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EARTHQUAKES AND PUBLIC POLICY

by
Joe L. Hayes
Anchorage, Alaska

Because of Alaska's vast natural resources which lie beneath the ground, its
climate, and unique tectonic activity, this State should place a priority on

earthquake research and seismic monitoring.

Many Alaskans remember the great 1964 earthquake, but a majority of residents
have come to this State since 1964. Some may be aware of the destruction that
quake caused and many may be concerned about the potential of a similar

incident.

It has always seemed a little ironic that the 1964 disaster fell on Good
Friday because all of us who were here at that time certainly felt nothing
good could come from that great quake. But there is good which is coming from
that disaster. First, we remember the effect it had on this community.
Second, we have conducted research about the effects of the quake and possible
consequences of another such disaster. Third, we are evaluating how well
Alaskans are prepared to handle such a disaster. And fourth, we have the
potential to assume a role for the Nation as a leader in earthquake research

and preparedness.

Because of the potential for another major quake and because of the building
boom that continues to take place in the southcentral area, it is essential
that we understand the geological makeup of areas in which we build, the
potential for quake damage, and how to respond in the event of a quake. The
simple fact is that Alaska, the most quake—active State in the Nation, does
not yet have an adequate program in earthquake research nor does it have an
adequate program to mitigate the effects of quakes. Why the public or
government has not made this issue a priority until just recently is difficult

to understand.
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In health care, the least costly and most effective way of dealing with
sickness is to prevent it through good health practices. The same philosophy
should be useful for disaster prevention. It would certainly be wiser to
understand how, when, and where a quake might occur and to develop an area
with such information in mind--rather than to treat the human and physical
damage that would occur afterward and that might be indirectly a result of

improper engineering or planning caused by a lack of knowledge.

In 1983, 1 cosponsored legislation which at least began to address the problen
as a part of State responsibility. Alaska law now reads, "collection,
recording, evaluation, and distribution of data on seismic events and
engineering geology and identification of potential seismic hazards throughout
the State are in the public interest.” The law added duties in the State
Geologist's office to include the collection of seismic information, the
identification of potential hazards, and the duty to inform public officials
and industry about potential seismic hazards that might affect State
development. Furthermore, I was able to insert language in the State budget

to ensure adequate funding to meet these goals.

The directive is laudable as far as it goes, but it must be better defined and
it must be supported by the necessary funds and personnel. While we as a
State are dealing with limited revenues for dozens of priorities, we must
remember that a lack of commitment to such research today only invites danger
or preventable disaster tomorrow. With the massive construction taking place

now and in the future, seismic information is critical.

We must continue, and enhance, our seismic monitoring efforts and consolidate
the data into a central location for public access. We must establish a
funding method to assure that the collection and distribution of seismic
information is given the priority ranking it deserves. We must centralize our
seismic data collection efforts and provide support for seismic data
transmission. Among State, Federal, and university efforts we are conducting
an increased amount of research, but at times there appears to be a lack of

coordination in consolidating that information.
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The Workshop on Alaskan Seismology, held in February 1982 in Wasilla, also
encouraged the formation of a working group on quakes, volcanoes, and
tsunamis, in part to address the consolidation problem just mentioned. Such a
group would also be charged with educating the public about mitigation the
hazards of potential disasters. This is a critical element to our overall
public policy. Communities should be involved in preparedness activities and

be given specific information on what to do in the event of a major quake.

Finally, Alaska should be recognized as a leader in quake research and
preparedness. This recognition will come only from an aggressive commitment
to quake research and efforts to make the research a priority. The best way
to achieve these goals is through the gathering and distribution of seismic
information such as that given in this series of Arctic Science Conferences.
I hope that these symposia, particularly in the area of earthquake research,

will continue as regularly scheduled events.
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BACKGROUND AND SUMMARY OF THE WORKSHOP ON
"EVALUATION OF REGIONAL AND URBAN EARTHQUAKE HAZARDS AND RISK IN ALASKA"
by
Walter W. Hays and Paula L. Gori
U.S. Geological Survey
Reston, Virginia 22092

INTRODUCTION

Seventy—-five earth scientists, social scientists, engineers, planners, and
emergency management specialists participated in a 3-day workshop on "Evaluation
of Regional and Urban Earthquake Hazards and Risk in Alaska.” The workshop, held
in Anchorage, Alaska, on September 5-7, 1985, was sponsored by the U.S.
Geological Survey (USGS), Federal Emergency Management Agency (FEMA), Alaska
Division of Geological and Geophysical Surveys (ADGGS), and Alaska Office of
Emergency Services (AOES).

The workshop was the thirty-first in a series of workshops and conferences that
USGS has sponsored under the auspices of the National Earthquake Hazards
Reduction Program (NEHRP) since 1977, usually in cooperation with FEMA, the lead
agency in the NEHRP, and one or more other Federal and State agencies and
institutions. Each workshop and conference has a general goal of bringing
together producers and users of knowledge on the earthquake hazards of ground
shaking, surface faulting, earthquake-induced ground failure, regional tectonic
deformation, and, where applicable, tsunamis and seiches. 1In addition, each
workshop has a specific goal of strengthening new and ongoing activities in the
State or region to mitigate losses from earthquake hazards. In this workshop,
the specific goal was to evaluate the advances made in the state-of-knowledge and
the state—of-~practice since the 1964 Prince William Sound earthquake and to
identify the range of achievable actions that can be undertaken in the next 3-5

years to accelerate progress, both in terms of research and implementation goals.

The workshop was scheduled to precede a meeting of the National Earthquake
Prediction Evaluation Council (NEPEC) which was continuing its technical
evaluation of recent predictions of earthquakes in two areas: the Shumagin gap
and the Yakataga gap. The record of seismicity in these two areas has gaps in

the occurrence of major earthquakes.
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SEISMICITY IN ALASKA

Alaska is a classic example of the problem of earthquake hazards mitigation in
the Western United States. The earthquake threat, which in terms of relative
seismicity of magnitude 4 earthquakes, is roughly 75 times worse than in the
Pacific West. The threat is well known to the populace--mainly because of the
occurrence of the 1964 Prince William Sound earthquake. Nevertheless, very
little has been done to formulate and implement loss-reduction measures—--mainly
because of the low population density and the building wealth which make the risk
per capita small. California, in contrast, has a much higher population density

and greater building wealth.

The Gulf of Alaska is one of the most active tectonic regions in the World.
Approximately 11 percent of the World's earthquakes occur there. The Pacific
tectonic plate moves NNW at a rate of 6 to 7 cm/year relative to the North
American Plate and is being subducted beneath the North American plate along what
is called the Alaska-Aleutian subduction zone (Figure la and 1b). Many
earthquakes are generated in the process. The 1964 Prince William Sound, Alaska,
earthquake is an example of a "giant"” earthquake generated in the Alaska-Aleutia

subduction zone (Figure 2). This earthquake, now rated as the second largest

earthquake to occur in the World in the period 1904-1984, was assigned a moment
magnitude (Mw) of 9.2 (Kanamori, 1977). The largest earthquake, the 1960 Chile
earthquake, was assigned a moment magnitude (Mw) of 9.5. (See Table 1). The 1964
Prince William Sound earthquake caused every types of earthquake hazards (Figure
3) and generated significant primary and secondary losses. Examples of the

impacts included:

l. One hundred fifty deaths and economic losses of $500 million (1964
dollars) (Office of Emergency Services, 1972).

2. Widespread architectural damage, structural damage, and collapse in
buildings as far away as 60 miles from the epicenter due to the severe
ground shaking which had an estimated duration of shaking of more than 3
minutes. (Note: no strong motion records of the earthquake were
recorded so the exact level of ground acceleration at various locations

is unknown.)
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Extensive ground failures in downtown Anchorage that caused the ground
surface to drop as much as 25 feet.

Regional tectonic deformation over an area of at least 77,000 square
miles which resulted in shorelines rising or subsiding by as much as 30
feet, destroying ports and harbors in the process.

Surface fault rupture causing 30 foot changes in elevation.

Damaging tsunami waves having a local run up of 50 feet or more affecting
both local and very distant locations.

Seiches causing spills of the contents of storage tasks.

Fires in Valdez and other areas.

The 1964 earthquake was the subject of a number of comprehensive reports

sponsored by the USGS and the National Academy of Sciences.

Table 1. The World's ten largest earthquakes, 1904-1985 (from Davies, 1984).

Note:

Number Location Year Mw
1 Chile 1960 9.5
2 Alaska 1964 9.2
3 Alaska 1957 9.1
4 Kamchatka 1962 9.1
5 Ecuador 1906 8.6
6 Alaska 1965 8.7
7 Assam 1950 8.6
8 Banda Sea 1938 8.5
9 Chile 1922 8.5
10 Kuriles 1963 8.5

The moment magnitude scale (MW) is used to define the magnitude of giant

earthquakes (Kanamori, 1977). It is correct to call the MW value a Richter

magnitude because the moment magnitude scale is consistent with the original

definition of magnitude proposed by Professor Charles F. Richter.

9 (Bl 0130



THE GROUND-SHAKING HAZARD IN ALASKA

Maps of the ground-shaking hazard have been prepared for Alaska (Thenhaus and
others, 1985). These maps (Figures 4 and 5) require the best available data on:
1) seismicity, 2) seismogenic zones, and 3) seismic wave attenuation functionms.
Each step of the process requires fieldwork and careful research. The products
(maps) are controversial if a large number of technical issues need resolution
(Hays, 1984). A high level of controversy tends to impede their implementation
in terms of zoning maps of the Uniform Building Code, earthquake-resistant

design, and land use practices.
The ground-shaking hazard for the Anchorage area is compared in Figure 6 with the
hazard in other urban areas of the United States. The values for the curve are

obtained from maps such as those in Figures 4 and 5.

THE 1985 CHIIE EARTHQUAKE

Information on the large earthquake (MS = 7.8) that occurred near Valparaiso,
Chile, on March 3, 1985, is included in this report because the experience and
information provided by the 1985 Chile earthquake are very relevant to three
regions of the United States: Southern Alaska, the Puget Sound area, Washington,
and Puerto Rico. Similar effects as those in the Chile earthquake could happen
in each of these three regions. All four regions have a similar tectonic
setting, namely a subduction zone where one tectonic plate is sliding at the rate
of several inches per year beneath another tectonic plate (see Figures la and
1b). The world's greatest earthquakes (e.g., 1960 Chile earthquake (Mw = 9.5)
and 1964 Prince William Sound, Alaska, earthquake (Mw = 9.2)) have occurred in
subduction zones. The 1960 and 1985 Chile earthquakes were caused by subduction
of the Nazca tectonic plate beneath the South American plate. The 1985
earthquake caused 176 deaths, 2500 injuries, and economic losses from
architectural and structural damage to buildings and lifelines adding to about $2
billion. Unreinforced masonry and adobe buildings sustained the greatest damage
from ground shaking. Although, well-engineered buildings generally performed
well, a hospital suffered extensive damage, indicating the need for stringent
earthquake-resistant design criteria for critical facilities and tough inspection

standards and enforcement procedures.

[SX 20130
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Figure 4.--Map showing the maximum level of peak horizontal bedrock
acceleration expected in Alaska with an average return period of 100 years
(Thenhaus and others, 1985). The corresponding exposure time is
approximately 10 years. The values of acceleration have a 90 percent
probability that they will not be exceeded during the exposure time. Soil
ef fects must be considered separately.
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Figure 5.--Map showing the maximum level of peak horizontal bedrock
acceleration expected in Alaska with an average return period of 500 years

(Thenhaus and others, 1985). The corresponding exposure time is
approximately 50 years. The values of acceleration have a 90 percent
probability that they will not be exceeded during the exposure time.
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Figure 6.--Example of probabilistic bedrock ground-shaking hazard curves for
various urban areas in the United States. These curves are based on data
from Algermissen and others (1982) and Thenhaus and others (1985).
Although controversy exists about the actual values of peak bedrock
acceleration at a specific location, the relative values between locations
are stable.
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An unprecedented set of 30 strong motion accelerograms (each having 3 components)
documented the ground shaking in the 1985 Chile earthquake. The significant
facts were: 1) ground shaking reached levels of 0.85 g. (horizontal) and 0.65 g
(vertical), 2) both high and low ground-shaking frequencies were recorded, and 3)
the duration of shaking was long (60-80 seconds). Other than in Japan, these
ground motion data are the first comprehensive sample from a subduction zone
earthquake; they are essential for probabilistic ground shaking hazard
assessments and other applications that require a seismic wave attenuation

function with specification of the dispersion in the median value.

The 1985 Chile earthquake also caused physical effects such as the following:

1. Numerous landslides occurred in the coastal mountains, locally blocking
roads.

2. Liquefaction occurred in saturated beach sands.

3. Ground cracks were common in the epicentral area.

4. Part of the coastline subsided.

5. A small local tsunami having wave heights of 3.6 feet at Valparaiso,
Chile, was generated. This tsunami caused wave runups of 1.7 feet in
Hilo, Hawaii, and 0.2 feet in Seward, Alaska.

6. The extensive aftershock sequence that followed the mainshock included a

MS 6.6 earthquake on March 17, and a Mg 6.3 earthquake on March 19.

THE 1985 MEXICO EARTHQUAKE

Just before this report went to press, a great earthquake occurred in Mexico on
September 19, 1985. This earthquake was the most devastating earthquake of the
past decade in North America. It severely damaged Mexico City, the world's most
populated metropolitan area. Because it was also a subduction zone earthquake
having relevance for Alaska, Puget Sound, and Puerto Rico, its effects are

summarized below for completeness.

The great 1985 Mexico earthquake, initially rated as MS = 7.8 but later upgraded
to Ms = 8.1, occurred at a depth of 18 km in the Mexico trench subduction zone
where the Cocos tectonic plate is being subducted beneath the North American
plate. The existence of a possible seismic gap in this portion of the Cocos
plate and a general forecast of a large earthquake having an average recurrence

interval of about 35 years had been made in 1981 by McNally. The specific time

LS4 20130
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of tﬁe earthquake had not been specified, however. This earthquake was
noteworthy because about 300 5-20 story buildings located in Mexico City, about

250 miles from the epicenter, collapsed partially or totally, causing an

estimated 10,000 deaths, numerous injuries, and economic losses of possibly $5-10
billion. A quarter million people lost their homes. The extraordinarily high
degree of damage at this large epicentral distance according to Rosenbleuth,
(1986) was mainly due to a double resonance phenomenon (that is; earthquake-
ground--ground-building). The long period (2 second) ground motion was amplified
by the 50-meter thick, water-saturated, ancient lake bed underlying part of
Mexico City and had a duration of more than 3 minutes (see Figure 7). The lake
beds were recognized in 1964 by Zeevaert as having a characteristic site period
of about 2 seconds, the natural period of vibration of a typical 20-story
building. Past distant earthquakes (e.g., 1957 and 1962 Mexico earthquakes) had
also caused damage in Mexico City that was attributed to site amplification. 1In
the 1985 earthquake, six buildings collapsed at the Mexico General Hospital;
about 400 doctors, nurses, and patients were trapped in the ruins of the Juarez
hospital, just 8 blocks from the Presidential Palace. Government buildings, as a
group, sustained considerable damage. Long distance telecommunications with the
rest of the world were interrupted for several days after the earthquake due to
the destruction of the main microwave transmitter and the lack of a redundant,
backup system. Because of prior planning by US and Mexican scientists and
engineers, a number of strong motion accelerographs were in place in the
epicentral area at the time of the earthquake and recorded ground motions in the
order of 0.18g, a low value for a great earthquake. Both the epicentral region
and Mexico City were assigned an intensity of IX on the Modified Mercalli
Intensity scale. A building code including a factor of soil conditions has been
adopted and implemented in Mexico City since 1976, but it was not appropriate for

the most severe affects of this earthquake.

These strong motion data, together with the data acquired in the March 3, 1985
Chile earthquake provided an unprecedented strong-ground motion data sample for
subduction zone earthquakes. A building code as strict as any adopted in the
United States had been adopted and implemented in Mexico City since 1976. It

included a factor for soil conditions.
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Figure 7.--Accelerogram (top) recorded at a free field location on the surface
of the 50-meter thick lake beds forming the foundation in parts of Mexico
City. The epicenter of the September 19, 1985 Mexico earthquake was
located some 400 km to the west. The strong 2 second period energy in the
accelerogram and the velocity (middle) and displacement (bottom) time
histories derived from it are a consequence of the filtering effect of the
lake beds which amplified the ground motion, (relative to adjacent sites
underlain by firmer rock~like materials) about a factor of 5. The
coincidence of the dominant period of ground shaking (2 seconds) with the
fundamental period of vibration of tall buildings contributed to their

collapse. These records were provided by the Universidad Nacional
Autonoma de Mexico.
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THE REGIONAL EARTHQUAKE HAZARDS ASSESSMENTS PROGRAM ELEMENT OF THE NEHRP

Beginning October 1, 1983, U.S. Geological Survey initiated the new program
element, "Regional Earthquake Hazards Assessments”. This element, a part of
NEHRP, was created to develop the basic information and the partnerships needed
for evaluating earthquake hazards and assessing the risk in broad geographic
regions containing important urban areas and to provide a basis for loss-
reduction measures that can be implemented by local governments. The goal is to
provide an integrated program having comprehensive research goals and producing
generic information that can be used to reduce earthquake losses in urban

areas. The scientific emphasis is on developing a fundamental physical
understanding of the cause, frequency of occurrence, and the physical effects of
earthquake ground shaking, surface faulting, ground failure, and tectonic
deformation in various geographic regions. This element requires a high degree
of team work, utilizing a multidisclipinary Task Force to accomplish the goals of
each task. Users of the information produced by this program (for example:
agencies of Federal, State, and local government involved in emergency response,
building safety, and planning) cannot find such an integrated synthesis and

evaluation of earthquake hazards in the scientific literature. Also, loss o
estimates have not been updated in most urban areas for many years and the ris%%ﬁk
{]

K

may be seriously underestimated due to the sharp increase in building wealth e 4

construction.

The interrelated tasks of the program element are described below:

Task 1: Information Systems - Because each research project produces basic

data and information, the goal is to produce a comprehensive information
system, available to both internal and external users, designed to give a
data base that is as uniform in quality and as complete on a regional and
urban scale as possible. Several categories of data can be identifed,
including: seismicity, gravity and magnetics, well logs, seismotectonic
data, fault trenching data, stress measurements, seismic reflection profiles,
ground failure data, soils data, ground motion data, inventory of structures,
damage assessments, bibliographic references, publications, and maps.

Because of the potentially large scope of the task, care must be exercised to

create a system that is both practical and economical.
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Task 2: Hazards Evaluations and Synthesis - The goal is to use new and

existing data to produce synthesis reports describing the state-of-knowledge
about earthquake hazards (ground shaking, surface faulting, earthquake-
induced ground failures, and tectonic deformation) in the region and
recommending future research to increase the state—of-knowledge required for
the development and implementation of loss-reduction measures. The research
will provide a fundamental understanding of the nature and extent of the
earthquake hazards. Development of models (hypotheses) and analysis of data

are important aspects of this task.

Task 3: Ground Motion Modeling - The goal is to develop deterministic and

probabilistic ground motion models and maps. Commentaries will be provided
so that others can use the models for generating ground-shaking hazard maps
and for evaluating the sensitivity of uncertainty in median values of

important physical parameters.

Task 4: loss Estimation Models - The goal is to develop economical methods

of acquiring inventories of structures and developing a standard model for
loss estimation. Commentaries on the use of such a model and its limitations

will be provided so that others can use it. Loss estimates will be produced.

Task 5: Implementation - The goal is to foster implementation of loss-

reduction measures in the urban area. In an urban area, the severity of an
earthquake disaster depends upon three general factors. They are: a) the
magnitude of the earthquake--the larger the magnitude the greater the
potential for severe levels of ground shaking and other earthquake effects,
b) the location of the earthquake source relative to an urban area--the
closer the source of energy release to an urban area the greater the
potential for damage, except in cases such as Mexico City where resonance
effects must be considered, and c) the degree of earthquake preparedness
within the urban area--the smaller the number of loss reduction measures
adopted by the local community and the lower the level of preparedness, the

greater the potential for consequences in an earthquake.

To increase the state-of-preparedness in an urban area, conferences and

workshops are needed to bring together producers and users of earthquake
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hazards information. Participants representing business and industry, the
private sector, and Federal, State, and local government will be involved in
the conferences and workshops. Proceedings of the conferences and workshops
will be disseminated to a wide audience, promulgating the research results
and recommending actions, based on these results, that will increase the

state-of-preparedness.

The scientific and engineering community are participating in this program
element through the USGS's program of external grants and contracts. In 1984 and
1985, Alaska was assigned 4th priority in terms of allocation of USGS resources,
following the Wasatch Front, Utah area (first), Southern California (second), and

Northern California (third).

EVALUATION OF EARTHQUAKE HAZARDS AND ASSESSMENT OF POTENTIAL RISK IN ALASKA

The assessment of the potential risk (chance of loss) from earthquake hazards in
an urban area is a complex task requiring: 1) an earthquake hazards model,

2) an exposure model (inventory), and 3) a vulnerability model.
A schematic illustration of the total range of consideration is shown in
Figure 8. Each model is described briefly below with additional detail being

provided by the papers contained in this report.

Earthquake Hazards Model--(See papers by Davies, Lahr, and others, Plafker,

Nishenko, and Jacob, Preuss, Updike, Olsen, Schmoll, Jennings, Espinosa and
others). Assessment of risk in Alaska is closely related to the capability to
model the earthquake hazards of ground shaking, surface fault rupture, earthquake
induced ground failure, tectonic deformation, and tsunamis. Most of the
spectacular damage and losses in an earthquake are caused by partial or total
collapse of buildings as a consequence of the severity of the horizontal ground
shaking. However, ground failures triggered by earthquake gfound shaking can
also cause substantial damage and losses. For example, during the 1964 Prince
William Sound, Alaska, earthquake, ground failures accounted for about 607 of the
estimated $500 million total loss with landslides, lateral spread failures, flow
fajlures, and liquefaction causing damage to highways, railway grades, bridges,
docks, ports, warehouses, and single family dwellings. Surface faulting, which

generally affects a long narrow area, has not occurred in the Eastern United
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States except possibly in the 1811-1812 New Madrid earthquakes. Surface
faulting, which generally occurs in earthquakes of magnitude 5.5 or greater in
the Western United States, has damaged lifeline systems and single family
dwellings, but has not directly caused deaths and injuries. Tsunamis, long
period water waves caused by the sudden vertical movement of a large area of the
seafloor during an earthquake, have occurred in Alaska and have produced loss of
life. Destructive tsunamis have also affected Hawaii, Puerto Rico, the Virgin
Islands, and the west coast of the United States. Historically, tsunamis have

been absent on the east coast.
The earthquake hazards model must answer the following questions:

l. Where have past earthquakes occurred? Where are they occurring now?

2. Why are they occurring?

3. How often do earthquakes of a certain size (magnitude) occur?

4, How bad (severe) have the physical effects (hazards) been in the past?
How bad can they be in the future?

5. How do the physical effects (hazards) vary spatially and temporally?
The answers to these questions are used to define the amplitude, frequency,
composition, and duration of horizontal ground shaking--the three parameters that

correlate best with damage.

Exposure Model--(See papers by Steinbrugge, Sheinberg, and Vyas). The spatial

distribution of things and people exposed to earthquake hazards is called
inventory. The inventory is one of the most difficult models to characterize.
For risk assessment, the term structure is used to refer to any object of value
that can be damaged by the earthquake hazards of ground shaking, surface
faulting, ground failure, tectonic deformation, and tsunami wave run up. The

various categories of structures include:

1. Buildings (residential, agricultural, commercial, imstitutional,
industrial, and special use).

2, Utility and transportation structures (electrical power structures,

communications, roads, railroads, bridges, tunnels, air navigational

facilities, airfields, and waterfront structures).
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3. Hydraulic structures (earth, rock, or concrete dams, reservoirs, lakes,

ponds, surge tanks, elevated and surface storage tanks, distribution
systems, offshore platforms, and petroleum systems).

4, Earth structures (earth and rock slopes, major existing landslides, snow,

ice, or avalanche areas, subsidence areas, and natural or altered sites
having scientific, historical, or cultural significance).

5. Special structures (conveyor systems, sky lifts, ventilation systems,

stacks, mobile equipment, tower, poles, signs, frames, antennas, tailing
piles, gravel plants, agricultural equipment, furnishings, and shelf

items in the home).
A structure consists of many elements. To predict losses, the contribution of
each individual element to the total response of a structure in response to the

dynamic forces induced by ground motion (or another hazard) must be modeled.

Vulnerability Model--(See papers by Jennings and Steinbrugge). Vulnerability is

a term describing the susceptibility of a structure or a class of structures to
damage. The prediction of the actual damage that a structure will experience
when subjected to a particular hazard (such as ground shaking) is very difficult
as a consequence of:
l. Irregularities in the quality of the design and construction (e.g., some
are designed and built according to a building code; some are not).
2. Variability in material properties.
3. Uncertainty in the level of ground shaking induced in the structure as a
function of magnitude, epicentral distance, and local site geology.
4. Uncertainty in structural response to earthquake ground shaking,

especially in the range where failure occurs.

A fragility curve can be used to represent failure of a specific type of
structure (or a structural system) when it is exposed to the dynamic forces
induced by ground shaking. For most structures, damage occurs as a function of
the amplitude, frequency composition, and duration of ground shaking and
manifests itself in various states ranging from "no damage” to "collapse.”
Specification of the damage states of a structure is very difficult because each
state is a function of the lateral-force-resisting system of the structure and

the severity of the hazard.
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Options for Research and Mitigation--(See papers by Jennings, Preuss, Selkregg,

Buck, Sheinberg, Carte', Turner and Sey, Wiggins, Combellick, Selkregg, and
Kockelman). In conjunction with an assessment of the potential risk from
earthquake hazards, answers are needed for the following questions:

1. What are the viable options for mitigating potential losses from

earthquake hazards?

2. What research is needed to provide sound technical and societal bases for

devising loss-reduction measures.

The answers to these questions encompass a wide range of possibilities and
provide options such as the following:

1. Personal preparedness (See paper by Kockelman)--prepare on an individual

basis for the consequences that are expected to occur, taking advantage
of efficiencies provided by preparation for other natural hazards such as
floods.

2. Avoidance (See papers by Preuss, Selkregg and Carte')--when the
characteristics of the hazard are known, select the least hazardous areas

for construction sites.

3. Land-use regulation (See papers by Selkregg, Preuss, and Carte')—ﬁi :

ydRC
the density of certain types of buildings and facilities or prohiﬁi&

LAshe ot
their construction within parts of the area characterized by a relatively
high frequency of occurrence or severity of effects.

4. Engineering design and building codes (see papers by Jennings and

Johnson)--require buildings to have a lateral force-resisting system that
is appropriate in terms of the frequency of occurrence and the severity
of the hazard expected in a given exposure time (e.g., an exposure time
of 50 years corresponds with the useful life of ordinary buildings).

5. Distribution of losses—-use insurance and other financial methods to

distribute the potential losses expected in a given exposure time.

6. Response and recovery (See papers by Johanson, Turner and Sey, and Buck)--

plan response and recovery measures that will address all of the needs
identified in realistic disaster scenarios.

7. A seismic safety organization--devise policy and plans to achieve seismic

safety. (Note: such organizations now exist in Califormia, Kentucky,

South Carolina, and New York).
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WORKSHOP PROCEDURES

The procedures used in the workshop were designed to enhance the interaction

between all participants and to facilitate achievement of the general and

specific objectives. The following procedures were used:

PROCEDURE 1:

PROCEDURE 2:

PROCEDURE 3:

PROCEDURE 4:

PROCEDURE 5:

Scientists, social scientists, engineers, planners, and
emergency management specialists, gave oral presentations in six

plenary sessions.

Research reports and preliminary technical papers prepared in
advance by the speakers were distributed at the workshop and
used as basic references. The technical papers of the speakers
were finalized after the workshop and are contained in this

publication.

To stimulate interaction, to reinforce basic facts, and to
provide a basis for defining priorities in the USGS's research
and implementation programs, a questionnaire was utilized in
conjunction with the first four plenary sessions. It is

included below in the description of the plenary sessions.

The participants were encouraged to participate in three
simultaneous discussion groups following the first five plenary
sessions. The objective was to identify the scientific-legal
political-social issues that must be resolved in current Alaskan
urban and resource development and to devise creative strategies

for dealing with these issues.

An ad hoc open house was held the first evening which provided
an opportunity for participants to become acquainted and to

interact informally.

PLENARY SESSIONS

Following introductory remarks by the Honorable Joe L. Hayes, former Speaker

of the Alaska House of Representatives, the workshop process was developed in
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three plenary sessions involving all the participants. The themes,

objectives, and speakers for each plenary session are described below.

SESSION I:

OBJECTIVE:

SPEAKERS:

SESSION ITI:

OBJECTIVE:

EVALUATION OF EARTHQUAKE HAZARDS AND ASSESSMENTS OF RISK IN
ATASKA: Knowledge and State-of-Practice

The objectives were to: 1) integrate scientific research and
implementation activities, 2) défine the problem indicated by
the session theme, 3) clarify what is known about earthquake
hazards in Alaska and, 4) identify knowledge that is still
critically needed. These presentations served as a summary of
the state-of-knowledge and state-of-practice and gave a

multidisciplinary perspective.

A series of overview type presentations identifying the advances
in the state-of-knowledge and state-of-practice made since the
1964 Prince William Sound, Alaska earthquake. The emphasis was
on answering the basic questions: WHERE?, WHY?, HOW BIG?, HOW
OFTEN? WHAT ARE THE PHYSICAL EFFECTS (HAZARDS) AND POTENTIAL

LOSSES (RISK)? and WHAT ARE THE OPTIONS FOR REDUCING POTENTIAL

LOSSES?

John Davies, University of Alaska

Lloyd Cluff, Pacific Gas and Electric Co.

Paul Jennings, California Institute of Technology
Karl Steinbrugge, Structural Engineer

Ted Algermissen, U.S. Geological Survey

Richard Buck, Federal Emergency Management Agency

REVIEW OF CURRENT RESEARCH AND IMPLEMENTATION ACTIVITIES IN
ATASKA: Earthquake and Tsunami Potential

Presentations and interactive discussion to provide a measure of
the range of views and consensus on the status of current
research and implementation products related to the earthquake

and tsunami potential.
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SPEAKERS: Klause Jacob (Moderator), Lamont-Doherty Geological Observatory
Lidia Selkregg, University of Alaska
George Plafker, U.S. Geological Survey
Stuart Nishenko, U.S. Geological Survey

A questionnaire was used in sessions II-IV. It called for each research and
implementation products to be ranked on a scale of 1 (lowest) to 5 (highest)
and the assignment of priorities ranging from 1 (highest) to 3 (lowest) for
the next 3-5 years work. The following instructions were given to each

participant:

On the basis of your experience, give your opinion or perception by

circling the appropriate answer. For the status, circle a number ranging

from 1 to 5, where the meaning is defined below.

Number 1 means that we know very little and lack empirical and

theoretical knowledge. Implementation is not yet feasible.

Number 2 means that we have limited empirical and theoretical

knowledge. Implementation is not yet credible.

Number 3 means that we have adequate empirical and theoretical knowledge
to solve the problem in a general way. Implementation is feasible and

has an acceptable technical basis, but controversy exists.

Number 4 means that we have sufficient empirical and theoretical
knowledge to solve the first order problem reasonably accurately.

Implementation is credible and can be fostered with minimal controversy.

Number 5 means that we have the required empirical and theoretical
knowledge to solve the first order problem completely. Implementation of
loss reduction measures can be achieved and the appropriate partnerships

exist to produce the required legislation and to enforce it.
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QUESTIONNAIRE I: STATUS OF RESEARCH ON EARTHQUAKE AND TSUNAMI POTENTIAL IN ALASKA

Research topic Status Recommended Priority
Poor Good High low

1 2 3 4 5 1 2 3

A. RESEARCH

1. Historic seismicity 0 514 10 4 2 14 12

2. Current seismicity 2 21512 2 6 18 5

3. Activity of specific faults 312 9 7 1 22 9 0

4. Tectonic setting 0 21712 2 3 10 13

5. Seismic gaps 0 7 14 10 2 321 6

6. Seismic sources 1 916 6 O 10 14 6

7. Earthquake recurrence 716 9 2 0 20 8 2

8. Tsunamigenic sources 016 10 5 1 513 11

B. PRODUCTS

1. Seismicity maps 1 61013 2 4 15 12

2. Map of seismic source zones 1 518 8 0 8 18 3

3. Map of tsunami source zones 31014 4 1 512 13

4. Fault activity map 31015 5 O 23 8 0

5. Seismotectonic maps 0 915 7 O 6 12 12

-?F%‘*#§&SESSION ITI: REVIEW OF CURRENT RESEARCH AND IMPLEMENTATION ACTIVITIES IN
ALASKA: Ground Shaking Hazard.

OBJECTIVE: Presentation and Interactive discussion to provide a measure of
the range of views and consensus on the status of current
research and implementation products related to the earthquake

ground shaking hazard.

SPEAKER: John Wiggins (Moderator), NTS/J.H. Wiggins Company
Alvaro Espinosa, U.S Geological Survey
Izzat Idriss, Woodward Clyde Consultants
John Lahr (Recorder), U.S. Geological Survey

%« Note: Each number in the body of the questionnaire represents the number
of respondents.
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QUESTIONNAIRE II: STATUS OF RESEARCH ON THE GROUND SHAKING HAZARD IN ALASKA

Research topic Status Recommended Priority
Poor Good High Low
1 2 3 4 5 1 2 3

A. RESEARCH
1. Seismic source zones 0 720 4 O 9 10 10
2 Attenuation laws for acceleration 5 15 9 1 O 13 11 4
3. Attenuation laws for velocity 31612 0 O 9 14 5
4. Attenuation laws for spectral

velocity ordinants 318 9 0 O 8 12 7
5. Duration 4 1211 5 O 14 15 1
6. Engineering properties of soil

and rock 2 615 7 1 515 8
7. Local ground response 411 9 8 O 14 15 1
B. PRODUCTS
1. Maps of seismic source zones 1 61310 O 6 16 7
2. Probabilistic maps of

ground shaking hazard 21311 5 O 12 15 2
3. Maps of ground shaking hazard

for specific scenarios 3 813 7 O 716 6

Maps of seismic risk zones 214 7 8 O 15 10 4
Engineering properties
of surficial deposits 2 713 6 3 715 7

SESSION IV: REVIEW OF CURRENT RESEARCH AND IMPLEMENTATION ACTIVITIES IN ALASKA: *

Ground Failure Hazard

OBJECTIVE: Presentation and interactive discussion to provide a measure of the
range of views and consensus on the status of current research and

implementation products related to the ground failure.

SPEAKERS: Randy Updike (Moderator), Department of Natural Resources
David Cole, Dowl Engineers
Hal Olsen, U.S Geological Survey

William Kockelman (Recorder), U.S. Geological Survey

*
Note: Each number in the body of the questioonaire represents the number
of respondents.
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QUESTIONNAIRE III: STATUS OF RESEARCH ON THE GROUND-FAILURE HAZARD IN THE
PUGET SOUND, WASHINGTON, AREA

Research topic Status Recommended Priority
Poor Good High Low
1 2 3 4 5 1 2 3

A. RESEARCH
1. Liquefaction potential 1 3 17 9 0 5 18 8
2. landslide susceptibility 2 7 16 6 1 14 14 5
3. Reactivation of old landslides 1 13 8 8 0 9 20 3
4. Characterization of sensitive

clay behavior 4 1111 4 1 17 12 4
5. Characterization of the foundation 1 5 16 8 1 7 9 15
B. PRODUCTS
1. Regional liquefaction maps 1 7 13 10 O 9 16 6
2. Regional landslide

susceptibility maps 1 7 16 6 1 18 10 4
3. Maps of sensitive clay formations 4 8 16 5 O 14 12 5
4. Dam inundation maps 0 4 14 7 0 3 10 13

SESSION V: CURRENT ALASKAN URBAN AND RESOURCE DEVELOPMENT WHICH REQUIRE
CONSIDERATION OF EARTHQUAKE HAZARDS

OBJECTIVE: Short presentations describing some of the problems and
solutions for current Alaskan urban and resource development
which requires consideration of the hazards of ground shaking,
surface faulting, earthquake-induced ground failure, regional

tectonic deformation, and tsunamis.

SPEAKERS: Robert Page (Moderator), U.S. Geological Survey
Jogeshwar Singh, Harding-Lawson Associates
Henry Schmoll, U.S. Geological Survey
Barbara Sheinberg, Municipality of Anchorage
Ted Trueblood (Moderator 2), Alaska Railroad
Yogesh Vyas, Exxon Production Research Company
George Carte', Alaskan Tsunami Warning Center

David Cole, Dowl Engineers

*
Note: Each number in the body of the questionnaire represents the number
of respondents.
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SESSION VI: IMPLEMENTATION OF SPECIFIC ACTIONS TO REDUCE POTENTIAL LOSSES
FROM EARTHQUAKE HAZARDS IN ALASKA

OBJECTIVE: A series of presentation describing the current status of
specific activities and suggesting actions that can be taken to
increase knowledge and accelerate implementation of loss

reduction measures in Alaska.

SPEAKERS: Gary Johnson, Federal Emergency Management Agency
Richard Buck, Federal Emergency Management Agency
Jim Sey, Alaska Division of Emergency Services
Jane Preuss, Urban Regional Research
George Carte', Alaskan Tsunami Warning Center
Lidia Selkregg, University of Alaska
John Wiggins, NTS/J. H. Wiggins Company
William Kockelman, U.S. Geological Survey

Joe Hayes, Consulting Engineer

DISCUSSION GROUPS

Three simultaneous discussion groups were formed on the second day to give the .

participants a chance to discuss some of the scientific-legal-political-social
issues that may present obstacles to implementation of loss reduction measures
in Alaska. The objective were: 1) to identify the obstacles and 2) to
suggest creative strategies for dealing with them. The discussion leaders

were: Group l--Susan Tubbesing, Group 2--Jane Preuss, and Group 3--Paula Gori

The discussions were enriched by the wide variety of backgrounds of the
participants (see Appendix A for a list of participants). Because some
nonscientists and engineers were not familiar with the technical terms, a
glossary of technical terms was provided (Appendix B) to facilitate

communications. A directory of researchers is contained in Appendix C.
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REPORTS OF THE DISCUSSION GROUPS

Discussion Group 1

Susan Tubbesing, (Moderator)

George Carte'
Rodney Combellick

C. B. Crouse
Stephen Foo
William Kockelman
Stuart Nishenko
Henry R. Schmoll
Jim Sey

Randy Updike

Natural Hazards Research and Applications
Information Center

Alaskan Tsunami Warning Center

Alaska Division of Geological and
Geophysical Survey

Earthquake Technology Corp.

Mobile 0il Company

U.S. Geological Survey

U.S. Geological Survey

U.S. Geological Survey

Alaska Division of Emergency Services

Alaska Department of Natural Resources

Discussion group 1 reviewed the history of hazard mitigation in Alaska,

especially loss reduction before events. The group also looked at public

attitudes towards adopting ordinances, plans, and legislation.

The group identified 10 concerns about seismic safety policy in Alaska:

1. Inadequate State policy and financial support for predisaster

mitigation.

2. Needed technical information is not available or usable.

3. Many Federally funded programs on geological hazards have been

terminated or reduced.

State support is needed.

4. Alaska planning law of fers no incentives or guidelines for

consideration of geological hazards in local plans, etc. except under
the Alaska Coastal Management Program (ACMP).

With the exception of some hazards-safety regulations for dams and
health facilities, Alaska does not require consideration of geologic
hazards in siting of critical facilities.

The State does not require explicit consideration of geological
hazards in siting State facilities.

Existing disaster-preparedness programs and relief funds do not

promote hazard mitigation.
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8. Agency review for ACMP, Federal projects, etc. are hampered by
inadequate technical information in hazards and lack compliance
standards.

9. The State has not established minimum standards for professional
registration of geologists who prepare geotechnical reports.

10. The State has no mechanism to issue formal notices of serious

geological hazards.

The group discussed SB310, an Act establishing the "Alaska National Hazards
Safety Commission,” which was introduced in the State Legislature. The chance
of its passage and strategies to get it passed were also discussed. Advocacy
groups such as "League of Women Voters” might be enlisted to support the

legislation since the act would improve safety for State citizens.

Alaska does not have legislation like the 1933 Field Act, which requires safe
school design and construction in California. The Uniform Building Code (UBC)
has not been adopted in its entirety by the State. Public education on

hazards and SB310 is needed.

Recommendations--Group 1 endorsed "Geologic-Hazards Mitigation” in Alaska by

Alaska Division of Geology. (See Combellick's paper) All of the
recommendations contained in it were discussed and adopted. There were no
objections to any areas except requiring "minimum qualifications"” for those
performing geotechnical review.
Recommendations for improvements in State policy:
l. Establish an Alaska Natural Hazards Safety Commission.
2. Develop State policies to support hazard mitigation at the State and
local levels.
3. Establish a State-hazard monitoring program.
4, Amend the Alaska Municipal Code to promote local government action in
hazard mitigation.
5. Regulate construction and major renovations of critical facilities.
6. Develop hazard-reduction requirements for State-funded construction
projects.
7. Establish requirements for hazard mitigation at the local level as a

condition for receiving disaster relief funds.
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8. Provide better technical assistance to local governments and develop
public education programs.

9. Develop a State hazards notification program.

Discussion Group 2

Jane Preuss (Moderator) Urban Regional Research

Katherine West U.S. Geological Survey

Jack Cervantes Municipality of Anchorage

Klaus H. Jacob Lamont-Doherty Geological Observatory
Richard A. Buck Federal Emergency Management Agency
Paul C. Jennings California Institute of Technology
J. P. Singh Harding Lawson Associates

A. F. Espinosa U.S. Geological Survey

Allan Divis Terratech Ltd.

George Plafker U.S. Geological Survey

Anne Pasch Anchorage Community College

Bud Alto Alyeska Pipeline Service Co.

Hal Olsen U.S. Geological Survey

Robert J. Peters URS Corporation

The consensus of group 2 was that there is a need for additional education
pertaining to earthquake hazards. Education is considered vital to the
solution of the problem. There is a need to sensitize people at all levels to
the nature of earthquake hazards. The necessary education programs were
organized into two categories: 1) earth sciences in the schools and general

public and 2) education of decisionmakers.

People need to be convinced that it is in their self interest to be protected
from earthquakes and other natural hazards. More earth science courses need
to be taught in the schools. There is also a need to localize emergency
preparedness instructions in small communities, as well as in metropolitan
areas. People need to know what to do in emergency situations; they do not

necessarily need to understand the scientific mechanisms.

The discussion group felt that Alaskans need to be site specific when they

talk about hazards. For example, land spreading is a general problem in
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Alaska. Landslides rather than faults need to be addressed in Anchorage.
Communities should have earthquake response and mitigation policies, prior to

obtaining Federal financial assistance.

Recommendations—-Group 2 made the following recommendations:

1. The scientific community needs to become involved in planning and
decisionmaking. The public needs an awareness and education program
about geologic hazards.

2. Local funding is needed for education on earthquake hazards

3. The scientific community needs to inform the emergency preparedness
community when an event is going to happen so they can prepare.

4. There is a need to simplify issues and to convert geotechnical
information into a usable form for decisionmakers.

5. Long- and short-term cost-benefit evaluations of mitigation related
construction costs are needed. Short-term economic interests are the

real constraints to building safety and implementing good regulations.

Discussion Group 3:

Paula Gori (Moderator) U.S. Geological Survey

Bob Page U.S. Geological Survey

Barbara Steinberg Municipality of Anchorage

Lloyd Cluff Pacific Gas and Electric

John Taber Lamont~Doherty Geological Observatory
John Lahr U.S. Geological Survey

Yogesh Vyas Exxon Production Research Company
David Cole Dowl Engineers

Niren Biswas Geophysical Institute

Lidia Selkregg University of Alaska

Laura Beck Municipality of Anchorage

John Wiggins NTS/J. H. Wiggins Company

Opportunities and constraints for implementing land-use and other mitigation

strategies to reduce earthquake losses--~Group 3 identified the following

opportunities to implementing hazard mitigation:

1. It is a State requirement that municipalities have a comprehensive
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plan and a zoning ordinance. Municipalities are not required to have
an "earthquake” element or regulation, but they may.

In order for municipalities to get funds from the State they must have
a comprehensive plan.

Anchorage and other coastal cities are part of the Coastal Zone
Management program. The guide or plan has a risk mitigation section
which includes maps. These maps (one for faults areas one for areas
prone to liquefaction, etc.) have been accepted in concept by the city
of Anchorge. They, therefore, could be reflected in zoning and

subdivision ordinances.

Group 3 identified the following constraints to implementing hazard mitigation

measures:

4-

5.

6'

7'
8.

Some individuals in Anchorage believe that laws and guidelines are
necessary-that it is not enough only for the Coastal Zone Management
maps to have been accepted in concept only.

Alaska does not require professional registration for geologists.

The architectural registration requires that architects pass an
earthquake section.

Engineers do not have the above requirement for registration.

The planning and building permit staff of the city do not have enough
staff to specialize, especially in geotechnical and earthquake issues.
The State and localities do not take advantage of their opportunities
to site and build facilities and infrastructure to withstand

earthquake ground shaking and ground failure.

10. Schools do not require special siting or building specifications.

Recommendations——Group 3 made the following recommendations to implementing

hazard mitigation.

1'

2.
3.
4.
5.

Enforce the Coastal Zone Management Act which includes a risk
mitigation requirements.

Establish a Seismic Safety Commission.

Assist municipalities to complete earthquake safety studies.

Adopt a code of conduct for engineers and geotechnical professionals.
Hire city geologists to assist in planning and siting public

facilities and reviewing site plans.
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6. Increase the understanding of the State's, and professionals' legal
liability.

7. Strengthen the earth sciences curriculum.

8. Work towards a major 25th anniversary conference in 1989 to recall the

important lessons of the 1964 Prince William Sound earthquake.
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EVALUATION OF THE WORKSHOP ON "EVALUATION OF REGIONAL
AND URBAN EARTHQUAKE HAZARDS AND RISK IN ALASKA"

by

Sallie A. Marston
University of Colorado
Boulder, Colorado 80309

On September 5-7, 1985 a workshop dealing with the earthquake hazards and
risk in Alaska was conducted in Anchorage. At the conclusion of the two-and-
one-half-day meeting participants were asked to evaluate the effectiveness of
the workshop.

Responses were elicited on a five point scale: 1 and 2 representing the
lowest level of agreement or a '""no' response, 3 moderate agreement, and 4 and
5 highest agreement or a "yes'" response (see Figure 1). Not all respondents
answered all questions. Therefore percentages reflect the number of questions
completed (compare Figures 1 and 2). Additionally, the percentages that are
discussed in the text are a combined total of a positive rating of 3, 4 and 5.

The questionnaire asked workshop participants to vote according to various
criteria: 1) the usefulness of the information and activities provided; 2) given
the same opportunity would the participant attend the workshop and should
future workshops should be planned; 3) the level of earthquake awareness and
concern before and after the workshop. Finally, participants were asked to
list one or two ''positive'" and '"less than positive'" aspects of the workshop and
identify one or two possible future actions to carry out some of the specific
recommendations of the workshop.

Evaluations were returned by twenty-four participants. Overall, the
responses indicate that the workshop was successful in meeting its stated goals.
Ninety-two percent of the participants found the workshop useful for increasing

their knowledge of earthquake hazards in Alaska. Eighty-three percent felt that

38 TS ] 20/3D




the workshop was useful for increasing their knowledge of the potential risks
from earthquake hazards in Alaska. Ninety-six percent reported that the work-
shop was instrumental in increasing knowledge of some of the unresolved technical
problems requiring further research. Eighty-three percent felt that the
workshop increased their knowledge of the need for considering the earthquake
hazard in Alaskan urban and/or resource development. In terms of improving

the participants' awareness of some of the unresolved legal, political and
social issues stemming from the Alaskan earthquake hazard, eighty-three percent
found the workshop to be useful. Finally, ninety-one percent felt that the
workshop added to their understanding of what actions could be taken to reduce
potential losses form earthquake hazards in Alaska.

In a second aspect of the questionnaire, 917 of the respondents indicated
that the workshop was helpful in providing new information and expertise and
establishing a better understanding of the problems faced by researchers and
decision makers.

In evaluating the various session formats, the formal presentations appear
to have been considered the most useful (92% favored them) with the discussions
following the presentations identified by only 74% of the respondents as useful.
Note that 26% gave this format a low rating and 317 gave this session a moderate
rating. Respondents favored small discussion groups (83%), the availability
of papers and abstracts (83%) and informal discussions (867%). Again, it is
important to note that the low and moderate ratings for small discussion groups,
and the availability of papers and abstracts also are significant (see Figure 2).

Nearly all of the respondents answered affirmatively (96%) to a repeat of
the workshop,with unanimous support for future workshops that would continue
the work initiated at the September 5-7 meeting.

Pre and post workshop awareness of the earthquake threat in Alaska was

equivalent, with 100% of the respondents indicating high awareness for both time
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periods. Concern about the state of earthquake preparedness in Alaska, while
high (91%) prior to the workshop, increased following the workshop (100%).

A major goal of the workshop is to evaluate both concern and awareness as
it may be reflected in future behaviors. In order to identify whether the
workshop might inspire possible future mitigative action, the questionnaire
elicited open ended responses regarding plans to carry out some of the specific
recommendations made in the workshop. Actions suggested by respondents include
increasing local awareness, improving building codes, developing seismic maps
and seismic plans and, lobbying for a state commisson for earthquake hazard
research.

The questionnaire also elicited open ended participant response on positive
and less than positive aspects of the workshop. These comments were numerous
and varied. Less than positive comments included the need for more state and
local officials and politicians to attend the workshop; more time needed for
discussion; indications that some talks were too technical, with advice that
written handouts might alleviate the problem; and finally, the complaint that
the workshop was essentially 'preaching to the converted".

Many positive comments included an appreciation for the wide range of
experts in attendance. Participants also complimented the graphics, speakers

and the use of discussion groups.

40 S87 20130



FIGURE 1
EVALUATION
WORKSHOP ON "EVALUATION OF REGIONAL AND URBAN EARTHQUAKE
HAZARDS AND RISK IN ALASKA"
Anchorage, Alaska, September 5-7, 1985

Low High
1 &2 3 4 &5

Did you find the workshop to be useful to you or your
organization by increasing your knowledge of:
a. earthquake hazards in Alaska?..ceesccssccsoscsssccscss 2 8 14
b. the potential risk from earthquake hazards in Alaska? 4 14 6
c. some of the unresolved technical problems requiring

additional or more focused research?.eeseccescssscesse 1 8 15
d. Alaskan urban and/or resource development which

requires consideration of earthquake hazards?..eeeeee. 4 10 10
e. some of the unresolved legal, political, and social

issues that need to be resolved in AlaskaZe.ccececeasss 4 6 14
f. achieveable actions that can be taken to reduce

potential losses from earthquake hazards in Alaska?... 2 11 10
Did the workshop benefit you or your organization by:
a. providing new sources of information and expertise you

might want to utilize in the future?iceeeceeecscccsnss 2 12 9
b. establishing better understanding of the problems

faced by researchers and decisionmakers?...ceececsccces 2 6 14
Did you find the following activities useful:
a. formal presentationS?ececceccccceccscccssscscscsscssnns 2 8 14
b. discussions following the formal presentations?...c... 6 7 10
c. small discussion group sessions?ecescscscesccscasscces 4 5 15
d. preprints of paper, expanded abstractsS?.ceesscsssssces 4 10 10
e. informal discussions during breaks and after hours?... 3 1 18
If the clock were truned back and the decision to attend
the workshop were given to you again, would you want to
Attend?cscecseecscectoscsscscacssssscssssccsnssssssssssnns 1 -0- 22
Should future workshops be planned to continue the work
initiated at this meeting?.cececessessscssccscscasncssnses -0- 3 20
Prior to attending this workshop, I would rate my awareness
of the earthquake threat in Alaska aSeeessssssscscsssscsss -0- 5 19
Prior to attending this workshop, I would rate my concern
about the state-of-earthquake preparedness in Alaska as... 2 7 15
I Nnow rate My AWALENESS AS.eessccesssscasccsssasssscssssssos -0- -0- 24
I now rate My CONCETTl dSeecssssceccsscsecsscsssscsccssncsa -0~ -0- 22

Please list two or three aspects of the meeting that you found to be positive
and two or three aspects which you believe need improvement. In addition, list
one or two specific actions you plan to undertake in the next 3-4 years to carry

out specific recommendations made in the workshop.
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3.

FIGURE 2
EVALUATION
WORKSHOP ON "EVALUATION OF REGIONAL AND URBAN EARTHQUAKE
HAZARDS AND RISK IN ALASKA™
Anchorage, Alaska, September 5-7, 1985

Low High
1 &2 3 4 &5

Did you find the workshop to be useful to you or your
organization by increasing your knowledge of:
a. earthquake hazards in Alaska?..ceeceesscescssscsscsssas 8 33 59
b. the potential risk from earthquake hazards in Alaska? 17 58 25
c. some of the unresolved technical problems requiring

additional or more focused research?..scseeccoscescvcsss 4 33 63
d. Alaskan urban and/or resource development which

requires consideration of earthquake hazards?..eeeeess 16 42 42
e. some of the unresolved legal, political, and social

issues that need to be resolved in Alaska?.cescecocecse 17 25 58
f. achieveable actions that can be taken to reduce

potential losses from earthquake hazards in Alaska?... 9 48 43
Did the workshop benefit you or your organization by:
a. providing new sources of information and expertise you

might want to utilize in the future?...veeeeesescsesss 9 52 39
b. establishing better understanding of the problems

faced by researchers and decisionmakers?..eeeccoscoess 9 27 64
Did you find the following activities useful:
a. formal presentationS?...ceeceesscccccrcoscoscosonsssanses 8 33 59
b. discussions following the formal presentations?....... 26 31 43
c. small discussion group SesSSionNS?eeesecessscscscassoess 16 21 63
d. preprints of paper, expanded abstractsS?..ccoeeesccsses 16 42 42
e. informal discussions during breaks and after hours?... 14 4 82
If the clock were truned back and the decision to attend
the workshop were given to you again, would you want to
Attend?eeecesooscocssossornnsssesessssersssssssseccesccsses 4 -0- 96
Should future workshops be planned to continue the work
initiated at this meeting?...eevcevscevcssecosscasscrascass -0- 13 87
Prior to attending this workshop, I would rate my awareness
of the earthquake threat in Alaska aS..cesscsvcoscesssocss -0- 21 79
Prior to attending this workshop, I would rate my concern
about the state-of-earthquake preparedness in Alaska as... 8 29 63
I now rate My AwWareneSS ASsseessessccesssesssosscsosscsoss -0- 33 67
I Now rate My CONCEYN 8S.ssssecososssssssssssosesosessocnas -0- 8 92

Please list two or three aspects of the meeting that you found to be positive
and two or three aspects which you believe need improvement. In addition, list
one or two specific actions you plan to undertake in the next 3-4 years to carry

out specific recommendations made in the workshop.
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SEISMICITY, SEISMIC GAPS AND EARTHQUAKE POTENTIAL IN ALASKA
By
John N. Davies
Alaska Division of Geological and Geophysical Surveys
Anchorage, Alaska

EARTHQUAKE OCCURRENCE IN ALASKA

Approximately 11 percent of the world's earthquakes occur in Alaska. Even
considering that the land area of Alaska is only about three-tenths of one
percent of the surface area of the world, this figure still understates the
level of earthquake activity in Alaska during the past 80 years. It is only
when the energy released by Alaskan earthquakes in this period is taken into

account that a proper perspective is gained.

The ten largest earthquakes in the world since 1904 are listed in Table 1. Of
these, three occurred in Alaska: the Good Friday earthquake of 1964 (MW =
9.2, rank no. 2), the Andreanof-Fox Islands earthquake of 1957 (Mw = 9.1, rank
no. 3), and the Rat Islands earthquake of 1965 (MW = 8.7, rank no. 6). Three
out of ten gives the right impression of the ratio of energy released in

Alaska compared to the whole world for the period 1904-1984.

Table 1 is based on one compiled by Hiroo Kanamori which gives the energy
released by each earthquake larger than M_ = 8.0 since 1904 for the world. In
this 1ist Alaskan earthquakes contribute 30 percent of the total energy. It
appears during the past 80 years that Alaska has had a few really large
earthquakes and that the rate of occurrence of medium-sized shocks is more
normal. If one assumes that Alaska has 30 percent of the energy released by
quakes larger than M, = 8.0, but only 11 percent of that released by smaller
quakes, then the energy released by earthquakes in Alaska since 1904 would be

about 25 percent of the total for the world.

A Comparison with California

California is regarded by many as the archetype of "earthquake country”

(Tacopi, 1971). California is indeed earthquake country, cut by the San
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Table 1. The World’s Ten Largest Earthquakes

1904 - 1984
No. Location Year Mw Energy*
1. CHILE 1960 9.5 2000
2.

ALASKA 1964 9.2 820

ALASKA 1957 9.1 585

_

\§

_
4. KAMCHATKA 1952 9.0 350

_
7

5. ECUADOR 1908 8.8 204 %
7

%

6.  ALASKA 1965 8.7 125 |
_

' Z

- 2

7. ASSAM 1950 8.6 100
%

7

8. BANDA SEA 1938 8.5 70
9.  CHILE 1922 8.5 69
4

10.  KURILES 1063 8.5 67
;

*Energy in dyne-cm x 1027
Source: Based on data from Kanamori?
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Andreas fault system and many other faults; it has been the site of several
historical great earthquakes. Most famous among these was the 1906 M, = 7.8
earthquake which devastated San Francisco. All of the recent damaging
earthquakes in California such as the San Fernando, Coalinga, and Morgan Hill

events, wWere rated about 6.5 on the Richter scale.

One can compare this activity in California to that in Alaska by considering
the histogram shown in Figure 1. This histogram shows the number of
earthquakes larger than magnitude 5.5 in each of the years from 1976 through
1980 for both Alaska and California. It is easy to see from this comparison
that Alaska also deserves to be called earthquake country. In Alaska,
however, most of these large earthquakes occur in remote, sparsely populated
regions so that many events with magnitudes in the 5 to 7 range cause little

if any damage and go almost unnoticed.

MAJOR EARTHQUAKE ZONES IN ALASKA

The Alaska-Aleutian Subduction Zone

The vast majority of the large earthquakes in Alaska occur along the Aleutian
Islands, the Alaska Peninsula, and the Kenai Peninsula. Almost three—-quarters
of the events shown on the map in Figure 2 fall in this region. Plotted on

this map are the epicenters of all of the earthquakes larger than MW = 7.2 for
the period from 1897 through 1980, a total of 35 events (in fact, no events of
MW_Z 7.2 have occurred in Alaska since 1980). All three of the great Alaskan

earthquakes listed in Table 1 occurred in this region.

The belt of earthquakes and volcanoes stretching from the western Aleutians to
the Kenai Peninsula is known as the Alaska-Aleutian subduction zone. The
great earthquakes here result from episodic slipping along the shallow contact
zone between the Pacific and North American plates or the Pacific plate is
thrust beneath the Alaskan portion of the North American plate. These
earthquakes typically cause very strong shaking which lasts several minutes;
significant, permanent uplift or subsidence over very large area; very large
seismic sea waves or tsunamis which cause damage at great distances across the

Pacific; extremely high wave run—up of a few to more than 30 m locally; and
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Figure l.--International Seismological Center reports for earthquakes of
magnitude > 5.5 during the 5-year period from 1976 to 1980.
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Figure 2.--The dots show the epicenter locations of all shallow (depth less
than 70 km) earthquakes in Alaska of magnitude 7.2 or more from 1897
through 1980. The map shows 31 events, but two dots in the Yakutat -
Yakataga area actually represent two events each, and two in the
westernmost Aleutians are off the map. The 83-year record thus indicates
that Alaska has 35 earthquakes of at least magnitude 7.2, or one every

2.3 years.
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many landslides, snow avalanches, and submarine slumps at distances out to

100 km from the epicenter.

The 1946 Scotch Cap earthquake generated an extremely large tsunami which
completely destroyed the reinforced concrete lighthouse at Scotch Cap on
Unimak Island in the Aleutians and caused significant damage in the Hawaiian
Islands. The 1964 great Alaska earthquake caused permanent uplift or
subsidence of tens of thousands of square kilometers from Prince William Sound
to Kodiak Island. The tsunami did terrible damage at Kodiak, Seward, Chenega,
and other coastal villages of Alaska and at places as distant as Newport,
Oregon, and Crescent City, California. A secondary submarine slump near Shoup
Bay in Valdez Arm created a seiche wave which broke off trees more than 35 m
above Shoup Bay and which sloshed a wall of water about 7 m high through the
town of Valdez. The long duration of the strong shaking in Anchorage, more
than 60 km from the nearest point on the rupture surface, caused a dozen

damaging landslides along the bluffs of Knik Arm and Ship Creek.

Queen Charlotte-Fairweather Transform Fault Zone

Five epicenters are shown in Figure 2 along the panhandle region in
southeastern Alaska. These events occurred along the Fairweather fault which
is part of a transform fault system along which the Pacific plate is sliding
to the northwest (horizontally) by southeast Alaska. This region is known as
the Queen Charlotte-Fairweather transform fault zone. Great earthquakes with
Richter magnitudes up to the mid-8s can occur here, but the extremely large
events in the high 8s and low 9s typical of the subduction zone to the west
are not expected. Earthquakes in the transform zone occur on strike-slip
faults which cut the surface of the earth in long straight lines. Offsets
along these surface breaks can be on the order of meters, causing very intense

shaking near the fault.

The 1958 Lituya Bay earthquake (M = 7.9) had a horizontal displacement across
the Fairweather fault of about 15 m. The violent shaking from this quake
dislodged a giant rockslide in Lituya Bay, causing a seiche wave which washed
trees and soil from the bedrock of the opposite shore to an elevation more

than 500 m(!) above sea level.
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Interior, Northern, and Western Alaska

In the interior of Alaska there are five epicenters shown on the map of
Figure 2. The largest of these quakes, the 1904 Rampart earthquake, is
sometimes listed as having a magnitude of 8, though 7.3 is probably more
correct. A sixth event south of the Alaska Range and about 50 km north of
Anchorage occurred in 1943, had a Richter magnitude of 7.4 (MS) and probably
should be classed with these other mainland Alaskan events., All of these
earthquakes occurred on faults which did not break the surface of the earth in
a clear escarpment. Typically, these events have durations of strong shaking
which last somewhat less than a minute. Rock fall and liquefaction of the
soil can occur 30 to 50 km away from the epicenter. The 1937 Salcha
earthquake left a number of fissures in the soil and caused a rockfall which
closed the Richardson Highway. The 1958 Huslia earthquake caused widespread
cracking and fissuring of the soil. A significant amount of liquefaction was

indicated by the numerous sand flows and sinkholes seen after the quake.

There have been no events larger than M = 7.0 in western and northern Alaska
including the offshore regions of the Bering, Chukchi, and Beaufort seas
(excluding the Aleutian zone, of course). If one lowers the magnitude
threshold a little and considers all events larger than M = 6.0, we begin to
see a trend of epicenters defining a broad belt from the Fairbanks-Delta
Junction area in interior Alaska through the Kotzebue—Nome area in western
Alaska, and on across the Chukchi Sea into Siberia. 1If one lowers the
threshold still further and considers all events larger than M = 4.5, then a
second trend emerges. This is a broad belt of epicenters trending north-
northeast, which again originates in the Fairbanks-Delta Junction area and
goes through the Barter Island area of north-eastern Alaska. The two regions
of lowest historical seismic activity in Alaska are the Kuskokwim and Yukon
deltas region around St. Marys and Bethel and the western half of the north
slope region centered around Point Barrow, with the latter being somewhat 1less

active than the former.
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Alaskan Earthquake Statistics

We can get a reasonably quantitative sense of the relative hazards between
these broad zones of Alaska by examining the historical record for earthquakes
of magnitude greater than or equal to seven as compiled in Table 2. The
events listed in that table have been assigned to three zones: (1) the
subduction zone; (2) the transform zone; and (3) the mainland Alaska zone,
Recall that no large earthquakes (M_Z 7.0) have occurred in Alaska outside of
these three zones. That is not to say that it is impossible for a magnitude
seven event to occur near Bethel or Barrow, e.g., just that the probability is
considerably lower there relative to the three zones which have been active

over the past 90 years.

For each of these active zones the number of independent events larger than or
equal to magnitude seven and the time intervals between them are summarized
statistically in Table 3. In the subduction zone, e.g., there have been 37
events of M > 7.0 during the past 90 years. Excluded from this tabulation are
events that appear to be foreshocks or aftershocks of some other event. The
mean repeat time, or average interval time for independent earthquakes of M >
7.0 in the subduction zone was 2.3 years, and it has been 5.0 years since the
last such earthquake. The “"time for 95% of cases"” is the mean repeat time
plus 1.645 times one standard deviation of the individual repeat times about
their mean. This statistic assumes a Gaussian distribution of the repeat
times which is clearly not true for the M > 7.0 case, but which may be true
for the M > 7.8 case. It is simply meant to be a measure of how "overdue” a
particular zone may be. If the time interval since the last event in a
particular zone is longer than "95%" of all previously observed time intervals
between events, then one might say that zone is overdue for an earthquake of
the class in question. 1In the example of the subduction zone the time for 95%
of previous intervals is 6.1 years, so the fact that it has been 5.0 years
since the last event means that we are approaching being overdue for an
earthquake of M > 7.0 there. However, for earthquakes of M > 7.8 it has been

20.9 years since the last event and the 957 time is 19.3 years, so in this

case we are now overdue.
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Table 2
MAJOR SHALLOW ALASKAN EARTHQUAKES: 1897 -1980

(After Abe and Noguchi, 1981 and 1983)%

# - YEAR MO DY TIME LAT. LONG. MS LOCATION ZONE*
1 1898 6 29 1836 52. +172. 7.6 Near Is. S+
2 1898 10 N 1637 50. 180. 6.9 Rat/Andreanof Is. S~
3 1899 4 16 1342 58. -138. 6.9 S.E. Alaska T-
y 1899 7 14 1332 (60.)* (~150.)% 7.2 (Kenai Penin.)* S+
5 1899 9 y 0022 60. -142, 7.9 Gulf of Alaska T+
6 1892 9 4 o440 60. ~-142, 6.9 Gulf of Alaska T-
T 1399 9 10 1704 60. -140. 7.4 S.E. Alaska T+
8 1899 9 10 2141 60. ~-140. 8.0 S.E. Alaska T+
9 1899 9 17 1250 59. -136. 6.9 S.E. Alaska T-
1899 9 23 1104 60. -143. 6.9 Gulf of Alaska T~
1899 9 23 1250 60. -143, 7.0 Gulf of Alaska T+
1900 10 9 1228 (60.)%  (-142.)% 7.7 (Kodiak )* S+*
1901 1 18 0439 60. -135. 7.1 S.E. Alaska T+
1901 12 31 0902 52. -177. 7.1 Andreanof 1Is. S+
1902 1 1- 0520 55. -165. 7.0 Unimak Is. S+
1903- 1 17 1605 50. -170. 7.0 (Fox Is.) S+
1903 2 5 1826 52. +175, 6.8 Near/Rat Is. S-
1903 6 2 1317 5T. -156. 6.9 Alaska Penin. S-
1904 8 27 2156 64, -151. 7.3 Central Alaska M+
1905 2 14 0846 53. -178. 7.3 Andreanof 1Is. S+
1905 3 22 0338 50. 180. 7.0 Rat/Andreanof Is. S+
1905 9 15 0602 55. +165. 7.4 Komandorsky o+
1905 12 10 1236 50. 180. 6.9 Rat/Andreanof Is. S-
1906 8 17 0010 51. +179. 7.8 Rat 1Is. S+
1906 12 23 1722 53. -165. 7.3 (Unimak Is.) S+
1907 9 2 1601 52. +173. T.4 Near 1Is. S+
1908 5 15 0831 59. =111, . 7.0 S.E. Alaska T+
1909 &4 10 1936 52. +175. 7.0 Near/Rat Is. S+
1910 9 9 0113 51.5 -176. 7.0 Andreanof 1Is. S+
1910 11 6 2029 53. -135. 6.8 Queen Charlotte Is. O-
1911 9 17 0326 51. 180. T.1 Rat/Andreanof Is. S+
1911 11 13 1613 52. +173. 6.9 Near Is. S-
1912 6 10 1606 59. -153. 6.9 Kodiak Is. S-
1912 7 7 0757 64, -147. 7.2 Central Alaska M+
1915 7 31 0131 54, +162. 7.6 Kamchatka o+
19:¢ 1 30 0245 56.5 +163. 7.8 Kamchatka O+
1,17 5 31 0847 54.5 -160. 7.9 Alaska Penin. S+
1923 5 y 1626 55.5 -156.5 7.1 Alaska Penin. S+
1925 8 19 1207 55.25 +168. 7.0 Unimak Is. S+
1926 10 13 1908 52. -176. 7.0 Andreanof Is. S+

51 4SL 2013



52

# YEAR MO DY TIME LAT. LONG. LOCATION ZONE ¥
41 1927 10 24 1559 57.5 -137. 7.1 S.E. Alaska T+
42 1928 6 21 1627 60. .-146.5 6.8 Gulf of Alaska S-
43 1929 3 7 0134 51. -170. 7.5 Fox Is. S+
by 1929 7 5 1419 51. -178. 7.0 Andreanof Is. S+
45 1929 T T 2123 52. -178. 7.3 Andreanof Is. S+
46 1929 12 17 1058 52.5 +171.5 7.8 Near Is. S+
yr 1933 4 27 0236 61.25 -150.75 6.9 S. Central Alaska M-
.48 1935 2 22 1705 52.25 +175. 7.1 Near/Rat Is. S+
49 1936 11 13 1231 55.5 +163. T.1 Kamchatka 0+
50 1937 7 22 1709 64.75 -146.75 7.3 Central Alaska M+
51 1938 11 10 2018 55.5 -158. 8.3 Alaska Penin. S+
52 1938 11 17 0354 55.5 -158.5 7.3 Alaska Penin. S+
53 1940 4 16 0607 52. +173.5 6.8 Near Is. S-
54 1940 & 16 0643 52. +173.5 T.1 Near Is. S+
55 1940 8 22 0327 53. -165.5 7.0 Unimak Is. S+
56 1943 11 3 1432 61.75 -151. 7.4 S. Central Alaska M+
57 1944 12 12 ou17 51.5 +179.5 6.9 Rat Is. S-
58 1945 4 15 0235 57. +164, 7.2 Komandorsky 0+
59 1946 1 12 2025 59.25 -147.25 6.7 Gulf of Alaska S-
60 1946 y 1 1228 52.75 -163.5 7.3 Unimak Is. S+
6t 1946 11 1 1114 51.5 -174.5 7.0 Andreanof Is. S+
62 1947 10 16 0209 64.5 -147.5 7.2 Central Alaska M+
63 1948 5 14 2231 54,5 -161. 7.5 Alaska Penin. S+
64 1949 8 22 0401 53.75 -133.25 8.1 Queen Charlotte Is. 0+
65 1949 9 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>