. Accumulation of coarsest and thickest
could be anticipated east of the volcano in a sector bounded
Park and Ohanapecosh.

During Ncvember and December, average monthly winds are Ircm the
west and northwes:t below an altitude of 65,000 feet. At 33,000 feet
these winds have average monthly velcocities of 35-T5 knots. AT

altitudes of 80,000 feet 2nd higher, winds ranging from 5 to 25 knots
average velocicy commop;j blow from the northeast during beth =months.
Fallout of coarssst and thickes% material could be expected in 2
sector extendinz from Tipsoo Lake southwestward to Bex Canyon. Yakima
Park is least likely to receive thick pumice fallout from an erupticnh
during these two months, but a significant amount might fall as far
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west as Paradise. trong winds during November and Decsmber below an

& o 1 D -
altitude of 00,000 feet probabnly would result in narrow, well-de-
fined fallcut pattern.

Some specific hazards that would be created by 2 pyroclastic

eruption ars as follows:

1. Breathing of ash. ZExposurs Zor a few hours is not likely to

' be harmful; the effscts would bte similar to those of 2
dust storm. OSome protection could be obtained by nclding
a dampened cloth over ths face.

2. Breathing of gases resulting from the a2ruption. These could
be toxic if inhaled long =snough in sufficisnt concentra-
tion. This hazard would decresase rapidly downwind fro
the volcano, and would not exist in other dir Cthna.

3. Under some conditions, ourns might be received frem falling
hot lapilli and ash. This nazard could te rsduced oy
taking shelter in a building, car, or even teneath a trse.

4, Pyroclastic material might create traffic hazards by
causing poor visibility. Ash might coat windshislds and
headlights with a thin, opaque film. Ash acccmpani=d by
rain would result in slippery roads, so that aven though
the ash were thin, the steeper grades in the Park would bde
hazardous.

5. If deposition of ash and lapilli were rapid and accompaniad
by rain, loading o: roofs mlcnt cause collapnse, although
it is doubtful that the weight would =xceed that of a
heavy wet anowzal-.

6. Floods of ash-laden water and mudflows might result from
heavy rainfall acccmpanying the sruption.

T. Ash falling into streams and rsservoirs ussd for watar
supplies could cause tempcrary acidity and * dit

expulsion of lakes in fthe summit a
other phencmena associated with such

The potential indirect effects of a pyroclas
t crate
1 €
lava flows, These effects would te confined chis

Airtall of old rock debris from steam explosions

A steam explosion that projected fragmenis of previcusly ccld,
solid rock into the air is velisved to have occurrsd at least once 2t
Mount Rainisr, probably a little mecre than 5,000 years ago. In con-

trast to pumice, which can be transvorted long dﬂstan ces by wind bve-
cause of its light weight, solid rock debris tends toc fall relativaly

near the point of exn’os on Even so, fragments as larze 2s 18 inches
in diameter, which are thought to have originated in tkis way, are
found near the esastarn end of Yakima Park, Their place of orizgin on

the volcano is not xmown.

If a steam explosicn projected rock fragments nigh inftc tke z2ir,
the best defense zgainst beinz struck would be to move immediately
to the lee side of a2 boulder, cliff, or even a very larges tres.



Hot debris avalanches

Avalanches of very hot rock debris could result f{rom the move-
ment of molten rock into the summit arsa of the volcano. Explosions
coculd eject blobs of lava to form bombs, blocks, and ash that might
accumulate until masses began sliding down the flank of the volcano.
Avalanches of this scrt would tend to follow depressions, and %hus
.would move farthest along valleys. They provably would take the form
of a single mass, or successive masses, of hot fragments of many
sizes rolling, sliding, and flowing from the side of the wvolcano onto
the adjacent valley floors under a gresat pall of dust. Because of ths
large vertical drop from the summit of the cone, and the small
frictional resistance offered by the surface of glaciers, avalanches
of rock debris could move very swiftly, sven at wvelocities greater
than 100 miles per hour.

Valley floors would be the most hazardous locations if hot
avalanches occurred during an eruption, and areas arfscted might =x-
tend to a height of severzl hundred feet on the vallesy sides.
Accompanying dust clouds, which probably would carry toxic Ifumes,
might extend more than a thousand fset higher, cause of the ex-
treme speed and nigh mobility provided by =ntrar ped and heated air,
avalanches of this sort might travel to distances of 8 miles or mors
from the summit of the volcano.

If from a vantage point in a nearby wvalley floor, such an
avalanche were observed starting high on the volcano, evacuation oy
the fastest means availabls would te mandatory because of the prob-
able speed of the avalanche. In general, the only safe avacuation
route from such a location cn a valley flcor would te dirsctly down-
valley.

A potentia

al hazard that might be caused by such an avalanche is
that of a fo t

fire started by the hot rock debris.

es
Coléd debris awvalanches and mudflcws

Avalanches of cold rock debris can be caused by earthquakss, dy
explosions of steam trapped within the volcano, and by other types of
volcanic explosions. Contributing factors include undercutting of
cliffs by glaciers, and weakening of rock by long-ccntinued freeze and
thaw or by hot volcanic gases and solutions., Many of the avalanches
in the past have besn sufficiently wet to tecome mudflows that have
poved many miles down the vallsy floors. The avalanches of rock debris
from Little Tahoma Peak in 1963, however, stopped on the flocr of the
White River walley a few milss from the place of origin.

Cold avelanches of rock debris may nof be accompanisd or pracsded
by any apparsnt velcanic activity, and thus cculd occur wholly wn-
expectedly. The effacts of cold avalmnb es are similar to thoss of
hot ava"“cbps, lthough toxic fumes and heat will be absent. A
possibls secondary hazard cresatad oy a cold avalanche is the daming
of a river, followed by a sudden relesase of the lake to cause Ilocds.



Cold avalancnes are not exclusively volcanic phenomena, zlthough
they probably occur mors citen at a volcano :han elsewhere in the
same region simply because of the combination thers of axtremel;]
steep slopes; abundance of snow, ice, and =c~umulat ons o loose rocXk
debris; relatively weak rock; and intermittent wvolcanic activity.

(V]

Once an avalanche of rock debris has started, liztl
done other than to move as quickly as possibls farther downval
nigher on the valley side. It is especially important to rec
the possibility that cne avalanche will ve followed by anoth
by several mores, any of which might be as large or larger than the
first. ©For instance, of the seven avalanches of rock debris that
originated at Little Tahoma Psak in 1G63, the third in succession was
the largest. For this reason, after an avalanche has occurred, the
area affscted should be approached only with extrame caution, and
even then nrobably only after several days nhave gone by without
additional avalanches.

Avalanches of cold rock debris in the past have crsated snormous
mudflows in the valleys of Nisqually River, Tahoma Cresek, North znd
South Puyallup Rivers, and White River and its West Fork (fiz. 3).

Near the volcano, some of these mudflows temporarily submergsd vallays
to depths of 1,000 feet or more. The avalanches that lad %o the mud-
flows apparently originated in arsas of rock high on the volcano that
had been weakened and extensively altersd to clay by gases and solutions.
The largest xnown mass of similar rock and clay that still rsmains
high on the volcano forms part of the east wall of Sunset Amphitheater,
at the head of the valleys of the North and South Puyzllup Rivers an
Tahoma Creek. Masses of this rock and clay have 31id off in the ra-
cent past to form mudflows; Tahoma Creek Campground is situated on a
mudflow deposit that originated in %this manner 2 littls mors than 4CO
years ago. An avalanche from Sunset Amphitheater that apparsntly did
not form a mudflow lies on top and just beyond the end of Tahoma
Glacier in the Scuth Puyallup River wvalley. The age of trees growing
on the deposit suggests that it protably occurred shortly teiorse 1G30.
Mudflows 2lso are caused by very heavy rainfall that occurs with-
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in a short time. For example, mudllows wers crsated in the Xautz

Creek valley in early October 1SLT as a consequence of heavy rainfall,
which included 0.21 inch on September 25, 1.10 inches cn Ssptenmbar 28
and culminated in 5.85 inches on October 2. On October 2, discharge
of both Kautz Crsek and the Nisqually River incrsaszsd grszatly, and
both strsams became muddy and were carrying largs boulders. Scze
time during the night of Octoter 2-3, the character of Kautz Crssk
changed from a flocd to a2 brcad, sluggish river of mud that was
described as having the consistancy of wet concrete, carrying with it
vegetaticn and boulders as largs as 13 f2et in diameter. R. X. Gratar,
then Chief Park Naturalist, attridbuted the mudflows to high runoff of
rainfall frcm sloves adjacsnt o Xautz Glacisr, and %o the releass oF
a laks dammed by ice and debris in a vallsy ccnstricticn just below
the glacier. Largs-scale sliding and flcwing of saturated masses of



loose rock debris from glacial moraines on the canyon walls z2bove
and downvalley from Xautz Glacisr undoubtedly contributad 2 con-
siderable zmount, if not a major part, of the solid material in the
mudflows. Most of this material was deposited in the lower, wider
part of the Xautz Creek valley, although scme was transportad by the
Nisqually River and deposited in Alder Reservoir, 15 miles farther

-

downstream. At the junction of the Nisqually River and the Kautz Creesk
valleys, the mudflows built a fan of debris several tens of fset thick,

-

obliterating the former flocd plain, and burying the Nisqually
Entrance Road. :

Small mudflows occur from time to time sven during clear, dry
weather. On August 23, 1961, a short-lived mudflow was observed in
the channel of Xautz Crzek oy Park Service perscnnel. It probably
originated from the reslsase of unusual amounts of melt water oy
Kautz Glacier, perhapns owing to the failurs of a small lake dammed
by ice or debris. The increased discharge of Xautz Crsek provapbly
caused rsmoval of loose rock debris in the channel and locally re-
sulted in sideways erosion into loose material in the channel walls,
If the stream flow had been appreciably greater and of longer dura-
tion, wholssale sloughing of the channel walls provably would have
resulted from undercutting, and larger mudflows might havs been
formed.

A potential source of future mudflows caused by precipitation
lies in the locose, unvegetated zlacial moraines that ars plastered
against the steep walls of almost every vallay near the glaciars.
These moraines have mostly been abandcned oy glaciers since 1610,
and it may be at least another 50 years vefors they become adequately
stabilized.

Flooding of wvalleys in the Park, sometimes accompenied oy rsla-
tively small mudflcws, frsquently is caused by rapid melting of 2
deep snow during a period of rising temperaturs, warm winds, an
rain. In the past, these conditions have generally occcurrad during
the montas of October through January. Inasmuch as ths phenomena
that lead to these floods ars meteorological, similar flcods should be
expected in the futurs when the weather conditions ars rspeated.

o

Floods and mudflows of small volume ars confined to the lowest
parts of the wvallsy Tlcors; thus, if either seems imminent, only
evacuation to higher ground is required. But if another amudflow of
extremely large volume should occur, ccmparable to the largsst mud-
flows of the past, 1ts speed z2nd depth might rssult in an almest !
less situation for people on valley floors, unless immediate rapid
evacuation downvallay by car wers possibls.

Lateral blasts of ash-laden stean

Perhaps one cof the greatest potential direct hazards in the
Park from volcanic activity is that of a lateral tlast of hot ask,
steam, or both. In 1915 such =z blast devastatad an arsz cf about 3
square miles on the northeast sids of Lassen Psak in nortierm
California, but caused no loss of numan life, Deposits Zrom this



type of eruption have not yet been recognized at Mount Raini
ever, 1 sit i
enough to be rsadily differsntiated T

The dirsct effscts of hot volcanic blasts cculd =xtend to a dis-
tance of at least 5 miles Ifrom the site of the eruption, with little
regard for topography. I such 2 blast wers %0 occur in the futurs,
it would take place so quickly that there would be little or no
chance of escape. Hcwevar, a lateral blast protably would de Ddre-
ceded by bours or days of other, lass violant kinds of volcanic
activity. Thus, the safest procedurs would be to =vacuate and close

tructive rangs of a lateral blast

all arsas in the Park within the des
during the entire course of an eruption.

Evaluation of notential nazards at existing Park facilitiss

Table 1 shows the dirsct and indirect hazards frcm scme kinds of
volcanic activity at wvarious places within Mount Rainisr National
Park; the hazards at sach locality are interprsted from phenomena
that have actually affscted these places during post-glacizal time, or
that have affected other places in similar topographic positions and
at similar distances {rom the vglcano. The qualitativs teras that-
express the relative degrse of hrazard (high, moderate, lcw, and ncne)

to people at the specified locations are arbitrary, and ars assigned
according to the =2ffescts that might de anticipated if a2 substantial
eruption should occur in the future. The degree of hazard is tased
on such factors as distance and direction from the volcano, topographic
setting of the locality, and the number of times the phencmencn has
occurred in the past.

The topogravhic setting is especially significant for areas on
or closely adjacent to vallay floors, oecause =ruptions during %the
last 10,000 years have affected valley floors mors often than any
other arsas in the Park. The degree of potential hazard decreases
with height; sites only a few T2et nigher than the prssent stream ars
susceptible to inundation even by floods of modest size that are
scmetimes caused by heavy pracipitaticn. Sites 30 f2et or higher
above the stream probably would be covered only by mejor flocds or mud-
flows resulting from volcanism of some kind, or by an avalanche of
rock debris if they ars within 2 feow milss of the base of the volcano.
The size and shape of the vallay 2djacent to a2 site also is important;
a narrow stresam channel cbvicusly will accommedate lass flowing
water or mud than a oroad flood plain.

Distance frcm the volcano also governs the rslative dagrse of
hazard frem flocds, mudflows, and avalanches, as well as from pyro-
clastic deposits and not lateral vlasts. Direction from the volcanc
is important because the wind blows from a westerly dirsciion during
nearly all of the year, and this would govern the distribution of
pyreclastic deposits.

The number of times a certain phancmenon has occurrsd L
past at 2 given place mey have some dear the likeliih

i in t 3 futur «<2mo] sern
phencmencn will occur again thers In the futurs. For =xa2mple, scnre



Table 1.--Evaluation of xind and deg
at various locations wit

22 0T voftential hazards
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Indirsce
Direct hazard hazard
Airfall
of rock Hot Cold
. Pyro- debris |debris |debris Floods
Location Lava clastic from ava- ava- and/or
within Psrk | I-°0 eruption |explosion|lanche |lanche nud?lows
Carbon River | none low none none none nigh
Ranger Sta.
Ipsut Creek low low none low low high
Campground
Mowich Laka none low none none none none
Campground
Yakima Park ncne high moderate ncne none none
Visitor
Center,
Campground
White River low nigh high nigh nigh nigh
Campground
White River | none high none low none mederate
Rangesr Sta.
Tipsoo Lake none high none ncne none aone
Ohanapecosn ncne nigh none none aone low
Visitor
Center,
Campground
Box Canyon none nigh none low none high
Paradise low moderate |moderate |[moderate [moderate none
Visiter
Center,
Campground
Cougar Rock low low low high high high
Campground
Longmire low low low modarata low high
Sunshine P%. low low none low none high
Campground
Tahoma Creek | low low mcderate| high bigh high
Campground




valleys have been inundated by mudflows mors cften than o
The South Puyallup River and Tanoma Crsek valleys, in par
have veen burisd many times by mudflows. The source of ©
is in a mass of c¢layey rock in Sunset Amphitheater h
will avalanche again and cause more mudflows in th
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Tehoma Creek Campground is thought to be in especially
hazardous lccation. The campground is only a Taw zh
the nearby crannel of Tzhoma Creek, and thers is 1lit
the campground would be inundated if a flocd or mudflow
medest dimensions moved down the valley.
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The campground is relatively isolated and is without televphone
service. Campers could be notified of a need for evacuation only
by someone who drove up the West Side Rcad from the Nisqually Entrance
Road, a2 distance of about L4 miles.

Some consideration should be given to relocating the campground
in a potentially less hazardous arsa. If the campground is permitted
to remain where it is, it should not be expanded, because of the
possibility of subjecting additional campers to 2 potentially hazardcus
situation. '

A possible alternative site for a campground on the west side of
the Park is in the vicinity of the St. Andrews Patrol Cabin. The
valley floor of St. Andrsws Crzek has never been inundated by a flcod
or mudflow during the last 10,000 years, prooably because tha cresel
does not originate on the slopes of tke volcano proper. The cnly
pumice at the St. Andrsws site is not from Mount Rainier but from
Mount St. Helsns volcano, 50 miles away. Although a view of Mount
Rainier is not available from the St. Andrews location, the sits has
the charm of a fine forest and a lovely clear siream.

Sunshine Point Campground is situated on the flocd plain of th
Nisqually River a short distance below the mouth of Tahoma Creek. The
campground site is 6-8 feet above ths Nisqually River and thus is sub-
Ject to flocding. It is doubtful that an alternative site that would
be both suitable for a campground, and in a potentially less hazardous
location, exists in the same general arsza of the Park. If the Sunshine
Point Campground is permitted to remain in use, it should not be =x-
panded.

Longmire Campground is currsntly used only when the capacity of
Cougar Rock Campground is excesded. The campground a2t Longmirs is
situated on a deposit formed by a flood abcut 3C0 years a2go. The
campground ar=a is 5-10 f2et higher than the surface of the adjacent
channeled and unvegetated flood plain of the Nisgqually River.

small margin of -afetf afforded by this difference of height is not
regarded as adeguate in the event of a futur gl
even mcdarate aﬁze It is reccmmended that
be restricted, as the current prac*lca

to full use in th i

ground sopace, Ddec

o
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Cougar Rock Campgrourd is located on a terrace zbout 25-30 feet
above the adjacent flocd plain of the Nisqually River. Forming the
terrace is a flocd and mudflcew deposit between 500 and 3,000 years old.
Since the depeosit was formed, the Nisqually River has eroded a trench

through it that is about 3CC If=2et wide. cause of its height, the
terrace probably is as safe as any location suitabls for a2 campground
thin this part of the valley., However, any campground cn %the flcor

of a major vallsy, this close to the volcano, is in a potentially
hazardous location.

Ipsut Creek Campground is situated on a flocd plain cnly a faw
feet above the Carbon River and thus is susceptible tc being flocded
by high water. A suitables altermative, potentially less hazardous,
site for the campground on the valley Tfloor is not xnown. The Carbon
River wvallsy flcor is not Xxmown to have been buried by 2 mudilcw
more than once during the last 10,000 years; thus, this potential
hazard may be less critical than in some other walleys in the Park.

Ohanapecosh Campground and Visitor Center are in a location that
is relatively less hazardous than most other vallsy-floor facilitiss
in the Park. Most of the campground liss on a terrace astimated ¢
be about 40 f2et higher than the Okanapecosh River, and the site is
at a greater distance, about 11 miles, from the summit of the volcano
than that of any other campground. The bridge that connects the two
parts of the campground has at lsast 35 feet of vertical clesarance
over the river, and the estimated cross-section area beneath it is at
least 2,400 squars faet.

The terrac= on which White River Campground liss is abaut 30 feet
above the White River flocd plain at its upstrsam end, and about 45
feet at the downstream end. At the present upstream lcop of the
campground the tarrace surface is 35 faet above the flocd plain, The
terrace is formed of flood and mudflow deposits between 500 and 2,0C0
years old. The height of the campground is adequate to prevent
inundation by small flocds, although the access road might de subnrer
and blocked by f£lood deposits at some places whers it lies onlj a fe
feet higher than the flocod plzain.

ad
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One potential future hazard at the campground was dramatically
illustrated only a few years ago, when an avalanche of rock debris
originating in a rockfall at Little Tahoma Peak came within 2,000 I
after already having moved 4.3 milss. There is no known way to pre-
dict future occurrsnces of this sort, and thers is no reason to be-
lieve that even 1ar~er slides caused by similar rockfalls cculd not
occur in the futurs and reach the campground.

ast
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Being downwind from the volcano and very cleose to it, the
campground could hardly escape scme xind ﬂf dangsr if an sruption
occurs in tha fubture. The campground has racently besn expandsed an
improved, dbut Zuture exparsicn in respo
reccumerndad., I additicnal camping sp=2
new site should be chosen farther downfa ey, perhaps in the lower
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end of the Fryingpan Creek valley, or on the south side of the White
River valley between Fryingpan Creek and Shaw Craek.

White River Rangsr Station is situated on a terrace at lsast
100 feet above the adjacent White River flcod plain. Although this
site has been inundatad by mudflows at lsast twics during the last
10,000 years, its height above the vallsy flcoor indicates that it
would be affected in the future only by 2 mudflcew of catastropnic
oroporticns. If the ranger staticn and associated wmaintenance
buildings are relocated, a safar site should be found, not one that
is lower with respect to the valley floor and thus potentially mors
hazardous than the present location.

Evacuation routes

Evacuaticn routes from various locations within the Park, to e
used in the svent of a future eruptiocn, are described in the Appendix.
These routes ars rsccmmended after a consideration of such pe rzlﬂenu

'l

factors as the distance of travel necessary along roads on v ay
floors, the height of these roads above prasent rivers, the number
and vertical clearance of bridges to be crossed, the varisty of
potential hazards along the route, distance of the route from the
volcano, and location orf the route with respect to areas likely to
be covered with pyroclastic deposits.

The routes recommended ares not in all cases the most dirsct
routes away from the volcano. Evacuvation of Longmire and Cougar
Reck Campground westward oy way of the Nisqually Zntrance Road
(fig. 6) would result in crossing Kautz and Tahome Creeks. The aigh-
way bridges over both creeks might be destroyed by flocds of rela-
tively small volume, so that peopls in vehicles might be trapped on
the valley floor between the streams. A rough measursment of the
dimensicns of the bridge at Kautz Creek in November 1566 rsvealed 2
vertical clearance 2bove the stream of about 12 fset, and a cross-
section area beneath the oridge of about 500 squars -eet. The
foundation of the bridge is on gravel. Upstream from the bridgs the
channel of Xautz Crsek is only a faw feet lower than the adjacvnu fl
plain in places; if a :_ccd should occur, the c*ee& night readily
create a new channel on the flocd plain and dypass ths highway oridge.
The small amount of clearance beneath the bridge suggssts that the
stream channsl hers cculd be easily dammed oy trees dbrought down-
valley by a flocd.

cd

The bridgs a2t Tahoma Creek kas a vertical clearance of about

12 feet and the cross-section area beneath it is about 800 squars faet.
It, too, is constructed on gravsl. The flocd plain here is slightly
higher in the middle then on the west side, The present strsazm
channel itself is about 10 fset higher than a lcw arsa alonz the base
of the valley wall just wes% of the bridgs, I 2 high flocd should
occur, Tzkoma Creek could find a new, lower course west of ils

ridze would be bypassad, and the Entrance Roal

prasent chanrel, the
would be inundated.

Evacuation of Lonzmirs and Cougar Rock Campgrouwnd by procesding
nortaward up the Nisqually River wvalley would temporarily regquirs
approaching the volecano. Inscfar 25 petantial nazards from zudflows
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10 MILES
J
1. Carbon River Ranger Station 9. Box Canyon
.--24 Ipsut Creek Carpground 10. Paradise Rang=r Station,
" 3e Mowich Lake Campzround Visitor Center, Camp-
Le Yakima Park Ranger Station, ground, Hotel
_ Camnpground, Visitor Center 11l. Cougar Rock Campground
Se White River Campgzround 12. Longrire Park Headguarters
6. white River Ranger Station 13, Longnire Campground
7. Tipsoo Lake Picnic Ground 1Lk, Sunshine Point Campground
8+ Ohanapecosh Ranger Station, 15. Nisqually Ranger Station
Campground, Visitor Center 16. Tahema Creek Campground

17. Summit Crater
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' Figure 6. --Roads, visitor facilities, and other features in Parx.



and flocds on the valley flcor ars concerned, the most dangerous
point along the highway probably is at a point near ths center of
section 22, at the bottom of 2 hairpin curve. The road surfacs

here is about 22 fest above *he Nisqually River and about 14 fa=%
above very recent bouldary flocd deposits. Farther upvallsy, the
bridge over the Nisqually River has a maximum vertical clsarance of
about 7O feet above the river and probably is safs from any potential
hazard other than a very largs rock-debris avalanche or mudfleow.

Evacuation eastward from Longmire and Paradise Park would rsquire
crossing the Paradise River either just abeove Narade Falls, or far-
ther upstream jus:t 2ast of Paradise Park. The upstream bridgs was

not examined by the writer. The lower bridzge has a wvertical clesarance
of only 4-8 fzet, and the effaective cross-secticn arsa beneath it
probably is no more than 150 squarz fset. Zven mincr flocding of the
Paradise River seemingly would render this bridgs impassable; it is
especially susceptible to being ovlocked by flccod debris of any kind,
The amount of clearance and cross-section arsas beneath dbridgss along
the Stevens Canyon Road are more satisfactcery.

Evacuaticn of Longmire by way of the Skate Creek Road requires
crossing the Nisqually River bridge at Longmire. This bridge could
be swept away either by a very large flccd or by a mudflow of
moderate size. The bridge has vertical clearance of about 20 faet,
a cross section area beneath it of about 3,000 squars feet, and both
abutments ars on bedrock. If Longmirs and Longmirs Campground wers
to be evacuated by way of the Skate Creek Road, the locksd gates a2t
the south boundary of the Park would have to be opened.

Future planning with respect to volcanic hazards

Of all the areas in Mount Rainier National Park that are now
being utilized for varicus kinds of facilitiss, valley floors are
potentially the most hazardous. They ars hazardous beczuse Ilcods
and mudflows can cccur at any time, and because the most diastrous
predictable effacts of any future erupticn of the volcano weculd e
concentrated on the wvalley floors.

In the future, consideration should ve given in p
locating new campgrounds and maintenance Tacilities in arsas lsast
likely to be damagad by geologic pheromena. In general, valley
floors directly =ast of and relatively near the volcano ars potential-

ly the most hazardous arsas in the Park with respect to the probabdls
direct and indirect erffzcts of 2 future erupticn. The least hazardous
locations ars those that are hundreds of feet abcve tha flcors of the
major vallays on the northwest, west, and southwest sides of the Park.
Site selsction for new facilitiss enywhers in the Park shculd be cars-
fully examins=d and evaluated by 2 qualifisd zeologist, having in mind
the degree of potential hazard from futurs =sruptions.
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APPENDIX

(Instructions o e given to rangers and ranger naturalists)

g
PROCEDURES TO FOLIOW IN CASE OF A VOLCANIC =ZRUPTICN

Mount Rainier is a dormant, but n
not erupted new lava or volcanic ash since white man fir
However, from time to time during the last 10,000 years, it has thrown
out pumice and volcanic bcmbs, and during the last 2,000 years lava
flows nhavs duilt a small cone at the top of the volcano. In
addition, wvolcanic explosions or sarthquakes have repeatedly caused
enormous masses of clay and rock to slide from the top z2nd sidas of
the mountain. These masses, when mixed with water, have formed mud-
Tlows tens to hundreds of feet deep in nearly every vallsy that heads
at the volcano.

ot extinct, volcano. It has
i ] :

If an eruption should begin, natural curiosity will lead scme
people to try to see what is happening. This should be strongly
discouraged. Visitors should ve directed to leave the Park
immediately along cne of the racommended svacuation routes. They
should be warned not to approach the volcano on fcot or by car,
except where an asvacuation route locally lsads toward the volcano.

All campgrounds and visitor centers in the Park are so far away
from the volcano that there is relatively little direct dangsr Irom
lava flows. However, on all valley floors and low terraces %thers is
a potential hazard from floods and mudflows that probably would
accompany an 2ruption. Floods and mudflows might cover or wash away
some campgrounds and roads, sweep away cars, xnock down zrees ana
buildings, and disrupt telephone lines. In addition, =2
volcanic expleosions might shaks down large avalanches of ice and
rock that could move at speeds greater than 100 miles »
is chiefly because such hazards might acccompany an er’p
visitors should te directed to leave the Park zt onc

It will not be possible to determine immediately whether an
eruption will be on a large or small scale. Furthermor it cannot
be predicted whether an eruption will be prsceded Ty a ance of
warning signs over a geriod of meny hours or even days. Some xinds
of erupticns can occur without any warning whatever.

iz

Because of these uncertaintiss, the safest approach is to takes
a pessimistic visw. A seriss of dafinite marnl“é signs, given below,
should be regarded as indicating that a major eruption sisher 2as al-
ready bezgun or could take place within the next few aours.

1. Lecud explosions and rumbling noises frem the volcanc.

2. Clouds of ash, stezan and smoke rising above volcano.

3. Repeated sarthquaxas.

4L, Repeated avalanches of ice and rock on sides of volecano.

5. Red glow in sky over volcano, or abcve any other place

where molten *ock reaches the land surface.

2L



6. Flooding of rivers when not related to rainfall or rapid
melting of snow caused by warm weather. Flooding will
first te signaled by incrzase in noise of toulders rolling
along stream deds and by trembling of ground caused by the
rolling boulders.

Evacuation routaes and procedurss that should te followed at
various locations within the Park are given on the following pages.
In the event of a2 futurs eruption, the main hazard could te that of

n
wholesale panic. In this regard, it is apor iate to repeat a state-
al Survey: "The major
tion often may be due
ch as panic and

e

ntirely unnecessary.”

o

opr
ment made by Ray E. Wilcox of ,hn U.S. Geologic
damage and human suffsring from a volcanic erup
less to physical than to psychological factors,
fear of the unknown, and usually such suffering is
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Further reading that is racommended is U.S. Geological ourve"
Bulletin 1238, "Volcanic hazards at Mount Rainier, Washington," z2nd
Bulletin 1028-N, "Some =ffects of recsnt volcanic ash falls with
especial “e;erencn to Alaska."

Longmire Visitor Center and Park Headquarters

The main hazards at Longmire are floods and mudflows. Thers also
is a possibility of pumice falling if thers is a northeasterly wind,

but winds from this direction are rare. Alternative evacuation
routes arse listed below in order of preference. If a pumice eruption
should begin while a strong northwest wind is blowing, advice should
be requested from “angers at Box Canyon and Ohanapecosh concerning
hazard from pumice along the Stevens Canyon Rcad. I pumice fall i
so heavy that wvisibility is poor and road is blanketed with pumice,
people should be directed to stay in the Paradise area.

1. If an eruption starts, or if thers ars definite warning signs,
evacuate all personnel.

2. If reconnaissance up the Nisqually River wvalley indicates that
the road is passable, people at Longmire could be =svacuated via the
Stevens Canycn Rcad and Ohanapecosh. £ this route were used, 2 ranger
with a radio should be staticnzd at the oridgs over the Nisqually River
to warn of a possible high flood crest or mudflow coming down the valley.

3. If a ranger wers staticned at the Nisqually River bridgs with
a radio to give warning of a flocd crest or mudilow, Longmirs could
be evacuated by way of the bridge to Longmirs Campground and Skate
Creek Road.

T

f i
Tahoma. Cree warn ng of LlOOd:) evacuation could follow the
i

X to give :
Nisqually Entrance Road. Howevar, because cf the pessibility of a
sudden flood or mudflow while the road was bveing used, this would
still be a relatively hazardous evacuaticn rcute and lsss Dreferable

than the Stevens Canryon Road.
5. If Longmirs Campground i
campground by way of Skate Cree
6. If 21l r
walk to Rampart X

.- - - - —
campers Lo svacuace



water. Do not zo northeast along the ridge toward Van Trump Park;
danger increases as the volcano is approachad.

T. Advise State Highway Patrol to close U.S. Highway 410 to
eastbound traffic at Enumclaw, and to close State Highway T7C6 to
eastbound traffic at Elbe.

8. Warn responsible official in Orting and Sumner of the
possibility of flcods and mudilows in the Puyallup River vallsy.

9. Warn responsible officials in Auburn and Puyallup of the
possibility of £lcods in the White River valley, and advise Corps of
Engineers maintenance personnel at Mud Mountain Dam.

10. Warn Forest Service perscnnel, communities, and Taccma City
Light personnel at Alder Dam that thers is danger of flooding of the
Nisqually River. :

-

Nisqually Ranger Station

The main hazard at this place is from floocding by the Nisqually
River, although there also could be mudflows.

1. If notified that an eruption has started, or seems imminent,
(a) go to Sunshine Point Campground and svacuate campers. Diresct
them westward toward Ashford. (b) Go to Tahoma Crsek Campground and
evacuate campers. Direct them to go south to the Entrance Rocad, then
west to Ashford. If Tahome Creek rises very swiftly, it may oe
necessary to evacuate campers to Round Pass.

2. I the NMisqually River rises enough so that the road is
submerged at the Nisqually Ranger Station, advise Longmirs that the
Entrance Road is impassables.

3. Do not permit visitors to enter Park if an =aruption has
begun.

Cougar Rock Campground

The chisf hazards at this campground ars flcods and mudflows,
although there is also a possibility or avalanches of rock debris and

fall of pumice.

1. If an eruption begins, or if the Nisgqually River begins to
flood, advise campers to prsvars to leave campground immediately.

2. Determine if road to Rickseckar Point is passabla. I it is,
evacuate campers eastward via Stevens Canyon Rocad to Packweed or
White Pass. If it is not, evacuate peopls dcwnvalley toward Nisqually
Entrance only if advised by Lcngmire that the road is passable.

3. If the highway is impassabls in 2ither direction, advise
people to remain where they ars, dut to prepars fo walk To sals
ground. I the Nisqually River begins to flood the campground, or if
a series of mudflows begins, peocpls should be led along Wenderlsnd
Trail to Rampart Ridge, carrying with them blankets, focd, and water.
Do not taks trail northeastward cn top of Rampart Ridgs--do zot z0 %0
Van Trump Park, because danger increases as the volcano is approached.
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Paradiss Visito

, althouzh

The chief hazard in the Paradise arsa is from pumice fal
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unless there is a strong north win

olowing, fthis would te mors of a
nuisance than a serious hazard to life, n addition, thers is 2
chance of an avalanche of rock debris froam the wvolcano, or a hot

blast of steam.

1. If an eruption starts, or if thers arse definize warning
signs, evacuate people frem visifor center, lodgs, campground, and
picnic ground. Dirsct pecple to lesave park by way of Stevens Canyo
Rcad unless specifiically advised by radio or telephone thaz H;squa_lj
Entranceg Recad is passable,

2. If a2 pumice eruption star,a, advise peorle to stay inside
cars or buildings to avoid being hit by rock fragmenis, or being ex-
posed to toxic or irritating fumes and acids associated with th
pu.ml\-e .

3. If a2 pumice eruption should begin while a strong northwest
wind is blowing, advice should be requestad from rangers at Box Canyon
and Ohanapecosh Ranger Staticn concerning hazard from pumice alcng
the Stevens Canyon Road. If pumice fall is so neavy that wvisibility
is poor, people should be dirscted to stay in the Paradise ar=sa.

L, If the Stevens Canyon Road is used, station 2 ranzsr with 2
2-way radio at Stevans Cresek fo advise whether the bridge is pass-
able. Flooding in the Paradise River, and condition of oridge over
it, probably could be cbserved directly from Paradise Inn during day-
light hours.

5. If both the Nisgually Entrance Road and Stevans Canyon Road
are closed, direct people to stay at Paradise Visitor Center, which
has emergency stores of fcod and water. Do not permit people %o
attempt to walk out of Park, becauss trail crossings of major rivers
may be washed cut.

6. If a pumice esruption begins, drinking water should te stor
even if the initial fall of pumice does not affect Paradise Park, ©
wind could shift and cause pumice to fall thers.

Box Canyon

The potential hazards at this locality ars from pumice fall and
flocding by the Muddy Fork. ZEven though the dack of the highway
bridge at Box Canyon is many tens of Teet above the river, the narrow
canyon beneath the bridze could tecome - -blockad by Flood debris, and
the river could flow over the visitor-use arsa.

1. If an eruption begins, direct visitors to leave Park oy
proceeding southeast and east on highway tc Qhanapecosh, th
to Packwocd on State Highway 1L3, or east to Yakima over Wai
on State Highway 1bL. '

2. If a pumice =ru

orthwest, directing pe
the Nisqually Rlve“ vallay
of heavier pumice fz2ll. N £
hazards from the pumice ar lass
of mudflows and floods in the Nisqually River wvallsy.

e-'::_r.; ,nem ~owar
A

3
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is belisvad that diresct
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Ohanapecosh Ranger Station and Visitor Center

The hazards at this lccation are only slight ones--from fall cf
pumice and from floocding of the Ohanapecosh River. On the basis of
the past record, a pumice fall at Ohanapecosh would be 2 nuisance

r i

d to lifs.

rather than a serious haza

1. f an eruption starts, campers should be directed %o leave
Park as soon as possible. Direct them to Packwoed on State Highway 1h3.

2. At first sign of flocding in the Ohanapecosh River, immediate-
ly move campers to east side of river and dirsct them to leavs Park.

3. Station rangers at Qhanapecoshk Intrance Station to pravent
visitors from going westbound on Stevens Canycn Road, or northbound
toward Cayuse Pass.

Tipsoo Lake

The only hazard is from a pyroclastic eruption. However,
great distance from the volcano would make this a nuisance, rathe
than a serious menace to lifa.

1. If an erupticn should occur, advise visitors that U.S. High-
way 410 probably will be closed northward to Enumclaw and that <hey
should plan to leave via Chinock Pass to Yakima, or, less preferzbly,
to Packwoed via State Highway 143 along the Ohanapecosh River valley.

2. Close entrance to Park at Chincok Pass.

3. If a2 pumice sruption starts, stors water as soon as possible
for drinking purposes.

White River Ranger Station

The chief hazard at this lccation is from the fall of pumics;
however, because of the distance from the volcano, the pumice prcb-
ably would be a nuisance rather than a serious menace to life. The
ranger station is on a high terrace and thus would be sndangered only
by extremely high flooding. Howevar, at least twice in the past

10,000 years, mudflows have coversd the terrace.

1. If an eruption starts, or if there ars definite warning signs,
notify Forest Service persconnel and people who live on or adjacent 20
the valley flcor downstream that thers is a danger from flooding.

2. Station a ranger with a 2-way radio at White River bridge o
advise personnel at Yakima Park that the bridge is or is not passable.

3. If a pumice erupticn starts, advise State Highway wmaintenance
persconnel within Park that they may te needed to keep aighway clear.

L. Prepars to dirsct evacuees from White River Campground and
Yakime Park toward Chinook Pass. If an eruption has already started
do not direct them northward on U.S. Highway L10 to Enumclaw. The
highway is subject to being flooded or washksd out at many places docwn-
stream.

5. If a pumice sruption starts, store drinking water as scocn 2as
possible.

6. BEvacuate nonessential personnel (familiss) to Ohanapecosh
Ranger Statiocn.

7. Do not permit visitors to enter the Park.
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White River Campground

The specific hazards are floods, mudflows, avalanches of
rock debris (like that of 1963 from Little Tahoma Peak), and fall
of pumice.

1. If White River flocds, or other warning sigm
occur, advise campers to prepars to leave campgroun
possible.

2. Befors sending campers down the campground =ntrance road in
cars, determine whether road is passable (scme parts of the road are
only a faw feet above the river),

3. If entrance rcad is passabls, and White River bridge is in-
tact, send people to White River Rangsr Station and Cnldoo& Pass, If
White River bridge is not passable, send pecple to Sunrise Point or
Yakima Park by car.

4, If road from campground is not passable and campground is
in immediate danger of being flooded, send campers to Yakima Park by
foot trail. Advise them to take along blanksts, food, znd water.
Blankets would provide some protecticn from not pumice.

5. Campers shouldbe advised to stay under cover during fall of
pumice, Fragments of pumice and so0lid rock several inches in
diametar might fall at campground and accumulzate to 2 depth of several
inches or more. There may also be a dangar from toxic or irritating
gases and acids associated with the pumice fall.

6. If a large avalanche occurs that closely approaches the
campground, leave the campground with great haste =2ither by car or on
foot. Go down entrance road or up the trail toward Yakima Park. A
still larger avalanche could occur a2t any time that might overwhelm
the campground.

Yakima Park Ranger Station and Visitor Center

The chief potential hazard 2% Yakima Park is an eruptiocn of
pumice. In addition, visitors coculd be isclated at Yzkima Park iT
floods made the Waite River Entrance Road impassable.

(

l. If an eruption should begin, or if there is a seriss of signs
suggesting that an erupticn is 2bout to occur, direct wvisiz i
campgrounds, picnic grounds, and visitor center to prepars to lsave
immediately.

2. Determine either by personal rsccnnaissance, or by telsphcns
call to White River Rangsr Staticn or White River Campground, whethar
White River bridgs is intact. 1IIf it is, send people by =2ntrance

3
road to Chinock Pass,

3. IZ entrance road is not passable, a2dvise pecpls to stay
vicinity of visitor center.

L., If pumice begins to fall, advise people to stay inside cars
or buildings. TFragments of pumice and hard, heavy rcck sevaral inches
in diameter could fall and accumulate to 2 depth of severzl inches or

s could accompany the pumice

mors. Toxic or irritating gases and acid
fall. :



Se T the pumice fall is very heavy, consider mcving to Sunrise
Point during =2 lull in the eruption. That locaticn is 3 miles fartker
east, and pumice will be both smaller in size and thinner. Howsvar,
this advantage must bte weighted against the disadvantage cf the lack
of shelter at Sunrise Point.

6. If a pumice fall has started and visitors cannot be svacuatad,
draw drinking water as soon as possible and store in containers. Th
water system could tecome blockad by pumice, z2nd the watar could
temporarily become highly acidic.

T. Do not attempt to svacuate people by foot trails; trail
bridges could be swept away by floods. Wait for helicopter =vacua-
tion, or additional instructions.

Carbon River Rangsr Staticn
The hazards here are mudflows and flocds down the Carbon River.

1. If notified that an eruption has started, or is imminent,
close entrance to wvisitors.

2. Reconnciter road frcom entrance to Ipsut Creek Campground to
determine if it is passable.

3. Evacuate campground.

L, Evacuate Rangesr Station. ,

5. Advise residents of valley floor tetween Park and Fairfax of
flood danger.

Ipsut Creek Campgrcund

The hazards are from mudflows and floods down the Carbon River,
but there is also 2 possibility of avalanches of rock debris.

1. If an eruption begins or if the Carbon River starts to flcod,
instruct campers to prepars to leave campground immediately.

2. When i1t is known that entrance rcad is passable, evacuate
campers,

3. If road is impassable or if water is coming into campground,
evacuate people along Ipsut Craek trail, carrying blanksts and food.

Mowich Lake Campground

An eruption of Mount Rainier weould be of virtually no danger at
Mcwich Leke Campground, 9l“.ough strong southeast wind during a
pumice eruption could cause pumice to fall at Mowich Lake. Strong
winds from this direction ars rare. Campers should be dirscted to
leave the Park by way of the Mowich Laks Road to avoid being isolated
in the svent the road should te cut off scmewhers cutside the Park.
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