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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.
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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.
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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+
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# 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 27 1530 59.75 -149. 6.7 Kenai Penin. S-
66 1951 2 13 2212 56. -156. T.1 Alaska Penin. S+
67 1953 1 5 0748 54, +170.5 7.1 Near Is. S+
68 1957 3 9 1422 51.3 -175.8 (8.1)  Andreanof Is. S+
69 1957 3 9 2039 52.25 -169.5 7.1 Fox Is. S+
70 1957 3 11 0958 52.25 -169.25 7.0 Fox Is. S+
71 1957 3 11 1455 51.5 -178.5 6.9 Andreanof 1Is. S-
72 1957 3 12 1144 51.5 -177. 7.0 Andreanof Is. S+
73 1957 3 14 1447 51. -177. 7.1 Andreanof Is. S+
T8 1957 3 16 0234 51.5 - -178.75 7.0 Andreanof Is. S+
75 1957 3 22 1421 53.75 ~-165.75 7.0 Unimak Is. S+
76 1957 & 10 1129 56. -154, 6.9 Kodiak Is. S-
77T 1957 U4 19 2219 52.25 -166. 6.5 Unimak Is. S-
78 1958 4 7 1530 65.5 -155.5 7.3 Central Alaska M+
79 1958 7 10 0615 58.3 -136.5 7.9 S.E. Alaska T+
80 1960 11 13 0920 51.4 -168.9 6.7 Fox Is. S-
81 1964 2 6 1307 55.7 -155.9 7.0 Alaska Penin. S+
82 1964 3 28 0336 61.1 -147.5 ( Gulf of Alaska S+
83 1965 2 4 0501 51.3 +178.6 ( Rat Is. S+
84 1965 2 &4 0840 51.4 +179.6 7.0 Rat Is. S+
85 1965 3 30 0227 . 50.3 +177.9 7.4 Rat Is. S+
86 1965 T 2 2058 53.0 -167.6 6.5 Fox/Unimak Is. S-
87 1965 T 29 0829 51.1 -171.3 6.7 Fox Is. S-
88 1965 9 j 1432 58.3 -152.5 6.8 Kodiak Is. S-
4R 20130



# YEAR MO DY TIME LAT. LONG. Mg LOCATION ZONE*
89 1966 T y 1833 52.0 +179.9 6.8 Rat Is. S-
90 1966 8 7 0213 50.6 -171.2 6.4 Fox Is. S-
91 1969 11 22 2309 57.7 +163.6 T.1 Kamchat ka 0+
92 1971 12 15 0829 56.0 +163.2 7.5 Kamchatka 0
93 1972 7 30 2145 56.8 -135.9 7.4 S.E. Alaska T+
94 1975 2 2 0843 53.1 +173.6 7.4 Near Is. S+
95 1979 2 28 2127 60.6 -141.6 7.0 S.E. Alaska T+
* .
Explanation:
(1) Data for 1897-1912 from Abe, K. and S. Noguchi, 1983(a).
(2) Data for 1913-1917 from Abe, K. and S. Noguchi, 1983(b).
(3) Data for 1918-1980 from Abe, K., 1981,
(m The following notes apply to the respective earthquake number:
4 - location very uncertain, felt reports suggest a more westerly epicenter,
perhaps near the Shumagin Islands
12 - location very uncertain, felt reports suggest a more westerly epicenter,
perhaps near Kodiak Island
68 - moment magnitude 8.7
82 -~ moment magnitude 9.2
83 - moment magnitude 8.7
(5) Earthquake zones were defined as follows:

I + O Wn

Alaska-Aleutian subduction zone
Alaska transform zone

S. E.

Mainland Alaska
Outside of Alaska (Kamchatka, Komandorsky, Queen Charlotte)

MS greater than or equal to 7.0

Ms less than 7.0

53
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Table 3
Alaskan Earthquake Statistics
Independent Events, M 2 7.0, January 1897 - January 1986

Region Major Great
Mg > 7.0) (Mg > 7.8)

Alaska-Aleutian Subduction Zone
Number in 90 years 37 7

Mean repeat time (years) 2.3 9.7
Time since last event (years) 5.0 20.9
Time for 95% of cases (years) 6.1 19.3
Date of the last event 1-30-81 2-4-65
S.E. Alaska Transform Zone
Number in 90 years 8 3
Mean repeat time (years) 11.4 29.4
Time since last event (years) 6.9 27.5
Time for 95% of cases (years) 29.3 97.8
Date of the last event 2-28-79 7-10-58
Mainland Alaska Seismic Zone
Number in 90 years 0
Mean repeat time (years) 10.7 ?
Time since last event (years) 27.8 ?
Time for 95% of cases (years) 24.5 ?
Date of last event 4-7-58 ?

All of Alaska
Number in 90 years 51 10

Mean repeat time (years) 1.7 7.3

Time since last event (years) 5.0 21.0

Time for 95% of cases (years) 4.5 17.3

Date of last event 1-30-81 2-4-65
NOTES

1) The data base for these calculations is the catalog of large, shallow
earthquakes in Alaska based on the papers of Abe and Noguchi given in
Table 2 augmented by data for the period Jan. 1981 - Jan. 1986 from the
National Earthquake Information Service (NEIS).

2) The mean repeat time for the Ms > 7.0 and Ms > 7.8 events is the average
of the observed interevent times.

3) The "time for 95% of cases" is the mean interevent time plus 1.645 times
one standard deviation of the individual interevent times about their
mean.
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In the transform zone neither class of earthquake is close to being overdue,
so while an event of M > 7.0 could occur tomorrow, we would not be surprised

if it did not occur for another 30 years.

In the mainland Alaska seismic zone there have been no events of M > 7.8
during the past 90 years. This does not mean that such events are impossible,
simply that they are less frequent than in the subduction zone. The mean
repeat time for great earthquakes in this zone is probably on the order of a
few hundred years, so it's not surprising that we have not recorded one given

our short history here.

For major (7.0 > M > 7.8) earthquakes in the mainland zone the time since the
last event is 27.8 years, and the time for 95% of the cases is 24.5 years,

thus we are overdue here too.
It should be noted that these statistics apply to very large zones and that
the mean recurrence times for a specific locality within one of these zones is

much longer than the mean repeat time for the whole zone.

CAUSE OF EARTHQUAKES IN ALASKA AND LIKELIHOOD OF FUTURE SHOCKS

The direct cause of the very large earthquakes in southeastern Alaska and the
Alaska Peninsula-Aleutian zone is the relative motion of the Pacific and North
American (Alaska) plates (Fig. 3). The Pacific plate is continuously created
by the upwelling of molten rock at the Juan de Fuca and East Pacific spreading
centers. The Juan de Fuca spreading center lies offshore of British Columbia,
Washington, and Oregon and forms the Juan de Fuca plate on one limb and the
northernmost part of the Pacific plate on the other. The East Pacific
spreading center begins in the Gulf of California and extends south and then
southwesterly from Central America. This spreading center forms the Cocos and
Nazca plates on one limb and the central part of the Pacific plate on the
other. From the Juan de Fuca and East Pacific spreading centers the Pacific
plate moves northwesterly relative to North America along the San Andreas and
Queen Charlotte-~Fairweather transform fault systems. Along these transform
faults the plates slide past one another edge-to-edge. When the Pacific plate

arrives at the Gulf of Alaska it can no longer move sideways by the North

453 Q013D
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airweather-

BURASIAN () . ‘Queen Charlotte)

; 'P‘LATE- e s N . Fault System__:_

Utian Su® Juan S
Zone de Fuca _2ff

Spreading
Center

San Andreas
Fault

PACIFIC PLATE

» DIRECTION OF PLATE MOTION

Figure 3.--Some of the plate tectonics features which give rise to the Pacific
Ring of Fire. Most earthquakes and volcanoes occur around the margins of
the pacific Basin, particularly in the subduction zones and along faults
exhibiting strike-slip (lateral) displacement.
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American plate; here it begins subducting beneath Alaska. The Pacific plate
is consumed beneath the North American and Eurasian plates along the Aleutian,

Kurile, and Japanese islands.

The conveyor-belt-like motion of the Pacific plate from spreading center to
subduction zone is thought to be driven by buoyancy forces. There may be a
small amount of push as it "falls off" the topographic high at the spreading
center and there is probably a much stronger pull as the cooler portion of the
plate, far away from its origin at the spreading center, sinks under
gravitational forces into the less—dense mantle. It is this relentless motion
of the Pacific plate as it slides by southeastern Alaska and is thrust beneath
the Gulf of Alaska and the Aleutian Islands that causes most of the

earthquakes in Alaska.

Over the past 5 million years, about 290 km of Pacific plate has been thrust
to the northwest underneath southern Alaska in the vicinity of Anchorage - an
average rate of about 5.8 cm year. Since the slip during the 1964 Good Friday
earthquake is calculated to have been about 10 m, it would take about 172
years to build up enough strain for a repeat of that devastating event. Note
that this is an average number and that it is assumed that no ##?aseismic slip
takes place; that is, that all of the 5.8 cm per year of relative motion
between the Pacific and North American plates is taken up in strain that is
entirely released in the form of great earthquakes. Extreme estimates of the
repeat times for great earthquakes in southern Alaska range from 30 years to

1800 years.

Seismic Gaps

The deterministic notion of repeat times of large earthquakes described above
leads to the idea of a seismic gap. If it takes a certain amount of time for
strain to build up in a region following a large earthquake, then it follows
that immediately after such an event the probability for another of similar
magnitude is quite low. Conversely, if much time has elapsed since the last
large event in an area where large earthquakes are known to occur, then the
probability for a large shock in the near future is relatively high. Such an

area is called a seismic gap (with a high seismic potential).

43 L0137
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In southern Alaska there are two regions that have been identified as seismic
gaps: one near Yakataga and the other near the Shumagin Islands and Cold Bay
on the Alaska Peninsula. In each of these areas it has been at least 80 years
since the last great earthquake (MW_Z 7.8) occurred. In both areas, 80 years
is approximately the estimated repeat time for an earthquake of about M =
8.0. Hence, both areas are "due" for a large earthquake (i.e., have a high
seismic potential), so we wouldn't be surprised if one were to occur there
tomorrow. On the other hand, we wouldn't be surprised if one did not occur
there during the next 10 years. The quality of the data presently available
to us restricts us to the following statement: There is a 30 to 90 percent
chance of an earthquake of M, 2 8.0 occurring in the Yakataga and Shumagin
gaps in the next two decades (Nishenko and Jacob, 1985). The range in
probabilities arises out of different assumptions about how to do the

statistics.

Faults Away from Plate Boundaries

We understand the probabilities for large shocks in the seismic gaps quite
well by comparison to how well we understand that likelihood for large
earthquakes on most faults that do not lie near plate boundaries. In most
cases we have no direct information about the repeat time for large events on
a given fault: all we know, for example, is that a certain fault may have
been offset in the last 10,000 years — we may not even know if this offset was
sudden, in one or more large events, or gradual, in some form of continuous

creep.

One particularly important example of this situation is the Border Ranges
fault which follows an arcuate path along the northern front of the Chugach
and Kenai mountains from north of Cordova to the southwestern tip of Kodiak
Island, a distance of over 1000 km. This great fault is thought to be the
suture zone (or zone of collision) between parts of southern most Alaska which
were rafted together about 40 million years ago. It is possible that portions
of this suture zone are active today. There is some evidence, for example,
that the portion near Eagle River has moved in the last 4,000 years. There is

no large earthquake known to be associated with the Border Ranges fault. This
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leaves us with the uncomfortable and unsatisfactory conclusion that there is a
possibility that there is a high probability for a large earthquake on this
major fault system which runs right through Anchorage. Clearly more work is
urgently needed to resolve this situation. In the meantime most, but not all,
assessments of seismic hazard in the Anchorage area assume the fault to be

active.

Again, this is only one example. There are many other major faults in
southcentral, western, and northern Alaska which may or may not generate
future large earthquakes: The Castle Mountain, Denali, Iditarod, Kaltag, and
Tintina faults, to name just a few. Further, there are seismically active
zones such as the Badger Road area near Fairbanks that has had thousands of
earthquakes, including four events of magnitude 5.5 to 6.0 on one day - June
21, 1967. 1In this area we have earthquakes but no known fault. This makes it
difficult to assess the likelihood of future, possibly larger events. We know
these larger events can occur in the Interior: there were events of M = 7.3
in 1904 south of Rampart, near Salcha in 1937, and near Huslia in 1958. None
of these earthquakes clearly occurred on a mapped fault. So, for the time
being, we must lump all of these events into one large seismogenic zone and
treat their occurrence statistically. This has the result that we "smear out”
the probability of occurrence of future larger events over a very big area,
with the consequence that some areas are underrated as to their seismic hazard

and others are overrated. For the present, this is the best that can be done.

RISK REDUCTION

What can we do to improve this situation in the future, and what can we do to
mitigate the effects of the inevitable future large earthquakes? The
essential new information will come only from a long-term commitment to a
program of seismic monitoring and geological mapping designed to identify and
evaluate potential seismic sources in Alaska. As this new information becomes
available, it must be incorporated into building codes and zoning requirements
so that it is used to assure the cost-effective and safe development of the

state.
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That a long-term commitment to seismic risk reduction is cost effective was
clearly demonstrated by a three~year study carried out by the California
Division of Mines and Geology (CDMG). The results of this study are
summarized in Figure 4. The histogram shown in this figure indicates three
dollar values associated with each of a number of geologic hazards. The first
value given is the expected cost to society if we proceed with the status

quo. In case of seismic shaking, for example, this would be the expected loss
in California due to collapse or major damage to structures if no new hazard
mitigation programs were carried out between now and the year 2000. The
second value given in each case is the expected reduction possible if state-
of-the-art loss-reduction measures were in place from 1970 to 2000. The last
value is the expected cost of implementing the best possible programs to
reduce losses from the hazard. Again in the case of seismic shaking, this
program would include measures such as identifying areas most likely to
experience strong seismic shaking or ground failure as a result of large
earthquakes in the next 20 years, so that efforts may be concentrated in these
areas. Further measures would include the strengthening of some buildings and
the removal of other (unreinforced masonry, for example), changes in

occupancy, new building code requirements, and new zoning.

Summarizing the earthquake shaking case, we see that for the period from 1970
to 2000 the expected loss in California under current practices would be $21
billion, the possible reduction in these losses given state-of-the-art loss-
reduction measures would be about $10.5 billion, and the cost to implement
these measures would be about $2 billion. This gives a benefit/cost ratio
which is better than 5:1, a pretty good return on investment by any

standards! Some of the other major geologic problems yield even higher
benefit/cost ratios. Loss of mineral resources to urbanization and
landsliding, are both $10 billion-plus problems which have benefit/cost ratios

in excess of 9:1. Clearly a little foresight would make good economic sense.

These numbers, of course, apply only to California, where there is a very
large population exposed to these hazards. A similar study is needed in
Alaska to identify the problem areas where similar benefit/cost ratios might
apply to our geologic problem. It is very likely that given properly scaled

loss-reduction programs, similar benefit/cost ratios could be achieved for
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EXPLANATION

] TOTAL LOSSES, 1970-2000,UNDER CURRENT PRACTICES
0SS-REDUCTION POSSIBLE,1970-2000
OST OF LOSS-REDUCTION MEASURES, 1I970-2000

224 - 22
21 BILLION

20+

$ BILLION 1 $ MILLION

EXPANSIVE SOIL

LANDSLIDING

LOSS OF MINERAL RESOURCES

MILLIONS OF DOLLARS
FAULT DISPLACEMENT

17 BILLION

BILLIONS OF DOLLARS

;FLOODING

VOLCANIC ERUPTION
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9.9 BILLION

6.5 BILLION
76 MILLION

50 MILLION
SUBSIDENCE

EROSION ACTIVITY

41 MILLION

26 MILLION

0.6 BILLION

Figure 4.--Estimated losses from geologic problems in California, 1970-2000,
and possible loss-reduction if state-of-the-art practices were used.
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earthquake losses, loss of mineral resources, and frozen ground losses, to

name just a few.
CONCLUSIONS

We have a rapidly developing urban and transportation infrastructure in Alaska
which is vulnerable to an extremely high level of earthquake hazard. This
hazard, while qualitatively well understood, cannot be adequately quantified
for risk assessment purposes at the present level of knowledge. What is
required is a two-fold commitment to improving our knowledge of the hazard and
to carrying out appropriate loss-reduction measures. There is every reason to
believe that substantial benefit/cost ratios can be achieved in Alaska with a
well-planned program to reduce losses from earthquakes. Further, there are
many other geologic problems in Alaska that likely will admit to similar loss-

reduction efforts.
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REGIONAL SEISMIC MONITORING IN SOUTHERN ALASKA:
APPLICATION TO EARTHQUAKE HAZARDS ASSESSMENT

by

John C., Lahr, Christopher D. Stephens, and Robert A. Page
U. S. Geological Survey
Menlo Park, California 94025

INTRODUCTION

The seismic activity of southern Alaska is a consequence of the NNW-SSE
convergence of the Pacific and North American plates at a rate of about 6
cm/a. This convergent motion is accommodated by right-lateral strike-slip
motion on the Queen Charlotte Islands fault and subduction of the Pacific
plate along the Aleutian megathrust (Figure 1). The transition between these
two fault zones is complex, and the Pacific-North American plate boundary is
not identified with certainty along the eastern Gulf of Alaska. The plate
motion in this region is not confined to a single, well-defined fault zone;
rather it is distributed among faults bounding three tectonic blocks lying
between the continental margin and the Denali fault (Lahr and Plafker,
1980). Most of the motion occurs between the Yakutat block and the Wrangell
and St. Elias blocks. The Yakutat block, which is moving at nearly the
velocity of the Pacific plate, is currently in the process of being accreted

to Alaska.

The U.S. Geological Survey (USGS) began continuous high—gain seismic
monitoring in southern Alaska in 1971 with a network of 10 stations in the
Cook Inlet and Valdez regions. By 1974, the number of stations had increased
to 54 and the monitored region had expanded eastward along the Gulf of Alaska
as far as Yakutat Bay and northward to southern edge of the Wrangell
Mountains. During subsequent years additional changes have been made in the
network, including the temporary operation of additional stations for special
studies, but the area covered by the network has remained relatively

constant. Approximately 35,000 earthquakes have been located with data from
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the USGS southern Alaska network; an additional 3,000 to 4,000 events are
currently being located each year. This data set constitutes an invaluable
source of information for delineating seismic source zones and elucidating the
regional seismotectonic framework, activities that are prerequisites for
evaluating earthquake potential in hazard assessment studies. In addition,
continued monitoring of the Yakataga seismic gap may provide valuable data for

testing current and future hypotheses about earthquake precursors.

To show the relationship of earthquakes to major tectonic features,
hypocenters within 50 km of the line A - A' (Figure 1), which extends from
Mt. Spurr volcano to the Aleutian trench, are shown in cross section in
Figure 2. The location of the Pacific plate has been inferred from the
distribution of subcrustal (focal depths greater than about 40 km)
earthquakes, the Benioff zone of seismicity. The Pacific plate is being
subducted below the North American plate (Alaska) along the Aleutian
megathrust, which crops out on the seafloor at the Aleutian trench. The
seismicity can be divided into four tectonic source zones (Figure 2) as
follows: 1) within the Aleutian megathrust zone; 2) within the subducting
Pacific plate; 3) within the overriding North American plate away from the
active volcanoes; and 4) within the North American plate along the axis of
active volcanoes. Each of these source zones will be described briefly and
some of the applications and limitations of the seismic network data will be

discussed.

ALEUTIAN MEGATHRUST

The largest earthquakes in Alaska, such as the moment magnitude (MW) 9.2
Prince William Sound earthquake of 1964, result from slip on the Aleutian
megathrust, the northward dipping interface between the Pacific and North
American plates. The most recent large thrust earthquake in the region was
the 1979 St. Elias earthquake of magnitude (MS) 7.1, which occurred north and
east of Icy Bay (Figure 1). Data from the USGS network were critical in
delineating the lateral extent of the rupture zone and in monitoring the
magnitude and temporal distributions of the aftershocks (Stephens and others,
1980). To better resolve the depths of aftershocks and thereby the geometry
of the inferred buried rupture, Page and others (1984) supplemented the
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regional network with a temporary array of 4 seismographs near the center of
the rupture zone. They found that the distribution of accurately located

hypocenters locally defined a thin (3 km thick), sub-horizontal planar fault
zone at a depth of 11 to 14 km. Thus the combination of regional monitoring
and a short-term special study was able to resolve the principal features of

the sequence.

Within the rupture zone of the great 1964 earthquake (Figure 1), relatively
few events believed to be on the Aleutian megathrust have occurred since the
regional network was installed. Nonetheless, the position of the subducted
Pacific plate and hence the location of the megathrust beneath the Anchorage
region (Figure 2) has been inferred from the distribution of Benioff zone

events.,

An important unresolved question for the Anchorage region is the depth beneath
which slip on the megathrust occurs aseismically, that is without

earthquakes. Based on the distribution of aftershocks and elastic models of
the coseismic crustal deformation, the megathrust slipped to a depth of about
20 km in 1964. 1If the transition to asesimic slip occurs at 40 km depth, as
has been suggested for the Aleutian arc in general (Davies and House, 1979),
then seismic rupture could occur on a section of the megathrust downdip from
the 1964 rupture, directly below Anchorage at 30 to 35 km depth (Lahr and
others, 1984). It is possible that careful study of the focal mechanisms of
earthquakes recorded by the regional network within or near the megathrust

could assist in determining the location of this transition.

Knowledge of the average rate of occurrence and temporal distribution of
shocks on the megathrust, from the smallest that pose a potential hazard to
the largest that could occur, such as the 1964 earthquake, is important for
the assessment of seismic hazard in southern Alaska. Only the accumulation of
a record of earthquakes that is at least comparable in duration to the return
times of the events, which for the largest shocks is probably well over 100
years, will make it possible to determine those rates with confidence.
Regional monitoring over a few decades can provide important information for
the smaller shocks, but not for the largest earthquakes. More timely

approaches for the largest shocks are to extend the record back in time
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through geologic studies, such as the study of Plafker and Rubin (1978) of
uplifted marine terraces on Middleton Island, or to draw analogies with other

arcs that have a longer seismic history.

Another important function of the USGS network is to monitor an area in which
a major earthquake is expected in the future, possibly within a decade or

two. The plate boundary between Icy Bay and Kayak Island has not broken in a
major earthquake since the Yakutat Bay earthquakes of 1899 and is one of only
three zones along the entire Alaska—-Aleutian arc that has not ruptured within
the past 50 years. McCann and others (1980) concluded that this region - the
Yakataga seismic gap — is the likely site for a great (M>7.7) earthquake prior
to 2000. Seismicity patterns in and around this region are reviewed
continuously for changes that might alter our assessment of the imminence of a
major earthquake. Thus far, the data obtained from the regional seismic
network show a pattern of seismicity that has remained remarkably stable both
in time and space. Even if the gap filling event is not predicted in advance,
valuable data will have been gathered that can be used to test current and

future hypotheses about earthquake precursors.

ACTIVITY WITHIN THE PACIFIC PLATE

Seismicity within a subducted plate is attributed to some combination of
bending stresses, stresses due to phase transformations and temperature
gradients, and stresses resulting from the pull of the deeper portions of the
slab, which is sinking due to gravitational forces. The largest Benioff zone
events recorded worldwide have been near magnitude 8 (Abe and Kanamori,
1979). 1In the southern Alaska region, the Benioff zone has been the most
active source of earthquakes since regional monitoring began in 1971. Even
though the criteria for selecting shocks to be located emphasize shallow
events, most of the events processed occurred within the subducted Pacific

plate (Figure 2).

Focal mechanisms of Benioff zone events recorded by the regional network are
quite varied, but many are compatible with the least compressive stress axis
oriented downdip within the plane of the subducted plate (Lahr, 1975; Lahr and

Stephens, 1982). For example, two magnitude 6 earthquakes occurred in July
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and September 1983 near Columbia Bay on the northern edge of Prince William
Sound. These are the largest events in the Prince William Sound region since
the MW 9.2 earthquake of 1964. Using portable stations to augment the
regional network, Page and others (1985) showed that well-located aftershocks
define a northwest-dipping fault zone that was activated between 22 and 35 km
depth. The focal mechanisms indicated predominantly normal faulting
consistent with downdip-oriented tension. Based on the distribution of
Benioff zone events in adjacent areas, these two events are inferred to have

occurred within the upper part of the subducted plate.

The July 1983 shock produced an acceleration of 0.32 g at Valdez, 50 km away,
the largest acceleration yet recorded for an Alaskan earthquake. Strong-
motion seismographs were not deployed in Alaska until after the 1964
earthquake. Clearly the hazard associated with events originating within the
subducted Pacific plate must be factored into the overall seismic hazard

assessment.

ACTIVITY WITHIN THE NORTH AMERICAN PLATE

Although shallow-focus crustal earthquakes are much less frequent than those
within the Benioff zone, their potential close proximity to structures and the
possibility for surface faulting requires that they be given careful
consideration in hazard assessments. Generally the distribution of shallow
earthquakes in southern coastal Alaska is diffuse, and the events cannot be
clearly associated with mapped fault traces. One feature that is recognized
near Anchorage is a zone of persistent shallow activity that parallels the
strike of the Benioff zone, with epicenters located between the 35- and 50-km
depth contours drawn on the top of the Benioff zone (below Cook Inlet in
Figure 2). This zone does not appear to be associated with surface faulting

and the potential for large events has yet to be established.

In a few cases earthquakes have been associated with mapped faults. Activity
along the Castle Mountain fault system was so sparse prior to 1984 that no
events had been unequivocally associated with it. However, the Talkeetna
segment of the fault near Sutton was the source of a 5.7 my (5.2 MS)

earthquake on August 14, 1984 (Lahr and others, 1985). This event involved
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right-lateral slip on a steeply north-dipping, buried segment of the fault.
Slip did not extend to the surface. 1In fact, geologic evidence for Holocene
displacements is lacking for this segment of the fault (Detterman and others,
1976). On the contiguous Susitna segment, however, Holocene displacements are
clearly evident (Detterman and others 1974). This illustrates the need for
both geologic and seismic studies in assessing the activity of faults. The
seismic potential of the Castle Mountain fault is clearly important because of
its proximity to Alaska's principal population center (40 km from Anchorage,
15 km from Palmer, 10 km from Wasilla). Although a rough estimate of the
maximum size of an event on the Castle Mountain fault can be made based upon
the length of the fault, it is more difficult to assess the frequency with

which such events might occur because the average slip rate is not known.

In evaluating the seismic potential of other mapped faults, the experience
with the Castle Mountain fault must be borne in mind: regional seismic
monitoring for 13 years could not clearly associate earthquakes with the
Castle Mountain fault, and when the fault did rupture, a segment without
identifiable Holocene displacements broke. Clearly other faults may likewise
constitute a hazard despite the current lack of definitive seismic or geologic

evidence.

VOLCANIC EARTHQUAKES

Shallow earthquakes are commonly associated with active volcanoes and often
increase in number and size prior to an eruption. The southern Alaska seismic
network was used to investigate the 1976 eruptions of Augustine volcano. The
eruptions were preceeded by an increase in minor seismic activity that began
as late as October 1975 (Kienle and Forbes, 1976). This activity was detected
by University of Alaska stations on Augustine Island. Activity increased
until at least January 2, by which time all of the stations on the island had
failed, possibly due to mudslides. Monitoring continued at a distance,
however, using stations from the regional network. On January 22, 1976 a very
energetic swarm of events began at the same time as the first of a series of
eruptions. 1In addition to documenting the sequence of earthquakes that
accompanied the 1976 eruptions, the regional stations recorded gradually

increasing and then gradually decreasing signals with a dominant frequency of
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2 to 7 Hz that are believed to be a direct result of tremor generated by the
eruptions. Seven of the eruptions also generated atmospheric pressure
disturbances that traveled at about 0.3 km/s and were recorded at regional

seismographs up to 318 km away.

The current USGS network includes two stations on or near Mt. Spurr volcano
and one station each near Mt. Redoubt and Mt. Iliamna volcanoes. The
University of Alaska operates one station near Mt. Redoubt and a number of
stations on Mt., Augustine. A zone of shallow, predominantly low-magnitude

(< 2) seismicity has been observed along the volcanic axis, and near Mt. Spurr
pronounced spatial and temporal clustering of events has occurred (Page and
others, 1982). In addition to shallow earthquakes, the Crater Peak
seismograph, which is on the volcanic pile, records a large number of low-
frequency (2-4 Hz) signals with durations of up to several tens of seconds.
Most of the events appear to originate from the volcanic pile, but precise
locations are not possible because phases cannot be identified and correlated
between stations. A shallow volcanic origin for the events is suspected, but
their exact cause is not yet resolved. Daily counts of volcanic events are
made by the USGS Branch of Alaskan Geology in Anchorage in order to detect
increases in activity that could presage an eruption of one of these

volcanoes.
CONCLUSION

Earthquake studies have played a key role in developing the current working
model of plate interactions in southern Alaska and will continue to provide a
vital source of information for refining this model as we monitor the dynamic
processes acting in Alaska. This information is essential for improving our
evaluation of earthquake potential. Continuous seismic monitoring is also a
prime strategy for documenting possible precursors to major earthquakes within
the identified seismic gaps along the Pacific margin in Alaska and precursors

to eruptions of the active volcanoes along Cook Inlet.
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SEISMIC SOURCES IN ALASKA
by

George Plafker
U.S. Geological Survey
Menlo Park, California 94025
and
Klaus H. Jacob
Lamont—-Doherty Geological Observatory
Palisades, New York 10964

Shallow seismic sources in Alaska are primarily associated with the major
faults on the boundary between the Pacific plate (PAC) and North American
plate (NAM) in southeastern Alaska and the Aleutian Arc, faults along the
margins of three tectonic blocks in south-central Alaska, and a small number
of intraplate faults throughout Alaska and the Bering and Beaufort Sea shelves
(Fig. 1). Subcrustal earthquakes coincide with slabs of subducted Pacific
lithosphere beneath the Aleutian arc to maximum depths of 300 km, and beneath
the Wrangell volcanic arc to 100 km. The relative motion of PAC to NAM is
northwestward, increasing progressively from 5.8 cm/yr in the eastern Gulf of
Alaska to »8 cm/yr in the western Aleutians. PAC~NAN motion in the complex
region between the northern Gulf of Alaska, the Denali fault system, and the
western Alaska Range is concentrated mainly along the boundaries of the
Yakutat block (YB), Saint Elias block (SEB)1l, and Wrangell block (WB). YB is
strongly coupled to PAC, and SEB and WB are strongly coupled to NAM, although

relative motions occur between all of these tectonic units.

PAC-NAM plate boundary faults capable of generating large or great earthquakes
are the submarine Queen Charlotte dextral transform in the eastern Gulf of
Alaska (1949 Queen Charlotte Mw=8.1 and Sitka Ms=7.6); the Aleutian megathrust
system of thrust to dextral-oblique thrust faults extending from the western
Gulf of Alaska at about 155° W longitude to about Amchitka at 180° longitude
(1938 Mw=8.2, 1946 Ms=7.4, 1957 Adak Mw=9.1); and the western Aleutian

oblique—dextral transform boundary from west of Amchitka to almost Kamchatka
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near 164° E longitude. In this western segment decoupling takes place between
oblique thrusting in the force-arc (1965 Rat Islands Mw=8.7) and lesser,
dextral strike slip in the back-arc (1975 Near Islands Ms=7.6). Seismic gaps
capable of generating major earthquakes (Ms=8.5) are located in the Shumagin
and Unalaska Islands segments, and in the westernmost Aleutian arc in the
Komandorski Islands segment, which is in USSR territory. Probabilities for
major events (Mw>7.8) to occur in these three gaps are estimated to be about
35-95 percent, 35-70 percent, and 35-78 percent, respectively (for time period
1985~-2005).

The YB-SEB boundary is the Fairweather dextral fault (an onshore extension of
the Queen Charlotte transform) along which the 1958 Lituya earthquake (Mw=8.2)
occurred. The YB-PAC boundary is the submarine lower slope Transition fault
system along which the 1973 Cross Sound thrust earthquake (Ms=6.7) occurred.
The YB-WB boundary is the Pamplona submarine thrust zone and its eastern
onshore extension north and east of Icy Bay. This continuous thrust belt has
had a number of large historic events with magnitudes Ms<8.5. Parts of this
thrust system and the associated Chugach-St. Elias thrust faults may have
slipped during the 1899 earthquake sequence (Ms=8.5, 7.8, 8.4, and several
associated Ms=7-7.5 shocks); the 1979 St. Elias earthquake (Ms=7.1) occurred
on a down-dip extension of this system beneath the northern margin of the

Yakutat block.

The YB is essentially moving with the PAC plate, but with a slightly lower
velocity ( 5.4 cm/yr relative to NAM, and 0.4 cm/yr relative to PAC). As a
consequence, a large relative motion occurs along the dextral Fairweather
transform fault (at the eastern boundary), and at the Pamplona thrust zone (at
the northern boundary of YB), against SEB and WB, respectively. In contrast
the 0.4 cm/yr of YB vs. NAM represents a relatively slow oblique thrust motion
along the Transition fault system and its inferred down-dip detachment that
may separate YB by a subhorizontal plane from the underlying PAC plate.
Recurrence periods and maximum magnitudes on this Transition fault and
inferred detachment system could be quite long ( 1,000 yrs, Mw>8), but neither
of these two quantities are as yet constrained by seismic, historic or
geologic data. The Pamplona zone on the YB-WB boundary contains the Yakataga

Seismic Gap along which a major earthquake (up to Mw=8.3) has been forecast to
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occur with a probability of 35 to 55 percent during the next two decades on
the bases of seismologic data. Terrace studies near Icy Bay near the eastern
end of this gap, and at Middleton Island near the western end, suggest
recurrence intervals on the order of 500 to 1,500 years. The last event
comparable to the 1899 earthquake sequence in Yakutat Bay at the eastern end
of this zone occurred 380 years ago based on paleoseismic data. The geologic
data clearly suggest much longer recurrence intervals for great earthquakes
involving significant tectonic deformation than do probability estimates made

from the historic and instrumental record.

The PAC-WB margin is the eastern segment of the Aleutian megathrust, located
between 144° and 155° W longitude. Along it the great 1964 Alaska earthquake
(Mw=9.2), probably the 1900 (Ms=8.1) event, and several earlier large
earthquakes occurred. The YB-WB margin is the megathrust's northeastern

continuation, along the Pamplona zone.

In the northeast and north of WB the WB~NAM margin is associated with the
system of dextral transform to oblique thrusting of the Denali and Totschunda
faults; the WB-SEB boundary is a poorly defind, inferred fault zone connecting
the Fairweather with the Totschunda fault. The northwestern boundary of the
WB with NAM is also poorly defined and may correspond to a zone of diffuse
shallow seismicity that diverges southward from the Denali fault west of
McKinley Park, straddles Cook Inlet and Shelikof Strait, and joins the
Aleutian megathrust southwest of Kodiak Island. Motion of the WB relative to
NAM is taken to be a counterclockwise rotation about an axis near Kodiak
Island so that its northeastern edge moves dextrally, relative to NAM and the
SEB, at a maximum rate close to 1 cm/yr; its northern edge moves obliquely
convergent relative to NAM in the Alaska Range; and the block's western margin
causes shortening vs. NAM ranging from about 1 cm/yr at the northern western
margin to a negligibly small rate at the southern margin. In contrast, the
PAC-WB convergence rate along the block's southeastern thrust margin is much
higher at about 5.8 cm/yr. Paleoseismic data suggest that the dextral and
oblique slip segments of the boundaries of the WB block--particularly the
Totschunda fault--are potential sources for major earthquakes. The McKinley
region has had a few moderate-sized crustal earthquakes of which at least one

is confirmed to be a thrust mechanism with NW-SE directed shortening.
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The YB-SEB boundary is the Fairweather fault, the WB-SEB boundary is the fault
zone inferred to connect from the Fairweather fault to the Totschunda fault,
and the SEB-NAM boundary is the Duke River, Dalton, and Chatham Strait system
of faults. YB is moving northwestward relative to the SEB at a velocity of
5.2 cm/yr, and SEB relative to NAM at no more than 0.2 cm/yr. The low
relative SEB-NAM block motion and lack of evidence for late Holocene
displacements suggests that the northeastern block boundary of SEB has a low

seismic potential.

Large onshore Holocene faults that cannot be related to the plate and block
boundaries described above are scarce in Alaska, and there are no known large
Alaskan intraplate earthquake that can be related to surface faults in the
interior of the blocks or plates. The Castle Mountain fault is an east-
northeast trending fault entirely within the WB. Field data suggest that it is
a north-dipping reverse fault with a dextral component, and earthquake data
suggest predominantly dextral slip at depth. Paleoseismic data suggest that the
last surface displacement of this fault was between 225 and 1,700 years ago.

The fault is of special importance because it is capable of generating a large
earthquake in close proximity to the Anchorage urban area. The November 3, 1943
(Ms=7.3) event may have been associated with this fault. A mostly offshore
fault zone, the Patton Bay fault zone, extends southwestward from Montague
Island past Kodiak to Chirikof Island on the fore-arc shelf. Although this
fault zone lies within WB, it is a splay off the Aleutian megathrust, and may be
considered as the approximate landward margin of the zone of deformation along
the PAC-WB boundary. This thrust zone slipped during the great 1964 earthquake

in which it displayed up to 7.9 m slip on a northwest-dipping reverse fault.

Within the NAM plate there is clear evidence of Holocene displacements on the
east-west trending Kigluaik and Bendeleben normal faults on the Seward
Peninsula and their offshore extensions onto the Bering Sea shelf. Holocene
faults with minor seismicity are mapped offshore near Prudhoe and Camden Bay
on the Beaufort Sea shelf. Several faults of undated but suspected Quaternary
age are located on the Bering Sea shelf and appear to be related to normal
faulting along the edges of Neogene basins on the shelf. Most of these

of fshore faults do not appear to have Holocene displacements., A few severe
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earthquakes are known from historic felt reports from the Pribilof Islands,

but the causative faults are not known.

Large faults with known or suspected Quaternary displacements occur within
continental Alaska; none of these faults have had unequivocal Holocene
displacements. On the other hand, earthquakes sometimes with magnitudes as
large as Ms=/-7.8 have occurred during historic times in interior Alaska.
Because all occurred prior to establishment of adequate seismic networks,
their epicenters are so poorly constrained that often it is not clear whether
they are associated with any of the known nearby surface faults. A large
earthquake (Ms=7.7-8.37) occurred in 1904, reportedly near 64°N and 151°W, in
the lowlands northwest of McKinley National park with reported damage at
Rampart; on July 7, 1912, a Ms=7.5 event occurred in central Alaska; the
Fairbanks earthquake of October 16, 1947 measured Ms=7.0-7.2. Moderate-sized
earthquakes have occurred near the Yukon River in central Alaska, near the
Kobuk River trench south of the western Brooks Range, and low-level seismicity
is known in the northeastern Brooks Range where it approaches Camden Bay and

the Beaufort Sea.

It is not known whether the swarm—-like seismicity in zones such as those near
Fairbanks or the Yukon River crossing of the Trans—Alaska Pipeline is related
to crustal faulting driven by large-scale tectonlc stress systems, or is
related to some other process such as emplacement of magma at shallow

depths. No potentially active surface faults have been found in these

areas, Sporadic alkali-basalt magma occurrences of Quaternary age are
widespread in central Alaska and particularly in west—central Alaska, the
Seward Peninsula and the Bering Sea shelf. This suggests a mildly extensional
stress regime in contrast to the dominantly compressional stress regime in

much of the remainder of Alaska.

Earthquakes and tsunamis related to volcanic activity are a potential hazard
to military installations and to several important ports and fishing
communities in the Aleutian arc (including its shores facing the Bering Sea),
on the Alaska Peninsula, and in lower Cook Inlet. Volcanic earthquake hazards
may also exist in the Wrangell Mountains and at Edgecumbe Volcano or Kruzof

Island near Sitka. However, the most tsunamigenic earthquakes can be expected
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along the convergent segments of the Aleutian megathrust and its eastward
extension into the Pamplona thrust zone. Major destruction in Alaska resulted
from the tsunami waves (and landslide-generated local waves) triggered by the
1964 Alaska earthquake, the 1958 Lituya earthquake and, to a lesser extent,
the 1948 Adak earthquake.

Subcrustual Aleutian earthquakes with depths between 50 and at most 300 km are
thought to be rarely larger than Mw=7.5, but there is a possibility that an
earthquake on June 2, 1903, near 57°N and 156°W (southwest of Katmai), with
magnitude 8.3(?) may have been 100 km deep.

Normal-faulting events associated with flexure of the Pacific plate in and
seaward of the Aleutian trench are rare; their maximum credible magnitudes
could be as large as Mw=8, and they may also induce tsunamis. The March 3,
1929, earthquake near 50.9°N and 169.7°W in the central Aleutians with a
magnitude Mw=8.0+0.5 may have been such a normal-faulting event that caused a

perceptible tsunami in Hawaii.
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HAZARDS EVALUATION FOR LARGE AND GREAT EARTHQUAKES ALONG THE
QUEEN CHARLOTTE - ALASKA - ALEUTIAN SEISMIC ZONE: 1985-2005

by

Stuart P. Nishenko
National Earthquake Information Center

U.S. Geological Survey, Denver, CO 80225

Klaus Jacob
Lamont-Doherty Geological Observatory
of Columbia University

Palisades, NY 10964

INTRODUCTION

Conditional probabilities for the ocurrence of large, great (and gilant)
earthquakes along specific segments of the Queen Charlotte-Alaska-Aleutian
(QC-A-A) seismic zone are presented for the time interval 1985-2005. Time-
dependent recurrence models are combined with simple Gauss and Weibull
distribution functions to forecast the 1likelihood of future events in this
region. At present, areas of»high seismic hazard include the Yakataga gap as
well as a large portion of the Alaska Peninsula (including the 1938, Shumagin
gap and 1946 segments as well as possibly the Unalaska gap). Areas of low
seismic hazard include the entire Queen Charlotte seismic zone (1949
[excluding the possible Cape St. James gapl, 1972 and 1958 rupture zones), the
1964 Gulf of Alaska, portions of the 1957 Central Aleutian and the 1965 Rat

Islands zones.
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The QC-A-A seismic zone is divided into 17 segments based on (1) the rupture
zones of the most recent large or great earthquakes, as defined by aftershock
distributions, and (2) variations in the amount of coseismic displacement

within individual rupture zones.

For each individual segment or gap along the QC-A-A seismic zone, input for
the time—dependent Gaussian model consists of the date of the last large
earthquake, the estimated repeat time and the standard deviation of time
intervals between events (the coefficent of variation). For the majority of
the QC-A-A seismic zone, the date and size of the last event is known.
Estimates of repeat time are calculated by dividing the coseismic displacement
in the previous event by the rate of fault motion. Note that these estimates
do not account for the effects of aseismic slip on recurrence intervals, and
hence, represent minimum repeat time and maximum probability estimates. Where
available, repeat time estimates are supplimented by historic and geologic
data as well. The coefficent of variation along any segment of the margin is
poorly known, and we uniformly assign a standard deviation equal to 33% of the
estimated repeat time in our estimates. A standard deviation of 33% is
similar to that found in studies along other simple transform and convergent

plate boundaries (Sykes and Nishenko, 1984; Nishenko, 1985).

For comparison to the above evaluation, we have also modeled the catalog of
historic repeats (and possible repeats) from Jacob (1984) along sections of

the A-A selsmic zone using a Weibull distribution function.
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Both of these time—dependent descriptions of earthquake hazard (or conditional
probability) are compared and contrasted to estimates of seismic hazard baed
on a Poisson model of recurrence. The Poisson based estimates of conditional
probability are termed time-independent or static, as they do not include the
amount of time elapsed since the previous shock. 1In general, conditional
probabilities based on the Poisson model cluster around 10-40% for a 20-year
time window throughout the entire QC-A-A seismic zone. Estimates of seismic

hazard based on all 3 models are presented in Table 1 and Figures 1 and 2.

Overall, as seen in Table 1 and Figures 1 and 2, recurrence time estimates
based on both the last shock and historic/geologic data vary by a factor of
two, while the range of probability estimates for each model, are within 10-
20% of each other. This reflects the fact that 2/3 of the margin has ruptured
within the last 20-30 years, and is now within the first 1/3 or less of a new
seismic cycle. The segments with the largest uncertainties (and possibly the
highest probabilities) are along the Alaskan Peninsula (the 1938 and Shumagin
gaps). The poor resolution reflects a fundimental lack of data concerning the

sizes and locations of previous earthquakes in this area.

Time-dependent estimates of conditional probability that are lower than the
Poisson estimates for any particular segment are suggested to indicate a low
level of seismic hazard. Areas of low hazard (i.e. less than 10-20% for the
next 20 years) presently include the entire Queen Charlotte seismic zone (1949
[excluding the possible Cape St. James gap], 1972 and 1958 rupture zones), the
1964 Gulf of Alaska, portions of the 1957 Central Aleutians and the 1965 Rat
Islands zones. Note that while the hazard for Mw>9 earthquakes along the 1964

Gulf of Alaska zone is presently low, we cannot rule out the possibility for
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Figure l.--Conditional probability estimates for large and great interplate

earthquakes along the Queen Charlotte—Alaska—Aleutian seismic zone:
1985-2005. Encircled numbers refer to fault zones or segments listed in
Table 1. For each segment, the percentages and the height of box
represent the range of calculated probabilities based on Gaussian,
Poisson, and Weibull models (see bottom of figure for appropriate
symbol). Dates and vertical bars at the top of the histogram refer to
the time and lateral extent of the last large or great earthquake in each
segment. For zone 9 (Kodiak Island), probabilities are presented for
rerupture as a part of the 1964 zone and as an independent unit. Note
that the zones w1 'zgif probabllltles also have the
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CONDITIONAL PROBABILITY
QUEEN CHARLOTTE-ALASKA-ALEUTIAN SEISMIC ZONE
1985-2005

][] s o

Figure 2.~-Comparison of conditional probability estimates for large and great
interplate earthquakes along the Queen Charlotte-Alaska-Aleutian seismic
zone: 1985-2005. Encircled numbers refer to the fault zones or segments
listed in Table 1. The percentages besides each zone represent the range
of calculated probabilities from Gaussian (top), Poisson (middle), and
Weibull (bottom) models, The shading of each fault segment corresponds
to the mean probability estimate (see bottom of figure for key). Blank
areas denote segments with lack of sufficient data for a particular

recurrence model, gt
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the ocurrence of smaller (Mw7.5-8) events in this area, as is seen
historically for the Kodiak Island region. Time-dependent estimates that are
greater than the Poisson estimates are judged to indicate a high level of
seismic hazard. Areas of high seismic hazard (i.e. greater than 50% for the
next 20 years) presently include the Yakataga gap as well as a large portion
of the Alaska Peninsula (including the 1938, Shumagin gap and 1946 segments as
well as possibly the Unalaska gap). While the degree of resolutuion is poor
for some of these gaps, the spatial proximity of a number of high hazard areas
along the Alaskan Peninsula raises the scenario whereby rupture in one segment
may trigger activity in adjacent segments and produce a larger event than any
one single segment, Historically, this section of the margin, Kodiak Island
to the Shumagins, was ruptured by a great (M>8) earthquake in 1788 with an
estimated rupture length of at least 600 km. The Commander Islands gap, in
the westernmost Aleutians, presently has a high probability for recurrence
based on the extrapolation of the Weibull data. Few other data, however,
exist to independengly constrain the hazard level in the Commander Islands

area.
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IMPLEMENTATION FRAMEWORK TO REDUCE POTENTIAL LOSSES FROM
TSUNAMI HAZARDS IN ALASKA

by
Jane Preuss, Urban Regional Research
Seattle, Washington 98104

INTENT

A high percentage of the damage and 119 of the 132 killed in the 1964 Alaska
earthquake was attributable to tsunamis. The purpose of the project
described in this paper is to develop a planning approach which responds to
the tsunami hazard.

The project technique was first to gain a more precise understanding of the
causes of damage by using a hydrodynamical model to simulate the character-—
istics of the 1964 event at decreasing scales of geographic size and
increasing levels of specificity. A series of measures designed to mitigate
potential losses from tsunamis and to maximize safety requirements during
the emergency response period are then proposed for the case study community
of Kodiak.

BACKGROUND ASSUMPTIONS: REGIONAL SCALE

The regional analysis verified wave heights, travel patterns and arrival
times of the incident wave. The methodology was to apply a far field/deep
water numerical model to 3 subregions (Region A — 1,600x900km; Region B -
800x400km; and Region C — 100x100km).
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The largest region was primarily concerned with defining source characteris-—
tics. This information was used to project generation and propagation of

the tsunami to the off-shore regions in the vicinity of Kodiak.
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BACKGROUND ASSUMPTIONS: PROJECT SCALE

The underlying purpose of the project scale analysis is to develop an
approach to managing land development which both encourages continued

economic viability of waterfront activities and maximizes protection.

It was first necessary to gain a more precise understanding of the dynamics
of the tsunami near and at the shoreline. The focus of the project scale
was therefore to project the run-up height of the design tsunami (1964
magnitude) and to assess the effects. of this run-up on structures and other
objects located near the shoreline. Information from the regional analysis
was used as the basis for defining the characteristics of the incident wave
as it entered Chiniak Bay at Kodiak. Near field calculations using non-
linear shallow water wave theory project maximum wave amplitude, velocity,
and maximum inundation area for four sub regions.

Area D Area: 50 x 30km Grid Size 900 meters

Area E Area: 15 x 10km Grid Size 300 meters

Area F Area: 6 X 4km Grid Size 100 meters
Area G Area: 1.5 x 1lkm Grid Size 33 meters
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In order to maximize the urban planning utility of the research findings
care was taken to correlate the boundaries of Area G with land use patterns.

Area G therefore includes all of the downtown business district and the

majority of the canneries.

Computational Scheme
for Region G

Bathymetric Contours
in Meters

\ Actual Coastline

. Modelied Coastline

Verification of Model

4 Modelled Wave
) Run-up Heights

....... . Modelled Tsunami
feney Inundation Based

on 1964 Conditions

Present Conditions

63/m Modelled Wave
/ Run -up Heights

------- : Modelled Tsunami
= .. Inundation Based on
Present Conditions

Figure 3: Definifion of Region G
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Data for Region G was mapped in a series of transparent overlays. This
format provides a vehicle for planning practioners to visually correlate
conditions today with conditions in 1964, It is also used as the basis for
calculating and evaluating the effects of a future repeat event. Information
collected for Region G includes such variables as are listed below. The
next step in the process was to define the dimensions of the planning area
subject to tsunami inundation. Figure 4 correlates the computer projected
run—up height with the inundation level observed in 1964.

Land Use 1964: building use, type of construction, road locations
Pre—tsunami Ground Elevations

Ground Elevations immediately after the Tsunami

Ground Elevations after Reconstruction

Vegetation: 1964

Land Use: 1985

Building Location and Construction Type: 1985

Vegetation: 1985

Breakwater Dimensions: 1964

Breakwater Dimensions: 1985

Location of Critical Facilities (Power Plants, etc.): 1985

0000 000 O0OO0O0OO0

COMPUTED ._
INUNDATION

OBSERVED
—— 1964 INUNDATION

2l

Figure 4: Comparison of Computed Run—up with Observed Inundation. Note
close correlation between computed and observed boundaries.
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PLANNING FRAMEWORK

The underlying planning problem for tsunami susceptible areas is that the
tsunami phenomenon is not only extremely complex but also that the event is
virtually unpredictable. Responsive plans must therefore address both a
high level of uncertainity with regard to time and characteristics of the
tsunami event and a relatively high level of precision with regard to causes
of damage. This prototype planning strategy first refines the description
of damage into categories addressed by the traditional planning/mitigation
and preparedness processes. Subsequently, a range of approaches are
suggested to address these relatively well defined characteristics of
vulnerability.

The effects of a tsunami event can result from direct forces and from
indirect or secondary effects caused by interaction of the tsunami forces
with land uses, flammable material, moored boats, etc. As shown in Table 1
tsunami effects have therefore been classified into three categories based
on their end results. Direct causes of damage are attributable to submer-—
gence (whole or partial) with the resulting water pressure, and to the

velocity of the moving water.

Secondary 1impacts are essentially caused by the direct impacts in conjunc-—
tion with other forces. For example bouyant forces may have lifted a
structure from its foundations or a boat from its moorage, or surge forces
may have created momentum which when added to other forces will move a
structure in the direction of the current. Damage is subsequently caused by

the floating debris (boats, cars, logs, etc.) impacting buildings.

Table 1
Components of Tsunami Losses
Type of Effect Cause
Direct Tsunami Water forces (surge, buoyant, drag, hydrostatic)
Impacts Loss of ground support (erosion)
Secondary Impacts Impact forces/Floating debris (boats, cars, logs)

Fire and contamination spread by water

Loss of Life Inadequate time for warning
Inadequate evacuation routes
Inadequate education and preparation in how to
respond to a warning

o 78] 20130



The first two effects described above result in property damage. The third
type of effect is loss of life. Minimizing lives lost is to a large extent
dependent on proper warning and on the subsequent appropriate behavior of
people in the hazard area and tends to be addressed administratively through

education programs.

Implementation of mitigation and preparedness activities currently occurs
through a multi-faceted framework involving many agencies and jurisdictionms.
To date, however, analysis of planning practices in Kodiak reveals that the
tsunami hazard is rarely an explicit consideration. In order to correlate
the activities needed to minimize tsunami effects listed in Table 1 the
elements of comprehensive planning have been correlated with mitigation and

preparedness activities in Table 2.

Table 2
Comprehensive Planning Framework

Comprehensive Functions
Plan Elements Mitigation Emergency Preparedness
Land Use and Economic Minimize Flooding

Deve lopment Building Collapse
Recreation and Open Space Buf fer Gathering Places
Transportation

Vehicular Evacuation

Pedestrian Search and Rescue

A two part framework can then be proposed to integrate mitigation and
preparedness considerations into the comprehensive planning process. Part I

is The Damage Control District, Part II is The Life Safety District.

PART I: DAMAGE CONTROL DISTRICT

Objectives of the Damage Control District are to protect property from both
the direct and secondary causes of damage. This district encompasses the

harbor and all of the land area potentially inundated.

Within the District four special zones create a range of administrative
options addressing various aspects of the tsunami hazard. Although, all of
the sub-zones are within the Damage Control District, their dimensions are
defined in relation to characteristics of the hazard. The inland boundary
of the Damage Control District is the computed tsunami reoccurance elevation
which has been projected at the 30 foot elevation. The seaward boundary

encompasses the breakwater and all of the water borne uses in the near shore
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area.;l;j:::\h potentially could be swept inland including boats, and piers.
The geographic boundaries of the Damage Control District for Kodiak are

based on the numerical calculations summarized in Figure 5a-5c.

Verification With
|964 Conditions

Maximum Water Level
Above Ground

O to | meter
I to 2 meters

2 to 3 meters
3 to 4 meters
Greater than 4 meters

GRID SIZE 33 =
aQ 100 200 m

B#ENIIY

s 10 15 20 25 30
|IIIIIIII[III|IIIITIIIIOIQIT///’I’III'F

oo @ o A s
- %

Projections With
Present Conditions

. L Maximum Water Level
7. - ) Above Ground -

| Z .
=\ 4 %7, Ofo | meter
|— //
;;/// ////ﬁ// : o = | to 2meters
: Y% 2 to 3 meters
H

3 to 4 meters
GRID SIZE 33 @
0 00 200 B Greater than 4 meters

:III:‘}IIII

20 —

Final District
Boundaries

GRS Qs LT v<’\
"""""""" \—L‘m

Figure 5: Definittom of PIanMIME District Boundarlcs -

99 TSl 013D



Building Safety Zone

Flood level, water velocity and impact from debris result in building
collapse, structural and non-structural damage, and/or foundation failure.
Standards must therefore address:

o Resistance of Structures to Water Pressures

o Protection of Structures from Debris
Damage caused by direct effects have been organized into categories based on
projected water level above ground. It is expected that structures subject

to more than 3m of water will also be most vulnerable to water borne debris.

Table 3
Projected Damage Categories
Maximum Water Level above Gfound Damage

0 1Im Slight Damage
1 2m Slight or Moderate Damage
2 3m Moderate Damage
3 4m Possibly Salvagable

4m* Unsalvagable*

*Also susceptible to debris impacts.

Building Types
;//////7// Wood Frame

"
SSRGS
SESESSSSS Wood Frame, Some Steel haming

XX
SIS

I

”l Masonry, Steel Framing

Reinforced Concrete Framing

Figure 6: Existing Building Construction Types
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Based on the projected inundation/flooding levels a series of sub—areas have
been defined to guide administrative decisions relating to building
standards and siting criteria for new construction. Within the damage
susceptibility sub—area new construction standards would then be correlated
with water volume, wave velocity, and vulnerability to floating debris.
These standards would address foundation design, type of framing; building
orientation (siting); water proofing; and/or ground level use/first story

elevation.

Use Review for Critical Facilities and High Occupancy Uses

In order to minimize the number of lives at risk, a Building Use Review
District would establish stringent standards for specified critical and high
occupancy uses. Within this review district new critical facilities (hos-
pitals, schools, fire and police stations) could not be built. Specified
high occupancy structures such as auditoriums and theaters could also not be
built., Other high occupancy structures such as hotels, and apartment

buildings would be subject to standards pertaining to construction type.

Fire Protection District

Inventory of cannery and related uses in Kodiak reveals a heavy concentra-
tion of potentially flammable materials stored on site. For example, fuel
tanks are loosely anchored and electrical vaults are located adjacent to
highly combustable materials. These uses are subject to two types of
hazards: 1) being impacted by boats borne inland and 2) breaking lose and
hitting nearby buildings. Both types of hazards can result in fire.

Boundaries of the fire safety would be co-terminous with the entire Damage
Control District. All uses such as oll storage tanks, gas stations and
storage of hazardous materials would be reviewed in terms of siting and
construction of protective measures. Special attention would be given to

fuel storage and other combustable materials.
Measures to minimize fire damage could include:

o Limitation on uses which result in high damage potential such as gas
stations

o0 Enclosed protection of dangerous uses such as fuel tanks

o Creation of open space buffer zones around hazardous uses

o Automatic shut-off values for fuel storage tanks
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Water Safety District

A major cause of damage in 1964 was from boats which struck buildings as
they were carried inland. The primary objective of the Water Safety
District would therefore be to prevent uses in this district from becoming a
hazard to uses on the shore. The components of the district includes:

o The Breakwater

o Boat Moorages, Docks, and Piers

o Boats
Special attention should be given to securing the moorages of boats which
will remain bearthed in the harbor. Tsunami resistant bearths could be

constructed for selected high intensive loading docks.

Protective Buffer District

It is inevitable that certain uses such as cars in the mall parking lot will
become an additional hazard to structures further inland. Another aspect of
building safety is therefore to protect potentially hazardous uses and
designated structures such as existing high occupancy buildings from impact.

A special parking district would be created to facilitate removal of parking
from the most hazardous areas susceptible to greater than 3 or 4 M of

inundation.

Trees have been found to retard the velocity in areas where water depth is
less than 2 meters. A planting program would be implemented for inland

areas subject to less than 2-3 meters of inundation.

Barriers retarding the wave run—up must be designed to stop the movement of
the water body and/or of debris. In order to overcome the motion of the
tsunami several forces must be overcome including water pressure, inertia,
and friction between the earth and water. Buffers could be any of the
following types.

o Fill selected areas and protect the fill with reinforced retaining

structure above the height of the projected "worst case” wave
o Protective Dikes or Walls

o Protective pilings surrounding uses to be protected from impact
o Protective plantings in appropriate areas
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PART II: LIFE SAFETY DISTRICT

The objectives of the Life Safety District are to protect lives by facili-
tating evacuation out of the hazard area, and to maximize search and rescue
efforts after an event. Geographically the Life Safety District consists of
two components. One is the evacuation zone. The second is the receiving

zone. Administratively the Life Safety District consists of the geographic

zones and the operational preparedness plan.

The inland boundary of the Evacuation Zone is based on numerical projections
illustrated in Figure 6 as modified for safety to the 40 foot contour (modi-
fied from 30 foot for the Damage Control District). The Receiving Area
begins above the 100' elevation.

Evacuation Zone

Evacuation considerations consist of three principal elements: a Warning

System; a Vehicular Evacuation Plan and a Pedestrian Evacuation Plan.

Warning System
The physical component of the warning system at the local level (within
Kodiak) pertains to delineation of an area within which a warning signal
can be clearly received. The geographic limits of the evacuation area

must therefore be clearly defined.

o An integral component of the warning system is public preparedness. The
population at risk, including seasonal populations, must be educated to
understand what to do in the event of a warning. They must know where

to go and the routes to take.

o Educational programs and rescue procedures must be established for
"special” target populations such as elderly and transient workers who
may not be aware of the tsunami hazard. Many of this latter population

do not speak english..

Vehicular Evacuation/Transportation Plan
Implementation of the vehicular element of the evacuation plan will in-
clude identification of vechicular routes and traffic routing priorities
for vehicles which are parked in the area., It must also accommodate

vehciles assisting special designated populations, such as those
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residing in the retirement home, and large groups, such as in the
theater. These routes will later be used for search and rescue and for
cleanup operations. This routing plan would define alternative routes

linking the Life Safety District with the Receiving Zone.

A supplementary operational plan would develop standards for maintenance
and for winter clearing of designated streets and sidewalks which link

the evacuation zone and the receiving areas.

Pedestrian Evacuation
Cannery workers, employees and patrons of the many businesses,
especially along Shelikoff Street are within accessible pedestrian
evacuation routes. Pedestrian evacuation can be facilitated in terms of:

o Construction of Stairs and/or sidwalks
o Sidewalks designated for clearing during the winter

LIFE SAFETY
DISTRICT

= |
{xﬂ““‘m’m y LLLILITTS
oy loo
mv Kodiak High Schoo! w....4/”’ - Receiving Zone
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Figure 7: Life Safety District
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Receiving Zone

People within the evacuation zone would be directed to designated areas such
as the school complex in the receiving area. The receiving zone consists of
two primary elements:
o Refuge Sites
Safe refuge sites to which people can go until their homes are again
safe. Places of refuge (schools, hospitals, etc.) must be clearly

identified outside the hazard zone.

o Congregation Places for the Response Team.
Places are identified which will be available for the rescue and
response workers to gather in order to receive instructions after
the event. Large spaces such as the Borough parking lot will be

required.

INTEGRATED IMPLEMENTATION FRAMEWORK

The traditional comprehensive planning process consists of three primary
elements (land use, transportation, and open space). Typically, however,
communities implement special purpose plans such as those listed in Table 4,
Column 1 through a range of ordinances and programs. Implementation of the
Damage Control District and the Life Safety District would therefore occur
through the special districts which are described above in conjunction with
the on-going planning process. Once the functional distribution of respon-
sibilities has been defined the specific implementation responsibility,
including financial implications of damage prevention, and emergency
preparedness measures can be identified. Through this integrated approach
to planning and implementation it is also possible to maximize multi-purpose

utility of major facilities, e.g. parks, and circulation routes.
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Table 3

Integration of Comprehensive Planning, and Emergency Preparedness

1 2 3 4
Typical Comprehensive Emergency
Subject Matter Plan Considerations Preparedness Mitigation
Transportation Arterial, and Secondary Evacuation Route
Roads - alignment and On-going Maintenance
maintenance
Pedestrian Facilities Search and Rescue
Open Space Major Recreation Staging Area Fire Buffer
Neighborhood Parks
Land Use and Land Use Designation Vertical Evacuation Use Review
Economic Allowable Density Protection of Building
Development Development Intensity Critical Facilities Standards
Siting Criteria Protective
Barriers

Comparison of existing conditions in Kodiak with a range of measures to
minimize losses demonstrates implementation of this integrated approach.
Figure 8-a is a section which indicates structure locations and areas filled
since 1964. All existing structures are wood frame, Type C construction.
Foundations are slab on grade. Figure 8-b would redevelop the area
according to standards pertaining to foundations (piling) and required steel
frame construction. Parking is relocated behind structures in order not to
contribute to the hazard of floating debris. Other recommendations include
elevated protective dike/sea wall, and reinforcing the boat moorages and
docks. New construction requirements address foundations and framing

standards.
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STATUS OF EARTHQUAKE HAZARD RESEARCH IN THE ANCHORAGE AREA
AND UPPER COOK INLET, ALASKA
by

Randall G. Updike
Engineering Geology Section

State of Alaska, Department of Natural Kesources
Division of Geological and Geophysical Surveys

INTRODUCTION

The vigorous social and economic growth of Anchorage and vicinity in the past
two decades is a notable commentary on the capabilities of science and
technology to meet the demands of a cosmopolitan center in a rigorous geologic
environment. Among the many major engineering and construction tasks that
confront development of the municipality, the consideration of earthquake
hazards continues to be a pervasive issue. The catastrophic results from the
1964 Prince William Sound earthquake clearly indicated the devastation that

can result from major earthquakes.

Anchorage in 1984 is a substantially different and more complex city than that
of twenty years ago. New buildings, life-line networks, transportation
systems, and demography have significantly enhanced the potential risk to life

and property during future earthquakes.

Within the past five years, primarily through the efforts of the U.S.
Geological Survey (USGS) and the Alaska Division of Geological and Geophysical
Surveys (ADGGS), significant advances have been made toward a better
understanding of the geological parameters associated with earthquake hazards
for Anchorage. Two primary areas of concern are being addressed by this
research: (1) seismic sources that would directly impact Anchorage, and (2)
the response of Anchorage geological materials to these seismic events.
Though the two are intimately related, the research approaches and objectives

are fundamentally quite different.

EARTHQUAKE SOURCES

Southcentral Alaska is situated astride a zone wherein the Pacific Ocean plate

is being subducted beneath the North American plate along a zomne from

F85 20/130

109



southeastern Alaska to the Aleutian Islands, called the Aleutian megathrust.
This thrust zone is about 30 km (20 mi) beneath Anchorage. The result of this
very slow (6 cm/yr), continuous interaction is the sudden and variable release
of energy as deep-foci earthquakes from within or above the megathrust zone.
This has been the source of most of the major Alaskan earthquakes in the 20th
century. Other abstracts in this volume address this phenomenon in more

detail.

Associated with the plate boundary stress buildup in the crust, rock near the
earth's surface will occasionally rupture along faults that may be several
kilometers in length. These fault movements release large quantities of
energy as shallow-focus earthquakes. For several years, two major faults have

been recognized near to Anchorage.

The Castle Mountain Fault extends southwest from the Matanuska Valley, through
the town of Houston, and continues for many miles as a linear trace across the
lowlands on the west side of Cook Inlet (Detterman and others, 1974).
Reconnaissance efforts through trench excavations and geologic mapping have
determined late Holocene (less than 3,000 years) movement but no recurrence
determinations yet exist (Bruhn, 1979). Lahr and others (1985) recently
concluded that at least a 95-km length of this fault near Palmer should be

considered active based upon recent seismicity.

The Border Ranges Fault system occurs lies at the base of the Chugach
Mountains directly east of the city. It has been mapped at various scales
from southeastern Alaska, through the Kenai Peninsula and southwest through
Kodiak Island. Segments of this great fault system from the Matanuska Valley
to Turnagain Arm are currently being mapped in careful detail (1:25,000) by
Updike and others under a cooperative USGS-ADGGS project to determine precise
location, sense of movement, magnitude of displacement, and degree of
activity. Investigations to date (e.g., Updike and Ulery, 1983) have
identified local scarps offestting Holocene geologic deposits which directly
correlate with adjacent fault exposures in bedrock. Continuing studies are
addressing the critical question of whether such scarps are of tectonic origin
which would reflect the occurrence of large earthquakes within the past ten

thousand years.
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Assuredly, other faults in the Chugach Mountains and beneath Cook Inlet may be
capable of generating infrequent earthquakes of moderate to large magnitudes,
but their identity is unknown. On-going geologic mapping in conjunction with
various geophysical methods may shed light on these questions. The important
point to recognize is that the megathrust mechanism is currently operating
beneath Anchorage, promising a future of seismicity along the subduction zone
as well as near-surface fault zones. Dependent upon which of these sources is
responsible for future seismic events, the ground response and possible damage
patterns for Anchorage may be quite different than previous earthquakes.
Multiple-scenario emergency response plans require an accurate definition of

both surface faults and subduction zone seismicity.

RESPONSE OF GEOLOGIC MATERIALS

The effect of subjecting Anchorage soils to the severe vibrations of a seismic
event will vary throughout the city. The near-surface soils tend to amplify
the incoming energy waves, and this amplification varies according to physical
properties, thicknesses, and location of the soil. Currently, the
Municipality of Anchorage, U.S. Geological Survey, and Alaska DGGS are
cooperatively monitoring various localities in the city to better assess the
variability of these ground acceleration properties, and are correlating these
records to the subsurface geology of the region. This work is summarized in

other abstracts in this volume.

A major cause of loss of life and property in Anchorage in 1964 was due to
ground failure (landslides). Two mechanisms that have been identified as
causes are liquefaction and sensitive silt and clay collapse. Liquefaction
involves the buildup of positive pore pressures in non-cohesive soils (silt
and sand) with attendant decrease in effective stresses, resulting in mobility
of the soil while the earthquake is occurring. Lateral spreading of the soils
results, disrupting structures constructed on or in these soils. Liquefaction
caused 1964 damage, for example, along the Seward and Glenn Highways, at the
Anchorage Port, and in Knik and Turnagain Arms (Hansen, 1965; Kachadoorian,

1968; McCulloch and Bonilla, 1970).
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Sensitive silty clays are fine-textured cohesive soils which were deposited to
form a flocculated fabric resembling a "house-of-cards'". The voids of this
fragile framework may be saturated. Due to the intense shearing stresses
induced by large earthquakes, the "card houses' collapse, the water is
liberated, hydrostatic pressures build up, and lateral movement results. This
phenomenon is discussed by Olsen in another abstract of this volume. The
large 1964 translatory landslides at "L" Street, 4th Avenue, Turnagain
Heights, and elsewhere are currently believed by Olsen, myself, and other
current investigators to be the result of sensitive clay failure within the
Bootlegger Cove Formation which underlies much of the western half of the city

(Updike, 1983a, 1984a; Updike and others, 1985; Updike and Carpenter, 1985).

CURRENT RESEARCH

Until recently, the understanding of the distribution and dynamic behavior of
the soils in Anchorage had not advanced beyond the few detailed studies done
immediately after the earthquake (Shannon and Wilson, 1964; Seed and Wilson,
1967; Seed, 1968; Kerr and Drew, 1965, 1968). Cooperative efforts of ADGGS
and the USGS, and with the assistance of consultant engineers, have provided

several new insights.

Laboratory testing

In conjunction with several geotechnical drilling programs in the past five
years, numerous undisturbed core samples of Anchorage soils have been
acquired. The stratigraphy of each borehole has been carefully logged and the
cores subjected to a suite of static engineering tests to calibrate the
geologic strata with their in situ physical properties (e.g., Updike and
others. 1985). Certain samples were retained for state-of-the-art testing
programs including cyclic triaxial and resonant column tests to correlate
dynamic behavior with stratigraphy (Updike and others, 1982; Lade and others,
1985).

In conjunction with the engineering laboratory tests, geologic studies have
specifically focused on the depositional history, sedimentary structures, and
post-depositional alteration of the soils. A first phase of a systematic

micropaleontologic study of the Bootlegger Cove Formation has recently been
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completed by Ruth Schmidt under contract with ADGGS. An examination of pore
water chemistry by Yousef Kharaka (USGS—Menlo Park) has shown a significant
relationship between cations, anions, and clay sensitivity ratios (Updike and
others, 1985). An analysis of in situ soil particle fabrics using a scanning
electron microscope has documented the "card-house" fabric within the
sensitive soils, as well as a honey-comb fabric that has rarely been observed
anywhere in the world (Updike and Oscarson, 1984). These geologic studies are
re-affirming that the potential for future failures is just as great as in

1964.

In situ testing

Geotechnical engineers have long recognized that sampling and laboratory
testing have inherent shortcomings related to sample disturbance and
laboratory representation of ambient field conditions. This is particularly
true for non-cohesive soils. The standard penetration test, which involves
driving a specified split-spoon sampler into the soil utilizing a specific
amount of hammer energy, has for many years been the widely adopted test for
in situ soil conditions in Anchorage. Liquefaction susceptibility studies
still use SPT values as a baseline even though it clearly has shortcomings of

standardization and calibration.

The electric cone penetration test (CPT) was first used in the Anchorage area
by ADGGS about three years ago (Updike, 1984a, 1984b). This test involves
forcing a strain-gauge-instrumented probe into the ground at a constant
penetration rate using a hydraulic ram with a 20-ton reaction force.
Continuously recorded soundings of end-bearing and friction resistance are
digitally stored, later to be computer analyzed for soil property
characterization. Calibration between SPT and CPT techniques now exists for
major Anchorage soils and liquefaction susceptibility of area soils has been
assessed. The CPT is gaining wider usage on major engineering projects in the
region by consultants and by Alaska Department of Transportation and Public

Facilities,
Geophysical methods of in situ testing are primarily limited to the

geophysical logging techniques used by hydrologists to define density,

saturation, and porosity, and to shear wave velocity measurements. The latter
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method has recently been used on both research and applied projects in
Anchorage (see Updike and others, 1985) where the shear modulus and damping
ratio of soils are desired for seismic modeling of soil response spectra. At
least two local engineering firms currently offer this capability. Other
methods of in situ properties measurement are being tested including the

pressuremeter and field shear vane but research data are still insufficient.

Immediately following the 1964 earthquake the Corps of Engineers installed
and monitored several slope indicator casings in and adjacent to the major
landslides (Shannon and Wilson, 1964). 1In recent years, some additional slope
indicator casings have been installed by the Municipality and USGS. These
casings have served as passive in situ monitoring systems which have been
recently surveyed and summarized by Updike (1983b). With two exceptions in
the 4th Avenue slide are, all other casings showed no record of movement
through 1980.

Field mapping

Two distinct mapping programs are being conducted by ADGGS in cooperation with
the USGS. The first is focused on the Border Ranges fault zone and includes
detailed mapping of both bedrock and surficial deposits of the 1:25,000 scale
metric quadrangles along the west front of the Chugach Mountains (e.g., Updike
and Ulery, 1983). The objective of this program is to produce a complete
series of geologic quadrangle maps from the Knik River valley on the north,
through Eklutna, Peters Creek, Eagle River, and east Anchorage, to Turnagain
Arm on the south. In addition to identifying the location of all faults and
their activity along the mountain front, other geologic hazards and
constraints such as landslides, avalanches, and flooding, will be identified
and assessed. I, as the principal investigator, have been greatly benefited
by the long-term experience in the region by Hank Schmoll (USGS-Denver) and
Richard Reger (ADGGS-Fairbanks).

Detailed mapping of both bedrock and surficial deposits is providing added
insight into the tectonic history of the Chugach Mountains, as well as the
glacial history of the mountains and adjacent populated lowlands. Additional
information on the location of economic minerals and construction materials

(sand, gravel, quarry stone) results from the mapping.
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The second mapping program is committed to describing and graphically
portraying the engineering geology underlying Anchorage in three dimensioms.
This Anchorage mapping is proceeding with two different objectives. One
mapping program, led by Hank Schmoll and others, under the direction of Al
Espinosa (USGS-Denver), is focused on mapping the entire unconsolidated
sedimentary stratigraphic column of up to several hundred meters and the
underlying bedrock configuration, with the goal of modelling expected seismic
accelerations across the city. Other abstracts in this volume detail this
effort. The second mapping project, under the direction of myself, is focused
on detailed engineering geologic characterization of the upper 50 m of
unconsolidated sediments beneath Anchorage, with the objective of more
accurately defining the ground failure potential beneath the city. This
objective requires the accumulation of hundreds of geotechnical borehole and
water well logs which are inventoried on a data retrieval system. Once
stratigraphic units are identified and mapped in the subsurface from logs or
at the surface from exposures, the known suite of engineering test data for
that unit can be applied so that the mapping not only elucidates the geology

of the region but also the variability of geotechnical properties.

These mapping data are becoming fundamental documents for planning and
zonation, seismic risk assessment, emergency response planning, and hazard
mitigation, supplementing the widely used earlier mapping of Miller and
Dobrovolny (1959), and Schmoll and Dobrovolny (1972). A first east-west
cross—-section to bedrock in central Anchorage has been published by Schmoll
and Barnwell (1984). Detailed engineering geology maps and cross-sections of
the area north of Ship Creek, which includes the Anchorage Port and Government
Hill is completed (Updike, 1985; Updike and Carpenter, 1985). Two reports
have been produced to cover the detailed geology of south Anchorage (including
International Airport, Turnagain Heights and Campbell Lake) (Ulery and Updike,
1983; Updike and Ulery, 1985). The detailed engineering geology of the
downtown to midtown segment, which will connect the segments already completed
is currently underway by ADGGS and will mesh with on-going USGS~funded
ground-failure potential mapping by Moriwaki (Woodward-Clyde Consultants).
Colored maps and cross-sections are the basic products of the ADGGS work. The
aerial distribution, thickness, and current physical properties of the

sensitive and liquefiable soils are primary objectives of this mapping effort.
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The mapping has found that both types of soils are widespread and are

responsible for numerous landslides throughout history.

FUTURE RESEARCH NEEDS

Our current understanding of seismic sources, particularly the Castle Mountain
and Border Ranges faults, is at best simplistic. The detailed mapping of both
faults with an emphasis toward determining Holocene movements is a first and
basic step. These efforts will need to be augmented with subsurface
exploration which will eventually include excavations across the fault traces,
seismic refraction and reflection profiles, and other geophysical methods
including gravity and magnetic surveys. These investigations must keep open
the distinct possibility of finding additional active faults within the

Chugach Mountains and beneath the Cook Inlet lowlands.

Our full appreciation for the diverse behavior of Anchorage area soils has not
been realized. Advanced methods of in situ geotechnical testing currently in
use in the contiguous U.S. must be brought to Alaska. The current pressures
to make greater use of tidal flats and stream flood plains raises the issue of
liquefaction susceptibility of soils that a few years ago were considered
unsuitable for construction. In situ testing of these soils as well as the
Bootlegger Cove Formation must be emphasized in future geotechnical research.
The first steps toward a municipality-wide rapid-access geotechnical data bank
have been made by ADGGS. 1In cooperation with private industry, the USGS, and
the Municipality of Anchorage, this data bank should be computerized and made
easily accessible for industry and government agencies, as well as for future

research.

Beyond the issues of seismically-induced ground failure, ground acceleration
as a function of the varied geology of the Municipality is not well
understood. This far-~reaching concern can only be addressed through the
direct interface of three-dimensional geologic mapping and a carefully
deployed network of strong motion accelerometer stations in Anchorage.
Long-term data-collection and analyses will be necessary to establish viable
criteria for strong motion behavior of various areas in the region, and this
can only be realized through the cooperative commitment and efforts of the

Municipality, the USGS, and ADGGS.
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SENSITIVE CLAYS IN THE BOOTLEGGER COVE FORMATION

by

Harold W. Olsen

U.S. Geological Survey

Denver, Colorado 80225

INTRODUCTION

The Prince William Sound Earthquake of March 27, 1964 triggered five
major landslides in the Bootlegger Cove Formation beneath downtown and
residential areas of Anchorage. Geologic evidence indicates that similar
landslides ocgurred at various times in the past, probably in response to
historic earthquakes. The conclusion appears to be inescapable that the
Anchorage area is threatened by major landslides during future earthquakes.

Possible approaches for mitigating the potential hazards from such
landslides, short of relocating parts or all of the City of Anchorage, have
yet to be developed. In large measure, this appears to be due to the lack of
an adequate understanding of the distribution and properties of the materials
in the Bootlegger Cove Formation whose failure can be triggered by

earthquakes.

IMPORTANCE OF SENSITIVE CLAYS

In their final report on the 1964 Anchorage area soil studies, Shannon
and Wilson (1964) concluded that the earthquake-~induced landslides could have
been triggered in the middle zone of the Bootlegger Cove Formation, either by

liquefaction of sand or by strength loss in sensitive clay. Subsequent
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analyses of the Turnagain Heights landslide suggested that the sands should
have liquefied before significant strength loss could have developed in the
sensitive clays (Seed and Wilson, 1967). Thereafter, Seed (1968) included the
1964 earthquake-induced landslides in the Anchorage area in his compilation of

case histories for Landslides During Earthquakes Due To Soil Liquefaction on

the grounds that "there is good evidence to show that the major cause of the
Anchorage slides was probably liquefaction of sand layers, and sand and silt
seams and lenses within the clay deposit.”

Thus the 1964 earthquake-induced landslides in Anchorage came to be
identified as an important example of the need for research concerning
liquefaction of sands as a cause of earthquake-induced ground failures. 1In
comparison, the significance of the 1964 Anchorage slides concerning strength
loss of sensitive clays as a cause of earthquake-induced ground failures
received little attention.

Since 1964, substantial advances have been made in the development of
methodology for evaluating the liquefaction susceptibility of sands. Of
particular interest is the approach based on in situ cone penetrometer data
that was not available in 1964, and which has been employed in several recent
subsurface investigations in Anchorage (Idriss and Moriwaki, 1982; Updike,
1984; Updike and Carpenter, in press). Where these investigations have
encountered sand strata in the soft and sensitive middle zone of the
formation, the results show that the sands are generally too dense to liquefy
during large-magnitude earthquakes. In addition, recent geologic studies
indicate that the thin seams and lenses of silt and sand in the formation are
abundant in the relatively stiff upper zone, but rare in the underlying soft
and sensitive middle zone where the failure planes of the 1964 Anchorage

slides developed (Updike and others, in press). In consequence, it now

w 88720130



appears probable that the 1964 Anchorage slides were triggered by strength
loss in sensitive clays, and that these materials govern the potential for
earthquake-induced ground failures in the Bootlegger Formation during future

earthquakes.

SENSITIVE CLAY BEHAVIOR

The strength of most clays deteriorates with disturbance. When the
potential strength loss is large, the clays are classed as sensitive. Clays
that are extremely sensitive are often called "quick” clays because their
strength can be reduced by disturbance to such a low value that they behave
like a viscous fluid.

The characteristics of sensitive clay behavior are twofold, namely, the
potential strength loss, and the rate at which strength deteriorates with
disturbance. These characteristics are not, in general, related. For
example, some quick clays loose strength rapidly in response to minor
disturbance, whereas other quick clays lose strength only after extensive
disturbance (Soderblom, 1974).

Sensitive clay behavior arises from the transformation of the clay fabric
from a flocculated to a dispersed state. This transformation is often
referred to as a collapse of the clay structure. The flocculated fabric
develops during sedimentation, and post—depositional changes in the pore fluid
chemistry tend to disperse the clay fabric. However, bonds between the clay
particles resist dispersion until broken by disturbance. The strength of
these bonds governs the effort required to break down the initial flocculated
fabric. Thereafter, the pore fluid chemistry governs the degree to which the

clay fabric becomes dispersed (Mitchell, 1975; Quigley, 1980; Torrance, 1983).
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SENSITIVITY OF THE BOOTLEGGER COVE CLAYS

Figure 1 summarizes the scope of existing information concerning the
sensitivity of the Bootlegger Cove clays. The dashed curves differentiate
materials of low, medium, high, and extremely high sensitivity, where the
degrees of sensitivity are distinguished in terms of the sensitivity scale
used by Shannon and Wilson (1964). This scale is shown below, together with
the relative abundance of the material groups, based on data from about 2100

samples tested in 1964 (Hansen, 1965).

Degree of Sensitivity Sensitivity Ratio Relative Abundance
Low < 4
867
Medium 4 - 10
High 10 - 40 13%
Extremely High > 40 <1%

The sensitivity ratio is the ratio of the undisturbed strength to the remolded
strength of the same material. Note that this scale relates to the potential
strength loss of a material, but not to the rate at which its strength
deteriorates with disturbance.

In figure 1, the most sensitive materials are shown with the lowest
undisturbed strengths, consistent with the findings of the 1964 Anchorage area
soil studies (Shannon and Wilson, 1964). The end points of each curve are
defined by strength measurements on core samples in undisturbed and remolded
states. The dashed curves between the end points indicate the strength
deteriorates with disturbance at a rate that has not yet been defined, except
for the hachured zone on the lowest curve. The hachured zone represents the

information obtained from laboratory cyclic loading tests in 1964, which
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Figure 1. Scope of existing information on the sensitivity of the Bootlegger

Cove clays.

123 95 ) 20/30



describe the rate of strength degredation from disturbance caused by simulated
earthquake-induced deformations (Shannon and Wilson, 1964).

The distribution and properties of the sensitive clays in the Bootlegger
Cove Formation are best known near the eastern end of the Turnagain Heights
Landslide. At this location the existing data base includes the information
obtained by Shannon and Wilson in 1964, and additional data obtained in recent
years by the Alaska Department of Natural Resources and the U.S. Geological
Survey (Updike and others, in press). The recent data are emphasized herein
because they include information from a variety of tests at one site,
including, in situ cone penetration tests, downhole and crosshole seismic
velocity measurements, and laboratory geotechnical and geochemical
measurements on nearly-continuous undisturbed samples from the formation.

Figure 2 shows one of the cone penetration records together with a log of
the facies identified in the undisturbed cores from the adjacent boreholes.
The soft, middle zone of the formation lies between an elevation of about 8 m
above, to about 4 m below, mean sea level., This zone is overlain and
subdivided by massive sand layers. Note that the material between the sand
layers is weaker than that below. The same strata in the middle zone of the
formation are also evident in the shear wave velocity data in figure 3.
Intervals of relatively high shear wave velocity reflect the sand layers, and
the lowest shear wave velocity occurs in the upper part of the middle zone
between the sand layers.

The variation of sensitivity (strength loss potential only) in the
profile is indicated by the remolded laboratory vane strength data in figures
4 and 5 that were obtained from the nearby undisturbed cores. Low remolded
strength values indicate high sensitivity values, as shown by the correlation

in figure 6. This correlation is based on the data from the samples used in
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the 1964 cyclic test program (Shannon and Wilson, 1964). The correlation is
defined by the upper bound of the data points in recognition of the fact that
even though extreme care was used to minimize sampling disturbance when these
samples were taken, sampling disturbance cannot be completely avoided and
hence the sensitivity ratio values obtained on undisturbed samples are less
than in situ values.

Figure 4 shows that highly sensitive materials occur in strata of varying
thickness at several depths in the profile. Highly sensitive strata are
present not only in the soft middle zone of the formation, but also in the
lower zone. Between these highly sensitive strata, the materials are of low
to medium sensitivity.

The thickest and most sensitive stratum in figure 4 is in the upper part
of the middle zone between the sand layers, consistent with the location of
the minimum values of cone penetration resistance and shear wave velocity in
figures 2 and 3. This sensitive stratum is also evident in the 1964 data from
both the eastern and western ends of the Turnagain Heights Landslide, and its
elevation is consistent with the elevation of the failure plane of the
Turnagain Heights Landslide (Shannon and Wilson, 1964). Also, comparison of
figures 4 and 6 indicates the sensitivity of this stratum is generally
consistent with the sensitivity of the samples that were used in the
laboratory cyclic triaxial test program in 1964.

Within this highly sensitive stratum, at an elevation of about 6 meters,
an interval of very-low-strength material, having the visual appearance of a
fluid, was found between appreciably stronger materials above and below in a
single 4 and 1/2 in-diameter by 5 ft-long shelby tube sample. The strength
data obtained on this core are shown in figure 5. The remolded strength data
indicate the very-low-strength interval consists of extremely seﬁsitive

material.
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In the same interval, the very low undisturbed strength is also of
interest because the presence of such low strength material in situ is neither
plausible nor evident in the in situ cone penetration and shear wave velocity
data (figures 2 and 3). It therefore appears that the undisturbed strength
values obtained on this core are low, compared with in situ values, due to
sampling disturbance. Moreover, the closely associated variations of
undisturbed and remolded strength values with depth indicate that sampling
disturbance decreases the undisturbed strength by an amount that increases
with the sensitivity of the material. This relation is further indicated, in
figure 4, by the closely associated variations of undisturbed and remolded
strengths with depth for the entire profile.

Figure 7 shows the pore fluid chemistry data plotted to facilitate
comparisons with the remolded strength data in figures 4 and 5. The data show
chemical conditions in the middle and lower zones of the formation consistent
with those associated with sensitive clays in both Canada and Scandinavia,
namely, a low total concentration of dissolved solids (TDS), and a
predominance of monovalent cations compared with divalent cations (Mitchell,
1976; Quigley, 1980; Torrance, 1975, 1983). It is well known that these
conditions are required for the dispersion of clay particles.

The data in figure 7 further show marked anomalies (reversal of trends
with depth) in the concentrations of organic carbon and anions in the most
sensitive stratum in the profile. Previous studies have shown that organic
matter is often associated with extremely sensitive clays, particularly in
Scandanavia (Soderblom, 1974). Regarding anions, very little is known about
their importance as controls on the sensitivity of clays in other locations.
In the Bootlegger Cove clays, the geochemical reactions involved and the

regional controls on their occurrance remain to be determined.
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RESEARCH NEEDS

The issues that need to be clarified, concerning the distribution and
severity of earthquake—induced ground failure hazards from sensitive clays in
the Bootlegger Cove Formation, include the geologic origin, regional
distribution, and in situ properties of the highly and extremely sensitive
strata in the formation.

It needs to be recognized that these issues cannot be addressed
effectively either with existing data or with conventional soil property
testing methods. The existing data are based primarily on samples oBtained
with conventional sampling methods that are incapable of retrieving good
quality samples of highly sensitive materials. Existing dynamic laboratory
testing methods have rarely been used because they are expensive, and also
because the significance of the results that can be obtained is clouded by
disturbance effects of unknown magnitude. Finally, appropriate in situ
methods for identifying highly sensitive strata and for measuring their
dynamic properties have yet to be developed.

Significant research concerning these issues will require innovative
experimental approaches: (1) that enable sensitive clays to be differentiated
and classified not only in terms of their strength loss potential but also
with regard to the rate at which their strength dgteriorates with disturbance,
(2) that allow disturbance effects either to be avoided, or measured and taken
into account, in both in situ and laboratory measurements; and (3) that are
designed to obtain not only geotechnical data but also the geochemical and
geologic data needed for understanding the regional controls on the
distribution and in situ properties of the most sensitive clay strata in the

Bootlegger Cove Formation.
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USGS ENGINEERING GEOLOGY PROJECTS IN THE ANCHORAGE AREA, ALASKA: A REVIEW

by
Henry R. Schmoll

U. S. Geological Survey
Denver, CO 80225

INT RODUCTION

Anchorage began in 1915 as a tent city near the mouth of Ship Creek. It was
built to support construction of the Alaska Railroad, itself one of the major
engineering works of the state. Little thought was likely to have been given
to siting conditions for new construction in the city, at least for anything
as light and temporary as a group of tents. Soon, however, permanent
structures were built, and the center of town moved up from Ship Creek valley
to its present site, the smooth-surfaced gravel plain on which our workshop is
taking place (Capps, 1940, p. 12). It seemed like a good place for a town:
there were good, well-drained natural foundation conditions, plenty of gravel
and sand for construction purposes, and, as time went on, a good place for an
airfield. Eventually an artesian water supply was discovered that bubbled up
from beneath a thick bed of clay. The inhabitants thought they had it quite
good.

The catastrophic events of March 27, 1964, proved somewhat otherwise, and ever
since then there has been some awareness that earthquakes and earthquake-
induced landslides would have to be contended with. Eventually there were
even maps that indicated in a general way where such landsliding might take

place, as well as the many other places where it almost certainly would not.

Any new construction in the metropolitan area, should, one would think, take
earthquake shaking and slope instability into account; some siting and design
of construction seem to, more and more these days, whereas others most clearly
seem not to have done this. Questions that legitimately arise include: (1)

How seriously should carefully devised guidelines intended to warn of such
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hazards be taken? (2) How thoroughly are the guidelines based on scientific
knowledge? (3) How sound is that scientific knowledge? (4) How did it reach
its present level? and (5) Is that level adequate for the purpose intended,
and if not, what further level must be attained? This paper will attempt to
review some aspects of these questions, and in so doing will touch upon the
developing relationship between various parts of the geologic and engineerng
communities and the community at large that occupies the burgeoning

metropolitan Anchorage area.

Geological research related to local earthquake-hazards investigations in the
metropolitan Anchorge area can be considered to have begun about 36 years
ago. Its early stages were dominated by workers of the Engineering Geology
Branch of the U. S. Geological Survey (USGS). Work by these individuals and
successive investigators has continued intermittently to the present, and this
review is devoted principally to summarizing that work. From the beginning,
concurrent studies by the Water Resources Division of the USGS (WRD) have
contributed on a steady basis, and work by other organizations, in particular
the Alaska Division of Geological and Geophysical Surveys (ADGGS), has become
increasingly important in recent years. In this paper, however, these other
efforts are discussed only as they relate to the USGS engineering and

environmental geology investigations.

The main purpose of this review is to establish a context within which ongoing
and newly proposed geological and seismological research may be placed. It
may refresh the memories of those who have been on the scene through a
substantial part of this time, and serve as a guide and perhaps note of
caution for more recent workers who may have only a more casual view of the
history of previous investigations. The goals of past projects will be
presented briefly, including consideration of the varying extent to which they
were concerned with earthquake-hazard evaluation. Some assessment will be
made as to how well the goals appear, at least from one vantage point, to have
been met. This review then might also serve as a point of departure for a
discussion by others at this workshop who have used information from these
investigations, regarding how they perceive the success or failure of the

investigations in reaching their goals, and how they regard the strengths and
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weaknesses of the projects. Future investigations might then avoid past

pitfalls and proceed instead in directions that may be more fruitful.

Much of the content of this review has been gleaned from material in the files
of the projects under consideration, and from discussions over a period of
many years with the personnel involved, especially pioneers Ernest Dobrovolny
and Robert D. Miller, who until recently shared an office in their mutual

period of retirement, and to whom acknowledgment is warmly given.

PREVIOUS PROJECTS

The project of Dobrovolny and Miller, 1949-1959

In 1948, within a few years of the formal establishment of an organizational
base within the USGS for undertaking regional and urban area engineering
geological studies, Ernest Dobrovolny made a brief trip to Alaska to determine
the desirability, if any, of undertaking such work in what was then still a
remote outpost of urban America—-—-Alaska was still 11 years away from
statehood. From Denver, Colorado, where the Engineering Geology Branch was
newly ensconced after a departure from traditional USGS headquarters at
Washington, D. C., three or four urban centers in Alaska appeared to be
perhaps equally qualified candidates for such studies. Dobrovolny recommended
selection of Anchorage, correctly predicting that it was the area most likely
to expand and thus where the greatest benefit would accrue from the proposed

investigations.

Consequently the first Anchorage project was begun in 1949 by Dobrovolny and
R. D. Miller, with field work in that and the next few years. The principal
effort of that project was to produce the first, and still the most basic,
geologic map of the metropolitan area, published originally in a preliminary
version (Dobrovolny and Miller, 1950), and later in final form (Miller and
Dobrovolny, 1959), at about the same time that Alaska achieved statehood.
Another principal thrust of the project was to decipher the geologic history
of the area, mainly concerned with Pleistocene glaciation, on the basis of the
detailed local work. The conclusions were at variance somewhat with

concurrent but more regionally based interpretations of Karlstrom (1964), and
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to a lesser degree with those of WRD workers (Cederstrom and others, 1964).
Efforts were made during the 1950s to reconcile opposing views, but without
much success [Miller allegedly had thoughts of pushing Karlstrom off the cliff
during one discussion], and the ground was laid for variant interpretations
and unresolved problems of reconstructing geological events that persist to
the present. These controversies are regarded mostly as an indication of (1)
the complexities of the local geology, (2) the incompleteness of the preserved
geologic record, and, especially, (3) the remaining need for the enhanced
dating of deposits that may lead to a more satifactory resolution of

geological uncertainties than has been attained heretofore.

A major achievement of the project was the identification and naming of the
single most significant geologic unit within the metropolitan area, the
Bootlegger Cove Formation (nee Bootlegger Cove Clay). The project also
sampled and analyzed physical properties of this and other principal geologic
units that underlie the metropolitan area. These early determinations were to
become important as the first guide to behavior of geologic materials in
response to construction processes that accompany urbanization, as well as to
naturally occurring seismically induced disturbance. The Dobrovolny-Miller
project was not directed at delineation of earthquake hazards per se, which at
that time were considered as but one aspect of a broader regional engineering
geologic investigation. Nevertheless, there was an awareness of the potential
for strong ground motion resulting from large magnitude earthquakes. The role
that the very soft Bootlegger Cove Formation could play in developing large-
scale ground failure during such seismic events was duly noted in a prophetic
paragraph (Miller and Dobrovolny, 1959, p. 103-104). The implications of
those statements were to be realized more quickly and with greater impact than

the authors probably could foresee.

Work immediately following the 1964 earthquake

A vast investigative effort was undertaken by a veritable army of workers from
all possible geological and related organizations following the devastating
earthquake of March 27, 1964. This effort took place throughout southern
Alaska, was reported voluminously, and is summarized, for example, by Eckel

(1970). Although investigations relevant to the Anchorage area are reported
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in a number of publications, the principal summary of geologic effects in the
Anchorage area is that of Hansen (1965). In particular, he included concise
descriptions of the major areas of ground failure that were the principal
causes of property damage and financial loss. The investigations summarized
therein, based on large amounts of new data, greatly enhanced establishment of
the nature of the geologic problems that remain fundamental to wise and safe
land use. Nevertheless, basic questions, particularly as to precise
mechanisms of ground failure within the Bootlegger Cove Formation, were not
resolved by these intense but relatively short-lived studies. Consequently
the determination of suitable measures to solve the geological problems in a
way satisfactory for optimum land use development and minimization of risk was

not attained at that time, nor has it been since.

The project of Dobrovolny and Schmoll, 1965-1974

In the years following statehood, and prior to the 1964 Alaska earthquake,
another event pertinent to this summary of geological studies occurred: the
establishment of the Greater Anchorage Area Borough (GAAB). This new
governmental entity lay outside of the preexisting City of Anchorage
(restricted mainly to what is now the downtown area) but occupied a large part
of the metropolitan area, as well as including a much larger area within the
Chugach Mountains to the east. The events of 1964 did make clear, at least to
some, the desirability of a basic land use oriented geologic investigation as
a prerequisite for logical guidance to the development of this relatively vast
and geologically not well known area ["how many other surprises do the rocks
have in store for us?”]. Consequently, when special longer-term funding for
post—earthquake geologic investigations was under consideration by the U.S.
Congress, the GAAB requested that the USGS undertake studies comparable to
those begun in 1949 but that would extend such work into the new GAAB area.
The time and mood was right for such a request, and it was indeed granted; it
is unlikely, however, that the request would have been made at all without the
firm guidance of Lidia Selkregg, then member of the GAAB Planning Commission,
and, ever since, the outspoken conscience of geology at various

administrative, political, and educational levels within the Anchorage area.
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In 1965 the proposed project was begun by Dobrovolny and the present writer,
and indeed in its early years was devoted mainly to work within the "back
country” of the GAAB, although at least some of the new area, especially that
northeast of the city along Knik Arm, was and still is the site of continued
urbanization. In addition to relatively conventional geologic studies,
another thrust of the project was an effort to make geology and its
application to land use planning a larger part of the awareness of those
responsible for the orderly development of the area (Dobrovolny and Schmoll,
1968). 1In this connection, and in company with personnel of the WRD, whose
cooperative studies with both the City and the GAAB were well established,
numerous meetings and field trips were held with GAAB administrative and
political leaders, and it is hoped that at least some groundwork was laid for
the continued interest in and further acceptance of geological input to the
land-development process. Paradoxically, it was apparent from the start that
in the area of the City, where most of the principal landslide destruction
occurred, and where many of the geotechnical puzzles still lay, the
politicoeconomic environment was not amenable to such geoproselytization.
Efforts of the project, both geoscientific and geopolitical, were not aimed in

that direction to the extent that it now may seem that they might have been.

Nevertheless, as time passed, it became apparent that by far the greater
interest and need was for increased work within the metropolitan area,
including the area of the City and of the previous project, in part because of
the increase in data becoming available as development proceeded, compared to
what was available in 1949. Furthermore, the creation of Chugach State Park
in the mountains directly east of the metropolitan area precluded imminent
exurbanization of that area and thus reduced the immediate need for much of
the work undertaken there. The resulting change in project direction
culminated in the publication of a so—called folio series of geological
derivitive maps (Schmoll and Dobrovolny, 1972a, 1972b, 1973, 1974; Dobrovolny
and Schmoll, 1974; Freethey, 1976). These maps utilized a more modern and
larger—scale base map than the earlier work, albeit one made just before the
1964 earthquake and consequently somewhat outmoded. Each folio map was
restricted in subject matter and designed to be more readily understandable to
nongeological users than a conventional geologic map. This procedure was

fashionable at the time and widely employed elsewhere in the nation. Whether
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the procedure, and the philosophy underlying it, was appropriate, a point
about which the writer has subsequently entertained some doubt, is perhaps a
suitable topic for discussion at this workshop. Concurrently, under the
auspices of the University of Alaska, further efforts at making both
geological and other envioronment-related studies more readily available were
undertaken (Selkregg and others, 1972). Meanwhile the nearly completed work
in the larger part of the GAAB was somewhat neglected, and remains largely

unpublished to this day.

One of the shortcomings of the folio series, philosophical considerations
aside, was the lack of any presentation of subsurface data. The importance of
this element was recognized, not only to meet the varied needs of the
engineering profession, and of geologists reconstructing past events, but to
provide data for seismologists as well, for at that stage it was also intended
to begin work on earthquake-hazard evaluation. Plans were made in the latter
stages of the project to continue the investigations in that direction, in
cooperation with A. F. Espinosa and others, as well as with the WRD personnel
in whose domain the subsurface lay. The time was not right, however; national
priorities lay in more populous parts in the country, and the project under

discussion came to a rather lame end.

Other work, 1974-1983

During this interval some efforts were made to continue the Anchorage project
described above on informal basis, but publications were limited largely to a
few temporary addenda to the folio series. These were developed to meet the
needs of WRD reports or because of other local interest (for example, Zenone
and others, 1974; Schmoll and others, 1980, 1981; Schmoll and Emanuel, 1981,
1983). In addition, however, some further stratigraphic work also continued

(Schmoll and Gardner, 1982).

Related work by the present writer and others on the west side of Cook Inlet
did, however, provided a needed broader regional understanding of the Cenozoic
geology of upper Cook Inlet basin. Such efforts have begun to yield a basin-
wide synthesis (Schmoll and Yehle, 1983; Schmoll and others, 1984) that will

aid further work in the Anchorage area as well.
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During this period the first serious work on the sediments in Turnagain Arm,
most of which are exposed at low tide and are under water at high tide, was
undertaken by A. T. Ovenshine, Reuben Kachadoorian, and Susan Bartsch-Winkler
(Ovenshine and others, 1976; Bartsch-Winkler and Ovenshine, 1984). Later some
work of this type was extended to Knik Arm as well (Bartsch-Winkler, 1982;
Bartsch-Winkler and Schmoll, 1984a, 1984b). While much of that effort was
sedimentological in character, it has provided a framework and basic
understanding of these extensive deposits not previously available. The
importance of these studies will no doubt increase in future years as proposed

arm crossings and other offshore structures inevitably become realized.

A single USGS/Engineering Geology initiative consisted of a new investigation
in the vicinity of the Turnagain Heights landside of 1964, undertaken by H. W.
Olsen, a project that involved drilling, coring, and testing of material from
the Bootlegger Cove Formation (Olsen, this volume). This work, done
cooperatively with R. G. Updike of the ADGGS, among others, has attempted to
delve into the question of mechanisms of earthquake-induced landslides, and
while not providing all the answers, it at least points the way to finding
such answers. The first principal report of this work is now finalized

(Updike and others, in press).

The dominant engineering geologic effort during this period, however, was the
ADGGS program of further investigations into the nature of the Bootlegger Cove
Formation led by R. G. Updike, and funded cooperatively with the USGS (Updike,
this volume). Large amounts of accruing data on distribution of the formation
and on its physical properties and engineering geologic characteristics were
synthesized, and, in addition, imaginative new approaches were used in
gathering further data. This work, combined with that of Olsen, neatly
complements the earlier work described above, and furthermore bears more
directly than any of the earlier investigations on the problem of earthquake-

induced ground failure.

On the politcal scene the major event of this period was the union of the
former City of Anchorage and GAAB to form a new, all-encompassing entity, the

Municipality of Anchorage. Among other effects, this has given the
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engineering geological and seismological community a single political point of
contact, a particularly logical development inasmuch as the former boundary
between the two political units was not well recognized in the geology.
Geopolitical strides that followed the union include, among others, (1)
establishment of the Anchorage Geotechnical Commission, an advisory group that
is made up largely of representatives of a greatly expanded private sector in
the engineering and geological fields, and that has substantially aided
communication between the scientific-engineering and political communities,
and (2) the inclusion of a geologist-planner, Barbara Sheinberg, on the staff
of the Community Planning Department, developments that long were goals of the

Dobrovolny-led projects.

CURRENT PROJECT

Beginning in about 1983, and coincidentally concurrent with the organizational
consolidation within the USGS of the engineering geology and seismology
elements that earlier had been proposed to meld into a continuation of the
Anchorage project, a phoenicular new Anchorage project did arise. This
project, led by A. F. Espinosa, is designed in effect to take on the remaining
tasks that were originally intended to carry the previous project to its

logical conclusion (Espinosa and others, this volume).

Among the early efforts of this new project has been resumption of subsurface
studies, of which the first preliminary report has appeared recently (Schmoll
and Barnwell, 1984). These subsurface studies are intended to lead to

completion, in effect, of the old folio series, with production of one or more

subsurface maps (as implied in Schmoll and others, 1985).

In addition, the uncompleted geologic maps of the entire municipality are in
active preparation for publication once again, both at the scales of the
existing mapping for much of the mountainous part of the area, and at the
larger 1:25,000 scale of the post-1964 topographic base maps. This work will
be accomplished in cooperation with R. G. Updike and others of the ADGGS, who
have meanwhile begun more detailed mapping in parts of the area (for example,

Updike and Ulery, 1983).
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CONCLUDING REMARKS

At various times it began to appear from this vantage point that, after some
years of effort to establish ties necessary for significant utilization of the
geological work, not very much had actually been accomplished along these
lines, and there was uncertainty as to whether the earlier geologic efforts
would have very much of the intended impact. Today, however, in light of the
developments cited above, there seem to be grounds for guarded optimism, and
the wideranging nature of the participants at this workshop, and even the very

existence of the workshop itself, are added evidence to support this view.

As the current and newly proposed projects progress, the results of the mainly
geologic investigations discussed here will be combined with seismological
data compiled from existing and newly acquired records to yield the long-
sought areal evaluation of response to strong ground motion caused by major
earthquakes. Such information, together with the advanced analyses of the
behavior of the Bootlegger Cove Formation as proposed by Olsen (this volume),
will complete the package of seismogeotechnical data, the first elements of
which were initiated about 36 years ago. The community will then have, for
the first time, an adequate database on the basis of which scientifically

supportable recommendations on appropriate land use can reasonably be made.

It may seem naive, in retropsect, to have thought that such a necessarily
broad foundation could be achieved by a single two or three year project
staffed by two young and enthusiastic geologists, or even by subsequent more
extended projects staffed by a small number of more experienced but thus older
personnel. Yet a beginning had to be made, and it was. And, as inevitably
needed, further work continued slowly, while the community itself continued to
grow and mature. We now have in sight the completion of the first round in
the acculumation and interpetation of the necessary data. And it appears that
we also have a community that has taken at least the initial steps toward the

wise utilizaton of these data and interpretations.
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FORMULATING EARTHQUAKE RESISTANT DESIGN CRITERIA*
by
Paul C. Jennings
California Institute of Technology

Pasadena, California 91125

INTRODUCTION

The primary function of design criteria in general, and earthquake-resistant
design criteria in particular, is to restate a complex problem that has
unknowns and uncertainties into an unambiguous, simplified form having no
uncertainties. The design criteria should provide clearly stated guidelines
for the designers. For example, when actually designing a structure, an
engineer needs to know the forces and deformations that the structure should
be able to resist. Some of these forces, such as dead loads imposed by
gravity, are well known, but other that result from transient actions of
nature or man, such as earthquake, wind or live loads, are not known. This
lack of knowledge must somehow be circumvented and a precise, unambiguous
statement of the design conditions must be given to the design engineer. This
is accomplished by means of the design criteria. The designer also needs to
know the properties of the materials and structural elements that will be
used, but as these are not precisely known, mainly because of imperfections in
materials and workmanship, the design criteria must also take this into
account. In the preparation of the design criteria, allowance must be made
for the uncertainties, and it is necessary to be cognizant of all the unknowns

for which allowances must be made.

The traditional engineering design criteria, for example those in the Uniform
Building Code, specify live loads that are greater than the actual loads
typically encountered, and specify allowable design stresses that are
appreciably less than the expected ultimate strength of the material. The
purpose of this procedure is to ensure extra strength that is sufficient for

unforeseen variations in loads, in material properties, and in workmanship.

* This paper is abstracted, with modifications, from the EERI Monograph
"Earthquake Design Criteria” by G. W. Housner and P. C. Jennings.
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These criteria, in effect, tell the design engineer: "if you design according

to these requirements, the structure will be considered adequate.” A similar
approach could be taken for earthquake-resistant design if the conditions were
more or less the same for all projects. However, because the seismic hazard
varies markedly from place to place and because structures and facilities vary
in importance, cost, length of life, ease of repair, materials of construction
and consequences of failure, the formulation of seismic design criteria for
other than ordinary buildings cannot, in general, be codified simply; special

knowledge and judgment are required for formulating the criteria.

THE USE OF SEISMOLOGICAL AND GEOLOGICAL DATA

When designing structures for a seismic region, what the engineer would really
like to know is the strongest ground shaking that the site under consideration
will experience during the life-time of the planned facility. This pre-
knowledge, however, is not available, so recourse must be had to estimating
what might happen in the future by studying what has happened in the past.
Seismological and geological data form the basis for estimating future ground
motions, including shaking and possible fault rupture, and studies for
important facilities sited where the possibility of major earthquakes must be

considered nearly always involve geologists and seismologists.

The seismic history of a region in the U.S. shows what has happened in the
recent past, for example the last two hundred years, and thereby gives an
indication of what might be expected in the next two hundred years. In a
similar way, geological studies can give information on the occurrence of
faulting and earthquakes over a longer time span, typically thousands or
hundreds of thousands of years, and can thereby provide longer term estimates
of the activity of faults than is available from the historical record

alone. 1In this sense the past is used by the geologists and seismologists to
predict the future. The correct use of the recommendations of geoscientists
by earthquake engineers requires an understanding of the terminology and

concepts used by scientists.,
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EARTHQUAKE MAGNITUDE

Any measurement that characterizes the size of the area of strong shaking, or
the extent of the "felt area,” or the total energy released in shaking, could
serve as an indication of the size of the earthquake. As originally developed
by C. F. Richter at the California Institute of Technology, the earthquake
magnitude scale uses as the pertinent measurement the peak amplitude recorded
by a standard Wood-Anderson seismograph, which has a natural period of 0.8
seconds, approximately 807% of critical damping and a magnification of 2800.
The peak amplitude, A, of Wood-Anderson seismograms varies over the surface of
ground in a manner similar to the variation of intensity of ground shaking,
being very small at large distances from the fault and thousands of times
larger close to the fault; so for a measure, the logloA is used. The plot of
logloA forms a hill-shaped surface and the volume of the hill would be a good
measure of the size of an earthquake, but it would not be practical to
evaluate. A less precise, but more practical, measure is that defined by

Richter:

In this expression, ML is the local magnitude, A is the epicentral distance in
kilometers, and AO(A) is the Wood—-Anderson amplitude corresponding to an
earthquake with magnitude zero. The variation of AO(A) with distance was
determined from data and the level was fixed by setting its value at 1073
millimeters for a distance of 100 km. Two different seismographic stations
will not, in general, compute the same value of M;, and the "official” value
is usually the weighted average from several records. Also, the magnification
of the standard Wood-Anderson instrument and of almost all other seismographs
is such that the instruments are driven off-scale by motion strong enough to
be felt, so the use of seismographs to determine the magnitudes of larger
earthquakes necessarily requires the readings to be made at large distances
where the character of the ground motion is much different from that near the
fault. At such distances, the motion does not contain direct information

about the nature of the close-in, potentially destructive shaking.

150 IDS7 20130



Seismic waves change their character as they travel away from the causative
fault. 1In particular, at larger distances the compression waves, shear waves
and surface waves separate out and the nature of the waves also change. This
has led to certain refinements in determining earthquake magnitudes, and other
magnitude scales have come into use. The most common of these are the
surface-wave magnitude Mg, the body-wave magnitude M;, and the moment
magnitude Moo In general, the different magnitude scales do not give the same
numerical values, although they agree at some levels and there are empirical
techniques for converting from one to another. At distances of a thousand
kilometers and more, surface waves of 20-second period predominate in observed
seismograms and the amplitude of this motion is used to determine M, which is
the value most commonly reported in the press for major earthquakes.
Earthquakes smaller than about M, = 6 typically do not generate enough surface
waves for a determination, so the MS scale is designed to agree with M for
magnitudes in the range of 6 to 6-1/2. For larger earthquakes the value of MS
consistently exceeds that of ML. For example, the 1906 San Francisco
earthquake had the approximate magnitudes MS ~ 8.3 and ML: 6.9. The largest
observed local magnitudes are in the 7 to 7-1/4 range, whereas surface wave

magnitudes as high as 8.6 have been assigned.

For the very largest earthquakes in history, such as the Chilean earthquake of
1960 and the Alaskan earthquake of 1964, the surface-wave magnitude
"saturates"” in the sense that it cannot well distinguish two very large events
of different fault lengths on the basis of the maximum amplitude of the 20-sec
surface waves. For this reason H. Kanamori developed the moment magnitude,
MW' This magnitude scale is based on the total elastic strain energy released

by the fault rupture, and this is related to the seismic moment M, defined by

in which p is the modulus of rigidity of the rock, A is the area of the
rupture surface of the fault and D is the average fault displacement. My can
be estimated from geological evidence which defines the area and extent of
rupture, or from records of long period seismographs at large distances, for
which even the largest earthquake appears to be a relatively short event.

Because My and M, do not saturate and do measure all the energy released, even
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that at periods of tens and hundreds of seconds, they are of more fundamental
scientific interest to seismologists than the local magnitude, ML’ The
largest earthquake on the moment magnitude scale is the Chilean event of 1960
which had a fault length of approximately 600 miles and an assigned value of
M, = 9.9, compared to Mg = 8.6,

Having these different magnitudes introduces an element of confusion into
earthquake engineering. The most commonly used magnitudes, as given in

Gutenberg's and Richter's Seismicity of the Earth (Ref. 4) or in the U.S.G.S.

publication United States Earthquakes (Ref. 15), are M; for moderately large

earthquakes (M = 6.4 for 1971 San Fernando) and Mg for large earthquakes
(M = 8.4 for 1964 Alaska).

The consistent use of M in this way means that its value will convey an idea
of the size of the event. Because practices vary, it is advisable to
ascertain what magnitude scales are used in any presentation concerning

magnitudes.

SEISMOLOGICAL DATA

Depending on the region, seismological data are available in various amounts
and degrees of quality. There are countries with some form of seismic record
going back as much as two or three thousand years, while the historical record
in the western United States is seldom as long as two hundred years.
Instrumental seismology has, of course, a much shorter history with a maximum
of about one hundred years. Similarly, there are some regions having networks
of seismic instruments sufficiently good to record all perceptible shocks and
to determine their locations to within a few kilometers; however, most seismic
regions have much less extensive coverage. Seismological data of high quality
imply instrumentally determined magnitudes and epicenters of all significant
events, with locations accurate enough to correlate earthquakes with geologic
features of the region. Earthquake data must include a sufficiently large
number of events so that enough earthquakes of larger magnitudes are present

to characterize events that must be considered in the design.
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For engineering purposes the magnitudes are approximate indices of the size of
the earthquake; the local magnitude gives a measure of the strength of shaking
and MS indicates the area that might be affected by strong ground motion. In
earthquake engineering practice, it is customarily assumed that two
earthquakes having the same magnitude will have similar characteristics,
including ground shaking, other things being equal; but it should be kept in
mind that other things (tectonic setting, depth of rupture, rock type, fault

mechanism, rate of activity, etc.) are seldom entirely equal.

The adequacy of seismological data for purposes of design depends upon having
sufficient earthquakes in the historical record, with magnitudes and locations
determined, so that large magnitude events are also included. For example, if
the data include only earthquakes having My < 5 the probability distribution
for large earthquakes would not be defined and it would be of questionable
reliability to extrapolate to the probability of earthquakes M, > 8. Lacking
sufficient data to define a probability distribution, it is customary in U.S.
practice to assume a distribution for magnitudes that is consistent with the
seismic history of California, even though this introduces a degree of

uncertainty.

In the less seismic regions of the U.S., the seismological data are relatively
few and are typically of poor quality. For example, in the eastern part of
the country the available historical information on damaging earthquakes
seldom includes the instrumentally determined local magnitude of the event but
instead gives Modified Mercalli Intensity (MMI) numerals. The MMI index
provides information of a lower quality than the magnitude, not only because
it is based on personal observations of earthquake effects instead of
instrumental records, but also because the actual interpretation is often

unreliable.

GEOLOGICAL DATA

The seismic history of the United States, about one to three hundred years
depending on location, is a relatively short time for assessing the frequency
of earthquake occurrence. For reliable statistical studies to be made, the

duration of the seismic history should be long compared to the average time
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between large earthquakes, a time which appears to range from as short as

about one hundred years to several thousand years, depending on the degree of
activity of the region. For example, major earthquakes away from continental
margins, such as have occurred in central China and the central United States,

appear to have the longest recurrence intervals.

The relatively short-time information provided by seismological history can be
supplemented by geological information about long-time tectonic processes that
are measured in thousands or hundreds of thousands of years. For example,
faults that can be identified as having experienced slip during the past
hundreds, thousands, or tens of thousands of years provide information about
the seismic hazard of a region, but it is a difficult scientific problem to

quantify this information.

In the best cases, the geological evidence will be sufficient to establish the
length over which a fault has ruptured, the amount of cumulative fault
displacement, and information about the period of time over which the
movements have taken place. 1In addition, it is sometimes possible to make
inferences concerning whether the fault has moved once, a few times, or many
times during its active history. For faults that are active up to the
present, geological data such as this can be used to help estimate the
magnitudes and frequency of occurrence of earthquakes that may reasonably be
expected in the future. It is equally useful if the geological data can be
used to rule out the expectation of a specific fault generating an earthquake,
which is an extremely important point for faults that may traverse or pass
near the site of a critical facility and could pose a hazard both from shaking
and fault displacement. If it can be demonstrated that the near surface
geological materials are undisturbed, this is conclusive evidence that the
fault has not ruptured (and thereby generated an earthquake) since the
formation of the oldest undisturbed material. Depending on the age of
material and the critical nature of the facility under design, the lack of
movement over an established number of years may eliminate the fault from
further consideration in formulating the design criteria. For most ordinary
construction, a fault that has not moved in Holocene times (the last 11,000
years) can be considered inactive, whereas for the design of nuclear plants,

it has been ruled that a fault that has moved once in the last 35,000 years or
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more than once in the last 500,000 years must be considered as a possible

source of future earthquakes.

Depending on the geological data and the judgment of the geologist, various
procedures have been employed to interpret the seismic hazard posed by a given
fault. The crudest approach is that which simply assigns a maximum size to
the earthquake that the fault can generate. This earthquake is variously
known as the Maximum Capable Earthquake, Maximum Credible Earthquake, Safe
Shutdown Earthquake, Contingency Level Earthquake, etc. For example, a fault
whose discernible length is approximately 40 miles might be assigned a Maximum
Capable Earthquake (MCE) of M, = 7, or one with a discernible length of 15
miles might be assigned a MCE of M, = 6.5, The MCE represents a "worst case"”
situation and by itself is not a very informative number, for it does not
distinguish between a fault that will have events of the approximate size of
the MCE once per 200 years and one for which the return period is once in
500,000 years, even though this information would be very important to

engineers preparing seismic design criteria.

SEISMOLOGICAL AND GEOLOGICAL INFORMATION REQUIRED FOR DESIGN

Geological and seismological consultant should address the question of
probability of occurrence. A report that merely states "the recommended
design earthquake is a Magnitude MS = 7.5 at a distance of 20 km," 1is
incomplete because it gives no indication of the frequency of occurrence of
the earthquake. 1In addition, the geoscientist has made a decision about
engineering design which is outside his area of competence. The expertise of
geological and seismological consultants is related to geologic and seismic
hazards, and their reports should describe the possible earthquakes together
with estimates of probability of occurrence, or the possible intensity of
ground shaking together with its estimated probability of occurrence. The
incorportion of the information into the design criteria should be the
responsibility of persons who understand engineering design and the
performance of structures, and who can balance the hazard posed by earthquakes

with that posed by other problems such as flooding and extreme winds.
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A seismological report on a site will usually contain an estimate of the
frequency of occurrence of earthquakes within a specified region. For a
large, relatively seismic, region, such as the state of California, a rather
good estimate can be made because of the large number of historical

earthquakes.

For smaller regions within California, or less seismic regions, the historical
record of earthquakes may contain so few events that estimates will be
unreliable. Usually it is assumed that the distribution of earthquakes of
various magnitudes within a region is similar to the distribution for
California, and the California distribution is scaled to fit the historical
record of the region. This might be described in the report by saying that N
earthquakes of magnitude M, or greater, are expected in a 100 year period, and
this would be sufficient for constructing the frequency distribution. For
some region of low seismicity it can be assumed that the probability of
occurrence of very large earthquakes is negligibly small, but for other
regions it may not be easy to decide whether or not the probability is
negligible.

Strong motion accelerograms recorded in the past illustrate the kind of ground
motions to be expected in the future, and the ground motion to be considered
in the design can be described by three components of ground acceleration
which are consistent with recorded accelerograms. The recommendations of an
earthquake consultant should, preferably, present ground accelerations in the
form of appropriate recorded accelerograms from particular earthquakes, or
synthesized accelerograms that have appropriate intensity, duration, and

frequency characteristics.

The frequency of occurrence of strong shaking can be specified using the
return period which is the average time between earthquake motions of a
specified strength or greater. The probability of an occurrence in any one
year for an event with a return period R is 1/R, and this can be used to
calculate the probability of the occurrence in a longer period of time. For
example, the probability of experiencing the shaking with a return period of
100 years in a given 100 year period is found by considering the probability
of having at least one such shaking, and the probability of going through the
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entire 100 years without experiencing the event. These two probabilities
cover all possibilities and must therefore add to unity, and since the
probability of escaping the 100 year earthquake in one year is 0.99, and for
two years is (0.99) (0.99), etc., we have the equation

= 71— 100 _
Pioo =1 (0.99) = 0.63

where PIOO is the probability of occurrence of one or more ground motions with
an average return period of 100 years, in a given 100-year period. With a 37%

probability (that is, 0.99100 =

«37) of not having an earthquake, Piop = 0-63,
i.e., there is a 63% chance of experiencing the 100-year event in a given 100-

year period (some 100 year periods may experience 2 or 3 such events).

Often the intensity of ground shaking is described by giving a value of peak
acceleration, but by itself this is an ambiguous and oversimplified
description, for two ground motions having the same peak acceleration can have
appreciably different intensities so far as structural response is

concerned. (See the accompanying figures). A related problem occurs when the
seismologist or geotechnical consultant describes the ground motion by

recommending a smooth “"design spectrum,"” often tied to an estimate of the peak
ground acceleration or an “"effective acceleration.” To take these concepts
literally is a mistake. A "design spectrum” is not the same as a response
spectrum of actual ground motion or a smoothed "average spectrum,” and it is
preceisely this difference that involves engineering judgment. In addition,

"

there is not yet a clear, accepted definition of "effective acceleration.”
The concept arises because of the poor correlation between peak acceleration

and the actual response of structures.

The key step in setting the earthquake design criteria is fixing the level of
a smooth design spectrum. The relation of the design spectrum to the response
spectra of the expected motions of the design earthquake, or earthquakes,
depends on the probability of occurrence of the events under consideration and
the degree of conservatism needed for the project. If the structure to be
designed is highly ductile and ductile response is acceptable, the design
criteria can be set at a significantly lower level than the response spectra

of the expected motions. On the other hand, where essentially linear response
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Ratings of accelerogram strength by different measurements of the
intensity of shaking. The measurements of intensity used are explained in the
text. No single-parameter measure of strength of shaking has proved
completely satisfactory; measuring strength by peak acceleration, though
commonly used, is not entirely satisfactory.
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and a high degree of conservatism are required, the design spectrum may be set
well above the response spectra of the expected motions. In most major
projects, the appropriate level of conservation is determined in a pluralistic
manner with inputs from the owner, concerned regulatory agencies, earthquake

engineers and geoscientists.
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Seismic Hazard Studies, Anchorage, Alaska

by
A. F. Espinosa, H. R. Schmoll, S. R. Brockman, L. A. Yehle,
Je. Ko Odum, J. A. Michael, and K. S. Rukstales
U. S. Geological Survey

Office of Earthquakes, Volcanoes, and Engineering
Denver, Colorado 80225

SUMMARY

The project "Seismic Hazard Studies, Anchorage, Alaska,” encompasses the
entire Municipality of Anchorage as well as some surrounding areas. In order
to quantify the seismic hazards of this area a series of ground-shaking maps
and surficial geologic maps of Anchorage and vicinity are being drawn. One of
the specific objectives in this project is to determine the nature and
variability of ground shaking in the region and to learn how the changes of
the geological environment affect the seismic signatures in this region. At
present there are only a few limited studies on attenuation relations
available for strong- and for weak-levels of ground motion in Alaska.
Attenuation curves are being developed for intensity from an edited version of
the existing data base. The problem of seismic amplification effects of
short-period waves is being investigated for this region. A shallow
reflection survey will be carried out in order to ascertain the location of
the major discontinuities and to identify the possible existence of two
Quaternary faults in the Anchorage area. Several other tasks are part of the
overall objectives of this program. (a) A damage evaluation in the city of
Anchorage, sustained from the 1964 Good Friday earthquake, is in progress.
This information and local surficial geological data are planned to be used in
order to ascertain any existing correlation between damage and geologic

conditions in the area. (b) In order to obtain strong ground-motion
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recordings, eight portable accelerograph systems have been deployed in the
region. All available strong ground-motion recordings which have been
obtained in the area have been digitized. (c) Geological mapping at 1:63,360
and at 1:25,000 scales, begun under previous projects, is in process of
completion. In addition, a subsurface mapping program is under way, beginning
with the construction of several geological cross sections through

metropolitan Anchorage.

A deep geotechnical borehole, thus far extending to 232 meters in depth, is
devoted to obtaining lithological and geotechnical information for vertical
control., This control will be used to calibrate the subsurface geological
cross sections. The data obtained from this phase of the project are also
being used to construct a distribution model for physical parameters in order
to evaluate theoretically the expected levels of ground motion in the near
field. It is also contemplated to deploy a downhole triaxial short-period
seismometer system extending from the surface to a depth sufficient that
crystalline rock may be found. Several other efforts consist of cooperative
endeavors with the Trans Alaska Crustal Transect program, the Alaska Seismic
Studies project, the Alaska Division of Geological and Geophysical Surveys,
and the Geophysical Institute of the University of Alaska in Fairbanks,

Alaska.
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SEISMICITY STUDIES

A set of maﬁs showing seismicity of the Arctic and adjoining regions was
released as part of an effort to gain an understanding, from the global-
framework point of view, of the distribution of earthquake epicenters with
magnitudes equal to or greater than 4.5 that have been located instrumentally
in the 1960-1983 period of time. The set includes 12 Lambert equal area
projections depicting earthquake hypocenters as functions of magnitude and of
depth categories. Figure 1 portrays an example of such a map. In this map

one can see very clearly areas of seismic quiescence.

1960-1983 m=4.5

Figure 1.— Seismicity of the Arctic and Adjoining Regions for earthquake epicenters located
instrumentally from 1960 through 1983, with magnitudes (my, or M,) equal to and greater
than 4.5. |After “Seismicity of the Arctic and Adjoining Regions, 1960-1983", by A. F.
Espinosa and J. A. Michael, USGS-OFR-MAP-84-376, 1984].
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A similar set of maps, showing seismicity of Alaska and the Aleutian Islands,
was released as part of an effort to gain an understanding, from the regional-
framework point of view, of the distribution of earthquake epicenters with
magnitudes equal to or greater than 4.5 that have been located instrumentally
from 1960 through 1983, An edited seismic data-base magnetic tape has been
assembled for Alaska. This set consists of 11 Modified-Stereographic
Conformal Projection maps at a 1:12,500,000 scale, each depicting earthquake
hypocenters for a given magnitude range and for a given depth-of-focus

range. Figure 2 portrays an example of such a map. In this map one can see

very clearly areas of seismic quiescence.

m
4

1960-1983
m = 4.5 (mp or My)

Figure 2.— Seismicity of Alaska and the Aleutian Islands for earthquake epicenters located
instrumentally from 1960 through 1983, with magnitudes (m;, or M,) equal to and greater
than 4.5. [After “Seismicity of Alaska and the Aleutian Islands, 1960-1983”, by A. F.
Espinosa, USGS-OFR-MAP-84-855, 1984).
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Other seismicity studies of the region which could affect Anchorage and
vicinity are in progress. In figure 3, the left map shows all earthquakes
which have been located from 1900 through 1984 and the right map shows only
earthquakes for which a magnitude has been computed in the same period of
time. On each map box 1 outlines the general area, and boxes 2, 3, and 4 are

used in an effort to gain an understanding, from the local seismicity

framework point of view, of the distribution of earthquake epicenters in the
region. Some of the eplcenters, located from the high—-gain short-period
selsmic network data collected by the Alaska Seismic Studies Project, are
being used in a comparative seismicity study of the regions shown as boxes 3
and 4. Figure 4 1llustrates selected time and magnitude studies categorized

according to the 4 boxed areas outlined in figure 3.

‘7o°w T |$0° - lilg 8 |%° — 170°W T 'l‘,o" T 150° i |4\0° T
70° - 70%— o)
./lf‘J/\P.:.’L“"l,_ i A N Vq}f, /r,d \‘\'kﬁ,,-\_r_ L {)/
N {_f Events with Assigned | - 1.
\ g Magnitudes

60°

“ 7 1900-1984
All Events

ssof .

1900-1984

Figure 3.— Regional and local seismicity of Alaska for earthquake epicenters located from
1900 through 1984; left: all earthquakes located, and on the right: earthquakes for which
there is an assigned magnitude. Boxes 1, 2, 3, and 4 are used to study the spatial distribution
of seismicity and for comparative studies.
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Figure 4.— Examples of some of the time and magnitude seismicity studies being done for
the region. Box identifications refer to spatial seismicity distribution shown in the previous
figure.
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GEOMETRY OF A SUBDUCTION ZONE

A technique has been developed to map in three dimensions the geometry and
attitude of the lithospheric Pacific plate as it collides with the North
American plate and subducts. Such a 3-D visual display of how the mean—
surface of the lithospheric Pacific plate behaves is achieved by using the
instrumentally determined hypocenters for the region. The data bank used
contains teleseismic instrument—-determined hypocenters for earthquakes with
magnitudes (mb or MS) equal to and greater than 4.5, from the years 1960
through 1984, from the map "Seismicity of Alaska and the Aleutian Islands,”
discussed in the preceding section. The resultng image yields a visual
display of what could be considered a three-dimensional representation of a

subducting plate based on seismological data for a given geographic region.

In composite figure 5 the upper part portrays a map of Alaska and adjoining
regions as viewed at an angle of inclination of 20° from the higher latitudes
(about 75° N.). Within this map a rectangular box is connected by vertical
dashed lines to the lower part of the figure which contains 3-D displays of
the mean-surface of the lithospheric Pacific plate. The intervening section,
second from the top, shows the location of volcanoes in the region that have
been active in Holocene time. The two most recently active volcanoes are

identified by their names and the dates of the last activity.

The 3-D display portrays the direction of the Pacific plate motion by arrows
and that of the North American plate by a large arrow labeled N. A. P. The
Pacific plate subducts under the North American plate in Canada, Alaska, and

in the Aleutian Islands region. This 3-D figure shows the contortion that the
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Pacific plate (average thickness 50 km) is undergoing as it collides with the
North American plate. It also shows an elbow or bend of the subducting plate
with a north, slightly eastward, direction (under Canada) penetrating to a

depth of about 50 km.
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Figure 5.— A technique has been developed to map a plate subduction zone using the data-
base from the “Seismicity of Alaska and the Aleutian Islands” map. A representation in
three dimensions of the shape of the Lithospheric Pacific Plate as it subducts underneath
the North American Plate is shown in this figure.
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INTENSITY ATTENUATION STUDIES

The intensity data file in magnetic tape format has undergone an extensive
editing process which has taken nearly one and a half years.- From this data-—
base we have been able to construct the Modified Mercalli Intensity
distribution for 14 earthquakes which have occurred in Alaska. An example is
shown in figure 7, following page. Some of the isoseismal maps published

earlier have been reviewed and revised.

The isoseismals for all the earthquakes occurring in Alaska have been
digitized and are being used to determine some of the source parameters. This
data—base 1is also being used to determine empirically the intensity

attenuation for each of the earthquakes under study (fig. 6).

. - —
- v“l- T T T T ' T T T T I L] T T T I_
March 28, 1964 ]
vit 4
-
= Vi -
1 £
= v i
1 %
£ W i
. ]
t
= m .
\'\ -1
N . np . e -
~
\\
] T | P SN SO VS PSS Sl Y | |-...|....|4;L. i
0 500 1000 1500 2000 0 500 1000 1500
Distance, km Distance, km

Figure 6.— Modified Mercalli intensity ratings as a function of epicentral distance for two
earthquakes in Alaska. The dashed-line represents a univariate regression least squares fit
to the observed data. The middle curve, from the three curves shown, represents the best -
fit to the observed data by a process being developed and tested.
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Figure 7.— Modified Mercalli intensity distribution for the earthquakes of August 18, 1962,
and February 28, 1979. Numbers indicate the ratings assigned to each of the questionnaires
and the solid star represents the epicenter of the event.
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DAMAGE EVALUATION

A damage evaluation for the city of Anchorage is in preparation from a damage
data survey performed after the 1964 earthquake. A total of 680
questionnaires were obtained in an east-west traverse along 15th Avenue and
DeBarr Avenue in Anchorage. This information and local surficial geological
data are planned to be used in order to evaluate transfer—-function
amplification curves in the area and to ascertain any existing correlation

between damage and geologic conditions.

A preliminary result shows that 44 percent of the houses built on outwash
gravel, 47 percent of the houses built on alluvial fans, and 50 percent of the
houses built on ice contact deposits sustained damage. The area covered by
the damage survey is shown in the uppér part of figure 8. The geological
cross section portrays subsurface conditions beneath the area of the damage
survey. Strong-motion instruments have been deployed along this strip since
July, 1984; their locations are shown as solid triangles on figure 8. A
portable digital seismograph system will be deployed along this same strip for
a period of two months; the planned locations for these instruments are shown

on figure 8 as solid squares.
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GEOLOGIC MAPPING

Mapping aspects of the project may be divided into four phases: (1) surficial
geology mapping at 1:63,360 scale; (2) geologic mapping at 1:25,000 scale; (3)
subsurface mapping at 1:25,000 and (or) smaller scales, and (4) other efforts.
In the discussions that follow, reference is made to map areas identified on
figure 9 by circled number.

1. The surficial geology mapping of what is now the entire Municipality of
Anchorage was begun under a previous project; it then comprised the area
of the Greater Anchorage Area Borough (Schmoll, workshop volume). This
mapping was originally conceived as being published in three sheets,
each comprising about four standard 15' topographic quadrangles, and
covering respectively the northeastern (fig. 9, area 1), southeastern
(fig. 9, area 2) , and western (fig. 9, areas 3-6) parts of the roughly
triangular shaped Borough area. Because the western sheet has now been
superseded by more.modern, larger scale quadrangle maps, surficial
geology mapping of most of this sheet will be converted to the larger
scale and be incorporated into phase two. Consequently, the original
mapping will now be issued as the northeastern and southeastern sheets,
with the part of the western shegt not covered by larger scale maps
(fig. 9, area 3), mainly the Anchorage A~7 quadrangle, issued
separately. As an adjunct to this mapping, and to extend the concepts
of the folio series of environmental geology maps, previously published
for most of the metropolitan area, to the rest of the Municipality, a
single geologic materials map of the entire Municipality 1is being

prepared on the original three sheet basis at 1:63,360 scale.
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2. The newer 1:25,000-scale topographic quadrangle maps cover most of the

3. In

metropolitan area of the Municipality, including the part that extends
northeast along Knik Arm to about Eklutna. Bedrock mapping in this area
is presently in progress (fig. 9, area 4) or planned (fig. 9, area 5) by
R. G. Updike and C. A. Ulery of the Alaska Division of Geological and
Geophysical Surveys. This new mapping will be combined with the
surficial geologic mapping noted above, to be upgraded to standards of
the larger scale, to produce a series of about 8 geologic quadrangle
maps. In a&dition, the long promised geologic maps for the rest of the
metropolitan area, covered by the generalized map in the folio series
(discussed in Schmoll, workshop volume), will be converted to about 6
additional quadrangle maps (fig. 9, area 6).

a later phase of the project, after development of a number of sub-
surface geologic cross sections through the lowland parts of the metro-
politan area, it is planned to produce a map portraying subsurface
conditions. If possible this map will portray conditions extending from
the surface down to the “"basement” complex of metamorphic and igneous rocks
that occur at the surface in the foothills bordering the east side of the
metropolitan area, but that is buried as deep as 3,500 m at the west end of
the area. The map will encompass parts of areas 5 and 6 shown in figure
9. Although a scheme for developing this map has been proposed, the
feasibility of this scheme has yet to be established, and many of the
details, including the level of interpolation that can be achieved from
existing and newly acquired data, remain to be placed in a realistic

format.

4. Other efforts, presently non—-funded, may be devoted to completion of geologic

mappng west of Anchorage (fig. 9, area 7), an area likely to be the site of
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considerably expanded development in the near future.

GEQTECHNICAL DRILLING

This phase of the project is devoted to the acquisition of new data to supplement
what is already available from existing drilling, mainly in the form of water-
well logs. Because much of that data is of limited quality and shallow in depth,
it is desirable to obtain additional high-quality data at carefully chosen sites
to fill in critical gaps in existing subsurface knowledge. In 1984, the first
hole was drilled and selectively sampled, in part as an experiment to ascertain
the feasibility of undertaking such drilling at reasonable cost, and to expand
existing experience in this activity acquired in drilling through similar rocks
in the area west of Anchorage. The initial hole reached 232 m at a cost of
$15,000, with limited but critical coring of the relatively soft Tertiary rock
that underlies the unconsolidated Quaternary deposits beginning at a depth of
about 155 m at the drill site. While this experiment was regarded as generally
successful, further techniques need to be developed for obtaining better samples
of the coarse-grained, nonhomogeneous Quaternary deposits ghich do not yield

readily to conventional sampling or coring methods.
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COOPERATION WITH THE TACT PROGRAM

As an adjunct to the main thrust of the project, selected activities have been
undertaken in cooperation with the Trans Alaska Crustal Transect program. Thisg
work may be divided into two phases: (1) observation and sampling of cuttings
obtained from the drilling of seismic shot holes; and (2) contributions to
geologic mapping. |

1. Mainly because of previous knowledge and the continued interest in the
Quaternary glacial and volcanic deposits of the Copper River Basin,
opportunity was taken to observe the drilling through these materials done
in conjunction with TACT seismic lines. In 1984 operations at 16 drill
sites were monitored, and a technical report was released on the observed
results. A similar but more limited activity was conducted in 1985.

2. Also because of familiarity with the region, and the existence of unpublished
geologic mapping in the files of project personnel, contributions have been
made to the mapping of the Gulkana B-1 quadrangle, part of the swath of
detailed geologic mapping across the Copper River basin and adjacent
Wrangell Mountains undertaken in conjunction with the TACT program.
Existing mapping, mainly in glacial and volcaniclastic deposits, was
revised photogrammetrically, and brief field investigations to visit sites
of uncertain identity on the basis of the photointepretation, were

undertaken in 1984. The revised mapping has been prepared for publication.
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EARTHQUAKE DAMAGE -- 1964 LESSONS LEARNED AND RELEARNED

by

Karl V. Steinbrugge
Structural Engineer
El Cerrito, California 94530

INTRODUCTION

The great Alaskan Earthquake of 1964 taught new lessons as well as repeated
those learned from previous earthquakes and reobserved in subsequent ones.
Perhaps "lessons learned" is too strong for all members of the design
professions. It appears that a few of the concepts have not been well
understood and/or applied in view of damage to some more recently constructed
buildings.

In a setting such as this workshop it seems important to review several of the
more important of these Alaskan lessons. The selected topics are based on
personal knowledge from the field inspections and studies made by the author
after the 1964 event. The intent is to raise questions for thought and

discussion, and not necessarily solutions to specific problems.

ENSITY —- USE AND MISUSE

Modified Mercalli intensities usually provide major inputs for studies of
aggregate damage and potential life loss such as those developed for
governmental vulnerability studies. Also, there are engineers and scientists
who relate intensities taken from isoseismal maps to damage and to acceleration,
sometime interpolating intensities to obtain building design values to 2 or 3

significant figures. In some instances, undue faith may be placed on isoseismal

maps.

5
178 [N - - WP PN



Figure 1 shows a snowman in the Turnagain section of Anchorage and quite close
to a major landslide. The snowman survived the earthquake as did all wood frame
dwellings beyond the landslide area. What is the intensity? Figure 2 shows the
interior of a one story store across the street from the Uth Avenue landslide.

A globe turned over, several items fell on the floor, and some shifted -- the
author entered the store along with the owner upon his first return after the
earthquake. What is the intensity? Compare this with Figures 3, 4, and 5.

(For locations of these structures with respect to landslides and to each other,
see map in pocket in Steinbrugge, et al, 1967.) These comparisons are not

isolated instances.

The explanation for these field observations relates to the type of ground
motion generally experienced in Anchorage. The predominant motion was about 0.5
seconds, thereby accentuating damage to taller structures which have longer

natural periods.

No intensity map was drawn for Anchorage (Cloud, et al, 1967). Cloud states
"The results of bringing together long- and short- period effects are not
serious when attempting to rate moderate earthquakes. However, results are
striking when attempting to rate major events, such as the Prince William Sound
Earthquake, due to the greatly increased proportion of long-period effects to
short-period effects. Effects in Anchorage, Alaska, offer a classic example....
The U.S. Coast and Geodetic Survey's solution to this problem was to assign a

range of intensities rather than a single intensity..... "

This is not unique to Anchorage. For different soil conditions, earthquake
magnitudes, distances from seismic energy release regions, and other parameters,
isoseismal maps are not given in detail for the heaviest shaken areas -- see
similarly prepared maps for 1952 Kern County (California), 1959 Hebgen Lake
(Montana), and 1971 San Fernando (California).

This is not to say that isoseismal maps are useless =-- far from it. Analysis

applied in the context of the source data, that is, to the reports of effects on

specific structures at specific sites are very useful when extrapolation for
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vulnerability purposes to other regions. However, numerical quantities assigned

to isoseismal lines rather than to back-up data have very large uncertanties.

One misuse of intensity involves circular reasoning. A design professional may
write to a building owner that the designed building will withstand an Intensity
VIII earthquake. Modified Mercalli Intensity VIII states "Damage slight in
specially designed structures...." After the event and if the structure were
to be damaged similar to that shown in Figures 3, 4, and 5, then the designer
could assert that the damage was "due to an Intensity IX" as defined by him, the
most knowledgeable person on the structure. Yet all around the damaged
structure may be differently designed undamaged structures, meeting the same

building code. More will be said of this in later paragraphs on "Redundancy".

DAMAGE CONTROL AND LIFE SAFETY

The intent of earthquake resistive design as required by building codes is to
protect life, and is only partially directed towards damage control. (There are
certain exceptions, notably the code provisions for hospitals in California

constructed since 1972.)

The basic philosophy behind the seismic provisions of most American building
codes appears in the commentary on the fourth edition of the "Recommended
Lateral Force Requirements™ by the Seismology Committee of the Structural
Engineers Association of California (1975). This publication states that the
code intends buildings to "Resist major earthquakes of the intensity of severity
of the strongest experienced in California, without collapse, with some
structural as well as nonstructural damage." It goes on to state "In most
structures it is expected that structural damage, even in a major earthquake,
could be limited to repairable damage." By using certain types of flexible, but
safe framing systems in certain occupancies, such as hotels, it is quite
possible for a structure to suffer 50% property loss without serious structural
damage.
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Life was not lost in the buildings shown in Figures 3 and 4 and one can state
that the intent of the code was met. Certainly, none of us can quarrel with the

need for life safety, and this goal seems to be increasingly achievable.

The cost to repair the Mt. McKinley Building (Figure 3) was 40% of its
replacement value and 30% for the 1200 "L" Building (Figure 4). Neither of
these structures were functional (occupied) for a long period of time. Does the
average design professional understand the code philosophy and is he willing to
be named on the drawings for a building which may not be functional for many
months? Does the owner understand this risk? Do disaster response planners

rely on all modern earthquake resistive buildings to remaining functional?

REDUNDANCY

All buildings meeting the lateral force requirements may be code-equal but not
necessarily truly equal. Certain structural types have redundancies inherent to
them. As time goes on, some of these redundancies are eliminated by research
which indicates that the redundancy is an extra cost which can be saved using
new methods or material assemblies. Cost saving is normally true, but
equivalent safety may not be true. Often the framers of building code
provisions had in mind the kinds of construction then current, and could not
have fully anticipate the future. Design forces, allowable stresses, minimums,
and other judgment-determined factors are often in these unstated contexts and

not understood by the researchers.

It is not the point to continue a long standing debate on equivalence vs.
adequacy for code purposes, but rather to show the lessons learned in 1964 and

repeated elsewhere,

Figures 3 and 4 are of poured-in-place reinforced concrete structures which were
well designed and constructed for their era, not unlike many hundreds of other
buildings in western United States. Both were structurally very similar. Each
had one wall completely sheared in a lower story; each wall was both a shear
wall and a bearing wall. The fracture was complete and an air gap separated the

upper portion from the lower portion. Certainly, there was redundancy in the
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load carrying systems. Compare these with Figures 5 and 6.

Perhaps classic for redundancy were the multistory steel frame buildings in San
Francisco at the time of the 1906 shock. None were designed to be earthquake
resistive., All steel framing was encased in concrete for fire protection
reasons, thereby giving significant uncounted lateral force resistance through
composite action., All these steel frames survived excellently without the
benefit of our modern design and construction concepts. A number of these

buildings are still in use.

Inherent redundancy is often much less in precast concrete buildings due to
connection difficulties. The designer may compensate for this, unless he
believes that redundancy is unnecessary or he fully believes that the code is
adequate in all cases, Quite evidently this can be a decision by the designer

and yet meet the code.

Only a partial comparison can be made between poured-in-place and precast
concrete in Anchorage. A total of 20 buildings with precast concrete tee-beam
floors and roofs were examined by the author after 1964, although perhaps as
many as 26 may have existed. A review of known performance shows that the
largest completely undamaged building had a roof diaphragm area of 6500 square
feet, which certainly is not large. Four collapsed or partially collapsed.
While in some cases the damage can be attributed to the supporting hollow
concrete block or other reasons, these same factors were involved with lighter
material roofs and floors which were not damaged. It must be remembered that
the low rigid one and two story buildings outside of the landslide area were
almost always unaffected by the 0.5 second predominant ground motion, and

precast stand out by contrast.

I have no quarrel with precast concrete; I do believe that the construction
industry and design professionals continue to need a better understanding of

this product.

Redundancy may also be viewed by type of failure. Shear walls failing in shear
or by shifting along a cold joint usually does not cause collapse. Figures 7,

8, and 9 show movements along cold joints or x-crack failures, whereas shear
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wall failures due to concrete splitting and turning over can be catastrophic as
shown in Figure 5. While no design professional wishes to contemplate the
failure of his design, many experienced designers consider the value of

redundancy or its equivalent should the unthinkable occur.

WORKMANSHIP

Workmanship is a perennial problem throughout the world. It has been observed
that shop workmanship is often better than field workmanship for a variety of
reasons, including the better opportunity for inspection as well as working

conditions.

Certain materials which are handled by individual workmen or very few persons
and which may be quickly covered have been troublesome in the field. Falling
into this category are unit masonry types such as hollow concrete block. Figure

10 is one such example found in Anchorage.

Figure 11 shows a problem at a cold joint in an otherwise monolithic reinforced
concrete wall in Anchorage. The aggregate along the cold Joint acted as ball

bearings. Figures 7 and 8 also exhibit poor workmanship.
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RECENT AND ANTICIPATED CHANGES IN UTILIZATION
OF EARTHQUAKE HAZARD INFORMATION FOR SITING
CONSIDERATIONS; ANCHORAGE, ALASKA
by
Barbara J. Sheinberg
Geologist;

Assoclate Planner,

Anchorage, Alaska

BACKGROUND

The title of this plenary session is '"Current Alaskan Urban Development Which
Requires Consideration of Earthquake Hazards - Siting Considerations for New
Construction". This paper and discussion will focus on the historic absence
in the use of siting considerations relative to earthquake hazards in the
Municipality of Anchorage, Alaska and recent program changes attempting to
address and remedy this situation. The reasons for recent program changes
will be emphasized with recommendations and responsibilities assigned
regarding how these changes have been accomplished. Technical information
about earthquake hazards in Anchorage has existed for years. The data is
continually being refined, but has been available for years in a complete
enough form to meaningfully address siting considerations. 1In addition,
articulate public policy towards utilizing earthquake hazard information in
siting conditions has not recently changed. Key factors that have recently

changed have been:

1. Recent rapid area population growth that has fueled pressure for land
development in all city areas including on seismically hazardous

lands (Figure One),

2. Increased awareness and understanding on the part of key decision

makers about environmental processes and hazards, and
3. More effective communication on this matter between both

scientists/technicians and government bureaucrats and within the

bureaucratic structure itself.
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These factors have resulted in recent Anchorage program changes including

proposals for and actions toward:

1.

Adoption of geotechnical site investigation requirements as local

amendments to the Uniform Building Code (Municipal Title 23),

Initiation by the Municipality’s Community Planning Department of an
earthquake safety study (with anticipated end results of municipal

plan and code changes).
The four study phases are:

a. Synthesis of seismicity and geotechnical hazard data to result in
a contour map showing annual probability of exceeding (for

example) 0.1, 1.0, 10 feet of ground displacement.

b. A damage and risk evaluation including an inventory of
Anchorage’s existing to earthquake hazards in terms of dollars

and lives at risk.

c. Review of alternative hazard mitigation and reduction scenarious,
to include evaluation of the costs and benefits of each to both
the community and individuals. Resultant determination of

community’s acceptable level of risk.

d. Translating results of Phase C above into recommended land use,
building code and siting changes and implementation of these

changes.

Adoption of an interim municipal review procedure (until earthquake
safety study is completed and implemented) for all development
proposals on land in Anchorage’s most vulnerable earthquake hazard
areas. Review and comment will be by Municipality’s Geotechnical

Advisory Commission,

Increased reliance by decision making bodies in Municipality on

comments and advise of Geotechnical Advisory Commission.
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IMPROVING TSUNAMI PREPAREDNESS IN ALASKA
by
George W. Carte'
Alaska Tsunami Warning Center

Palmer, Alaska 99645

INTRODUCTION

Before I can discuss improving tsunami preparedness in Alaska I will first
address the degree of preparedness as I have observed it. Most communities
under 600 population are not well prepared (Carte] 1984). Many of these same
communities have the highest percentage of land in the potential tsunami hazard
zone below 100 foot elevation. This evaluation is based on six factors:
communications, written plan, public warning devices, local response agencies,
evacuation sites, and availability of emergency equipment and services.
Although improvements are suggested in every factor, I believe communications

and written plans are most important and most lacking.

Some communities have planned development based on past experience o<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>