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Chapter 1: OVERVIEW

Introduction

Mount Rainier, at 14,410 feet, is the highest peak in the Cascade Range.
The mountain is an episodically active ea@ho with a voluminous cap of
iceand snow. For an appreciation of the size of the ice mass, Mdnant

St. Helens erupted, its ice mass was approximately 4.7 billion cubic feet.
Mount Rainier has 156.2 billion cubic feet of ice, approximatelyil@@s
more. This tremendous, steegided mass of rock and ice, with its great
topographic relief, poses a variety of geologic hazards, not only from the
inevitable future eruptions, but also during the intervening periods of
repose. Serious hazard to tireatest number of people is from lahars
(volcanic mudflows). Prehistoric lahars, some of which flowed all the way
to Puget Sound, repeatedly buried the large valleys that M@int

Rainier. More than 100,000 people now live on the deposits oflahar
emplaced within the past 6,000 years.

It is virtually certain thaMount Rainier will erupt again and that lahars,

either eruptiorrelated or not, will inundate valley floors that surround the

mountain and are densely populated, causing severe aodiatonomic

impacts. The timing, of course, is uncertain. There is no way to know
whetherMountRai ni er s next massive | ahar wi |
future orcenturiefrom now. For many people, concern about such a

catastrophe is diinished by the uncertainty of timing, by the ignorance of

MountRai ni er s geol ogic record, or by th
substantial economic investment in areas at risk.

Is there a way to enjoy the benefits of these valleys in complete s#sty?
unlikely as that is, warnings of impending hazardous events, emergency
response planning, public education, appropriate mitigation measures, and
plans for posincident recovery can lessen the impacts of the inevitable.
This report is a plan for thghtfully addressing and preparing for a

volcanic hazard crisis &ountRainier prior to being under the pressure

of an impending or current catastrophe. Although much of the planning
and implementation of mitigation and emergency response measures is
necessarily the province of a consortium of municipal, county, state, and
federal agencies, there is a critical role for personal responsibility as well.
Government agencies will do all they can to protect citizens, but
individuals must be preparedtogeh e ms el ves out of har ms:¢
be selfsufficient for a minimum of seven (7) dayRierce County

government will do everything in its power to ensure the safety and well
being of everyone who lives, works, and vistterce County
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Plan Purpee

This Mount Rainier Volcanic Hazards Response Plan (hereafter referred to
as the Plan) provides an overview of the geological science associated with
Mount Rainier, the current status of the river valleys, and the potential
impact to the valleyslt identifies warning and public information

methods, and outlines actions to ensure getting valley inhabitants to safe
ground in a worstase volcanic scenario. The plan also addresses recovery
priorities and mitigation measures to lessen the impactefaakening

of this majestic volcano.

Plan Organization

The Plan is organized in such a way to reflect a logical sequence of events
in realizing the hazard; the four phases of emergency management:
Preparedness, Response, Mitigation, and Recovery.

Chapters I 5 outline the preparedness phase: An overview of the Plan,
its intent, participants in the Plan development, a brief review of the
situation, and monitoring and warning.

Chapter 6 addresses the response phase: The ICS organizaisbeh axfdi
support operations, evacuation and rescue strategies, and agency
responsibilities.

Chapter 7 outlines collection and sheltering of evacuees

Chapters 8 10 identify mitigation strategies and public information /
education efforts.

Chapter 11 befly describes recovery priorities and issues.

Chapter 12 is a glossary of pertinent terms and acronyms.

It also must be stressed that the Plan will always be a work in progress;
much the same as the scientific research associated with the geologic
changs of the volcano, and the ebb and flow of the populations and
businesses that inhabit the river valleys.
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Chapter 2. WORK GROUP APPROACH AND

PLAN MAINTENANCE

History of Plan- Development Effort

Because of its size and uniggeographical location, bordering six counties in
Washington State and the fact that it is a National Réokint Rainier creates

some very interesting challenges in terms of the approach to take in preparing a
regional response plan to any volcanidabrar activity.

Early discussions, involving the scientists from the U. S. Geological Survey
(USGS) and employees of the Pierce County Department of Emergency
Management (PC DEMand with input from other agencies and jurisdictions,
concluded that any feirt to develop a plan would have to include a wide range of
entities from the federal, state, and local communities. Although Pierce County is
the principal county in which the mountain residelshar incidentdepending on
which valey or valleys are impactdths the potential to also affect King, Lewis,

and Thurston countiedn additiona tephra eruptionouldcovera potentially

broader area including portions of eastern Washingtdmparhaps areas further

east.

It was decided that such a group would be brought togethehaimed, at that

time, by the Director of PC DEM and the Chief Park Ranger fvtount Rainier
National Park. A list of potential participants was established and regular
meetings begaim the early 1990s and continue to this day under the guidance of
the Mitigation, Planning, Exercise, Training, and Public Education Program
Manager of PC DEM. The effort is organized asNtwaint Rainier Work Group.
The Work Group provides oversightddirection for actions aimed at reducing
volcanic risk in the Mount Rainier region.

The original concept for the Work Group was to design an operational response
plan to deal with future eruptions and lahars at Mount Rainier. It quickly became
evidentto the Work Group that the issue would not be that simple. The
knowledge or education level about the mountain and what it has or could do in
the event of any volcanic activity was low, not only among the Work Group
members, but also among the politiaal elected officials involved, and the
general population. Therefore, it was apparent from the beginning that a strong
public education initiative would also be necess&yrther discussion led to a
decision to include section of the pladealng with mitigation issues that should
be examined as part of the effort to minimize the response compdszet.yet

it was decided that there should also be a recovery sectioteihia with

developing a plan to restore the community and economy following any kind of
event involving the mountain.
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Organizational Roles in Plan Development

This plan is anncidentAnnex of the Pierce County Comprehensive Emergency
Management Rhn (CEMP). The CEMP outlines policies, authorities, and specific
action of Pierce County government in response to, and recovery from an
emergency or disaster. The CEMP outlines recommended actions of primary and
secondary agencies to provide for a cowated and NIMS compliant operations.

1.

PreparednessRublic Education

The level of knowledge on the hazards that the mountain represents to the
communities that surround it is in some ways limited. There was and is a
strong assumption by many peothat the mountain is "extinct”, or at

worse "dormant.” The public education effort, led by the USGS and PC
DEM, and their public education departments, has involved countless
public presentations on the mountain to community clubs, political groups,
fairs, and any other outreach programs made available. It also has
included a scientific approach which involves the schools and the
education related venues that have expressed interest in this subject. Itis
recognized that this must be a letegm effortthat may even involve
additions or modifications to school curriculum in order to address the
long-term education issue for future generations.

Response

Over timethe Work Grouphasconsisedof local and state law
enforcement, fire and emergernogdical officials, school officials, private
sector, emergency management personnel from the affgtieex] towns
andcounties and state, federal agencies sucMasint RainieNational
Park, United States Forest Service (USFS), and Federal Emgrgenc
Management AgendFEMA). The Work Group developed the Plan to
provide guidance for warning and notification, evacuations, security,
search and rescue and related components. Due to thedisaiiplinary
and multtjurisdictional composition of the WkiGroup, and the complex
response and operational aspects, the task required significant coordination
and planning.

Mitigation

The question of addressing the risk of having people and facilities in the
potential paths of future lahars is complex andtroversial. The valleys
drainingMount Rainier are undergoing extreme development pressure as
the entire Puget Sound region continues to experience explosive growth
issues. The responsibility for land use planning outside of the national
park includesnany levels of government including the counties, cdies
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towns subdivisions of the counties such as port districts, and Indian
reservation and trust lands. All act independently to decide where and
how to develop the propertigzcated within their jurisdictionurrently
thereis not strong support to limit development within the region,
although Pierce County has adopted a policy that limits the types of
development in identified volcano hazard areas. However, s@hhée
the current mountain planning effort is diminishing their property values
and creating a fear mentality surrounding the mountain.

Recovery

Restoring the community following any disaster is a very difficult process.
Thisissueisevenmorecpmt i cat ed i n Mo@wngtoRai ni er 0
the potential for widespread damageeven total destruction of homes,

businesses and the infrastructwieghin some areas dheimpactedvalleys

from the initial lahayrit could be months or even years befignificant

restoration will be accomplishedn addition, recovery efforts will be

complicated by years to decades of landscape instability in affected valleys

that typically follows lahars. The Work Group will continue to study and

address recovery coepts and priorities.

The collaborative nature of tiMount Rainier Work Group has been an
excellent forum to address these complex and difficult issues involving
MountRainier. It has provided a strong venue for ideas to be expressed,
solutions to be aged upon involving a wide range of government entities,
and has created an outstanding network of individuals educated to,
familiar with, and most importantly, concerned about vWiatint Rainier
may do in our future. This process has strengthened ounanity and
fostered relationships that will encompass more then just the issues
surrounding the mountain.

Plan Maintenance

The original Plan was published July 1999. This document represents the
second edition. The Work Group will review it evertyears to ensure

its currency, accuracy, and that it incorporates the latest scientific research,
emergency management and incident command principles and procedures,
and technological advances associated with telecommunications and
warning. PC DEM willead the revision process, ensuring all

stakeholders will have an opportunity to comment on the Plan.

In addition to the revision process is the development and implementation
of an exercise program specifichtount Rainier. Exercises will focus on
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thePlan, emergency response and operations, and consequences associated
with an eruption. All lessons learned from the exercise activities will be
incorporated into the following revision. Due to existing exercise
requirements and programs of emergency fesponders, it may be

impossible to do a lahapecific exercise every two years. The Work

Group recommends a regional exercise dealing witlajar lahaiscenario

be conducted at least every four years.
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Chapter 3: SYNOPSIS OFMOUNT RAINIER
VOLCANIC HAZARDS

A volcanods past is a good guide to its futu
continue to uncover a rich history of volcanic events from the study of the deposits of

numerous eruptions and lahars that have occurred siad¢atéist ice age (roughly the past

10,000 years). This record gives critical information about the types, magnitudes, and

frequencies of past events and shows which areas were affected by them. It provides the

basis for a hazard assessment, includingittezone maps (U.S. Geological Survey

OpenFile Report 98428). Other information critical to assessing potential hazards come

from studies of the structure of the volcano, especially the identification of zones of

weakness that might be sources of futarelslides and related lahars.

It is commonly difficult to grasp the significance of a hazard with which one has no
personal experience. The potential hazards from Mount Rainier are no exception. The
written history of Mount Rainier encompasses theéogkesince about A.D. 1820, during
which time one or two small eruptions, many small debris flows, and several small
landslides occurred. Our knowledge of the prehistoric record makes it clear that the
written record is simply too brief to guide us in ssiting the future behavior of this half
million-yearold volcano. Interestingly, Native American oral traditions record apparent
eruptions and lahars, but offer few details about the character or date of such events.

During the past 10,000 years, erupsmf Mount Rainier did not occur at regular time
intervals, but were clustered in eruptive periods that lasted several decades to more than
1000 years. Eruptive periods were separated by apparent dormant intervals that lasted
from several centuries torabst 2000 years. Such an irregular pattern of activity makes
predicting the onset of future eruptions impossible and highlights the importance of
maintaining a robust geophysiaabnitoring network on the volcano in order to detect

the earlywarning sgns of volcanic unrest that may herald renewed volcanism.

Typical eruptions of Mount Rainier produce a variety of potentially hazardous events (see
Figure 1. Volcanic Hazards atuSGS Fact She@0083062in AppendixC). Explosions

eject tephra (Maanic rock fragments of all sizes). Sand and-dumdd tephra can drift
downwind from the volcano for tens to hundreds of miles. Most of the cone is built of
lava flows that oozed from vents and flowed down the steep flanks of the volcano. Both
explosons and collapse of active lava flows on steep slopes generate hot pyroclastic
flows that swiftly melt snow and glacier ice to produce mixtures of water, rocks, and mud
called lahars (or volcanic mudflows) thraaysweep many tens of miles down valleys.
Landslides of weakened rock can also spawn lahars. Such landslides occur most often
during eruptive periods, but can also occur during dormant intervals under certain
conditions. Once lahars fill channels, destroy vegetation, and deposit thick layergdof m
rocks, and organic debris on valley floors, years to decades follow during which rapid
erosion and high sediment loads severely affect valleys farther downstream. These
processes are discussed more fully below.
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Mount Rainer has
only rarely produced
largevolume
eruptions otephra
that blanketed areas
on the flanks of the
volcano withfrom
several to tens of feet
of pumice and ash and
probably several
inches of ash several
hundred miles
downwind. More
typical have been
eruptions that
deposited one foot or
less of ash and
pumice on the

vol canobs f
inch of ash 10 to 20
miles downwind, and
just a fraction of an
inch 100 miles
downwind. Many

events probably produced only dustings of ash near the volcano, but sathreay

have been frequent during eruptive periods. Unlike Mount St. Helens, Mount Rainier is

anks,

only a moderate producer of tephra. Even so, tephra fallout in populated areas can cause
numerous problems and can greatly affacation (see USGS Fact Sh827-00 in

AppendixD).

Due to their high viscositypastlava flowsrarely flowed off the cone itself and most

remained within the boundaries of Mount Rainier National Park. Lava flows chiefly built
edi fi ce campdsecoilava flowsfemplabed

the volcanoods
during the past few thousand years.

Pyroclastic flowsgenerated by collapse of active lava flows on steep slopes or by
explosive eruptions have rarely extended beyond the base of the cone. Pyroclastic flows
are rapidly mwing and extremely hazardous, making evacuation prior to an event the
only effective mitigation. But it is the ability of pyroclastic flows to swiftly melt snow

and ice coupled with the large mantle of seasonal snow and glacier ice on Mount Rainier
that geate ideal conditions for generation of lahars during eruptions.
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Lahars look and behave like flowing wet concrete owing to their high concentration of
entrained sediment (boulders, gravel, sand, and mud). They flow down valleys, typically
as multiple surges led by steep fronts charged with boulders, logs, and any other large
debrs. They fill preexisting channels and spread across adja@diay floors sweeping

away or burying mature forests and any structures in their paths, including bridges, dams,
roads, pipelines, and building$he larger the volume of a lahar, the moeely it will
inundate a valley, the faster it will flow, and the farther it will trauehhars can flow

many tens of miles from Mount Rainier and represent the greatest volcanic threat to
populated areas.

During the past few thousand years, lahars fidoant Rainier inundated one or more of
the surrounding valleys at a frequency of about one sizeable lahar every few centuries.
These valleys are becoming increasingly densely settled, and future lahars have the
potential to directly affect thousands &ms$ of thousands of inhabitants. The potential for
inundation is depictedn a map oflow hazard zoned~gure2,below) showing that

future laharss well as post lahar sedimentatioould affect densely populatedd
economically important areas in several river valleys. Both the ports of Tacoma and
Seattle lie at the mouths of rivers that head on the volcano and major bridges and
highways cross potential hazard zones. A possible mitigating factor is thajall ma
valleys except the Puyallup have dams that could act as traps for lahars. Although not
designed for lahars, Mud Mountain Dam on the White River is a-#toodrol structure

that might provide substantial storage for lahars and minimize downstreargedama
unlesdahars or related floodsvertoppedt. LikewiseCowlitz Falls,Mossyrockand

Mayfield Dams on the Cowlitz River and Aldeand LaGrand®ams on the Nisqually

form impoundments that could trap lahar sediment if reservoir levels were lowered
beforénand.

Most fartraveled lahars at Mount Rainier occurred during eruptive periods, whether
generated by pyroclastic flowsatswiftly meltedsnow and icgby explosive expulsion

of a crater lakeor by large landslides of wet, weakened rock on thepstipper flanks.
Lahars generated by pyroclastic flows require that magma, or molten rock, rise to a
shallow level and drive an explosion or flow out onto the surface to create a lava flow.
Rising magma is typically heralded by earthquake swarms, dafiomof the cone and
immediate area, and release of volcanic gases. Monitoring systems can detect such
changes and thereby provide forecasts of impending hazards weeks to months ahead of an
eruption. An active lava flow can likewise be monitored fonsigf instability or

collapse prior to formation of pyroclastic flows. An explosion that empties a crater lake
is likely only during periods of volcanic unrest. The timing of lahars formed by large
landslides of weakened rock with respect to eruptiotesgsclear. Rising magma,
earthquakes, pressurization of ground water by heating, and deformation of the edifice
could trigger landslides early in volcanic unrest, weeks or months before an eruption
begins. Such triggers could even occur during inteusixents that fail to generate
eruptions. Explosive eruptions themselves could provide triggers for landslides. Such
landslides could also be triggered after an eruptive period was underway.
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Figure 2.Various Flow Hazard ZonesSurrounding Mount Rainier, Washington

Although most landslidgenerated lahars at Mount Rainier formed during eruptive
periods.at leasbneperhapglid not. The ~50§earold Electron lahar started as a
landslide fran Sunset Amphitheater on the upper west flank of the volcano. The lahar
swept through the Puyallup valley depositing as much as 50 feet of mud, boulders, and
woody debris near preseday Orting. The cause of tiratial Electronlandslide is
unknown, btia detailed search has failed to find convincing evidence of erspisam

the time of the Electron lahaithe volcanacould have eruptedround that time, but the
eruption was so small that it left no discernible evidence in the geologic record. Other
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