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VOLCANIC HAZARDS
MUDFLOW AND FLOOD

HAZARD ZONES

High risk

Valley-floor areas in which there could be a high
degree of danger from relatively small but
frequent mudflows and floods
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47 45’ =1 47" 45° INTRODUCTION Evacuation of valley floors in time to prevent loss of life which such data are available (Winds Aloft Summary of the
/ S N ) from a mudflow requires a communications system by which Air Weather Service, U.S. Air Force, available from the Na-

\ e HpC COV":) L Bardua ykseche/us EXPLANATION Mount Rainier is a dormant volcano which might endanger residents can be quickly warned of a mudflow moving toward tional Climatic Center, Asheville, N. C.). These records are

T.26 N. mud . ST _ Lake ) the lives of thousands of people when it again becomes active. them. The effectiveness of sugh a warning w1}l depend, in part, based on two observatlops daily for the period 1950-1970,
o R L \ The last significant eruptive activity of the volcano was on the interval between receipt of the warning and the arrival and show percent of winds averaged by month, from 16

3 between 120 and 150 years ago, and several minor eruptions of the mudflow. Large mudflows like the Electron probably points of the compass and at various altitudes. Data for

were reported during the late 1800’s. Mount Rainier will move at speeds between 10 and 25 miles per hour; thus, only altitudes of 18,000, 30,000, 40,000, and 53,000 feet were

TEPHRA (airborne rock debris)
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High risk
Areas in which there could be a high degree of
danger to human life and property from asphyx-
iation, falling rock fragments, and accumulation
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Approximate extent of tephra deposits
more than 1 inch thick which have
been erupted by Mount Rainier within
the last 7,000 years

Maximum inferred extent of two large
mudflows from Mount Rainier (Osce-
ola-O; Electron-E). The Electron mud-
flow overlaps the Osceola mudflow
south of Sumner

almost surely erupt again some time within the next few
hundred years, but at present there is no way to predict
when. It is possible, however, to forecast some of the effects
an eruption will have if it is assumed that future volcanism
will be of the same type and on the same scale as that which
has occurred repeatedly during the last 7,000 years. This
sample period of 7,000 years was chosen because the vol-
cano’s behavior during this period is better known than is its
earlier history.

Conceivably, an eruption of Mount Rainier could occur
which would be of a different type and on a vastly more
violent scale than any of those of the recent past, and which
could cause a major disaster in the surrounding region. Such
a catastrophic eruption might resemble the one at Mount

a short time might elapse between the first recognition of a
mudflow and its arrival at a populated area. Because of this,
valley floors near the volcano should be evacuated as soon as
eruptive activity begins.

The parts of valley floors near Mount Rainier which have
been covered most frequently by mudflows are not yet
densely populated. Because of the potential hazard, great
caution should be exercised in developing areas that are less
than 30 feet above river level on the valley floor upstream
from Elbe in the Nisqually River valley, and at least as far
downstream as Greenwater in the White River and West Fork
valleys. The continued use of the upper Puyallup River basin
west of Mount Rainier National Park solely as a tree farm
seems oomp/tlble with the potential risk. The lack of many

selected because of the probability that eruption clouds
would reach some zone between these limits. During October
through January, winds at these altitudes, combined, blew
from the ENE-SSE sector no more than 3 percent of the time.
From February through April, and during July through
September, winds blew from the same sector as much as 6.7
percent of the time, and during May and June as much as
10 percent of the time. It should be noted that these
percentages include winds at all recorded velocities; thus, the
percent of strong winds blowing from this sector is even
smaller. These data suggest that there is little chance that
tephra erupted by Mount Rainier would affect Seattle,
Tacoma, Olympia, and other populated areas west and north-
west of the volcano. However, fallout of tephra could affect
communities that are northeast to southeast of Mount

of tephra Mazama in southern Oregon, which preceded the collapse of mudflows in the upper Carbon and Cowlitz River valleys Raini h Cle El Ellensb 4 Yaki Th
v _ the volcano to form the basin of Crater Lake about 6,600 suggests that the risk of large mudflows there is appreciably alg;er, ERE Ei'lsd' = umf e tenzourg"l anh 1?1 };ma. tle
T.24N. years ago. During that eruption, hot masses of pumice rushed less than in the other valleys. problems at such distances o © @Y 1S HHERALS (I TEEEL
Outermost extent of lava ﬂo»ys. of all down vallevs to distances of as much as 40 miles. and pumice with maintenance of facilities and effect of tephra on crops
ages erupted by Mount Rainier A °y v »ana p Mud Mountain Dam (earthfill) in the White River valley and and vegetation.
Moderate risk SRR erupted high ab(})lve }tlh(;,fvolc_zi?o was carrle.clj bs;fx:/;lr'ldkc.)vgr 2; Alder Dam (concrete arch) in the Nisqually River valley could
Valley-floor areas which could be covered by a Moderate risk S resiomiaiimore fhaaiha e on square le s 18 xand o trap much or all of a mudflow as large as the Electron Mud-
V. ; ; . eruption occurred at Mount Rainier, property damage and . : LAVA FLOWS
mudflow as large as the Electron Mudflow, in Areas in which there could be a low degree of it i ¢ lif id be high H b ibility that thi flow. The impact by a mudflow tens of feet deep moving at a
valleys in which mudflows have been relatively danger to human life and a moderate degree of ¢ } 1147 IQSS RO v . ¢ lg\ ’ omever, t € Possi .ltll.y tha 1ts speed of 20 miles per hour down the floor of an empty inier (fi 1 old
frequent danger to property from falling rock fragments S ‘neer & 2757 kind of eruption will occur at Mount Rainier within the nex reservoir might endanger a concrete dam. If the reservoir The large lava.flows qf Mount Rainier (fig. 1) are all older
and accumulation of tephra e FMTN West Tiger Mtn _ few centuries is so remote that the extreme cost and major were full, a mudflow would probably move like a density than the last major glaciation, and some may be hundreds of
300+ 00 NN AT Y N e L YRS Rerffon e, 00 ) —— . I <l SCALE 1:500 000 changes in land use that would be required to protect the ’ 3 - thousands of years old. Those erupted within the last 7,000
Tiger : current down the reservoir floor, and would be moving more A
Mtn \\ I *1? MIESS public from such an event seem unwarranted. It is more slowly when it reached the dam. The mudflow would, how- years have been small and confined to the top and upper
) Th ol - \ ‘ Lookout tower %™\ practical, instead, to plan for the kinds of eruptions and ever, displace an equivalent volume of water which’could slopes of the volcano. Even if lava were to be erupted from
: : T.23N. uild Wite AN = o 2 e PN 0 (ke 2N K 5 0 10 KILOMETERS other geologic events which have occurred in the past 7,000 cause a flood downstream from the dam. The danger of such the flank of Mount Rainier, it probably would be stiff and
Low risk - NGy ot (ulm R U MeDonal T = Sm=m= 1 years and which almost surely will occur again. f' d d _ sluggish, and would move at a speed of less than 5 miles per
Valley-floor areas which could be covered by a Low risk Tavior M [ CONTOUR INTERVAL 200 FEET ] . . . % tlood eeing gredies thagy e dameer of 2 mu Hlowrdestioy hour. Thus, there is little danger of a lava flow covering a
mudflow as large as the Electron Mudflow, in Areas in which there could be a low risk of ) oy ez WITH SUPPLEMENTARY CONTOURS The chief hazards from such future eruptions will be mud- ing a dam by impact; thus, a nearly .empty reservoir 1s campground before campers could safely leave.
valleys in which mudflows have been relatively damage to property from accumulation of S AT 100 FOOT INTERVALS flows and floods moving along valley floors and fallout of regarded as a lesser hazard than one which is full or nearly
infrequent, and areas in the other valleys which tephra, but virtually no direct risk to human il DATUM IS MEAN SEA LEVEL tephra (airborne volcanic-rock debris) in areas downwind full. The indirect effects of a lava eruption are a much greater
might be subject to flooding life i from the volcano. Future lava flows probably will not extend At the first sign of eruptive activity, reservoirs downvalley potential hazard. If lava were erupted at the summit, its first
N - beyond the flanks of the volcano, but mudflows and floods from the volcano should be lowered or drained as quickly effect would be to melt snow and ice in the summit craters.
Taylér may be caused by rapid melting of snow and ice by lava. ol vouldhiel consi el R Eab e T e Downward movement of this water to meet molten rock
alsh Eake Avalanches of rock debris could bury valley floors, but these created by Mud Mountain Dam is used to control floods on SOl o i S Grdel O i e LT o jiinG peds off
+ Nursery s : the summit of the volcano and cause landslides. Bodies of
probably would reach only a few miles beyond the base of the White River, and thus is kept empty most of the time
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T. 22 N jo ) i : e, e reservoir is designed to store 106,000 acre-feet of water, suddenly drained by the rupture of the sides of the summit
g which is equal to about 171 million cubic yards, and it could :
. . cone. In either case, floods would surely result from the
FIGURE 1.-MAP SHOWING EXTENT OF LAVA FLOWS ERUPTED BY MOUNT RAINIER, MUDFLOWS contain a mudflow having nearly the volume of the Electron : h 1 he flanks of th
Mudfl in the P S . . large amount of water that would rush down the flanks of the
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ISLAND River drainage basin has been affected by mudflows at an Hot avalanches at other volcanoes have been known to move
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S | _ Nagro _‘1 average rate_ of at le.ast I per 270 years, the upper White and Riffe Lake, in the Cowlitz ‘Rlver valley, lxes_beyond the at rates of 35 to more than 75 miles per hour. People should
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The chance that future mudflows will directly affect a
certain segment of a valley decreases with distance from the
volcano. Although mudflows have occurred fairly often in the
upper Nisqually, White, and Puyallup River drainage basins
within the last 7,000 years, the White and Puyallup River
valleys in the Puget Sound lowland have each been directly
affected by only one mudflow during the last 7,000 years.
The last mudflow to reach beyond the mountain front along
the Nisqually occurred before the last major glaciation of the
lowland and thus is more than 15,000 years old.

Floods probably caused by eruptions of Mount Rainier
have formed coarse deposits of sand and gravel in the upper
parts of some valleys that head on the volcano, and some of
these floods may have extended many miles down the valleys.
If similar floods occur in the future during times of dry
weather, they may affect only the parts of the valley shown
in the high-risk zone on the map. If, however, they occur
during times of excessively high rainfall, or during rapid
melting of snow due to meteorological conditions, their
effects may extend far downstream. Because of this possibility

few miles of the base of the volcano could be buried by rock-
fall-avalanches in the event of a strong earthquake or volcanic
explosion.

VOLCANO MONITORING

A volcano can be monitored in several ways in order to
detect the upward movement of molten rock that precedes
an eruption. This molten rock causes earthquakes within the
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and sides of the volcano. These masses became mudflows tens
to hundreds of feet deep and traveled many miles downvalley.
Other mudflows were not directly related to volcanic activity,
but were caused by the saturation of loose rock debris by rain
or melting snow, or by the release of a body of water held in a
glacier. Such mudflows can occur with little or no warning,

within the last 7,000 years deposited at least 1 inch of ma-
terial over elliptical areas 20-25 miles eastward from the
volcano (fig. 1); winds carried smaller amounts many miles
farther.

The zones of relative risk to human life and property shown
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Tower i/ X3erkeley S RELATION OF MUDFLOWS OF VOLCANIC ACTIV: a mudflow like the Electron are shown to be in a low-risk volcanoes, an increase in the number and strength of quakes
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. P Three of the 10 or more tephra eruptions of Mount Rainier radio to the University of Washington for recording and

interpretation.

The thermal state of a volcano can be monitored by
temperature-measuring devices (thermistors) placed in steam
vents and areas of hot rock, and infrared radiometers which
detect heat. If molten rock should rise toward the surface

|
v | oc,&é’ﬁf/\ but they seldorh involve more than a few millions of cubic on the map are based on the particle size, thickness, and slowly, changes in the number, position, and temperature of
Ce I%& \)«‘\ Carijstatic yards of rock debris and thus are a serious hazard only in the distribution of tephra from past eruptions, on the prevailing steam vents and areas of hot rock might be detected before an
MILITARY 8 \ Looiwt towq;r TOLMIE PEAK , upper parts of valleys that head on the volcano. wind directions, and on the assumption that any tephra eruption. Mount Rainier is now being monitored by infrared
T 17 N. ¥ " pocH PEAK | T.17N. eruption within the next few centuries will not be much larger radiometer from an aircraft once or twice a year.
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The Osceola Mudflow (fig. 1) is the largest known mudflow
from Mount Rainier and is one of the largest mudflows in the
world. It covers an area of at least 125 square miles in the

than those of the recent past.

The direct hazards associated with such eruptions are main-
ly from impact of dense and heavy rock fragments as well as
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