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» PREFACE

The purpose of this report is to provide the Federal
Emergency Management Agency, the State of Alaska, and local
Municipalities with a rational basis for planning earthuake
and tsQnami relief and recovery operations in southcentral
-A1aska. The maps, tables, and other data in &his report have
been prepared for this purpose only. Applicatién of the
material in this report to other types of analysis should be
undertaken with Caré, and due attention should be givén to
the limitations and restrictionsVDTaced on the data and

conc]usions stated.




INTRODUCTION

The purpose of this report is to provide essent1a1 data .
needed by disaster response agencies for their pre- d1saster ~
planning for a major damaging earthquake/tsunami for -
southcentral Alaska primarily in thevpopulous Anchorage
Municipality.. The Federal Emergency Management Agency
recognizing the need for pre-disaster planning entered into
an agreement with the State of Alaska, Department of Military
Affairs, Division of Emergency Services to undertake this
study in area described above with special emphasis on
estimating the ‘damages to the Anchorage Municipality since it
contains the majority of the States' population. Anchorage
in its urban env1ronment, is much more dependent upon the
infrastructure than is rural Alaska. Primary attention has
 been placed on the damage to winter survival Tifelines of the
Jinfrastructure such as electric power and natural gas.
Facilities cr1t1ca1 to disaster relief and recovery have also
been given a great deal of emphasis.

The objectives, scope, and format of this report are similar
tb thé NOAA reports, "A Study of Earthquake Losses in the San
Francisco Bay Area," 1972, "A Study of Earthquake Losses in
the Los Angeles, California Area,™ 1973, and USGS's report,

"A Study of Earthquake Losses in the Puget Sound Washington

Area," 1975.

The methodologies used in the aforementioned reports have
also been used in this southcentral Alaska report, except
that some of them have been revised to fit the Alaskan
situation. The supporting details for some of the methodol-
ogies described in the preceeding studies have not been
repeated in this report.
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STATEMENT OF THE PROBLEM

The purpose of this study was to estiméte the amount of damage to
critical facilities (hospitals/clinics) within the Municipality of
Anchorage, which might be expected to occur during potential earthquakes
along the Tocal fault systems. The seismicity of the Anchorage region,

and the fault systems which can most seriously affect the area will be

described later herein.

The study was divided into three areas of data collection and analysis:

0 Seismic parameters related to potential ground shaking within

the Municipality

0 Structural and occupant data.of the critical facilities

(hospitals/clinics)

) Assessment of budeing'damage, and deaths and injuries associated
with potential seismic activity and the structural integrity

and occupant Toad of the critical facilities.

DATA COLLECTION AND LIMITATIONS

The seismic assessment of the area was performed by combining the
results of several seismic investigations performed for various sites

within the Municipality, and coupling this information with the pub]ishéd

Titerature specific to Southcentral Alaska.



Building and occupancy data was co]]ecfed from varijous sources, some of

which included: 6rigina1 drawings and specifications of the major

facilities, hospital and clinic staff and patient records, walk-through
inspections of the faci]ities, and on-site interviews with personnel of

the facilities. Where information regarding support staff and patient/visitor
Toad was not available, estimateés were made based on "typical" data

obtained at similar facilities.

The assessments of potential bUi]ding_damage, and deaths and injuries
related to hospitals and clinics were based on the Jjudgement of the
experienced structural engineers who performed the plan review and walk-
through 1nspectidn of the major facilities, and on statistical summaries
of these parémeters recorded for major earthquakes which have occurred

in the past within populated areas of the United States.

Detailed and rigorous investigations required for site-specific seismic
design studies were not within the scope or the intent of this. study.
Therefore,_the seismic parameters presented herein (isoseismal intensities,
recurfence intervals, etc.) are very general in nature, and should be

used for emergency response planning purposes only, not for design.
Moreover, the estimates of building damage and personal injuries presented
in this study reflect the general behavior of each type of building
(reinforced concrete, steel, Wood frame, etc.) and structural system

(shear wall, moment resisting-frame, etc.), but do not.and could not
address the specific behavior of each uniquely detailed structure.

: Again; it should be noted that the results presented herein are genéra]



in nature, albeit produced using ratjonal methods and sound engineering

Judgment and experience, and should be used for response planning purposes

only.

REGIONAL GEOLOGIC SETTING

The Municipality of Anchorage lies in the physiographic province known

as the Cook Inlet Lowlands. The Cook Inlet Lowlands occupies a structural
trough (coastal trough), which is bordered fo the west and north by the
Alaska and Aleutian Ranges (Alaska/Aleutian Province), and to the south
and east by the Talkeetna, Chugach and Kenai Mounta1ns (Pacific Border
Ranges)l The Pacific Border Ranges is the southern prov1nce of the
larger major physiographic division known as the Pacific Mountain System.
This system is one of the fdur major Alaskan physiographic divisions
identified as the northwesterly extensién of major physiographic divisions
of Canada and the western conterminous United States. The Pacific
Mountain System includes two dramatic mountain provinces (ATaska/A]eutian
and Pacific Border Ranges) separated by an extensive coasta] trough

(Cook Inlet/Susitna Lowlands) (Figure 1).

The Alaska/Aleutian Province is a region of extreme seismic and vo]canlc
activity, which has been identified with the subduction zone formed as
.the Pacific Ocean plate dips below the North American Contiﬁenta]

plate. The collision of these two tectonic plates and the resulting
subduction zone has formed the Aleutian Is]énd chain and the contiguous

Aleutian Range on the Alaskan Peninsula. This volcanic island arc and
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associated deep ocean trench (Aleutian Trench) are typical expressions
of arcuate volcanic is]énd/trench groups found throughout the Pacific.
The somewhat regular distribution of the volcanism around the continental
margins of ‘the Pacific have led to the coining of the popular<name "The

Ring of Fire" for this region.

Most of the seismic activity of the world takes place along the areas of
collision between the continental: and oceanic plates. It is, in fact,
the mapping of the earth's seismic activity'that led to the recent
theory of globdl plate tectonics. The Aleutian Island Arc and its
continued continental expression -- the Alaskan Peninsula =- %orm the
concave northward expression of orogenisis (mountain building) related
to the collision of the North American Continental Plate and the Pacific
Ocean Plate. The Alaska Range is the concave southward expression of
this same phenomenon. Together these two mountain ranges merge to form
| an area 3,200 miles long and 100 ‘to 300 mi]gs wide in which a;proxi—
mately six percent of the world's earthquakes occur. The majerity of
these shallow-focus earthquakes (focal depths less than 70 kilometers)
occur between the Aleutian Trench to the south, and the volcano chaih to

the north.

AREA SEISMICITY

The seismicity related-to-Anchorage-Ts.produéed by three major faults.
affecting the area (Figure 2) -- the Aleutian Megathrust (about 25 miles

directly below), the Castle Mountain Fault System (about 25 miles west),
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and the Knik Fault, also known as the Chugach Mountain Front Lineament
(about six miles east). Past and potential future seismic events related

to these faults were examined in this study.

Aleutian Megathrust

The subduction zone between the North American and Pacific Ocean tecfonic
plates is topographically expressed in the North Pacific by the arcuate
Aleutian Island chain, the mountains which form the Alaskan Peninsula,
and the deep Aleutian oceanic trench. The subduction zone in this area
of the Pacific is thought to be a shallow nofth dipping (reverse fault)
thfust zone termed a "megathrust" (Figure 3). The unusually shallow
angle of thrust is inferred from hypocentral Tocations and fault plane
solutions of the earthquakes that continually express the tectonic
realignment along the northern 1imits of the Pacific Ocean Plate.
Although a simplistic interpretation of eafthquake epicenters aad topo-
graphic expression implies the Aleutian megathrust is a smooth circular
arc with a radius of approximately 1280 kilometers (800 miles), it is

now believed that the arc is composed of relatively short straight Tine
segments joined together at slight angles. It is further thought that
these segments are tectonically independent, and may be separated by
transverse tectonic features somewhat 1ike the transform faults associated
with areas of sea floor spreading. There has been a tendency for the
hypocenters of large earthquakes to occur near one end of these'b1ocks,
and the accompanying afteréhocks'to spread over the remaining portion,

so that during large events strain is released over an entire segment of
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the megathrust zone, but stops abruptly at the discontinuity between

individual segments (Sykes, 1971).

Nearly the entire Aleutian Arc between 145% and 170% has rupthred in

a series of great earthquakes (M, greater than 7.8) since the late 1930s

—————

——

(Ke]]er, 1970). The last great event was the 1964'Prince William Sound
E;;;;g;;;;:~;;;2h was the largest ever recorded on the North American
contfnent~(8.4 to 8.6). It is beljeved that this activity is typical
rather than atypica] for this area, and that future earthquakes of

magnitude 7.9 or larger can be expected along the megathrust.

Castle Mountain Fault System

The Castle Mountain Fault, which.]ies approximately éS miles west of
Anchorage, has been classified as a right-lateral (dextral) strike-slip
fault by Grantz (1966) although it is thought by some to be a reverse
fau]f steeply dipping to the northwest. The fault strikes southwest

from Lake Louise east of the Talkeetna Mountains through the Susitha
Lowlands where it is thought to join the Lake Clark Fault in the Aleutian
Mountains. The continuity of these two faults has not been satisfactori1y-
demonstrated;_therefore, for this study thevlimits of the Castle Mountain
Fault are restricted to the Susitna Lowlands segment and the Talkeetna

Mountains segment. The combined Tength of these two segments is approxi-

mately 350 kilometers (215 miles).



Several kilometers of riéht—latera] s1ip have been mapped in Cretaceous

and Tertiary 1ithologic units along the eastern half of the fault.

These displacements are believed to have taken place dur{ng Eocene to

OTigocene time. Large vertical displacements associated with reverse

dip-slip faulting have faken pTace sincg’Miocene time. The vertical
offsets are s%eep]y dipping to the north or near vertical. At least

| three meters (10 feet) of Recent diﬁ-s]ip displacement have been observed

along the central portion of the fault; however, no historic fault

breaks are knowﬁ to have occurred. Even the 1964 Prince William Sound

earthquake causéd no known slippage along the fault, although_the

Castle Mountain Féu]t System is within the area of gross tectonic warpage

caused by this event.

Seismic-activity along this fault generally is associated with low
magnitude (3.0 to 4.5) shallow events. Only six earthquakes with magni-
tudes of 6.0 or greater are associated with this fault. Of these six

only two were greater than 7.0. The maximum historical earthquake is
believed to be a magnitude 7.3 event which occurred in 1943; however,

the lack of standard seismograph stations in Alaska, as well as incomp]ete
travel t1me data prior to 1964, resulted 1n somewhat imprecise location

of earthquake epicenters and hypocenters pr1or to this time. Although

the 1943 event has an epicentra] Tocation north of the fault trace, it

is believed that.this earthquake should be associated with the Castle

Mountain Fault.




Knik Fault

The Knik Fault, also known as the Chugach Mountain Front Lineament, is
the source of some controversy among geologists and seismo]ogists. The
stratigraphic and lithographic evidence presented by Clark and others
has shown the fault to parallel the base of the Chugach Mountains that
-border the Cook In]et Susitna Lowland. The fault is believed to be
about 135 miles long, and to extend from its inferred intersection with
the Castle Mountain Fault in the Matanuska Valley to the southern tip of
the Keﬁai Peninsula, where its surface expression dips below the sea.
Stratigraphic evidence indicates that this fault is a normal fault

steeply dipping to the west.

There is much dispute about the seismic activity aTong the Knik Fault.
Some investigators be11eve the lack of physiographic express1on w1th1n
the Recent alluvial deposits which flank the western 1imits of the
Chugach and Kenai Mountains suggests the fault is inactive. However,
séismicity studies performed by Gedney for previous projects in the
Anchorage area indicate the fault indeed is active. He stated that
during the period between April 1968 and November 1973, about 150 seismic
events have taken p}éce along the fau1t.A Further data obtained for this

area have supported the results of his earlier seismicity study.

Complete information concerning the general-seismicity of-the Knik Fault
is Tacking because of incomplete historical récords, and the masking

effect of seismic activity along the underlying Aleutian Megathrust.



The installation of a more complete network of seismic instrumentation
throughout Alaska has produced, and will continue ‘to produce, more
accurate and complete information on epicentral location and depths of

‘seismic events along this and other faults in Alaska.

Eyen though the seismicity of the Knik Fault is disputed, it is felt
that the proximity of this fault to Anchorage and its potential, if not
actual, activity warrants the inclusion of this fault into the general
seismic schema of the area. It is believed that a magnitude 6.7 earthquake .
in the Kenai Lowlands, which occurred in 1954, can be attributed to thi;v
fault. This event wi]]_Be considered-the historical maximum along the

Knik Fault for this study.

ther Southcentral Alaska Faults

The aforementioned faults will be considered as those most critical to
the Anchorage area because of their proximity and potential actfvity.
Other faults in Southcentral Alaska are relatjvely distant, and:their
effects on Anchorage should be minor compared to the potential activity

of the faults in the immediate area (Figure 4).

Approximately 250-k110meters (150 miles) north of Anchorage 1ies the
Denali Fault System. The Denali Fault System arcs 1400 kilometers (854
miles) across central Alaska from the Yukon-Terrifory, Canada, to
Bristol Bay 1in the Béring Sea. The fault is divided into three major

segments -- the eastern or Shakwak Valley segment, the western or Farewell
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segment, and the two strands of the central segﬁent identified as the
Hines Creek Strand and the McKinley Strand. Grantz (1966) suggested

that the ydunger.southern strand (McKin]ej) has "short-circuijted" the
older, and longer, northern strand (Hines Creek) thus becoming the

active section of this portion of the fault system.

In spite of the geologic evidence of major prehistoric displacements
along the Denali Fault System, the currently measured sTip rates along
the fau]f (Tess than three millimeters per year) (Page and Léhr, 1971},
and the historic record of past earthqﬁake activity indicate that this
fault system has historically had a low Tevel of seismicity. Only two
historic events with magnitudes 1ar§er than 7.0 are believed to be

associated with this fault system. A magnitude 7.4 earthquake which

occurred along the McKinley Strand in 1912, and a magnitude 8.3 event in

1904 is associated with the Férewe]] segment of the fault system.
Eleven earthquakes of magnitude 6 or greater have occurred throughout

the central and eastern segments of the system since 1900.

The Bruin Bay Fault Jies to the west of Cook Inlet, and is thought to be
connected to the Castle Mountain Fault by the Moquawkie Contact. The

Moquawkie Contact is about 80 kilometers (50 miles) from Anchorage at

its closest approach.

The Kenai Lineament, Hanning Bay, and Patton Bay Faults lie to the
southeast from Anchorage. The Kenai Lineament is the nearest to Anchorage --

approximately 115 kilometers (70 miles).




FUTURE EARTHQUAKE ACTIVITY

An empirical statistical method normally is used to estimate recurrence
intervals between potentially destructive earthquakes within a study

area (Richter, 1958). Previous seismicity studies of the Anchorage area
were reevaluated and updated with mofe recent local earthquake data. An

aha]ysis of the three faults believed to most adversely influence the

area is presented below. -

- Aleutian Megathrust

The lack of complete historical data, and the complexity of the tectonics
of the Aleutian Megathrust, make definitive statistical analysis of
future séismic activity along this fault quite difficult. Gréss tectonic
strains (about two inches per year) leading up to the great 19@4 earth-

quake in Prince William Sound have Ted to estimates of recurrence intervals

of 120 to 170 years. However, historical records suggest return intervals

as short as 30 years. It is estimated that terrace uplifts on Montague
fgq;;;‘;;;;;;;;;;‘;;Eh megathrust activity are separated by approximately
850 years, yet some fault rupturing on the island is thought to be as
recent as 150 to 300 years. Thus, the uncertainty and Variabi1ity of

ear%hquake recurrence along this fault is clearly demonstrated.

Kelleher, Sykes and others have studied the spatial and temporal distribu-
tion of great earthquakes (M greater than 7.7) along the Aleutian

Megathrust Zone and the major fault systems of southcentral and south-

)



eastern Alaska. Although the historic records are somewhat meager for
this region, apparent trends suggest the space-time distribution of
great earthquakes approaches linearity, and progresses from east to
west. Moreover, the aftershock zohes of great earthquakes (rupture
surfaces) tend to abut_one another with very Tittle overlap. Great and
Targe earthquakes do not appear to rerupture the same area within a span
of several tens of years. The exception of this "rule" is the sequence
of great events which occurred at the turn of the century along the
Chugach-St. Elias Fau]t System near Yakutat Bay.

Areas of seismic quiescence ("seismic gaps") between ruptufe zones have
been observed along. the Alaska-Aleutian tectonic boundary as well as
other tectonic margfns in the Pacific (Figure 5). Observation of the
historic'spacé—time sequence of earthquake occurrence has shown that
gaps between two rupture zones tend to "fil] in" with 1af9e or great

earthquakes within a few tens of years in the Alaska region.

A gap of 200 to 300 kilometers (120 to 180 miles) is evident between the
aftersﬁock zones of the 1958 Lituya Bay earthquake (M=7.9) and the 1964
Prince William Sound earthquake (M=8.5). The Chugach-St. Elias Fault
System lies within this gap. |

In 1970 Kelleher postulated this region to be the likely Tocation of a
major earthquake within the following 20 years. -His hypothesis was born
out on February 28, 1979 when a magnitude 7.7 occurred north of Icy Bay

(60.620N141.510N). Preliminary evaluation of this event, and attendant
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aftefshocks,-inferred that the accumulated strain in the eastern portion
of the gap had been released (Lahr, 1979). Estimates of the seismic
moment and accompan}ing fault slip (appro*imate]y,4.5 meters) associated
with the main shock can account for the strain accumﬁ]ated in fhe area
since the 1899-1900 series of events near Yakutat Bay, if an average
relative motion of five to six centimefers (about two incheg) per year -
between the Pacific and'North Ameriéén plates is assumed. However, the
entireAgap was not filled in this -tectonically complex "corner" of
Alaska during the rupture sequénce (Lahr? et al, 1979); therefore, the
probability of a major earthquake occurring within the gap in the near

future should still be considered high.

There is evideﬁce to show that the megathrust extends be]ow Anchorage at
a depth of 25 to 30 miles. Some believe release of strain energy near
Prince William Sound during ﬁhe 1964 earthquake has resulted in an
increase in strain energy along other portions of the.megathrust, and
more importantly in thatAportion>under1ying Anchoragei For this reason
a "maximum credible" earthquake of magnitude 8.5 occurring 25 miles
directly be]ow»Anchoragé was assumed in our analysis. The "maximum
credible” earthquake is defined as the largest earthquake that could
affect the site regardless of probability. However, because of the lack
of complete historical data,-the "maximum probable" earthquake assumed
for this fault was a ma§nitude 7.5. The "maximum probable" earthquake
is one that is likely to occur dufing the life of the structures (assumed

to be 50 years for the purpose of this study).




Castle Mountain Fault

Surface features in the Susitna Lowland reveal the Recent activity of

the Castle Mountain Fault. ATthough the two largest earthquakes on
record for this fault were magnitudes 7.0 in 1933, and 7.3 in 1943, it

is be1ieved a magnitude 8.0 earthquake is possible based on the apparent
Tength of the fault. An earthquake of this magnitude would have to
rupture along most of the fault and would, therefore, have its closest
approach to Anchorage at about 25 mi]es An earthquake of this magn1tude
would be the "maximum credible” earthquake associated with the fau]t A
magnitude 7.5 earthquake was assumed as "maximum probable" earthquake

associated with this fault.

Knik Fault

Ze
=

The presence of the Aleutian Megathrust and its associated seismic
activity direct]y below the Knik Fault has made gathering of accurate
1nformat1on concerning the seismicity of the Knik Fault quite difficult,
if not 1mposs1b1e The installation of a network of modern seiémographic
stations in Alaska subsequeht to 1968 has greatly enhanced the data
available concern}ng this fault. Although the time frame of the date
base is rather Timited, reasonab}e resu]ts of recurrence intervals have
been produced. Dafa used in previous studfes for this fault have been
updated to include the Tater events. Incorporation of the 1ater data
into these stud1es has not changed -the original estimates. Although the

maximum historic event associated with this fault is a magnitude 6.7
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earthquake, we feel a magnitude 7.0 event is possible along this fault

during the life of the structures.

The recurrence intervals associated with the earthquakes used in this

study appear in Table I.

SEISMIC RISK

- The term "seismic risk" might be defined as the probability that a

specific site will exper}ence a given level of ground shaking during a

specified design period. The design period is usually considered as the

socioeconomic 1ife of the structures or systems under consideration.

Although advances have been made in the field of éarthquake prediction

in recent years, the necessafy precursory parameters are not yet well
defined, ﬁor is the requisite instrumentatién deployed regiona];y to
measure and record such data. Therefdre, the seismic exposure or
seismic risk associated with the Anchorage area was assessed by the more
classic probabilistic approaches, and was tempered with the Jess rigorous

intuitive observations of regional seismic history.

Regional seismic risk analyses commonly are based on the assumption that
earthquakes occur randomly in space and time within a given aréa, A
Poisson distribution mode] is used, which assumes that future events
will occur randomly and independently of past events, but with the samé

mean frequency distribution of the historic events within the region.



This procedure has Timitations because it is based solely on statistical
interpretation of the historic seismic activity of the study region.
Little account is given to regional geologic setting, or the geophysical
processes that actually produce earthquakes. The recent theor¥es of
global p1ate tectonics,.and the continuing expansion of the World Wide
Seismological Netwérk have begun to allow significant advancements to be
made'in the fie]ds of regional geology and seismology. However, until
more complete source models are developed and the actual earthquake data
base is greatly expanded, Tong-range earthquake prediction techniques

will continue to rely heavily on statistically based stochastic probability -

analyses.

Statistical Procedure

The historic distribution of earthquakes (seismicity), according to
magnitude, Tocation, and time of occurrence witHin the Cook Inlet/Prince
‘William Sound Region was researched through our earthquake data files
(Figure 6). These files were obtained from the National Oceanic and
Atmospheric Administration (NOAA) Envirornmental Data Service. OQur files

are updated periodically to include the most recent worldwide events.

The historic seismicity of this region was analytically described

according to the relationship proposed by Richter (1958).

logn=a-bM
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Where: n = number of shocks of magnitude M or greater per unit

time for the study region

Uy

a and b = constants

A graph of this relationship for the Anchorage area is shown in Figure 7.
‘This plot shows the historic frequency diStribution, or the mean annual
distribution of earthquakes within the study region. The size of the
region was determined by selecting a lower limit of ground motion that
might affect the study areaA(in this case a ground acce]eratign of
.O[OSg), and, using one of several attenuation re]ationships,‘%he maximum
distance from the area that an upper bound magnitude earthquake (M=8.5)
would produce. this tevel of groundAacce]eration was determined. The
resu]ting distance was used as the "search radius" for this study. A1l
earthquakes known to have occurred within the area circumscribed by this

radius were used as the data base.

ISOSEISMAL MAPS

An isoseismal map was constructed for the Anchbragé area to form a
general basis for the evaluation of critical facilities (Figure 8). This
map is very general in content and is to be used for planning and evalua-

tion purposes for this study only. It should not be used for site

specific evaluation or design.
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The isoseismal map was constructed based on seismic attenuation relation-
ships proposed by Schnabel and Seed (1972) and spacial distribution of
shaking and length of fault rupture proposed by Housner (1969). Addi-
tionally, the resufts of several ground response analyses performed for
s%tes within the Municipality were combined with the general subsurface
geology of the Anchorage Bowl (Trainer, 1965) to estimate the probable

intensity and character of ground shaking within the Municipality.

For the purposes of this study the Municipa]ify was dividéd~1nt0 two
iones. The soil within Zone 1 can be generally described as a deep
deposit of dense glacial tills overlain by outwash material o; glacial
origins. The Zone 2 soils can-be described generally as a deep deposit

of dense til1 overlain by 100 feet or more of Bootlegger Cove clay which

is in turn overlain by a dense glacial outwash deposit.

The response of these two decidedly different depogits to the‘same
earthquake should be quite different in.intensity and character. Zone 1
should amp]ifyAhigher frequency shaking and should transmit rather high -
amplitude motions. Zone 2, on the other hand, should tend to amplify Tow
frequency (long period) shaking, and should "filter" or "absorb" high
amplitude high frequency shaking. 1In fact, there appears to be an upper
bound- to the peak ground motions that can be tfansmitted through the deep

Bootlegger deposits by events produced on the local fault systems.



" I't should be noted that the seismic intensities shown in Figure 8 are
those described in the Modified Mercalli Intensity Scale (MMI). This
scale describes the effects of earthquakes in somewhat subjective and
general terms. Moreover, the scale describes the general response of the
population within the felt area, as well as that of natural and man-made
.structures; The ranges of intensities shown on the isoseisma] map were
used in this study to describe the probable behavior of typica]‘structures
to varijous earthquakes, but not necessarily the geologic hazards or
population response associéted with those events. Additionally, a range
of intensifies was necessary to describe the vafied behavior of the many
types of structures encountered within the study area, and to'account for'

the uncertainty of site and/or.structure—spepific response.

The veréion of the Modified Mercalli Intensity scale published by Richter
(1958) §s reproduced below. This version is a slight abridgement of the
original, and includes Richter's description of construction included in

this version.

MODIFIED MERCALLI INTENSITY SCALE

I. Not felt.  Marginal and 1ong—périod effects of
large earthquakes. '

IT. Felt by persons at rest, on upper floors, ar
“favorably placed.

III. Felt indoors. Hanging objects swing. Vibra-
tion Tike passing of 1ight trucks. Duration
estimated. May not be recognized as an earth-
quake.

VI. Hanging objects swing. Vibration Tike passing
of heavy trucks; or sensation of a jolt like a




VI.

VII.

VIII.

IX.

heavy ball striking the walls. Standing motor
cars rock. Windows, dishes, doors rattle.
Glasses clink. Crockery clashes. 1In the upper
range of IV wooden walls and frame creak.

Felt indoors; direction estimated. Sleepers
wakened. Liquids disturbed, some spilled. Srfall
unstable objects displaced or upset. Doors swing,
close, open. Shutters, pictures move. Pendulum
clocks stop, start, change rate.

Felt by all. Many frightened and run outdoors.
Persons walk unsteadily. Windows, dishes, glass-
ware broken. "Knickknacks, books, etc., off
shelves. Pictures off walls. Furniture moved or
overturned. Weak plaster and masonry D cracked.
Small bells ring (church, scheol). Trees,

bushes shaken (visibly, or heard to rustie).

Difficult to stand. Noticed by drivers of moter
cars. Hanging objects quiver. Furniture broken.
Damage to masonry D, including cracks. Weak
chimneys broken at roof line. Fall of plaster,
loose bricks, stones, tiles, cornices (also un-
braced parapets and.architectural ornaments).
Some cracks in masonry C. Waves on ponds; water
turbid with mud. Small slides and caving in
along sand or gravel banks. Large bells ring.
Concrete irrigation ditches damaged. '

Steering of motor cars affected. Damage to
masonry B; none to masonry A. Fall of stucco
and some masonry walls. Twisting, fall of
chimneys, factory stacks, monuments, towers,
elevated tanks. Frame houses moved on founda- -
tions if not bolted down; loose panel walls
thrown out. Decayed piling broken off. _
Branches broken from trees. Changes in flow .
or temperature of springs and wells. Cracks

in wet ground and on steep slopes.

General panic. Masonry D destroyed; masonry

C heavily damaged, sometimes with complete
collapse; masonry B seriously damaged. (General
damage to foundations.) Frame structures, if not
bolted, shifted off foundations. Frames racked.
Serious damage to reservoirs. Underground pipes
broken. Conspicuous cracks in ground. In
alluviated areas sand and mud ejected, earthquake
fountains, sand craters.



X, Most masonry and frame structures destroyed with
their foundations. Some well-built wogden struc-
tures and bridges destroyed. Serious damage to
dams, dikes, embankments. Large landslides. :
Water thrown on banks of canals, rivers, lakes,
etc. Sand and mud shifted horizontally on
beaches and flat land. Rails bent sTightly. #

XI. Rails bent greatly. Underground pipelines
completely out of service.

XII. Damage nearly total. Large rock masses dis-
placed. ‘Lines of sight and Tevel distorted.
Objects thrown into the air.

Definition of Masonry A, B, C, D:

- Masonry A:  Good workmanship, mortar, and design; reinforced,
especially laterally, and bound together by using steel,
concrete, etc.; designed to resist lateral forces. =

Masonry B: Good workmanship and mortar; reinfbrced, but not
designed in detail to resist latera] forces.

Masonry C: Ordinary workmanship and mortar; no extremé
weaknesses Tike failing to tie in at corners, but neither
reinforced nor designed against horizontal forces.

Masonry D: Weak materials, such as adobe; poor mortar; low
standards of workmanship; weak horizontally.




-EFFECTS ON LOCAL MEDICAL RESOURCES

For the purpose of this study the medical facilities within the Municipality
of Anchorage were divided %nto two catagories -~ major hospifals and
ch‘m‘csT There are four major hospitals within the Municipality, and 16
clinics. For this study, medical facilities with 100 or more-beds which’
offer.the fu]i range of health care and emergency services were considered
to be major hospitals. "Clinics" were defined as medical faci]ities

where two or more M.D.s have off1ces in the same structure, and where

some form of minimal emergency services can be supp11ed, or qﬁmed1ca]
fac111ty which could be used as a collection point and aid seetion for
casualties after an areawide natural disaster has occurred. Offiees

which lacked a clinical Taboratory, x-ray and pharmacy were not cdnsidered.
Although it is recognized that the clinics wou1d'probéb1y not be heavily
relied upon for emergéncy support, if the four major hospftaTs remain in
service after a major earthquake they do, nonethe]ess, house approx1mate}y
40 percent of the physicians and medical support personnel during normal
working hours. Therefore, the potential for damage and loss of 1ife

within these facilities was included in this study.

Because of the marked difference inAthe number of.peop1e utilizing
medical facilities during varjous timee of a typical day, two estfmates
of deaths and injuries-were computed for the facilities -- one during
peak hours of operation (3:00 p.m.), and one during hours of m1n1ma1
act1v1ty and m1n1ma1 staff requirements (3:00 a.m.). The estimates of

damage to the structure will of course be independent of the time of day.



Staff/Patient Inventory

The number of staff, patfents and visitors were compiled for each medical
facility. This information was gathered from hospital or cl#mic records
where possible, or estimated from typical doctor:support staff:patient
ratios where records were not available. It should be noted that the
"clinics" described in this report have no capacjty for overnight in-

patient care, and therefore the occupancy load at 3:00 a.m. would be nil.

Building Inventory
A1l the médica] facilities existing in Anchoragé at-the time of this

study wefe constructed after 1950. Most of them, in fact, were constructed
éftér 1960. Therefore, these facilities were designed with the seismic
F]atera1 force provisions set forth in the Uniform Buijding.tode (UBC)

which was in-effect at the time of their design. The UBC wasoadopted by

the building officials of Anchorage in 1950, and since that time they

have routineiy required the use of the highest seismic zone specified in

the Code.

Tables 2 and 3 describe the medical facilities in general terms, and

summarize the staff/patient loads for peak and slack hours (3:00 p.m. and

3:00 a.m.) of a typical day.
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TABLE 3

CLINIC SUMMARY

BUILDING DESCRIPTION PERSONS ON SITE - 3:00 P.M.
NO. NO. ~ NO.
NAME YEAR® TYPE STORIES DOCTORS STAFF

Anchorage Fracture and 1970 Wood 1 6 26
Orthopedic Clinic

"Anchorage Medical and 1960 - SS : 1 7 . 20
Surgical Clinic ’

Anchorage Neighborhood 1981 SS 1 5 5
Health Center*

College Village Clinic ** CMU & Wood 1 4-7 12

Dale Street Professional 1980 SS & CMU 2 6 -
Building***

The Doctors Building 1978° CMU & Wood 2 8 27

Eagle River Medical 1967° CMU & Wood 2 2 : 3
Clinic

Fort Richardson Troop 1955 RC 1 2 30
Clinic : .

Geneva Woods Medical 1976 " Wood 2 11 35
Center ’

Kulis ANG Clinic*x** 1975, RC = 1 L= 1

Lake Otis Medical Center 1973 Wood 2 20 56

LaTouche Professiona 1976 SS & RC 3 9 56

- Center :

Medical Park . 1972 CMU & Wood 2 12 42

Providence Professional 1971 RC 3 30. 90
Building

University Professional 1877° ss 2 7 31
Center ’

TOTAL - - - 132 " 434

EOOTNOTES

NO.
PATIENTS
20

20

15

12

15

19

55

35 -

50

50
27

327

A steel & glass passive solar design building is under .construction adjacent

to the l-story concrete block building which is in use at this writing.

The new building is scheduled for completion in April-May 1981,
time the concrete block building is to be razed.

** Year of construction is unavailable. Structure appears to have been built
in two stages, both within past 10-15 years. :

* k% Interior of this building is receiving finishing touches and is not yet
fully occupied. Number of doctors and types of equipment are expected to
increase. :

* kK The Kulis Air National. Guard Clinic typically is staffed by.one person who

is either a Physician's Assistant or an Emergency Medical Technician.

weekend per month, a doctor is on site to conduct physicals.

at which

One




Deaths and Injuries

Few, if any, of the quantitative parameters which predict the real behavior
of structures during earthquakes can be evaluated deterministitally;
however, they can be rationally utilized in a probabilistic sense to gain
insight into the probable behavior of structures of concern. No reputab1é
engineer or builder knowingly designs or constructs a building or support
system which would fail during earthquakes which are considered to be
probable during~the design 1ife of a facility, yet there are periodic
"surprises" during even moderate earthquakes which result inrs?emﬁng1y
"unusual” numbers of deaths and injurfes, and patterns of dest%uctidn.
Therefore, one should augment sfatistica] generalities with experienced
judgment when ﬁrojecting the consequences of past earthquakes to those of

potential events. Both statistical and judgmental approaches were used

during this study.

The numbers of deaths and injuries per 100,000 people for several past
earthquakes which have occurred in or near populated areas of the United
States were examined as functions of earthquake magnitude and as functions
of earthquake intensity. The hiétorica] data . base was limited to that of
the United States because the differences in construction materials and
techniques used in other parts of the world make inclusion of those data
inappropriate. Moreover, the U.S. data was evaluated with regard to the
date of occurrence to compare the change (décrease) in the deéths and
injuries ratios to the general improvement of design philosophy and

construction techniques that have taken place steadily since the turn of



the century. This approach may seem somewhat simplistic; however, as

time progresses the majority of the structures in communities within
seiémica]]y active areas tend to be designed and constructed according to
the latest advances in earthquake engineering, and, therefores should be
more earthquake resistive; Since Anchorage is basically a "modern" city,
that s, the majority of its buildings were constructed after 1940, it

can rationally be expected that most of the structures within the city

will perform better than those of older cities elsewhere in the conterminous
United States. This inference should be especially true for the medical

facilities within the Muncipality.

A1l of the present medical facilities in Anchorage were constructed after
1950, and most of them were constructed after 1960. Hence these facilities
were designed according to the seismic 1atera1 force pro?isionsbset forth
in the Uniform Building Code (UBC) in effect at the fime of their design.
No medical facilities evaluated in this study are currently houﬁed in
structures designed or constructed without regard to seismic requifements
and lateral. stability, such as is the case in older cities in other areas
of the country where many medical facilities are currently housed in
unreinforced or 1ightly reinforced masonry structureé. Therefore, the
exposure to seismically induced deaths and injuries of the occupants Qf
medical .facilities in Anchorage should be appreciably less than those
occupying older unreinforced or marginally reinforced building in areas

of similar regional seismic activity.




Graphs representing the number of deaths and injuries per 100,000 people
for various magnitude earthquakes possible on the Tocal fault systems
were constructed for this response study based on the rationale described

in the preceding discussion. These graphs are presented in Piqures 9 and

10.

Normally in studies of ‘this nature the number of deaths ‘rather than the
ratio of deaths per 100,000 is depicted graph1ca]1y, however, because the
ratio is re]at1ve1y small in this instance and the size of the population
is also sma]], the statistical projection of the number of peop]e killed
is less than one in the worst case. "For example, from Figure 9 the
number of deaths per 100,000 in medical facilities for a magnitude 8.5

, earthquake generated on the Aleutian Megathrust is 20. Applying th1s
number to the tota] population within medical facilities at peak hours of

the day (approx1mate]y 3300 staff and patients) stat1st1ca1]y results in

less than one death.
(20/100,000) X 3300 = 0.66

The ratio of deaths per 100,000 would have to be increased to approx1mate]y
30 to statistically project one death occurring 1in any one of the medical
facilities in Anchorage. Moreover, to project the death of one doctor in
any medical facility during peak hours of operation would require a death
per 100,000 ratio of approximately 440 for al} med1ca1 facilities in
Anchorage. A statistical ratio this high is felt to be excessive giveﬁ

the general quality of design and construction of the medical facilities
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in Anchorage. The low mortality ratio for occupants of these facilities
seems to have been demonstrated during the 1964 event, even though that

earthquake may not have been the probab1e maximum with regard to potential

structural damage w1th1n Anchorage, ‘ =

Similarly, using typical "serious injury” and "non-serious injury“ per
100,000 ratios of 4 and 30 times the death per 100,000 ratio respectively,
results in very low estimates of the total number of people injured
within medical faeilities. Moreover, estimates of the number of injuries
for any given segment of the medical facility population (doctors, staff,
pat1ent/v1s1tors) based on these statistical averages and the -number of

people in the population under consideration, generally result in estimates

of less than one.

As mentioned previously herein, the statistical projections of a study of
this nature shou]d be tempered with exper1enced Jjudgment to arrive at
reasonable estimates of what might occur during major earthquakes.
Therefore, estimates of deaths and injuries were also made based on field

inspections of the facilities and review of their construction drawings.

For response planning purposes it is not unreasonable to assume that one

or more of the older medical facilities which were damaged in the 1964

' earthquake could be the source of casualties during a future major event.
This‘possibi1ity is based on the damage incurred to those structures 1in

1964, and the extent of réhab111tation performed sebsequently. Additionally,

the present understanding of thevnature of earthquakes and the response




of buildings to earthquake shaking Has resulted in significant improvements
in design philosophies and construction methods, which now point out some
of the inadequacies of past design and construction practices. Accordingly,
Table 4 s ihc1uded to éccount for unforéseen circumstancés,'ﬁhich might

inflict unusual, yet possible, casualty tolls on medical staff and patients.

PHYSICAL DAMAGE TO MEDICAL FACILITIES

The estimated present value ofvmedica] faci]ities in Anchorage is approxi-
mately $180 mil]ioﬁ. This.estimate is based on present (1980@ replacement
value for comparable facilities. The four major hospitals account for
approximately 70 percent or $126 million of the total, leaving about 30
percent or $54 million associated with c]inicai facilities. The damage

or dollar vé1ue of repair or rep]écement should the area be affected by a
major seismic event is independent of time of day. Therefore, damage

figures were not estimated for peak (3:00 p.m.) and sTack (3:00 a.m.)

hours of operation.

The totals for all medical facilities for various possible earthquakes

are shown in Figure 11. Approximately 60 percent of the total damage

figure can be associated with the medical clinics, and 40 percént with

the major hospitals. The larger share of the estimated damage was attributed
to the clinics because in general the clinics were not designed with as

high an importance factor as the hospitals, nor were they constructed

under as stringent construction surveillance procedures. Here again,

these figures are based on "typical" behavior of tﬁe types of structufés

which comprise the medical facilities in Anchorage.



TABLE 4

DEATHS AND INJURIES
(POSSIBLE EXTREME EVENT)

.

3:00 p.m.

Deaths Injuries
Doctors - (73) 2 ' 15
Staff (532) 13 100
Patient/Visitors (698) 20 150
TOTAL (1303) | 35 265
3:00 a.m.
Deaths [njuries
Doctors (3) - -
Staff (71) 2 15
Patient/Visitors  (251) 8 60
TOTAL (325) 10 75
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For planning purposes it is not unreasbnab]e to assume that one of the
older major hospitals will be dysfunctional after a severe earthquake.
Although complete co]]apse_of one of these structures is not gnticipated,
structural and architectural damage may be such that the structure would
not be considered-safe for continued occupancy immedjate]y following a
major earthquake, or the facility would be dyéfunctiona] due to damaged

support_systems and treatment facilities. If damage of this degreé

shou]d occur to one of the major hospitals, the total damage figure

could be as high as $30 million.

Loss of bed capacity subsequent to a major earthquake was addressed
similarly. Figure 12 shows the probable Joss of available hospital beds
for the various postulated egrthéuakes. And, should one or two of the
major hospitals become dysfunctional after a major event, 25 to 50
percent of the available hospital beds would be lost for the emergency

response needs of the community.

A corolléry to the Toss of hospital beds and treatment facilities for -
those injured during a destructive earthquake would be the need to
transport both the pre-quake patients and their medical records from
damaged'faci1ities to interim medical care centers. The logistics of
evacuating non-ambulatory as well as ambu]aiory patients from a facility
disrupted and put out of service by an earthquake coujd become the
critical factor in minimizing the number of post-quake casualties.

Moreover, plans to insure that the patfents' medical records accompany



them to the interim facility should be part of the hospitals' emergency
evacuation plan.

For response planning purposes it is reasonable to assume tha%-approxi—
mately 100 to 200 patients and their records along with any special 1ife
support equipment would have to be relocated subsequent to the occurrence

of a nearby "maximum event".
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DEATHS AND INJURIES

Background

Usefu] éarthquake vu]nerabf]ity studies Have been.prepared in recent years
for four major metropolitan areas 1in the United States: San Francisco, Los
Angeles, Puget Sound, and Salt Lake City. A significant component in each
bf thesé studies was»an estimation of’poten£1a1 casualities, both deaths and
serious injuries. The methodologies developed in all fouf studies form the

basis for the methodology used in this report.

No two areas are the.same with respect to the kinds of and geographic
'distribution of construction types and their geologic settings, and to the
types of earthquakes which may affect'the area. Fortunate]y, existing
methodo]ogies.can-be used and simp11f1ed~when applied to Anchorage in the
event of a reoéCUrrence of the 1964 event. Mosf importéntly from a life
.safety standpoint, Anchorage has no inventory of old non-reinforced brick or
stone buildings having structurally weak sand-Time mortar. .Secondly,
housing is mostly single family wood frame dwellings or of similiar
lightmass habitational constructions;Adeaths and injuries are minimal in
these structures when landslide is not a factor. Lastly, essentially all
mu]ti-uhit habitational structures, inc]uding high-rises, are earthquake

resistive to one degree or another.



The'l964 earthquake had predominently Tong period groUnd waves which tended
to adversely select and damge high-rise bui]dings.' *[A discussion of this
phenomena tends to be technical, and need not be repeated here; the'inter-
ested reader may turn to "The Prince William Sound, Alaska, Earthquake of
1964 and Aftershocks,".ESSA, U.S. Department of Commérce, Volume II, Part A,
pp. 12/14 for an explanation.] Table 5 is a summary of damage to multistory
buildings in Anchorage in 1964. It must be remembered that it is the
damaged and collapsed buildings which are the usual cause of 1ife Toss and

injuries -- excluding the highly Tocalized hazards of landslide and

tsunami.

tht is the prognosis with respect fo multistory pre-1964 buildings and
those built subsequently? Earthquake Erggi_constkuétfon does not exist in
Anchorage or elsewhere. ‘Earthquake resistive design methods and building
~codes are constantly improving, but they are not yet perfect. This was
quite evident when examining the collapsed newly built Psychiatric Unit and
the near-collapse of the Medical Treatment Building of 0live View Hospital
jn the 1971 San Fernando shock. Fbr another example, the severely damaged
modern County Services BUjjding in 1979 E1 Centro, Ca]ifornia will probably
be a total Toss. Neither the 1971 nor the 1979 California earthquakes were
nearly as large as the 1964~A]aska shock. While overall performanée of
earthquake resistive md]tistohy buildings has beén good to exce]]ent,.for
response planning purposes it's not unreasonable to expect major damage to
one of these buildings in a future great Alaskanvearthquake centered near

Anchorage.

*A good del of this section was taken directly from three previous

earthquake studies in this series by USGS (1975,1973,1972).




The Historical Record

Table 6 of this report is a listing of earthquakes in the United States
having relevance to.this study. Excluded was the 1872 Owens Va]]ex-earth~
quake in which 23 persons were killed in Lone Pipe, California, ou£ of a
poputation of 250 to 300; this exclusion was based on nanre1evant constfuc—
tion; i.e., adobe and stone houses, usually without any kind of mortar.
Foreign earthquakes normally have minimal relevance due to construction or

other differences, and were therefore also excluded from Table 6.

The published back-up information to Table 6 is not as strong with respect
to deaths and injury information as those for buf]dings and other property
damage. Deaths attributed to‘heart attacks may or may not be included, and
the fext leaves the mafter unclear in most cases. Injuries leading to
deaths may be included under injuries or Under deaths. What constitutes the
dividing Tine between “"serious injury" and "injury" is rarely stated in
reports, and the given data are often incomplete. Whether or not emotional
cases were included is usually nbt stated, although some of these cases
“would have»fequired medical attention. Particular attention should be paid
to "Impact of the Earthquake on Health and Mortality" by M. Lantis, in "The
Great Alaska Earthquake of 1964: Human Ecology," National Academy of

Sciences.

Table 7 is a listing of deaths and injuries per 100,000 population for
selected American earthquakes. Earthquakes with Tife Tosses less than 8

were excluded from the 1isting, and the 1872 Owens Valley earthquake was



S—

omitted for reasons already stated. Quite possible the cut-off. figure
should be much Targer than 8 sjnce'the data for Teﬁachapi in the 1952 Kern
County earthquake are so few as to be seriously questioned when used for
extrapo]atioh. Also, the effect of a sing1e major collapse can strongly
affect the losses per 100,000 pdpu]ation; éee, for example, the variations
in Table 7:upon inclusion of the deaths at the Veterans Administration

Hospital from the 1971 San Fernando shock. Table 7 is a useful guideline .

- when applied with judgement and in the context of the time of day, appro-

priate comparative construction, and appropriate Modified Mercalli

intensities.

Building Inventory

For realistic usage, the death and injury ratios in Table 7 must be used in
conjunction with the construction types found in the study area. In turn,

this data may be viewed in terms of the daytime and nighttime populations in

the area being examined.

Dwelling Data

Almost invariably within the Anchorage study area, single family dwellings
are of wood frame construction or mobile homes; these construction types are
inherently Very safe. On the other hand, buildings (such as apartment
structures) containing many housing units are often of fire-resistive

construction or of mixed construction, having walls of ‘either reinforced




unit masonry or reinforced concrete. Normally these multiple unit

structures are much more vulnerable to earthquake damage than are wood frame

structures.

Source data regarding the geographic distribution of dwellings in the
Anchorage area was the "1979 Housing Stock" which was provided by the
Anché%age Planning Department. Their information was broken down into
geographic grid units, with the number of single family dwellings, duplexes

(by units), multi-family units, and mobile homes enumerated for each

geographic grid unit. -

Non-Wood Frame Building Data

Commercial, Warehousing, Public, Etc.

Non-wood frame buildings include many construction types, many kinds of
materials of construction, and many types. of occupancies. The findings in
the previously cited ESSA report (pp. 14/28) regarding 1964 damage 1in

Anchorage can be extrapoliated to represent current conditions, reducing the

needs for building “inventories.
Analysis
For wood frame dwellings, a death ratio of 12/100,000 has been used in

previous vulnerability studies. This assumes a MMI of IX. However, a 25

percent reduction is approximate for Anchorage in view of the higher



percentages of new homes than in the previously cited four study areas.

Secondly, the tybe of ground motion would be favorable to reduced casualties

in wood frame dwellings not located in the slide areas (similar to 1964).

Assuming that all persons would be in wood frame dwellings at the tdme of

the shock, the estimated number of deaths is:

(12/100,000) "x (75%) x (203,000 population) = 18 deaths

Due to this low figure, it does not seem reasonable to make computational
adjustments for persons aWay from homes during the day, or for the Tow

percentage who would be in non-wood frame habitational units.

Deaths and-injuries would also occur in the habitatioha], mercantile,
industrial, school, and other occupancies which are not of wood frame
construction. A death ratio of 64/100,000 may be used for these modern
buildings. The estimate of daytime, summer business district population is
based on surveys of proprietors and apartment managers conducted by ADES in

1979. Listed below is the computatidn for deaths during the summer in the

business areas:
(64/100,000) x (41,400 population in these buildings) = 26 deaths

It is reasonable to anticipate one multistory building cd11apse out of the
numerous buildings which are 5 stories or higher in Anchorage. The rational
has been provided in previous paragraphs, but it is impossible to identify

such a building. An occupant load of 100 is not an unreasonable average.




A serious injury, as used here, is defined as one which requires some period
of hospitalization. ATl other injuries are considered nonserious. A -
nonserious injury may require treatment by a doctor on an outpatient basis.
This report uses the same method of estimating injuries as A Study of

Earthquake Losses in the Puget sound, Washington Area (USGS, 1975). Serious

injuries are estimated by multiplying the number of deaths, assuming no
multistory buildings collapse, by a factor of 4. It is thought that such a
collapse would effect the number of deaths, but not great]y effect the

number of injuries. Nonserious injuries are estimated by multiplying the

number of deaths by a factor of 30.



Summary and Conclusion

Estimated number of deaths:

In wood frame structures
In offices, mercantile, bub]ic,
etc. buildings of non-wood

frame construction

In one multistory building

collapse
TOTAL

Estimated number of serious

injuries

Estimated number of nonserious

injuries

Summer
day night
18 18
26 16

100 100
144 134
176 136

1,320 1,020

Winter -
day night
18 18
25 15
100 100
143 133
172 132
1,290 990




DAMAGE TO MULTISTORY BUILDINGS. iN ANCHORAGE, ALASKA,

TABLE 5

Principa}
Lateral Force

1964

% Damage
(of replace~

iuilding Name  Year Structural System
ind Occupancy  Built Stories Frame Floors Exterior Walls Core Bracing System " value) Remarks
irport Controt! 1952 6 and base- ? R/C 5 and & in. RAC Insulated metal None R/C frame 100 Also damaged in 1954
ower ment shock.
nchor age— 1960 14 and base- Steel,with 51/2 to 6 1/2 Insulated metal See re- R/C shear walls 12 Landslide shifted
estward ment some R/C in. R/C on MD and R/C marks building about 1 foot
Hotel) columns on steel beams R/C around elevators
not a major core.
srdova 1960 6 and base- Steel 2 1/2 in. R/C on Insulated metal R/C Steel moment 20
dffice) MD on steel joist and 4 in. R/C connections; shear
and beams walls in R/C core
Imendorf 1955 7 and base- R/C 6 in. R/C Nonstructural R/C m\o shear walls 1 Lower height
»spital ment hollow concrete (See re-~ buildings not |isted.
biock marks) . Structural damage 1%;
. nonstructural greater
wur Seasons 1964 6 None 8 in. prestressed Plastered studs R/C Shear walls Lift slab using steel
partments) post-tensioned R/C; R/C central core 100 columns.
tendons not. grouted ' .
Il (Office) 1962 8 Steel (see 5 in. R/C on steel Insulated metal R/C Shear walls in Central core was R/C
remarks) beams R/C central cors 20-25 bear ing .
ik Arms 1950 6 and base~ Incomplete 51/2 in. R/C R/C R/C R/C shear walls zmm_mwmv_m Building moved 10 to
dartments) . ment “11 feet, due to land-
slide
v McKinley 1951 14 and- base- R/C (see 5 1/2 in. R/C R/C bearing R/C R/C shear walls 40 R/C interior beams
vartments) ment remarks) on R/C beams T and ' columns. Walls
. bearing. Almost
identical to 1200 L
Building
0 L 1951 14 and base- R/C (see 3 1/2 ine R/C R/C bearing R/C R/C shear walls 30 R/C interior beams
arfments) ment remarks) on R/C beams : and columns., Walls
~ be 19~  Almost
- : identi to McKinley

Building



TABLE 5

DAMAGE TO MULTISTORY BUILDINGS IN ANCHORAGE, >r>mx>~ 1964

usc A Principal % Damage
dilding Name  Year Seismic Structural System . Lateral Force (of replace-
1d Occupancy Built Stories Zone Frame Floors Exterior Walls Core Bracing System value) Remarks
snney (depart- 1962 5 3 None 10 in. R/C siabs  Precast R/C on Essen- R/C exterior 100 . Some hollow concrete
ant store) " on R/C columns 2 sides; R/C on tially walls block exterior walls.
~ovidence 1961 5 and base- 3 Steel 5 1/4 in. R/C Insulated metal R/C Shear walls in 2 1/2 Stair and elevator
spital ment ) ‘on MD on steel .o R/C central core tower and lower
beams ] height buildings not
. listed.

IBREVIATIONS: UBC - Uniform Building Code ’ SOURCE: Environmental Science Services Administration, "The Prince

R/C - Reinforced concrete. Poured-in~place unless otherwise specified. William Sound, Alaska, Earthquake of 1964 and Aftershocks,n

MD -~ Metal deck. Usually having frade name "Corruform" or "CofarM. - Vol. Il, Part A, page 216, (1967).



TABLE 6

SELECTED U.S.

EARTHQUAKES, 1811-1972

Approximate

Date ZMax imum Length
Name and Modified 'Richter of Surface
of {local} _mvmom:+mﬁ Mercalli Magni- Faulting 3Lives 4Dol tar
Earthquake Time Location Intensity  tude (miles) Lost Loss Remarks
'w Madrid, Dec. 16, 1811 36 N. X1 Over See remarks 1 death S e Richter assigned a magnitude
ssouri (about 2:15 AM) 90 W. (for each 8 of greater than 8 based on
Jan. 23, 1812 shock) observed effects. Surface
(about 8:50 AM) faulting possibly occurred:
Feb. 7, 1812 . see Fuller, p.58(Bibliography)
{about 10:10 AM) :
arleston, Aug. 31, 1886 32.9 N. X - "None 27 killed $5,000,0006 o
Carolina (9:51 PM) 80.0 W. outright, plus to
83 or more $6,000,000
‘ from related
causes.
n Francisco Apr. 18, 1906 38 N. X1 8.3 190 minimum 700 to $4,000,000 incl. Portions of the San Andreas
lifornia (5:12 AM, FST) 123 W, 270 possible 800 deaths - fire; $80,000,000 fault are under the Pacific
earthquake only. Ocean.,
nta Barbara, June 19, 1925 34.3 N VIEI-IX 6.3 None -~ 12 to 14 $6,500,000 The dollar loss is for the
lifornia (6:42 AM) 119.8 W. deaths City of Santa Barbara: losses
_ ) elsewhere were slight.
1g Beach Mar. 10, 1933 33.6 No 1X 6.3 —— Coroner's $40,000,000 +o Epicenter in ocean. Associ-
lifornia (5:54 PM, PST) 118.0 W. report: 86, $50,000.000 ated with Ingiewood fault.
' . 102 kitled is
more probable.
ena, Montana Oct. 12, 1935 46.6 N. Vil —— None ———————— $50,000 First of three destructive
(0:51 AM, MST) 112.0 W. shocks: Oct. 12, 18, and 31.
ena, Montana Oct. 18, 1935 46.6 N.  VII| 6.25 None 2 killed, $3,000,000 e —
(9:48 MM, MST) 112.0 W. “score" injuried to over
ena, Montana Oct. 31, 1935 46.6 N. Vil 6.0 None 2 killed, $4,000, 000 —m————
(11:38 AM, MST) 112.0 W. “score" injuried



(3.11 AM, PST)

Imperial Valley, May 18, 1940 32.7 No X 7.1 40 minimum 8 Killed out- $5,000,000 to M.M. IX for building damage
california (8:37 PM, PST) 115.5 W. right, 1 died $6,000,000 and M.M. X for faulting.
, later of injuries
Santa Barbara, June 30, 1941 34.4 N. Vill 5.9 ———— None killed, $250,000 Epicenter in ocean.
california (11:51 A4, PST) 119.6 W. 1. hospitalized
diympia, Apr. 13, 1949 47.1 N. Vitl 7.1 None 8 deaths $15,000,000 t¢  ee———
Yashington (11.56 PM, PST) 122.7 W. $25,000,000
{ern County, July 21, 1952 35.0 N.  XI 7.7 14 10 to 12 $37,650,000 to M.M. X| assigned to tunnel
-alifornia (4:52 AM, FDT) 119.0 W, deaths in buildings ‘damage from faulting: vibra—-
. Tehachapi $48,650,000 total. tion intensity to structures
(incle Aug. 22 generally VI, rarely IX.
affershocks). Faulting probably longer, but
covered by deep alluvium. .
akersfield, Aug. 22, 1952 35.3 N. Vil 5.8 None 2 killed and See above. Aftershock of July 21, 1952,
‘alifornia (3:41 A4, PDT) 118.9 W. 35 injured in ‘
Bakersfield
allon-Stillwater, July mw._wmb 39.4 N, 1X 6.6 11 No deaths, MM, X assigned along faulft
evada (4,13 AM, PDT) 118.5 W. several $500,000 to trace: vibration intensity
m:gowmmm $700,000, incl. VIIi. First of two shocks on
allon-Stillwater, Aug. 23, 1954 39.6 N. 1X 6.8 19 No deaths . $300,000 to same fault.
evada (10:52 W™, FDT) 118.5 W. irrigation system. M.M. IX assigned along fault
trace: vibration intensity
Vill. Second of two shocks on
same fault.
airview Peak, Dec. 16, 1954 39.3 N.. X 7.1 35 No deaths . ————— M.M. X assigned along fault’
evada (3:07 AM, PST) 118.1 W. ‘ trace: vibration intensity Vi|
Two shocks considered, as a
single event from the
ixie Valley, Dec. 16, 1954 39.8 N. X 6.8 30 No deaths ————— engineering standpoint.
3vada 11841 W,



Sureka, Dec. 21, 1954 40.8 N. A<_& 6.6 None 1 killed $1,000,000 ——————
california (11:56 AM, PST) 124.1 W, :
Port Hueneme, Mar. 18, 1957 34.1 N. Vi 4,7 None No deaths =~ = ~emmeee Epicenter in ocean.
aififornia (10:56 AM, FST) 119.2 W.
San Francisco, Mar. 22, 1957 3747 No Vil 5.3 None No deaths, $1,000,000 ————
Jalifornia (11:44 AM, BST) 122.5 W. about 40 minor

injuries

$2,334,000(roads :

19 presumed and bridges) M.M. X assigned along fault
iebgen Lake, Aug. 17, 1959 44,8 No X 7.1 15 buried by ’ trace. Vibrational intensity
fontana (11:37 P4, MST) 11141 W. . lands!ide, plus $150,000 wImcmm: was Vil maximum. Faulting

probably 9 Dam) complex, and regional warp-

others killed, ing occurred. Dollar loss
mostiy by ° $1,715,000¢( ! ard- to buildings relatively small,
lands] ide. slide correction)

rince William Mar. 27, 1964 66.1 N. —— 8.4 400 to 110 killed by $311,192,000 Also known as the "Good Friday

ound, Alaska (5:36 M, AST) 147.5 W. 500 tsunami: 15° (incls tsunami) Earthquake." Fault length
killed from all derived from seismic data.

) other causes., .

uget Sound, Apr. 29, 1965 47.4 N. Vil 6.5 None 3 killed out- $12,500,000 M.M. VIl general, M.M. ViI

ashington (8:29 AM, DT) 122.3 W. right, 3 died rare.

from heart

attacks.
arkfield, June 27, 1966 35.54 N. VI 5.5 23 1/2 and No deaths Less than Damaging earthquakes in same
alifornia -(9:26 P, FDT) 122.3 W. 51/2 $50, 000 area in 1901, 1922, and 1934.

The 1966 shock had peak accel-
leration of 50% G.
anta Rosa, Oct. 1, 1969 '38.47 N. 5.6 None )
alifornia (9:57 PM, FDT) 122.69 W. No deaths. 15 $6,000,000 to two shocks considered as a
anta Rosa, Oct. 1, 1969 38.45 No  VII=VII] injuries. 1. buildings. single event from the engi-
alifornia (11:20 A4, PDT) 122.69 W. 5.7 None heart attack. $1,250,000 to neering standpcint.

contents.



San Fernando, Feb. 9, 1971 34.40 N. VIIE=1X 6.6 12 58 deaths, '$478,519,635 Many reported injuries were
California (6:01 AM, PST) 118,40 V. 5,000 reported minor, but public or chari-
injuries table services requested.
ABBREVIATIONS : MeM. u.KOQN*mma Mercalli Intensity FOOTNOTES: ! Slight variations will be found In various

PST= Pacific Standard Time

Pacific Daylight Time (Subtract 1 hour for PST)

T =
MST = Mountain Standard Time
AST- = Alaska Standard Time

publications.

2 MM, Intensities are those assigned by the U.S.
Coast & Geodetic Survey (now NOAA) when available,

3 Original sources do not always clearly indicate if
deaths include those attributable to exposure,’
unattended injury, heart attack, and other non-
immediate deaths.

4 Value of dollar at time of earthquake. Use of
these figures requires a critical examination of
reference materials since the basis for the estimates
varye



TABLE 7

DEATH AND .INJURY RATIOS
Selected United States Earthquakes

: Time of Deaths per Injuries per
Earthquake : _ Date Occurrence 100,000 Population 100,000 Population
harleston, S. C. Aug. 31, 1886 9:51 p.m. 45 outright; 113 total -
an Francisco, Calif. April 18, 1906 5:12 m.a., ~ . -
San Francisco 124 104 serious
" Santa Rosa 116 69 serious
San Jose 80 38 serious
anta Barbara, Calif. June 29, 1925 6:42 a.m. . 45 A 119
ong Beach, Calif. March 10, 1933 5:54 p.m. . 26 1,300
nperial Valley, Calif.  May 18, 1940  8:37 p.m. 18 40 serious’
Jget Sound, Wash. April 13, 1949 11:56 p.m. 1 - . -
arn County, .Calif. - - July 21, 1952 4:52 a.m. - -
Tehachapi o .
wkersfield, Calif. Aug. 22, 1952 ' 3:41 p.m. 3 47
laska March 27, 1964 - 5:36 p.m. - -
Anchorage : 9 315 (17 serious)
in Fernando, Calif. Feb. 9, 1971 - 6:01 a.m. see below : 180 serious
Excl. Vet. Adm. Hospital 12 -

Incl. Vet. Adm. Hospital , 64 -



PUBLIC UTILITIES

The public utilities 1n¢1uded in this section are natural gas and electric
pbwer. These two utilities have been singled out due to the tremend&us‘
impact both have on winter heating in Anchorage. A long term loss of either
in winter monthé could cause wide spread suffering and many homeless

fémi]ies due to dwellings being uninhabitable.

The 1ong term loss of water and sewer would also cause much inconvenience;

. however, temporary measures can be taken to alleviate the s1tuat10n both by
individuals and the public utility. For example, in the 1964 earthquake,
"Firehose and portable pumps and chlorinators were used first, b@t these
were soon rep?éced in the Turnagain and port areas, and to a Tesser extent
elsewhere, by aluminum irrigation pipe laid on the surface énd connected to

dwellings with garden hoses.™ (Eckel, 1967).

Sewer systems also sustained much damage during the 1964 earthquake,
especially in slide areas, and temporary measures again were initiated by
individuals and the utility. On the short term, such things as "honey

bucket" collections can be organized while repairs are being made.

Data Collection

The individual utilities were most cooperative and very willingly furnished
data on their own systems. Some field inspections of the utilities were
made; however, mdst of the information co1]ected was based upon h1stor1ca]

records and the data furnished by the ut1]1t1es




NATURAL GAS

Natural gas is considered the single most important winter Tifeline for
survival since the majority of the residents in the Anchorage Municipality
use it to heat their homes. Most homes use gas fired hot air or hot water
furnances both of which also require electric power to run blowers and
pumps. This heating arrangement makes the electric power's critica1ity
secondary as perfains to the gas. It should be noted, however, if one has
gas service but not electric service, it is possible to restore complete
home heat by'using.a small portable electric generator. The reverse is not
trQe. Witho@t gas a small generator could furnish some heat (portable
electric heate%) but it is doubtfuf-that the entire house could be heated in

this manner to prevent fréezeup of water/heat-pipés.

Adding to the criticality of the gas'supply is the fact that all of the
electric power generating equipment located in the Anchorage Municipality is
fueled by natural gas as its primary source. Thus, an interruption of the
gas due to a pipeline break would also cause a loss of Municipal Power, some
Chugach Electric power, and power for both of the military bases.A A1l of
the'power plants in town have alternate fuel sources but this fuel will last
only a-couple of days (see Table 8). The remainder of the power for the |
Anchorage Municipality is generated outside of Anchorage by Chugach Electric

Corp. in Be1uga; which is Tocated across Cook Inlet from Anchorage, and at



the Eklutna Hydro Project which is near Pa]mer; Alaska, northeast of
Anchorage. See Electrical Power in this section forAmore details.

In order to properly assess future potential earthquaké damage to the -
“present natural gas system, it is first necessary to review how weld the
system survived the 1964 "Great ATaéka Earthquake" and then, in turn,

postulate from that baseline.

In 1964, gas was transported to Anchorage through a high pressure'pipe1ine
which originated at Kalifonsky Beach néar Kenai on the Cook Inlet. The
single 12 1inch pipe11ne crossed the Kenai Peninsula and branched into two
parallel pipes for the Turnagain Arm undersea crossing which emerged near
Potters Flat Railroad Train Depot. From there to the main distribution
station near Tudor Road a single line was-agqin utilized. There was a total
of 93.miles of pipeline from the Kenai Peninsula and it survived the
earthquake virtually undamaged (Eckel, 1967). One small break was detected

at milepost 55 and it was quickly and easily repaired once reached (EckeT,

1967).

The 120 miles of gas distribution systém within Anchorage sustained nearly
$1 million worth of damages- (Eckel, 1967). Acfua]]y, the damage was 1i§ht
dué to the fact that the system was newly constructed (less than three years
on) and used modern code specifications. The major damage was 1ﬁ the
Tandslide areas where near surface materials moved both laterally and

vertically (Eckel, 1967).




There were two Tandslide induced breaks in high pressure lines within
Anchorage. One was near the Alaska Native Hospital and the other near the
power plant on Ship Creek. Gas service was restored to the power plant
within 30 hours (Eckel, 1967). It is inteﬁesting to note that the entire
City did not Tose gas service and for those that lost service, "Gas became
available in homes and businesses in Spenard and the southern part of
Anchorage witﬁin 48 hours, and 90 percenf of the entire system was restored

within two (2) weeks after the earthquake" (Eckel, 1967).

In the spring and summer months following the earthquake, the Gas Company
systematically relieved the stra1n on both the h1gh pressure 1ine and the
City distribution system. Since the ground was frozen at the time of the
earthquake the underground bipes-were movement restricted and the resu]tfng
strain remained untmi the sprihg thaw. Uniquely, the Gas Company mapped all
the areas where repairs were made and overlayed their work onto a map to
identify strain.suspect areas. The lines crossing fractures were identified
and excaVations were made. The p1pes were cut and "Some pipes were under
such tension that the cuts operied as much as 2 inches; elsewhere compressive
forces shortened the pipes= Successive exposures and -cuts in the 11n°s were
then made at 50-foot intervals away from the origins until-points were

reached where cuts resulted in no movement of the pipes" (Eckel, 1967).



Essentially, the same procedure was used to relieve the strain on the gas

~transmission Tine. Thus, the entire system was restored to a "Tike new"

condition in the summer following the earthquake.

Subsequently, the distribution system has expanded to coincide with the
tremendous population increase in Anchorage. Additionally, a trasmission
line has been installed to service the'Eag1e River area. A1l modern
technology has been used in the expansions and each service connection is
supplied with an automatic saféty cut-off valve. This valve will cut off
the gas supply due to excess flow or underpressure and it is also somewhat
sensitive to strong vibrations according to Gas Company officials. Once the
safety switch is tripped for any reason, it must be manually reset by the
Gas Company. They, of course, would only restore the gas supb]y to the user

after the cause for the activated safety valve has been determined and

corrected.

The gas transmission 1ine has also been expanded to give édditiona1
redundancy to the system. From a single line on.the Kenai Peninsﬁ]a 1n
1964, there are now several loops of larger diameter pipe going to three -
different gas sources. There are now two parallel lines across the Kenai
Peninsula as far as Potters Flat on the Anchorage side of Cook Intet. From

that point there are three lines into Anchorage, whereas, in 1964 there was

only a single line.




In order to postulate a "worst case natural gas situation" the following
scenario was generated and presented to the Alaska Gas Compnay for

resolution:

During mid-winter a major earthquake severed both natural gas pipelines -
crossing the Inlet, thereby, totally eliminating the natural gas supply

- to Anchorage. What can be done to restore service and how Tong would it

take?

According to the Alaska Gas & Service Company, the Inlet crossing can be
repaired regardless of the time of year. At Tow tide;.the majority of the
pipeline is exposed and can be repaired using specia1 equipment. Spare pipé
and pipe clamps are both available Tocally for the repairs and the Gas
Company keeps in contact with contractors in the area who have the equipment
necessary to work in the mud flats. - There is a run of 500" or Tess near the
opposite shore from Potters Flét that is under approximately 15° of.water at
Tow tide. If the break occurred in that streach of parallel pipe a new pipe
could Be pulled to breach the underwater break. The pipe and required

weights are available in Gas Company stocks.

fhé time required to make the repair for the most difficult break should not

exceed seven days. Inclement weather could delay the repair beyond the

seven day estimate.



It 1s interesting to note that the undersea crossing was inspected by the
Gas Company following the 1964 earthquake and they found it to be in
excellent condition. The Gas Company felt it survived better than any other

portion of the system. -

In conclusion, the probability of a break in bofh of the natural gas
pipelines crossing the Inlet is quite Tow with a repeat of the 1964 type
earthquake. Further to have the break occur in the most difficult to repair
portion is even more remote. And Tastly, if both lines are severed in the
most diffjcult 1ocation it is estimated it will stiT] only take a matter of

~days (7 days maximum) to repair even in mid-winter.
Analysis

Considering an earthquake of the same intensity and magnitude of the 1964
“Great Alaskan Earthquake" one can feel relatively safe making certain
assumptions regarding the natural gas system insofar as earthquake response
planning is concerned. It shoq]d be noted that an in-depth engineering
study has not been accomplished since the information usage is for disaster
response planning only and finite accuracy is not required. As a matter of
fact, there is a tendancy to lean towards the "worst case® since a measure

of overkill in disaster response p]annfng 1s desireable.

The gas transmission 1ines Teading into Anchorage are expected to survive

with Tittle or minor damage, none of which'wou1d be severe enoughvto




interrupt the supply of gas. This assumption is based upon the historical
evidence of how the tfansmission Tine reacted favorably to the 1964
earthquake along with the improvements and redundancy now éxisting.

The disiribution-system within Anchorage is also expectea to survivé quite
well except in suspected slide areas. Using the earthquake hazard zones 4 _
and 5 as depicted in the Harding Lawson Study, (Harding-Lawson, 1979) the
Alaska Gas and Sehvice.Company determined there are 3,800 gas service
connections 1in thoée areas, with 60 percent in Zone 4 and 40 percent in Zone
5. Considering a total loss of customers in both zones (which is unjike]y),
there would be an 1nterrupti§n of the gas source'affecting approximately
12,000 people. This is cbmputed using a family size of slightly over

three.

It is estimated that 50 percent of the service would be restored within 48
hours and 80 percent within 96 hours. The remaining portions of the entire
system should be nearly all restored within two weeks. This information is

also reflected in the section regarding the homeless.

Fires, due to gas explosions, will be a rarity due to the safety valves
Tocated at each service connection. It is anticipated that many homes may
have their gas shut off by the safety valve due to seismic shaking but will

be quickly restored by the Gas Service Company resetting the valve.



In summary, although the natural gas supply is the most critical winter:
survival ]ife]ine, it is very likely to survive a severe earthquake quite
well except in landslide areas. Even in these areas destruction will not be

complete and restoral actidn.can be accomplished very rapidly. Most homes

which are in a slide area that remain otherwise habitable should have their
gas restored within 48 hours. A1l gas except for a very few stubborn cases
should be restored within two weeks. Homeless figures have been

computed by using the expected gas outages coupled with the expected

electrical outages.



ELECTRIC POWER

Background

The Anchorage Municipality is furnished electrical power primarily from two

sources, Municipal Light and Power (ML & P) and Chugach Electric Association
(Chugach). Additionally, bofh Fort Richardson and Elmendorf AFB have their

own generating capabilities and the Alaska Powef Administration has a

_hydroelectric plant at Eklutna whichrfurnishes power to Chugach and ML & P.

The Municipa] Light and Power furnishes approximately one third of the
Municipality's power covering an area roughly following the old city limit
lines. Much of the Municipality's commercial power requirements are
satisfied by ML & P. (See Table 8 for a complete 1isting of the area's
generating capacities by 1ocatfon,‘typé of fuel and standby fuel where
applicable). As indicated in the table, all of ML & P's power is generated
within the Municipality except for a small amount puﬁchaSed from the Alaska
Power Administration (APA); therefore, Tong transmission lines which are

susceptible to shock and slide damage are not a severe problem to ML & P.

ML & P peak power reqﬁirements for midwinter with Tow ambient temperatures
experienced are estimated to be approximately 137 Mw during the upcoming |
1980-1981 season. Total available ML & P power suBéfantua]1y exceeds this
peak requirement; however, total available power is noﬁ the Timiting

parameter when considering earthquake damage restoral. For eXamp]e, the



majority of ML & P's power is (or will be in the future) generated at the ML
& P 011 Well Road facility. If thjs faci}ity were desfroyed, the First
Avenue and Post Road generation plant could only furnish about 85 Mw or -
slightly over one-half the peak wintér requirément. Given the reverse
situation, whereupon; the 011 Well Road Plant survives but the Post Road
Plant did not, all peak ML & P requirements could be satisfied'by the one
large 011 Well Road plant. The ML & P power generating systeﬁ survived the
1964 "Good Friday Earthquake" moderately well. The gas turbines in the
F1rst Avenue and Post Road generating p]ant were automatically shut down by
the vibration controls reacting to the first shocks (Eckel, 1967). There
was little damage to the plant; however, the natural gas supply was lost due
to a landslide breaking the gas transmission pipeline leading to the plant.
"Six standby diesel generators Qere also inoperative-because water main
breaks stopped the supp]y of cooling water. Some intermittent power was
restored to the city within two and one-half hours after the earthquake,
when the turbine plant was started with bottled '‘gas and then converted to
oil for fuel™ (Eckel, 1967). The plant's fuel storage tank was also
destroyed by slide action which necessitated fuel delivery by truck from
E]mendorf AFB to keep the turﬁine operating. Firm power was not restored to
£he city system until the gas 1ine was repaired. "As a result, ~power was

" restored to nearly all of Ancnorage by m1dn1ght Sunday, March 29" (Ecke]
1967). In overal] summary, ML & P's power generating capabi]ity was

partially restored two and one- half hours after the event and was fully

capable within 55 hours




ML & P's distribution system survived the 1964 earthquake amazingly well.
"The municipal power-distribution system, both aerial and underground, was
almost undamaged except in slide areas" {Eckel, 1967). Gigantic landslides
took its toll by wrecking two substations which required relocation, while
the vibrations caused 1ight to moderate damage to most of the other

substations (Eckel, 1967).

Chugach furnishes approximately two thirds of the power required for the
geographical area of the Anchorage Municipality. The éxact split of power
furnished by Chugach versus ML & P is not important as far as response
planning is concerned, but -a rough estimate of the split is helpful in case
it becomes hecessahy to backfeed power from one system to another, See

Figure 13 for the Chugach System.

Anchorage has experienced a tremendous growth in population since 1964 with
the greater portion of the urban housing being built in the Chugach service
area. Keeping pace with the increased demand for electrical power, Chugach
has built a large genefation facility located across Cook Inlet frdm
Anchorage to the west and hencé to the south. This 1mpress{ve plant is
located. near the village of Tyonek and js commonly referred to as the
"Beluga Statfon." It is situated next to several gas wells that furnish the

fuel for this gigantic facility. This one facility alone is nearly capable



of furnishing the entire Chugach peak winter load requirement, and.as of
this writing it is being expanded by -another 60 Mw waste heat recovery
generator to be on-Tine by late 1980.

. The Beluga Station was constructéd after the 1964 earthquake so there is no
historical evidence to use as a basis’of'assessment. As a matter of
comparison, the Village of Tyonek located near BeTuga survived the 1964
earthquake with Tittle property damage. "One waterline, burijed eight feet
deep; was broken by ground fissures. where it crossed swamp deposits hear the
Take. Unattached articles in homes were shaken, but there was no structural
damage, no chimneys fe11, and a large water tank on the hill above the
village was unaffected" (P]afker, Kachadoorian, Eckel,'and Mayo, 1969).
Thus, it is reasonable to expect the generating fécilities at Beluga to

react .similarly in a repeat of a 1964 type edrtthake.

In 1964, Chugach electric generating capabilities was comprised of the Knik
Arm coal-fired steam plant near the mouth of Ship Creek 1in Anchorage, the
Bernice Lake gas turbine plant in Kenai, and the Cooper Lake hydrqe]ectric
plant on the Kenai Penihsu?a. The Berniée Lake PTant furnished power
principally for the Kenai Peninsu1a and was not a factor in the Anchorage
scenario. The Cooper Lake facility did not sustain any serious Aamége in
the‘1964 Alaskan Earthquake. "The Knik Arm Plant, however, was severely
shaken, and coal bunkers, ash handling system, and other elements were

either weakened or destroyed. The most serious damage was not noticed until




two weeks after the earthquake when high tides made apparent the fact that
tectohic subsidence and Tocal compaction had lowered the mouth of Ship
Creek. Sea water flooded the cooling pond and the ash aisle in the basement
of the plant" (Eckel, 1967). Nevertheless, the Knik Arm Plant was in full

operation in less than a week after the earthquake.

The Chugach distribution system was.also severé]y damaged. "About 50 poles
broke and 25 transformers were dropped to the ground. Underground lines and
several substations 1ﬁ downtown Anchorage were destroyed by landslides"
(Chugach Electric Assoc., 1964). There was no power coming over the Chugach
transmission lines from the Kenai Peninsula, and the Eklutna Plant was
temporarily out of service. The Chugach'transmission 11ngs along the north
' side of Turnagain Arm sustainéd heavy damage, "...particularly between

~ Girdwood and Portage...-13 tower structures were destroyed and 60 others
required extensive repairs" (Eckel, 1967). "In the mountains;
earthquake-triggered avalanches destroyed several towers on the Tine bétweeng
Portage and Cooper Lake.and between Coober Lake and Seward" (Chugach
Electric Assoc., 1964). Restoral of the Chugach generating capacities took
less than a week; howeVer, rebuilding the transimission lines extended into

early May.

The Eklutna Hydroplant was operating at near its maximum of 32 Mw when the
"Great Alaskan Earthquake" occurred in 1964. The initial shock eliminated

all the power to the plant and it occurred when almost all the maintenance



~———

personnel were off site. As first estimated, the damage to the plant
appeared to be Tight, and service was restored to the plant itself within 30
minutes by opening the line service switches (Logan, 1967); The 115-kv
Palmer transmission line was out due to destfuction of 7,500 feet of Tine by
earthquake induced snow slides. After some temporary repairé were made to
the switchjng equipment, the Anchorage line was energized on March 27, at
10:10 p.m., the Matanuska Eiectric Association Reed substation at

10:43 p.m. and the Palmer substation, the>néxt day at 10:00 a.m.

(Logan, 1967).

Both of Eklutna's hydro generating units went off the line on March 28 due
to dropping pen stock preséure. The pressure restored itself and one unit
was put back on 1iﬁe. This signalled the start of a long series of
intermittent service which lasted unti] May 9, 1964, at whiéh time the plant
was closed for inspection and repair (Logan, 1967). The plant is still in

existance today and furnishes good steady power to ML & P and Chugach.

-Both Flmendorf AFB and Fort Richardson's coal-fired steam turbines sustained

structual damage due to seismic shaking in 1964. “Despite the widespread

damages, central heating for the mi]itahy.bases was maintained with almost

no interruption, and power was restored to large parts of both bases within

24-hours (Powers 1965; U.S. Army Alaska Command, 1964; Stephensbn, 1964).




The military power plants are now fueled with natural gas but could be

quickly converted to oil.
Analysis = =

The total Anchorage Municipalty power picture has changed considerably since
the 1964 Alaskan earthquake. The picture has changed from a position,
-whereby, a Targe percentage of the power generation equipment was located
within the city in 1964 to the present, whereupoh the greater share is
located outside of the Muncipality. At the same time, the frénd within the
city has been towards utilizing a smaller number of large capacity méchines
rather than a large number of'smail machines. This has the negative effect
of mak1ng each large machine much more critical to the overall power
quotient. On the other hand, this is more than off-set by the fact that
most of the large machines are new and more reliable thah the older small

generators that are subject to more mechanical breakdow7s

First, when analyzing the impact of generating a large portion of the power
outside of theAMunicipality, one finds it contains both negative and
positive aspects. On the positive s1de, it is advantageous to have the
generators located as far from the h1stor1c epicenter as poss1b1e to
minimize damage A11 of the out-of-town Chugach fac111t1es fall into this

category. Most important, the Targe bulk supplier at Beluga (the critical



Tink in the Chugach system) is located the farthest distance away from the

1964 epicenter of all the Chugach generators. On the negative side, bulk

power delivery is dependent upon 1ong‘transmission Tines leading to the
Muhiéipa11ty, which makes it subject to interruption more from line.loss
than source loss. Experience has shown that power outages are caused by
Tines swinging and touching, thereby, tripping circuit breakers.
Transmission Tines, and insulators can also be broken due to tension caused
by opposing sway of transmission towers. Whole sections of lines'and towers
can be destroyed by snow/]andslide; in méuntainous terrain. Foftunate]y,
transmission 1ines-are designed to withstand high winds which inherently

makes them somewhat earthquake resistant.

In the overall.Anchorage Municipality transmfssion']fne scenario we also
find some advantages and disadvantages. Regretably, some of the bulk power
transmission lines from the south and north Ccross areas susceptible to
~avalanche and slides. Fortunately, these two routes furnish only a small
amount of power. The big bulk supplier to the west (Beluga) uses parallel
overhead trénsmission lines traversing the west side of Cpok Inlet to a
point opposite»Point Woronzof, whereupon, submarine cables ére utilized for
the Inlet Ccrossing to Anchorage. The earthquake damage to the overhead
| Tines could be quickly found and easily fixed whicﬁ is a decisive advantage.
In the negative, hoﬁever, repairing earthquake damage to the Inlet crossing
submarine cables would require special Tong lead time equipment and the work
can only be accomplished in the summer months. At the present'time, Chugach

has plans to upgrade the entire transmission system from its Beluga Plant.




This will include reinsulating the existing 138 kv transmission line from

- Beluga Power Plant to Teeland substation to 230 kv, and the construction of
‘a 230 kv combination submarine c§b1e-overhead circuit to Anchorage. Most
noteworthy of these improvements is the additional submarine cable crossing
“which will be Tocated in the Knik Arm separated by seven mites from the
present Cook Inlet crossing. This additional crossing will provide

redundancy for the critical and difficult to repair portion of the

transmission system.

Power produced within Anchorage represents less of a trénsmission problem
but the probabi]ity of generator damagevdue to shaking is somewhat greater
due to being located closer to the historic.epicenter. The 1964
Municipality generator damage;was Tight with the Toss of power ‘being caused
primarily by the interruptibn of natural gas fuel due to a landslide. Based
upon this h{storical evidence coupled with the‘know1edge of ML & P's p]ant.
fmprovements/expansions, it is projected that the present ML & P generaﬁion
system is even more survivable. Most of the bulk power is now generated at
the ML & P 011 Well Road Plant wh{ch is located in a good soils zéne Tess
susceptible to slides and Joss of-nqtural gas than the older and smaller
First Avenue and Post Road Plant. »Loss of the older plant due to another
earthquake induced Tandslide will have little impact on the overa]T ML & P

generating capacity if the 0il Well Road facility survives.



Both of the military generating plants combined excess power wou]& add very
Tittle to the overall Municipality's ﬁeeds if a11‘other civilian sources
were out. In the reverse, the civilian sources could pick up the military
Toad without much difficulty if the necessafy.inter-connects are in. place.
This is a departure from the 1964 setting, whereupqn, the military baseé and
their generators at that time, represented a larger share of the total

generating capacity.

For disaster response purposés, the Eklutna Hydro Project generation
equipment and»transmissionvsystem is postd]ated to react in a manner similar
to the 1964 earthquake event although some postearthquake improvements have
been made. Because of the tremendous growth in the total Anchorage area
generating-capacityl the EkTutna power represents a much smaller portion of
the overall power available; therefore, it isinot a critical link in the
grid as it was 1n 1964. This rationale generally holds true for all the

older generat1on capabilities.

The number of customers whose electric servfce would be oﬁt due to a major

- earthquake will be very similar to the nunber and type of damage experienced
during the April, 1980 Anchorage windstorm. For earthquake studybpurposes,
the actual e]ectrica] restoral actions taken, very nicely para]1e]s
earthquake restoral actions and can be used to postulate vehy realistic
reaction times. The w1ndstorm resulted in a loss of power for approx1mate1y

15,000 Chugach customers, 16,000 ML & P customers and both military bases




sustained minor electrical damage. The outages were caused by a variety of
factors from minor circuit breaker tripping to complete 1ine loss due to
fallen trees and poles. One high voltage incoming transmission line from
the south was completely out. On the other hand, some electric seryice
customers were neverAwithout power. Restoral moved very quickly with
virtually all of ML & P's customers restored within 10-hours. The outage
started.at 1:30 a.m. and by 3:00 a.m., 16,000 ML &-P customers were’withbut_
service. By 5:00 a.m;, service restora]Awas taking place and all ML & P
service'was restored by 11:30 a.m. Fortunately, most of the ML & P restorq]
was in the easy find, easy fix category of resetting protective equipment
rather than physical damage. Restoral af both military bases was completed
in nearly the same time frame. Most of thg physical damage was concentrated
in the Chugach portion of the Municipality, and the numbers a!one were
overwhelming. Nonetheless, reSfora] was quite rapid with Chugach first
concentrating on the easy—to-fig problems that affected large numbers of
customers. Next, the more difficult problems were handled that affected
multiple customers, and Tast in priority were difficu]t'to fix single
service problems. Chugach received assistance from private contractors,
other utility companies in fhe State, ML & P and _the military. Within
18-hours, Chugach and private contractors had restored service to 7,500 of
the original 15,000 who had 1o§t service. Within 48-hours 3,700 additional
customers had been restored and within 72-hours all but 1,000 mainly single

customers were still without power. By the end of the fourth day, virtually

all power had been restored to the homes.



Summary

Earthquake damage calculations for response planning purposes normally
assummes a "worst case" sitqation in order to prepare for and be aware of a
high Tevel of expected damage._ This.is not a guaranteé that the actual
event will not exceed that level; but rather, it is the high side of a range
thought to be realistic based upon historical evidencerf other earthquakes.
With this in mind the postulated electrical utility damage is summarized in

the following paragraphs:

As in 1964, a complete power blackout can be expected imﬁediate]y‘fo1]owing
the first shock. Minor damage to the power generation facilities located in
-Anéhorage (including Eklutna) can be expected. After apprpximate]y 30
minutes to allow fime for a plant damage assessment, the Tightly daﬁaged
plants will be ready to %urnish power to the transmission system. It is
estimated that two.thirds of the generation facilities within Anchorage will
survive the shaking well enough to be put on-the-line within the first houf.
The majority of remainihg capacity should be restored rather quickly,
gpanniﬁg a time frame of several hours to 3f4 days. A small percentage of
the potential capacity will require a long-term fix actjon amounting to

several weeks.

The power generation facilities located outside of Anchorage are expected to

survive with Tight to minor damage as they did in the 1964 earthquake event.




Minor shaking damage te the Beluga Station facility can be expected due to

such things as toppling of unbraced equipment control racks. Restoration

from this damage should be very rapid.

Damage to incoming transmission lines to Anchorage will have the greatesf
effect on the overall electric power supply and all are expected to sustafn
somebdamage. The lines from the north and soeth are highly susceptible to
outages from lands1ides since they traverse mountainous terrain. .They are
also vu]nerab1e to swinging and short1ng to other Tines which usually cause
power outages. Ground motion can also cause tension breaks in the 11nes.
.The Tine from the north should be quickly repaired but the southern 1line
could be 6ut for a week or more. The.overhead Tine route from Beluga to the
west does not traverse mountainous terrain but the Tines will be subject to
swing and tension damage. This type of damage is easily found and normelly
causes only a short term outage. The Chugach upgrading projects including
the additional Inlet crossing in the Knik Arm will provide needed

redundancy. A]] repa1rs to the westerly line necessary to restore power

shou]d be accomplished in less than 12 hours.

- Damage to the customer service distribution system within the Municiba]ity
will vary from undamaged to complete destruction in s]jde areas. See
Figure 14 for location of ML & P substations. 'Numerous servfce poles
(approximately seventy-five) and transformers (approximate1y thiry-five)
will fa11 in poor soils areas due to extensive ground movement. Improve-
ments to the distribution system coupled with the knowledge that the

majority of the Municipality's expansion has been on better soils leads to



the conclusion that service damage will be less on a percentage basis than
in 1964. Restoral of all power to the lost service areas should take Tess

than a week with majority df'power restored within 24-hours.




J ' TABLE 8

ANCHORAGE AREA POWER GENERAT ION

ELECTRIC POWER [N
MEGAWATTS
OUTSIDE OF IN STANDBY
LOCAT ION FUEL ANCHORAGE ANCHORAGE | .FUEL (DAYS) REMARKS
Chugach Electric . * .
Beluga N. Gas . 272.3 ) —— An additional 60 MW to.
’ ’ be on line In late 1980.
" Bernice Lake N. Gas/0i! 47.9 1.9
Cooper Lake Hydro 15.08 J ) ) ———
International Sta. N. Gas/0il 45.0 12
Knik Arm N. Gas/0il 14.5
Alaska Power Admin. Hydro 32,0 ———
Municipal Llght & Power X%
Ist & Post N. Gas/01i! 85.¢ 1.3 Does not include 2.2 MW of
- diesel standby
Oil Well Road N. Gas/0il 151.9 1.9 Total ML&P on line in fal
of 81 will be 276 MW
} €lmendorf AFB’ N. Gas/0i| 22,5 . 3.5 Also has 2 MW standby
. diesel
Fort Richardson N. Gas/0i1 27.5 .5 ’
TOTAL 366.3 - 345,5

* Chugach Electric purchases 9 MW of power from APA
¥*¥ ML & P purchases 16 MW of power from APA
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TRANSPORTATION

There are four modes of transportation which serve functions important to
the Anchorage community: air, water, railroads, and highways. In this -
chapter, damage to these transportation systems, caused by the 1964
earthquake, is used as a basis to anticipate damage should a.1afge magnitude
earthquake occur in the near future. The modes of transportation are
discussed as possible alternatives to each other, if one or more is

disrupted by severe earthquake damage.




AIRPORTS

In the aftermath of the 1964 earthquake  the aif transport system of
southcentral Alaska was the least damaged of the transportation systeﬁs.
Major shipping ports were destroyed or severely damaged, and highway and
rail links connecting these ports to Anchorage and other towns‘were made
bimpaééab1e by damage. This made Alaska ex£remé1y dependent on air service

for importing supplies during the recovery period (Eckel, 1967).

During the 1964 earthquake "all three major airfie]ds at Anchorage--
Elmendorf AFB, Anchorage International Airport, and Merrill Field--escaped
the huge landslides that wrought so much havac in parts of Anchorége
(Hanseﬁ, 1965), but all sustained some degree of damage by earthquake
vibration. Merrill F{e1d, heavily used by Civil Air Patrol and by private
planes, was back in full operation within an hour of the quake and served as
a control center for all air traffic in the Anchorage area while control
facilities at Elmendorf and Anchorage International were being repaired"
(Eckel, 1967). The airfield at Elmendorf AFB remained operétiona1 during
the quake but tower operatfons were moved to a temporary location until
their tower was repaired (Eckel, 1967). Anchorage International Airport's
tower collapsed due to vibration and was one of the greatest losses that
directly affected the aviation system. A parked DC-3 was utilized for
communications with Merrill Field tower and the International Airport was
'substantia]ly operational within a few hours éfter the quake (Eckel, 1967).

Runway damage was sfight and was repaired quickly. Several buildings



collapsed, including part of the terminal (Eckel, 1967; Norton and Haas,

1970).

Since 1964, severé] improvements have been made in the construction of air
traffic control facilities. The most obvious is the new air~traff1crcontro]
tower at Anchorage International which was built in 1978. This tower Has
all the ‘Instrument Flight Rules equipment and radar components at ground -
Tevel, hence this equipment should be relatively safe even if ‘the control
tower were to cé]]apse. Also the tower was constructed with -earthquake
movement in mind, so .it should resist ‘all but extremely severe motion.
Elmendorf AFB has also constructed a new toWer, in 1969, that is similar fo
the one at Anchorage IntehnationaT. Anchorage International has tentative

plans to erect a new terminal building in 1982.

Emergency electric power for Anchorage International would be provided by
four generators fueled by gasoline or diesel fuel. These would provide
Tight to runways, taxiways and 1imited power to the terminal and other
buildings. Emergency power torthe control tower is provided separately by

FAA's own system (State of Alaska, 1978).

Communications.at Anchorage Internationa]_is no problem, as there are four
nets: ground control, security, field maintenance and airport manageé.
These sections have vehicle mounted and/or handheld radios. Communications
at Merrill Field are similar to commuhications at the International Airport.
The airport manager is able to communicate with the tower, maintenance, and

in this case, the Anchorage Police Department.




the newly constructed FAA Traffip Cohtro] Center, located adjacent to
Elmendorf AFB, has a diesel generator for standby power and has a maximum
fuel supp]y'of 17 days. They utilize the RCA satellite for their
communications statewide, and if that system fails, can still communicate by

telephone and microwave through Canada to outside satellite sources.

Road-access to-the airports could be restricted due to earthquake damage.
However, damage to Anchorage roads caused by .the 1964 earthquake was fairly
Tight énd.dfd not present major problems to traffic flow except in the slide
areas. Each of the three airports have alternative access routes. Hence it

is ‘expected that emergency traffic would have access to the airports within

a few hours after a major earthquake.

An additional hazard to the airports is the risk of fire if fuel tanks and
Tines rupture. To reduce this risk, each airport has the capability of
spreading foam over,spf?]ed fuel whiéh prevents it from burning (Merrill
Field is protected by Anchorage Fire Department). A1l agencies with fire
.fighting capability in Anchorage have a mutual aid agreement with each '
.oﬁher, making the stgckpi?e of foam available to each extensive Elmendorf
AFB maintains 200,000 gallons of foém concentrate (mixes at 3 percent or 6
percent‘with water) and Anchorage ‘Fire Departmenf (AFD) keeps 600 to 700
gallons in gtorage. These supplies can be rapidly mobilized for use. In

addition, ETﬁendorf AFB has crash units at their airfield, the largest of

wﬁich carries 500 gallons of foam concentrate. AIA and the nearby Kulis Air



National Guard Base also have crash units with a large foam capacity. AFD
has one fire engine which carries 75 gallons of foam concentrate. This can
cover an area of several blocks. Two AFD tankers carry 50 gallons of foam:

- concentrate each and about seven other fire engines carry 15 or 20 gallons.

A new potential source of damage at Anchorage fnternatioha] is the passenger
arrival ramp providing~automob11e access to the second floor of the termi-
nal. The earthquake response of this bridge-1ike structure has not been
evaluated in this study. If this structure were to collapse it would be

quite dangerous and could result in Tife loss.

Table 9 shows that there are some alternatives to the three.major airports
in Anchorage, if these should be made fnoperab]e by an earthuake. Most
important among these is the BLM owned Campbell Airstrip. It has a gravel
airstrip almost a mile‘long and auxiliary power capabilities. Hence, it
could serve fairly large airplanes equipped to land on gravel, in event of
an earthquake disaster. Lake Hood is a major sma11 p1ane airport'ab]e to
handle wheel and float planes. To the north of Anchorage, in the Chugiak
area, the Birchwood Airport is becoming increasingly important as a small
plane airstrip servihg Anchbrage. Although it has a 4,000 foot asphalt
runway, it has no lighting system and is restricted to daytime use. In
additidn'to the airports mentioned above, there are several privately owned

airstrips for .small planes throughout the Municipality.




There are seven heliport locations listed in Table 9, including two hospital
lTocations. In addition, large flat areas could be used as emergency landing
pads for helicoptors, e.g., playgrounds and parking lots (U.S. Géo]ogica]

Survey, 1975). Lighting systems for these would have to be devised to allow

nighttime use. Headlights of cars could possibly be used for this purpose.

Analysis

Airport runways are constructed to withstand the éxtreme %orces exerted as
large jets land and take off. This heavy duty construction also makes
runways fairly résistive to seismic vibrations. Therefore, severe damage to
runways is not expécted in the event of another majdr earthquake. Since the
three.major airports are widely sepérated and Tocated on different types of
soil fbrmations, it is_un]ike]y that all three would be severely damaged in
an earthquake unless the magnitude were much greafer, or the epicenter much
c]éser to Anchorage than those of the 1964 earthquake. If all three were to
become inoperable for an extended period of time, Anchorage has alternative
tanding areas that could accept emergency.air traffic. The-air transporta-
tion mode is more flexible than other modes, 1arge1y‘bepause the size and
takeoff-landing capabilities of airckaft vary so gredtly. In addition, the
rapid mobility of aircréft wou]d'a]1ow quick -replacement of damaged aircraft
from outside the disaster area. Since damage is expected to be heavier to

other modes of transportation, airlifts would again be of prime importance

. for moving emergency supplies and personnel to assist in recovery

operations.
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PORTS

Alaska "...imports fully 90 percent of its requirements - mostly by
water..." (Eckel, 1967). Prior to the 1964 earthquake, the major ports
serving Anchroage were Seward and Whittier. The Port of Anchorage had less

commercial importance because, unlike the first two, it is not ice-free

year-round.

Damage caused by the 1964 earthuake.cut the rail and highway Tinks between
the major ports and Anchorage. The port of Seward waé totally destfoyéd by
submarine Tandslides (which generated local waves) seismic sea waves, ground
vibration énd fire. The Alaska Railroad's port facilities wére rébui]t on a
new site which may be less suseptible to submarine 1andslides.and associated
sea waves.' The port facilities at Whittier sustained a~greattdea1 of
damage, but Timited shipping service was restoréd by the time restricted

train service from Anchorage resumed, 24 days after the earthquake (Eckel,

1967).

The Port of Anchorage is built on the mudflats of Knik Arm in the Ship Creek
basin. This is a moist Tow-lying area that sustained considerable damage in
1964 from ”eartﬁquake vibrations and by re1atéd ground fractures and
consolidation and settlement of sediments" (Eckel, 1967). The cement deck
of the city dock received nuMeroﬁs hairline cracks and drobped below grade
somewhat. Some storage tanks in the port‘area were destroyed or damaged’

- (Eckel, 1967; Hansen 1965). "Petro]éum pipelines and approach roads and

rail lines were broken or twisted by settlement and vibration" (Eckel,




1967). Despite this and other damage, the Port of Anchorage came through
the earthquake well, in comparison to the ports of Whittier and Seward. The
Port of Anchorage escaped Tandslides, seismic sea waves, and fires (Hansen,
1965; Eckel, 1967). Port operations-were resumed on-a restricted basis

within three days following the earthquake (Eckel, 1965; Anderson, 1970).

" The rg]ative]y Tight earthquake damage and speed of recovery aliowed the
Port of Anchorage to.capture most of the shipping business that had
previously gone through Seward and Whittier (Ecket, 1967; Rogers, 1970).
This includes the majority of cargo brought to Alaska, except that used in
Southeast Alaska. The newTy initiated use of larger ships, with the ability
to cut through the ice pack, has made Anchorage a'year-round port.

Hénce, the Port of Anchorae has greatly increased in importance to Alaska,

as a whole. A discussion of the earthquake vuTnerabi]ity of the Port and

the operations there, is therefore in order.

Port of Anchorage

Due to the shallow water depth of the Port of Anchorage, deep draft cargo
vessels (28 to 30 foot draft) must approach the Port through a dredged
channel. ~Thfs channel is wide enough for two freighters to pass, but only
one sh1p>at a time uses it. Freighters can approach the dock from either
énd. .The approach is made against the tide so as to aid in slowing the

vessel and improving steerage.



If an earthquake caused the sides of the channel to slide, there is likely
to be enough room remaining to allow freighters to approach the dock. In
the unlikely event that one end of the channel were blocked, shipé could

approach from the other end.

The dock itself is essentially floating on steel piTings sﬁnk from 110 to
160 feet into the silt. The pi]jngs alternate -between groups of verticle
and groups of paired diagonal (scissor) pilings. The dock has numerous 8
inch expansion joints, which allow the dock to expand and contfact W1tﬁ
seasonal temperature fluctuations as well as improved the structures seismic
response capability. The dock is built to withstand great strain caused as
large chunks-of ice are forced against it by tidal flow in the wintertime.

" Ice typica]]yvincreases the weight on the dock by 500,000 1bs. Although
ADES has not obtained an estimation of the dock's ability to withstand
strong earthquake vibrations from an engineering expert, it appears to
laymen that this structure is well designed to withstand earthquake

vibration (see Figure 15 for Port layout).

Parts of the dock were in éxisteﬂce during tﬁei1964 earthquake. As
mentioned above, the cement deck recelved ha1r11ne cracks. These were
repaired by boring ho]es in the cracks and forc1ng epoxy glue 1nto them
The grade drop was not much of a problem. Add1t1ons to the dock have been

inclined at a slight angle so as to bring the newer portions up to grade.




The Operations and Maintenance Superintendent at the Port stated that
postearthquake land surveys show 18 ‘inches of seaward lateral movement
caused by the 1964 event. However, he stated that, if this is true, the
whole area must have moved as a mass since Port structures did not chénge
their positions in relationship to each other. The Superintendent has
ridden several tremors at his office on the pier. The building and dock
simp]& role with the mud in which they are embedded. Worse vibrations are

felt from the ice pushing the dock in the wintertime.

Soils studies conducted prior to construction of the Port show that the mud ,
with a few gravel Tenses interspersed, is at Teast 250 feet deep under the
dock. There is a firm till base underneath 1it, which slopes upward in the

diréction of planned additions to the dock./1

A tsunami capable of damaging dock facilities at Anchorage is considered an
unlikely occurrence "because of the shallow, narrow configuration

of...[Cook] Inlet and the complex tidal regime (Evahs, 1972)." Winterhalder,
Williams and England, 1979).

Port Operations

Two.companies ship goods from Anchorage to Seattle, Sea-Land and Tote, the
Tatter, began service to Anchorage in 1975. Each company sends two ships to

Anchofage per week,and neither refuels its ships in Anchorage.

T. The Municipality of Anéhorage currently rates the port area as
Seismic Hazard Zone 3, "moderate ground failure susceptibility"
.{gésge 2A, Seismically Induced Ground Failure, Anchorage, March



The operating methods and capabilities of the two companies differ
considerably. Each Tote voyage from Seattle takes about 68 hours to arrive
in Anchorage and carries 360 to 370 40-foot vans. Tote is Timited by their
loading method to carrying cargo on wheels. Vans and other vehicles are
driven off theiship using bfidges on wheels that are pushed into place
between‘ship and dock by pickUp trucks. The three such briqges are stored

on trestles which connect the main dock to solid ground.

Sea-Land ships take three to five days to make the voyage from Seattle to
Anchérage and carry about 360 to 370 35-foot container vans. A1l Sea-Land

cargo must be in containers, even automobiles. Sea-Land uses cranes to

off-Toad containers and set them into trailers which are then driven off the

dock.

There are five large gantry cranes at the Port. Two craneé are ‘rigged for
Sea-Land containers. These cranes 1ift 27.5 tons and are powered by
electricity (480 volts) which comes in at both ends of the dock. The other
three cranes are owned by tﬁe Municipality. They have self-contained deisel/
powered backup generators and are therefére not dependent én an outside

- source of electricity. Each crane has a 300 galton fuel tank which allows
the crane to run for 10 hours. Two of the cranes can 1ift 40 tons (one Qas
recently damaged and temporari]y out of use) and the other can 1ift up to

7.5 tons. These cranes can be rigged to 1ift Sea—Lénd containers by

attaching the right bridle.




The Tegs of all of the cranes are on-tracks which run the length of the

_ dock. When not in use, the cranes are secured against winds up to 100 miles
per hour by'four inch diameter pins between truck assembly and dock and by
chains. This would provide .some resistance against the cranes jumping their
tracks during an earthquake. If a crane did Jump track, the Superintendent
of Operatjons and Maintenance estimatesAthat itvwou]d take approximately

one déy to return it to the tracks. During the 1964 earthquake, the only
damage to cranes was that counterweights fell off. This required another

crane to put them back on. The most probable delay for repair of cranes

would be the time required to obtain parts.

There are three heads for of f-Toading 071 products. These contain valves
and hoses, or hose hook-ups. Dock side valves must be turned off gradually,
but there is also an off-dock valve house which coﬁtains quick turn shut-off
valves. During off-Toading there is a two-man valve watch. One man is
stationed at the dockside valves and one at the valve house. These two are

in radio contact with each other.

Soine breakage‘of fuel Tines and rupture of storage tanks océurred during the
1964 earthquake. Fire was prevented by the rapid response of Alaskan Air

- Command Civil Engineers, and' fire department personnel, who foamed the
spilled fuel to neutralize its flammability (Headquarters, Alaskan Command).
The tank farm near the Port of Anchorage has expanded since 1964 and is
quite extensive. If another earthquake strikes Anchorage with intensity
similar to the 1954 quake, fuel line and tank ruptures are expécted. The
dock itself is equipped with heads for receiving fire extinguishing

chemica]s'from onshore. While no foam is available at the Port to



neutralize spilled pertoleum products, the Anchorage Fire Department,
Elmendoff AFB, and the Airports have large quantities of foam on their crash
units and large sthkpiles of foam in storage (see Airport section above).
The Anchérage Fire-Departmént can réspond to ca]Ts from the Port in from
three to five minutes, and has a mutual aid agreement with all others with

fire fighting capabilities.

The Port aufhority‘is geared toward handling any emergency that may arise;
however, they have no specific emergency plans. They do have a call-back

system for off-duty peksonne], and key employees wear pagers.
‘Analysis

If another earthquake were to strike Anchorage with proportions similar to
the 1964 quake, somewhat less ground failure may be expected in the area.
The port structure, 1tsé1f, s not expected to be damaged sévere1y enough to
make it unusable. The Port authority would not require structural inspec-
tion of the dock prior to resumption of operations, unless the structure
appeared to be dangerous (J. W. Brown, Operations and Mainfenance

Superintendent).

Shipping opefations at the Port of Anchorage are not thought to be particu-
Tarly vulnerable to earthquake. Since the cranes are well secured, the
poss}bility of them ijping their tracks is not thought to be great. Usage
~of cranes is notldependent on the availability of electricity since the
diesel/electric cranes.can be rigged to off—]oéd Sea-Land containers. The

of f- loading of Tote freight is not dependent on cranes at-all.




- In the unlikely event that the Port of Anchorage could not be used for a
period of time following an earthquake, there are several alternatives. Two
additional docks in the Ship Creek basin accept shallow draft barges (Kaiser
Cement and Chugach Electric Association docks). Cargo could be transferred
from deép draft freighters to barges and then dff—1§aded at one of these
docks. Sky cranes could be used to transfer cargo between vessels. The Air

National Guard has four sky cranes in Anchorage, which can carry 20,000

pounds each.

Another alternative is to bring the vessels in at the Port of Whittier,
off-load them there and transport the freight to Anchoraée via rai] or
highway. 1In the 1964 earthquake, the Port of Whittier was much more heavily
damaged then the Port of AnchOragé, due largely to the occurrence of tsunami
and fire. The railroad aﬁd highway between Whittier and Anchorage»were also
heavily damaged and 1mpassib1e‘for a period of time after the quake.
However,'the epicenter of another large earthquake coﬁ1d be Tocated so as to

damage Anchorage heavily, without severely damaging Whittier or the 1and

transportation connections between them.
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RAILROADS

Alaska's single railroad, the Alaska Railroad, was extensively damaged
_during fhe 1964 earthquake. It "sustained damage of more than $35 mi]]ion:
54 percent of the cost for port facilities; 25 percent, roadbed and track;
9 percent, buildings and utilities; 7 percent, bridges énd culverts; and

5 percént, landslide remova}" (McCulloch and Bonilla, 1970). Thé area of
damage extended from Seward north to the bridge at Hurricane Gulch (mile
284.2) but was slight north of Matanuska (McCulloch and Bonilla, 1970);
Most of the damage occurred from Anchorage to Seward. Major proportions of
the damage occurred to the Railroad's port facilities at Seward k49 percent)
_ andVWhittier-(S.S percent), the rail line, inc1uding.bridges and culverts,
from Portage to Anchorage (24 percent), and from Sewékd to Portage (8 per-
cent). Damage at the terminal ih Anchorage contributed about 9 percent to

the total damage (McCulloch and Bonilla, 1970).

While considerable damage to the Railroad's terminal and port facilities was
due to vibrations and resultant ground failure, damage was greétly augmented
in Seward and Whittier by seismig sea waves. Fuel tanks at these ports were

ruptured by the waves and caught on fire (McCulloch and Bonilla, 1970).



Along the rail line itself, including bridges and culverts, a large part of
the damage was due to "regional tectonic subsidence," which lowered 22 miles
of railroad along the east end of Turnagin Arm as much as b 1/2 feet
(McCulloch and BoniT]a, 1970).  There was also damage from ground vibra-
tion, local differential subsidence, ground crackiné and liquefaction of
water saturated sediments which flowed toward depressions. "Landspreading”
caused a greét deal of 1atera1 displacement of the railbed. Many bridges
were damaged by compression and extension as the banks of streams and rivers

moved toward the center of their channel (McCulloch and Bonilla, 1970).

MQCu]ioch and Bonilla (1970) have identified six factors which influence the

extent of ground mobilization. "Arranged in decreasing order of apparent

importance these are:

1. The difference in foundation materials. - In areas of exposed till
and bedrock, there was no damage, and in areas of young unconsolidated
water-Taid noncohes1ve sediments, all mobilization damage occurred.

2. The total thickness of the sediments. - Other things being equal,
damage increased dramatically with sediment thickness. For example,
damage to railroad bridges was slight on sediments less than 50 feet
thick; moderate on sediments 50 to 100 feet th1ck and severe where
sed1ments were more than 100 feet thick.




3. The depth of the ground—Water table beneath the surface. - In the

most severely damaged areas the water table probabTy was about 10 feet
or less beneath the surface. ' ’

4.  The distance to a topographically lower area. - The amount of
lateral spreading increased toward stream channels, gullies, borrow
pits, or adjacent lower terraces.

5.  The slope of the ground surface. - Steeper slopes, such as those on
deltas and fans have a greater propensity for spreading.

6. The proximity to the area of maximum strain release. - The closer

to the source of the seismic energy, the stronger was the ground
motion." .

A]though'the grain size of sediments is not specifically mentioned in this
Tist, it was found that ground mobilization and resultant damage increased
as the grains of sediment decreased in size. McCulloch and Bonilla found
that this is a less important deterininant of the "propenéity for
mobilization... than.the severity and duration of ground motibn which are
related to the total sediment thickness" (McCulloch and Boni]ﬁa, 1970).
That is, the deeper the sediments, the more they jiggled, and the longer

they kept vibrating after seismic energy release ceased.

Kachadoorian (1968) stated that the Seward—Ahchorage Highway generally
suffered much greater damage from fracturing than adjacent sections of

railroad track and bed. This occurred where the roadway was more often



~——

"constructed of well-graded (poorly sorted) compacted silt, sand and

gravel..." and was paved. The railbed, on the other hand, consisted of

coarse, loose sand and gravel (Kachadorrian, 1968).

In rebuilding the railroad, the first order of business was the repair of
damage north of Anchorage fo the Jonesville coal'mines. This allowed coal
shipments to resume to the power plants at Elmendorf AFB-and Fort Richardgon
within ten days (Fugelstad, 1979). Next to be repaired was the line between
Whittiér and'Anchorage. The first train rolled from Whittier to Anchorage
24 days after the earthquake (Fugelstad, 1979).: Repairs of-the line from
Sewa}d to'Portage began in late June and were completed in a temporary
fashion by September 13, 1964. Repair work -on this section continued during
the 1965 construction season and the new dock at Seward was cbmpleted in the

summer of 1966 (Fugelstad, 1979).

Previous to the 1964 earthquake, most fréight bound for Anchorage came via
the ports of Seward and Whittier, thence by rail to Anchorage. 1In the
interim in which the rail line and port facilities at Seward and Whittier
were being repaired, the oil .companies moved their operations to the Port of
Anthdrage and expanded their tank farms thére. Negotiations had also been
underway prior to the earthquake to begin weekly bafge service direct to
Anchorage. This service was begun sooner than planned because of thé quake
(Anderson, 1970). These changes began a trend and today Anchorage is the
major port through which freight for southcentral Alaska and Fairbanks
enters, consequently, the Alaska Railroad has lost much of its Seward to

Anchorage freight business and a good share of its preearthquake revenues.




In estimating damage to the railroad that might result from a major eafth-
quake today it must be considered that the rail line still follows
essentially the same route that it did in 1964. Although much was learned
about the earthquake vu1nerabi1ity of various soil conditions and geologic
formations, topographical constraints targely eliminated the possibility of
rerouting the railroad (McCulloch and Bonilla, 1970). McCulloch and Bonilla
(1970) suggest some ways damage might be reduced by changing engineering and
construction practices. However, wHether these.suggestions are economical
is not addressed. Safety connections have been.insta]Ted between abutting
spans on some of the Railroad's bridges to prevent the spans from falling

from supporting piles during an earthquake (McCulloch and Bonilla, 1970).
Anailysis

In the event of another earthquake of similar magnitude and durat1on as the
one in 1964, the severity and distribution of damage to the railroad wou1d
depend on which fault ruptured, the Tocation of the region of seismic energy
-release relative to the ra11roqd and the duration of energy release. Some
damage to bridges might be prevented due to the safety connections. The
port facilities in Seward should survive better_than in 1964 because they
were relocated to a place less susceptible to subaqueous 1andS]1dés and
associated sea waves (Eckel, 1967). Although the rail lines go1ng north and
south from Anchorage are expected to be severed by damage, this would not

disrupt supply sh1pments to Anchorage, as Anchorage now rece1ves Tts goods



at its own port. In addition the mi]itany bases at Anchorage are no longer
dependent on coal for generating electricty and thus are no'1onger depen-
dent on the railroad for their energy.soukce. They have converted to
natural gas. The gas pipeline from the Kenai production area to-Anchorage
survived the 1964_earthquake with only slight damage that did not interrupt
gas service to the Anchorage (see the section of this report on natural

gas).

Anchorage is less dependent on the Alaska Railroad as a supply route today -
than it was in 1964. Since the Port of Anchorage is less susceptible to
earthquake damage than the railroad, southcentral Alaska should experience

Tess economic disruption in the event of another major earthquake.




HIGHWAYS

Anchorage has only two highways by which it is Tinked to other communities
and highways: the Glenn Highway to the north, and the Sewérd Highway to the
south. These parallel the Alaska Railroad from Palmer to Portage and from

Moose Pass to Seward, in some places running in close proximity to it.

In the aftermath of the 1964 earthquake the cost of repair or replacement of
damaged portions of the Glenn Highway amounted to $724,769 with 94.2 per-
cent for the roadway and 5.8 percent for bridges (Kachadoqri@n, 1968). Of
the bridges along the Glenn Highway , only the Knik River Bridge was severely
damaged (Kachadoorian, 1968). The most severe damage to the;roadbed |
occurred in the area between the Eklutna and Knik rivers. There was a1§0~
major'daﬁage from Moose River (mile 56) to mile 117, where the highway runs

adjaéent to the Matanuska River (Kachadoorian, 1968).

- 0On the SewardAHighway, damage required $14,871,167 for repair or

" replacement, 64.6 percent for the roadway, and 35.4 percent for bridges
(Kachadobrian, 1968). Major destruction occﬁrred to the roadway and bridges
along Turnagain Arm from Indian Creek to Bird Point and from Girdwood to
mile 75 where the highway turns away from Turnagain Arm to ascend through
Turnagain Pass. Roadbed and bridges at- Snow River Crossing (ﬁi]e 175) and

at the head of Resurrection Bay sustained severe damage or were destroyed

(Kachadoorian, 1968).



The same geologic factors which influenced the extent of damage to the
railroad; influenced damage to hiéhways. In general, damage was most severe
on "young unconsolidated wet Watér-lajd noncohesive sediments" (McCulloch
and Bonilla, 1970).. Other soil conditions that contributed to the severity
of damage were fine grain size of sediments, a shallow water table and thick

sediments (over 100 feet thick)~(McCu11och and Bonilla, 1970; Kachadoorian,
1968).

Partial 11duefaction occurred in water-saturated sediments. It is thought
that Tiquefaction was not éomp]ete because bridges remained flat or arched
upward as stream banks moved inward. If’]iqUefﬁction Had been comp]éte, the
soil would have retained no strength and the bridges would be expected to

sink (McCulloch and Bonilld, 1970).

Kachadoorian (1968) reports that at Snow,Rivef CrosSTng, piles for a bridge
under construction did subside four feet. He reports that liquefaction was
complete in most soils "at Snow River Crossing, Turnagain Arm; and on the

Richardson Highway from mile 0.0 to 5.0."

Whether partial or comp]ete,'liquefaction added greatly to the amount of
ground failure causing damage to the highway. Ground failure included
lateral and vertical subsidence of foundations soils and fi11, and fractures

~ of the ground and highway. Portions of highway were laterally displaced as




much as 13 1/2 feet at Snow River Crossing dnd 10 feet on the Turnagain

Arm maximum subsidence by roadway, of 11 feet, occurred at Snow River

Crossing (Kachadoorian, 1968).

Tectonic subsidence occurred at the head of Turnagain Arm which, in
combination with local subsidence, lowered the roadway below spring high
tide Tevels (Kachadoorian, 1968; McCulloch and Bonilla, 1970). This
required the replacement of a few otherwise sound bridges between mile 75.1

~and mile 105 on the Seward Highway (Kachadoorian, 1968).

Engineering characteristics found to influence the intensity of damqge
include the thickness of fil] under]&ing the roadway. The thicker the fill
the héavder,the damage from Tocal subsidence and fracturing (Kachadoorian,
1968). As noted in the section of this study on the ra1]road the highway
tended to be more heavily damaged than adjacent sections of ra11road This
is due to differences in fill, the railroad fill being Toose, coérse gravel

3

and the fact that the highway is paved (Kachadoorian, 1968).

Bridge damage was greater df the ties between substructure and super- .
structure of the bridge were broken. This allowed the deck and support1ng
p11es to vibrate independently and bang against each other. " In some cases
the piles rammed through the deck (Kachadoorian, 1968). Hence, weak
connections between'substructure and superstructure or a top-heavy weight

ratio between them contributed to damage to bridges.



In addition to damage caused by ground failure, avalanches and Tandslides
covered parts of the Seward and Glenn Highways and requiréd removal
(Kachadooian, 1968). There was no damage to either highway from seismic

sea waves.
Analysis

The distribution of earthquake vulnerable soils is .the same today as it was
in 1964. The Seward Highway follows the same route as it did in 1964, but
the Glenn Highway has been relocated in the Knik River area. The néw
highway crosses very wet soils, and is most_]ike]y Jjust as susceptib]e to
seismically dnduced grbund failure as the old highway, if not more so. If a
major earthduake occurred in the near future, the extent and distribution of
damage- would depend on the location of the'epicentek, the magnitude and
durafion of the quake. For instance, if a rupture occurred on the Castle
Mountain fault of magnitude 8.0 (beljeved to be ﬁaximum poséib]e magnitude
for this fault) the proportion of damage to the Glenn Highway, as compared
to the Seward Highway, would be greater than witnessed during the 1964
quake. For earthquake planning purposes, one should assume that both
highways Teading out of the Municipality would sustain major damage. To the-
north, the major road damage would 1ikely start near Ek]utna, and to the

south, near Indian.
r




Summary and Conclusion

The extent of damage to various tranportation facilities that might occur
during another major earthquake cannot be predicted, but the experience of

the 1964 Good Friday earthquake gives some indication of the vulnerability

of each facility.

The air transportation facilities were shown to be the Teast vulnerable to
earthquake damage. If another major quake occurred, it would be assumed
that small planes and helicopters would be immediately available for search
and rescue missions, and reconnaissance of damage. = Damage to runways,
navigation aids and communicétions necessary to serve 1afge planes is not
expected to be severe ehough to pfec]ude runway use for more than a few

hours. In addition, some alternatives to the three main airports in

Anchorage. exist.

The Port of Anchorage is Tikewise a relatively earthquake safe facility.
Although it is located in soils moderately sugcept1b1e to ground failure,
the docks are not on br immediately adjacent to a b]gff. Hence ground
fai]ure would not be éf the type which proved most damaging to Anchorage in
1964, i.e. landsliding. In 19?4,‘tsunami was the seismic effect most
damaging to dock facilities in southcentral Alaska. The Port ofAAnchorage

was spared this effect and the chances of it occurring in the future are

considered remote.



The sea-Tand freight routes from Seward and Whittier to Anchorage were
extremely vulnerable to earthqyake Qamage in 1964. Dock facilities at
Seward and Whittier were severely damaged or destroyed, largely because of
the occurrence of tsunamis. The Alaska Railroad was heavily damqged where
railway and bridges crossed thick water-saturated sediments. The Seward
Highway could not be used as an alternate route since the highway tended to
be even more severely damaged than adjacent sections of railway. Today
Anchorage is less susceptible to interruptions -of supply lines due to
earthquake damage, since it depends more heaviTy on its own port than the
more earthquake vulnerable sea-land routes from Seward and Whittier.
However, other railbelt communities are stil] dependent 6n goods brought in
at Anchorage and shipped via rail. Since Anchorage contains close to half
of Alaska's popu?atioﬁ (MulTer, 1978), the fncreased seif—sufficjency of
Anchorage would great]y decrease the proportions'of an airlift of goods
should it be necessitated by earthquake damage to overland sh1pp1ng routes.
In addition, Anchorage a1rports have more air traffwc capacity than other

Alaskan airports and it therefore would be the most efficient distribution

point for airlifted goodé.

The distribution of earthquake vulnerable geologic features which serve as
foundations for overland transpoftation routes remains essentially the same
today as in 1964. Within this geoltogic framework the severity and
distribution of damage caused by another-earthquake would depend Targely on
the location of the region of seismic energy-re]ease, and the magnitude and

duration of strong ground motion.




TSUNAMI

Large sea waves generated by earthquakes and other undersea occurrences are
often correctly referred to as “tsunami," a Japanese word. Often times the
word "tidal wave" is used but this is not an accurate designation of a
seismically induced sea wave. Wind driven sea storm waves, seiches, and
astronomic tidal waves are also sometime mistakenly referred to as tsunami.
However, the precise usage of terms to describe the "sea waves are of less

importance to the emergency responder than knowing the response time one has

and proper action to take.

Backgrodnd

“Tsumaﬂis may be generated by submarine vchaniq explosions, by submarine
Tandslides or subaerial iands]ides plunging into the water, or most
commonly, by tectonic displacements of the ocean floor associated with
earthquakes." (Ayrg, 1975) Alaska, with its tremendously Tong coastlines and
diversified geological setting, has tﬁe potential for tsunami, from all of
the events mentioned above. The notable past seismic sea waves generated in

Alaskan waters are list below:

Date Origin Damage
1901, December 30 Cook Inlet Local
1925, February 23 Port of Valdez _ lLocal
1936, October 27 Lituya Bay Local
1946, April 1 Unimak IsTand Local and Distant
1957, March 9 Andreanof Island Local and Distant
1958, July 9 Lituya Bay Local

1964, March 27 Prince William Sound Local and Distant



The Great Alaskan Earthquake of 1964 caused a tsunami thatibrought nearly -
total destruction to one coastal village, and was by'far the greatést cause
for Toss of human 1ife. Of the 115 deaths attributed-to the 1964 eafthquake,
96 of these were due to drowning. (Committee, Lantis, 1970) Also, the
economic impact to coastal communities in loss of fishing vessels, docks,
canneries, and oil storage facilities is staggering. The number of U.S.
population potentially endangered by a Pacific tsunami is listed beTow in
Table 10.
TABLE 10
U.S. POPULATION POTENTIALLY ENDANGERED BY PACIFIC TSUNAMIS

Towns/Cities* Total - ~~ Population
Name - Total Susceptible  Population of Endangered by/d
of State to Susceptible _ : '

State Population/a Tsunamis/b . Cities/c 50" Tsunami 100' Tsunami
Washington 3,362,892 102 © 1,040,000 66,200 139,000
Oregon 2,056,171 - 60 67,900 22,500 39,400
California 19,715,490 152/e 5,748,800 389,500 713,000
Hawaii 768,561 123 - 511,500 89,400 214,500
Alaska 294,607 52 - 82,400 22,700 35,200
TOTALS 26,187,721 489 8,050,600 590,300 1,141,700

a - 1970 Census.

b - AlT or part of the city or town is within 100 feet above sea Jevel and
close  tdé the shoreline. :

¢ - From estimates of the 1970 population. '

d - Population factored per study of topographic maps.

e - Not including urban area on San Francisco Bay, because they are not .
considered vulnerable. '

(Office of Emergency Preparedness, 1972, Volume 3)




Generally speaking there is no absolute method to determine if an earthﬁuake
with its epicenter on the ocean f]oor has generated a tsunami. "It is
commonly accepted that the earthquake must have a magnitude of 7 Richter or
greater to be accompanied by a tsunami of significant magnitude. This does"
not mean; however, that earthquakes of lesser magnitude cannot generate local
tsunamis which might be damaging in confined areas near the epibenter.” (Ayre,
1975); In Alaska, a tsunami warning will be issued by the A]aéka Tsunami
Wafning Center_for coastal events 6.75 magnitude or above for a limited area
depending on the actual magnitude and its location. A tsunami watch will be
given for areaé outside of the specified area. If it is found that a
significant tsunami is generated, the warnihg could be extended to include the
entire coastline. The A1aska_Tsunami Warning Center would issue an 1mme@iate
Watch to the Western Aleutians for an event of 7.4 or greater in the Northern

Kurile Island and Kamchatka Peninsula regions.

Warnings are originated by the Alaska Tsunami Warning Center, usually within
15 minutes of the occurrencé, énd is disseminated to c%vj]ian and military
warning ageﬁcies and officials. Federal and State agenc%es immediately fan
'out the information to the threatened communities, who, in turn, sometimes
warn adjacent communities. Locally, sirens, horns, 1oud speakers, and
radio/TV (when_avai]ab]e) warn the citizenry of tHe coming event. The Tsunami
warning system is quite well conceived and effective for the the most part in
the majority of even the smaller coastal communities. There are some gaps inr
the system for tiny communities or individual outlying coastal homes,
éspecié]]y along the Alaskan Peninsula and Aleutians. The great distances or

isolation of these homes makes communications often nearly impossible.



There are also other times that warning may not be possible due to the event
being very close to the community and the waves could strike within minutes
after the earthquake. The only hope for the citizens in that situation is
to pre—éducate them through a public awareness program. Alaskans in coastal
communities are told to evacuate to pre-designated high ground safety areas
if a strong éarthquake is felt with shaking lasting 30 seconds or more.

Some commqnities have made instructional "tsunémi" stickers available to
their citizens which can be affixed to the telephone as .a remainder. ATl
‘coastal commuhities, especially those devastated in 1964, maTntain-an
awareness of tsunami for exceeding that generally thought to be in the minds
“of people prior to 1964. The 1964 "proof" is of course foremost in this
awareness but Federal, State, and Tocal government public awareness efforts

are certainly effective remainders.

- Analysis

[t is much more difficult to calculate probable deaths and injuries from
tsunami than from earthquake for a variety of reasons. For one thing
tsunami is a relatively rare occurrence in history (see Table 11), thereby,
giving fewer examples to fofmu]ate'mathematica] models. Also, tsunamis are
directional in nature,lcaﬂ be near or far, and can happen at high or low
tide.all of which effects the damage ‘and casualties. -Adding to:this are
factors such as the time of day; time'of year; fishing ffeet in or out of

/

the harbor; large ships in or out of the harbor; fires; oil storage tank

collapse, and many other variables.




TABLE 11
CASUALTIES AND DAMAGE IN THE U.S. FROM TSUNAMIS, 1900-1971

ESTIMATED CONSTANT §
YEAR  DEAD INJURED DAMAGE 1957-1959=100 : AREA
- ($000) ($000) :
1906 - -- 5 15 Hawaii
1917 - -- . American Samoa
1918 - -- 100 1490 Hawaii .
1918 40 - . 250 350 Puerto Rico
- 1922 - -- 50 a5 Hawaii
: California
. American Samoa
1923 1 : - - 4,000 72,860 Hawaii
1933 - - 200 560 Hawaii
1946 173 163 25,000 38,000 Hawaii
Alaska
West Coast
1952 -- -= 1,200 1,200 Midway Island,
’ Hawaii
1957 - - 4,000 4,000 Hawaii,
West Coast
1960 61 282 25,500 25,000 Hawaii,
: ' West Coast,
: : America Samoa
1964 122 200 104,000 103,000 _ Alaska,
' West Coast,
Hawaii
1965 - - 10 10 Alaska

1/Another sources shows 116 dead and $400,000,000 damage, but these
: targer figures may include deaths and damage directly attributable
to the nearby acompanying earthquake.
2/Later estimated to be 119.
3/Damage réported, but no estimates available

(Ayre, 1975)




With a repeat of the 1964 Earthquake, it would be miraculous if the resul-
ting tsunami did not cause deaths and 1njur1es, For response planning
pﬁrposes,we are estimatiné less deaths and injuries than occurred'in 1964 1in
spite of the fact that population has groWn, thefeby, exposing a greatér
number of people to the danger. Offsetting the population growth are the
things which have beenidone to.mitigate the effects of tsunamis. For
example, the whole town of valdez has been relocated to a séfe area, the
tsunami warning network has been implemented and the local populations are .
~reminded of tsunamis through.pub1ic awareness. All of these mitigation
efforts should decreaseAthe deaths and injuries by at Teast 50 percent ovef
the 1964 figures, resulting in a planning figure of approximately 50 people
killed and 100 injured for a repeat of the 1964 event. However, the
responder should be prepared to accept a doubling or tripling of those
figures in case of a catastrophic héppening, such as'a tourist ship or

loaded ferry boat sinking while in harbor.

In summary, tsunami can cause, as in 1964, a greater loss of 1ife than the
shaking/sTide aspects of earthquakes. Much can and already has been done to
ﬂftigate agqﬁnst-the tsunémi effects for Alaskan coastal communities.
Considering tﬁat the 1964 event is sti]i fresh in the minds of coastal
residents and coupling this with the efforts of the Federal, State, and
Tocal governments to reduce the effects of tsunami through warning and
community action progfams, it is felt that any future tsunami would be much

Tess devastating in Tife loss than the 1964 event.




HOMELESS

The number of families made homeless due to a major earthquake in the
Anchorage Municipality will be based primarily upon two factors,
shaking/lands1lide damage and failure of nafura] gas and electric utilities.
The number of peop1e madé homeless because of shaking/tandslide will bg
considered constant for study purposes regardless of time of day or time of
year. On the other hand, the number of hoﬁe]ess fami]ies due to loss of |

utilities will vary somewhat from winter to summer énd this factor has been

taken into consideration.

Data Collection

Statistical post disaster 1ﬁf0rmation from "The Great Alaska Earthquake of
1964, Human Ecology, 1970" was used extensively in this section. Other
earthquake studies for Puget Sound? San Francisco, and Los Angeles,
California were a]go used to form the estfmated homeless figures.

Data on post shaking/lTandslide.damage tb family wood-frame dwei]ihgs is
readily avai]aﬁle on many major earthquakes; however, most stud1e§ identify
the dollar loss and do not state the damage in terms of habitability of,thé
structures. For the purposes of thisisﬁuay-a 60 percent or greater loss is
considered to be.unjnhabitab]e although one may well be able to occupy the
structure for.a short period of time. In other words, some homes experi-

encing 60 percent or more damage could still be safe and intact enough to



shelter a family for several days; however, it is iike}y that somé windows
would be broken, doors may not opén and shut properly, and some of the
utilities would not be funcﬁioning. However, families Tiving in houses
damaged 60 percent or more would need temporary housing in a shbrtér.period
of fime after a mid-winter earthquake. In the summer, more -reaction time

would be available to move families to temporary shelter.

A telephone survey of Anchorage was performed to determine how well the
genera1 population is prepared to cope with disasters. The results of this
survey has been considered in our homeless estimates and is enclosed as

Appendix 1.
Analysis

The 1964 Good Friday Earthquake resulted in much property damage to private
residences and the first step in our analysis w11T be to review this event.
TABLE 12 has been created from statistical information available éfter the

1964‘earthquake (Committee on the Alaska Ea}thquake, Human Eco1ogy,'1970).

-TABLE 12

1964 EARTHQUAKE
ANCHORAGE RESIDENTIAL - HOUSING DAMAGE

UNITS . PERCENT OF TOTAL  PERCENT OF DAMAGE REMARKS
921 /.22 80-100 ' 219 private homes
50 .40 _ 60-80 \ 5 trailers
. - . 747 apartments
26 .20 - 40-60
: 35 .28 20-40
11,715 91.9 0-20

12,747 100 percent



It is interesting to note that the 1964 earthquake Teft 7.62 percent of the
Anchorage residential housing uninhabitable (60 percent or more damaged).

| This is a high percentage as compared to other earthquakes but percentageé

are sometimes deceiving and require further analysis. Of the 971 units

_ considered‘destroyed, only 219 weré single family homes and most of these

were located in the Turnagain slide area. Five mobile homes out of a

city—wfde total of 518 were destroyed. A1l of the remaining destroyed units

were apartments of which 480 units were in big apartment houses containihg

40 units or more. The overall distribution of the 971 units destroyed is

private Homes, 23 percent; mobile homes, ;5'perceﬁt; and apartments 76.5

percent.

Based upon the "Anchorage 1979 Housing Stock" prepared by the Muhicipa]ity
of Anchorage Planning Departmeht, fhere are 26,300 single family houses,
4,868 dup]ex.units, 19,335 multi-family units, and 6,960 mobile homes.

Thus, using this base figure Qf 57,463 units times the 7.62 percent damage
figure of 1964, one could expect 4,380 units, that wi]]vbe 60 percent or
more Qaméged. This would further break down to 1,007 gingle family and
duplex units combined; 3,351 apartments, and 22 mobile homes. However,
these estimates can be modified downward considerably when considering the
post 1964 Anéhorage growth pattern. In the 1964 eérthquake, most of the
destroyed units were in the poor soils areas which represented a much larger
portion of the city than today. As a matter of fact, a survey of the
Anchorage slide areas shows a total of 677 hbusfng units, 228 single family,
22 duplex units, and 427 apartments. These 677 housing units represent only

1.2 percent of the overall Anchorage housing stock. Considering that



destruction in these poor soils areas will not be 100 percent, while on the
other hand some units outside poor soils areas could be randomly destroyed
perhaps by fire, it is not unreasonable to aséume al.2 percent destruction

factor (we will use 690 units) for all of Anchorage for response planning

purposes.

Immediately following the disaster about 10 percent of the displaced
families from shaking/slide damage will need shelter. This figure

represents 69 famiiies or about 220 people when using a 3.2 person. average

for a family.

Chart 1 depicts the three critical elements needed to form the basis of a
hoﬁeless estimate, shaking/slide damage, electrical power 1osseé, and
natural gas losses. Chart 2 shows a day-by-day estimaté of the estimated
>homejess when considering past earthquake histories Coup]ed with Anchorage
general population disaster prepafedness and the time of year. Winter is
| considered as mid-January and summer as mid-July so as to depict the worst
case to the best insofar as a loss of utilities is concerned. The loss of
water and sewer were not considered in the homeless calcu]atibns although
the Toss of these important utilities could result in additional homeless

after a period of 'time. Since we are dealing with rough estimates, it was

felt that the overall numbers would not change significantly from sewer and

water losses.

Immediately following an event similar to the 1964 earthquake, it is

estimated that 690 housing units would be 60-100 percent damaged from




shaking and 1ands]1des. Appfoximate1y 10 percent or 69 families will need
emergency housing-within hours following the earthquake. The other 90
percent will either stay with their homes, move in with friends or

relatives, or live in recreational vehicles.

Initja]]y,.a city-wide blackout can be expected and many homes will
Atempofari]y']ose naturai gas service. By the end of 24-hours, approximately
14,500 electrical customers and 281 gas customers could still be without
service. About one percent, or 173 families will seek public shé]ter due to
Toss of utilities in an otherwise intact dwelling in the first 24-hours
after the event. This will be families with sick members, efder%y or for
any reason cannot be without total utilities. "Also included in this one
percent, are those families that do not have friends, relatives, or
recreation vehicles tovuse for temporary shelter. The season will not have

a gfeat effect on the homeless numbers for the fifst 24-hours.

By the end of. the second day, utilities restora1 will allow many families to
move back to their homes, whereas others tiring of "roughing it" without
utilities will éeek pubtic shelter. Families will leave quicker in the
wihter.becéuse of being unable to keep their homes.wafm after 24-hours.

Even with an offset from utility restoral, the second day will be the peak

time of hometess; 360 families in the summer, and 866 in the winter.



The third, fourth and fifth days will show a rapid decrease in the number of
families needing housing assistance due to the rapid utilities restoral
allowing people to move back into their homes. Shaking and 1andé1ide

- homeless should remain about the same through this period. After four days,
no more families will seek public housiﬁg due to utility outages since

virtually all systems-w111 have been reétored.

Approximately on the eighth day the Disaster Assistance Center should open,
and those families living in emergency houéing and with friends will start
to apply for temporary housing. The first week should be the heaviest
workload with a-sUbsequent Teveling off over the next two weeks.

Approximately 690 families should apply for temporary housing due to the

earthquake by the end.of 60 days Disaster Assiétance Center operation.




CHART 1

ESTIMATED HOUSING UNIT DAMAGE AND LOSS OF UTILITIES

SHAKING/SLIDE
UNITS PERCENT DAMAGED
690 | . |  60-100 (considered destraoyed)
114 40-60
172 20-40

56,487 _ | 0-20

ELECTRIC POWER LOSSES

UNITS ‘ © TIME

14,500 - 24 hours aftef event’
7,250 48 hours

1,813 : 72 hours
. 700 96 hours

virtually all restored : 120 hours

NATURAL GAS LOSSES

UNITS ' . TIME

281 ’ 24 hours after event
187 48 hours

93 ' 72 hours

15 96'hours

virtually all-restored ‘ 120 hours



ESTIMATED FAMILIES/PERSONS NEEDING PUBLIC SHELTER OR HOUSING ASSISTANCE

CHART 2.

*Disaster Assistance Center Opens

S - Summer
W -~ Winter

DAYS SHAKING/SLIDE UTILITIES UNIT TOTAL  PERSONS
~ AFTER EVENT S W S W 5 W S W
1st 24-hours 69 69 173 173 242 202 774 774
2 100 122 260 744 360 866 1152 2771
3 100 122 130 190 230 290 736 928
4 100 122 65 72 165 194 528 621
5 100 122 -0- -0- 100 122 320 390
6 100 122 - -0- -0- 160 122 320 390
7 100 122 -0~ -0- 1000 1227 320 390
g 200 225 -0- -0- 2000 225 640 720
9 300 325 -0- -0- 300 325 960 1040
10 350 375 -0- -0- 350 375 1120 1200
11 400 425 -0- -0- 400 425 1280 1360
12 450 460 -0- -0- 450 460 1440 1472
13 475 490 -0-  -0- 475 490 1520 1568
14 500 500 -0- -0- 500 500 1600 1600
15 525 525 -0- -0- 525 525 1680 1680
16 550 550 -0- -0- 550 550 1760 1760
17 575 575 -0- -0= 575 575 1840 1840
18 600 600 -0- -0~ 600 600 1920 1920
19 620 620 -0- -0- 620 620 1984 1984
20 630 630 -0-  =0-  -630 630 2016 2016
21 640 640 ~0- ~0- 640 640 2048 2048
22 650 650 -0~ -0- 650 650 2080 2080
23 660 660 0- -0~ 660 660 2112 2112
24 677 677 -0- -0- 677 677 2166 - 2166
25 677 677 -0- ~0- 677 677 2166 2166
26 677 677 -0- 677 677 2166 2166




COMMUNICATIONS

Insofar as this study is concerned, communications- includes Tlocal and Tong
distance telephone, commercial broadcast stations, dedicated radio.
networks (public and private) and amateur radio. A historical analysis of
the 1964 "Good Fridéy“ earthquake is included; however, the worthiness for
extrapolation to the present, as far as damages are concerned, is very
limited due to the vast changes in most communications technology since
1964 On the other hand, some aspects of Commun1cat1ons have not changed

that drast1ca1]y and some helpful parallels may be drawn.

Data Collection

"Historical information concerning the effects of the "Good Friday"
earthquake on communications wés obtained in part from documented sources
and in pért from interviews with individuals experiencing the event. Field
1n$pection of telephone facilities were made of both‘the Alascom (long Tine
carrier) and the Municipal Telephone Utility. A sampling of commercial

broadcast stations were also visited.

Background

Radio communications is highly developed in Alaska because the great
distances between communities and water expanses makes Tand Tine

construction impractical. Furthermore, satellite telephone communications .



is used more so in Alaska than anywﬁere else in the Nation for the same
reason. Other networks utiTizing HF, VHF, and microwave transmissions
criss-cross the State giving a myrid of communications capabilities.
Unfortunate]y,Amost of these systems are independent of each other and
systematic or preplanned interconnects are not available. However, before
Tooking at the present systems for the Anchorage area it wou]d‘be he1pfu1't0

Tirst see how Anchorage's communications survived the 1964 earthquake.

"Nearly all telephone communications were disrupted by loss of péwer soon
after the onset of the earthquakeh (Eckel, 1967). Most'te1ephone systems
are battery opefated, thus some service was restored almost immediately to
some portions of Anchorage. Damaged central office equipment, battery

' racks, and the distribution system caused temporary outages to the city
telephone system. "By 6:05 p.m.,.1im1ted service was restored within all
four exchanges but not between exchanges. By 2:00 a.m., Saturday,
installation of trunk lines had made Some calls possible between exchanges"
(Norton and Haas, 1970). Long distance service was lost immediately after
the earthquake occurred. "“The earthquake caused collapse pf battery racks
in the Anchorage ACS Toll building near Elmendorf AFB. The resulting
shorting, small fires, and other daﬁage, as well as the snapping of ]énd]ine
wires and the damage to céb]es, knocked out all civilian Tong distance
service"” (Norton and Haas, 1970).. Anchorage was without civilian 10ng
distance te]ephone service until Saturday, and>the void was partially filled
by the RACES organization and other amateur radio operators. The Tong

distance service restored-on Saturday was for emergency use only and it was




a week before service throughout. Anchorage returned to 90 percent of normal -

(Norton and Hass, 1970).

Commercial radio and television broadcast stations were all knocked
off-the-air due to the loss of commercial power and shake damage. ‘“Radio
Stations KFQD, KENI and KBYR, which were equipped with standby auxiliary
generators, were back on the air within two hours. In fact, Tittle more
than 20 minutes.affer the major tremor had stopped, Chief Engineer Dennis
0'Day of KFQD was.broadcasting” (Norton and Haas, 1970). Public service
announcements were made by all the §tations utilizing hastily organized but
ingenious methods of obtaining the input information from civil defense.
From accounts afterward, it was digcovered that these radio transmissions
were very helpful in calming the general public. As well, there hay have
been a saving of lives and prevention of 1njqr1es by radio énnouncements

warning of aftershocks and what to do to prepare for them.
Analysis

The Tong distance scenario has complete1yxchanged since 1964. The only
common facfors from 1964 to 1980 are parts of the old ACS building on
Government Hill still being used today and parts of the terrestrial route
paralleling the Alaska hjghway are still 1in service, Otherwise, the level

of service has mushroomed upward and the equipment has made several quantum

leaps forward in technology.



The toll center (now owned and operated by a civilian concern, Alascom) is
located in the Goverﬁment Hi1l section of Anchorage in a much expanded
facility from what existed there in 1964. -The'bui]ding additions were
cdnstructed with earthquakes in mind. The toll center equipment has
elaborate earthquake bracing to prevent tobp]fng of equipment racks and the
electronics is mainly of solid state design packaged to be much more rugged
than the p]der mechanfca1 swifches. This combin%tion, along with the care

taken to brace their. battery supplies, offer a much higher survival quotient

than the 1964 plant.

It should be noted that this Govermment Hill facility is the criticaﬁ Tink
in the Tong distance chain as far as Anchorage is concerned. A1l city cable
trunks, video cable, and microwave emissions.flow in and out of this
building. As well, all the switching equipment is located in this building.
Unfortunately, there is no complete redundancy for this facility; therefore,
if massive earthquake building destfuction were experienced, Anchorage would
be without high Tevel long distance service for a long period of time.
However, this comp]eﬁe destruction would be very unlikely, unless in the
case of uncont%o]led fire. Very limited long distance service could always
be temporarily "hay wired" so that complete long distance isolation would

not be experienced.

Emanating from the toll center are several alternative (microwave and video
cable) to access the satellite earth stations, one in Eagle River, Alaska;

and another near Talkeetna, Alaska. Microwave facilities are inherently




earthquake resistive and/or easily réstored to service. Restoral times are
more depéndent upon the distance for maintenance persons to travel than on
the fix actions upon arrival. Satellite earth stations can also be easily
and qu%ck1y restored if shaken out of alignment. There are several routes
, accessingbthe earth stations, thereby, affording alternate routing. For
example, Bartlett Earth Station is fed via microwave from both Anchorage to
the sduth, and Fairbanks to the north. - If the southern route is disrupted,
traffic can be routed from Anchorage to Fajrbanks via anotﬁer route which

parallels the Glenn Highway and hence to the earth station from the north.

Traffic overload for both incoming and outgoing Tong distance trunks during
an emergency (such as an earthquake) always presents a problem even if all
equipment survives. In order to prevent this from happening, the Direct
Distance Dial Telephone Companies of North America (1nc1ude5'Canad1ah and
Mexican companies)'have organized into an information system which advises
members whenever an emergency condition exists_inla certain city dr area.
A]] incoming calls to that city or area can then be restricted or blocked
completely byAthe centers near where the calls originate. The system is S0
well developed that the restriction can be applied down to éfx digits. In
other words, calls can be»b]ocked to (907) plus the local exchange, such as
333, 349 or 272. Thus, if problems existed in one (907) centfa] office but
the others were operab]e,-some incomingrcalls could be accepted for
Anchorage exchanges. As well, other cities in the Alaska (907) could still

receive normal long distance traffic.



The long distance system of 1980 is much more’survivable than the 1964
system. The switching equipment components of today are packaged to
withstand more vibrations than o]de; equipments and the new additions to the
toll center are built and braced with earthquakeé in mind. Additiona]]y,
the satellite systems of today offer redundancy and ease of restoral far
surpassing the 1964 Tong distance syéfem. Looking at the overall, it is
apparent that long diétance communications would fare much better today thén
1t did in 1964 with only short outages expected due to equipment failures.
Traffic overloads from Tong distance calls are not expected to be a problem
due to the administrative/procedural Contrq]s that would be activated

automatically or upon request through the North American Direct Distance

Dial Network.

The Jocal te]ephone‘system has also greatly 1mproved over the years. The
largest improvement for survivability is in the inside plant area. Again,
new technology, solid state packaging, and equipment rack bracing on inside
plant expansions increase the survival potential to shaking. On the other-
hand, the outs1de plant or. d1str1but1on system is still SUbJECt to damage on
a nearly equq1 par to 1964. Above ground cables are susceptible to breakage
due to poles swaying and trees falling over the cables. Servicé cable drops
from poles to houses are also prone ‘to this type damage. Underground cabtes

usua]]y fare nicely except in poor sox]s or s]1de areas.
Physically, 1tﬂis expected that the 1ntércity te1ephone system will do quite

‘well. There will be some central office problems that should be quickly




remedied but most central offices should operate almost uninterrupted.

Traffic overload is expected to be the biggest problem to the local system

even with pleas by public officials to restrict te]ephone use. With this in
mind, one should plan that the Tocal telephone system will not be useful for

emergency response coordination for several days after the event.

Commercial radio and television broadcast capabilities will again be at the
ﬁercy of commercial power (See Power Sectiqn). There are four radio
stations that have a backup emergency powér source, KFQD, KENI, KBYR, and
KHAR. Emergency messages will be passed.to KFQD via the Emergency Broadcast
System (EBS)-equipment in the Ahchorage EOC. It is in turn, broadcast to
all other EBS stations capable of receiving. The other stations can either
patch the message on-the-air or tape, edit, and rebroadcast it at a later
time. It s assummed that all sfations will go off-the-air 1mmediate1y
following the event due to 1oss‘of power. KFQD, the lead EBS station, -will
probably come back on the air much faster than the EOC will be able to
mobilize and start passing public emergency messages to the station. Until
such time as communications is established to the EOC, KFQD §hou1d broadcast
general information (hopefully from prescripted sources), as how the general
public should react. Status and damage reports can be aired as information .
lines are estabi%shed being careful to insure the reports are from official
sources so as not to exaggerate the situation with false rumors. -The

Anchorage EBS system is well conceived and developed and shou]dbperform well

in an earthquake situation.



With the assumption that telephone communications would not be uéab]e for
the emergency responder for the first few days after the event, response
agencies must rely ubon radio communications. Furthefmore, citizen band
radio also cannot be relied upon because the many undisciplined opérators
uti11;fng this mode of communication wi]T saturate all channels including

the prédesignated emergency frequency.

Anchorage is fortunate to have well developed radio systems in both the
public and privatersector. A1l of Anchorage's-response.qgencies including
police, fire, ambulance services, and public/private utilities have mobile
radio capabilities which are accessible through the Anchorage EOC. Backup
power generation or battery supplies are present in the base étations and
there is redundancy in audio input lines. The Anchofage EOC has base
~station radios physically installed in the building in.event of primary base
station or repeater failure. Private utility companies, such as the Alaska
Gas Company and the taxi companies, have many radio-equipped Vehic1es which
can be made available for emergency use. Once the Anch&rage EOC is acti-
,vated and manned, communications between all local response.agencies is
possiblie and should bg accomplished with little difficulty. A radio
communication Tink from the Anchorage EQC to the State EOC also exists.

A telephone hotline from the Anchprage EOC to the military at Elmendorf AFB
s in existance and indirect radio communications is possible. In addition
to RACES, the State has an HF fadio Tink to the Federal government (CDNARS)

which is Specifical]y designed fof—emergency use. The Anchorage EOC has a




complete RACES station with a large continent of local operators. There is

also a very large 2 meter net with three Tocal Anchorage repeaters plus a

fourth repeater 1ink to Fairbanks.

Overall, Anchorage has an exce]]ent mobile radfo capabi]ity.which has been
developed to a fairly high potential. Seismic events have been considered
in the installations as indicated by the redundancy aspects of the systems.
Emergency response planners can feel confident that emergency communicétions

will be available for use after the earthquake event.

In summarizing the overall Anchorage communications picture, one can feel
fairly certain that a good capability to communicaté will exist shortly
-after the initial bTackout. Comnercial broadcast stations with backup power
will come up first to transmit emergency instructions to the popuiation.
This will be followed quickly by ﬁobi]e radio networks in the'city, state,
and military EOCs to handle the emergency response calls for assistance and
to start utilities restoral. Communications to tﬁe outside will be handled
by RACES, MARS, CDNARS, and the rapidly recovering commercial Tong distance
telephone system. Intercity telephone may be possible a]mostAuninterrupted
in some exchanges although traffic over]oad may be a problem. Recovery for
‘the'gntire tocal telephone system should be very rapid for most parts of the
. city. Barring any complete buﬁlding collapses, communications should be

almost back to normal within a week after the event.
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PREPAREDNESS INVENTORY
TELEPHONE SURVEY
ANCHORAGE, ALASKA 1980

Three hundred thirteen Anchorage residents were contacted by
telephone during a survey conducted by DOWL Engineers under
contract with the Alaska Division of Emergency Services (ADES).
The pufpose of this survey was to collect data regarding the
number-of families within the Municipality that would be sélf.
sufficiént (shelter, foogd, energy, etc.) for a limited time after
an area-wide natural disaster. This information will be used by
ADES to improve the State's emergency plans and services following
events such as earthquakes, floods, high winds, etc. The guestions
asked during this survey were formulated by ADES with some input
suggested by DOWL.

" SAMPLING ASSUMPTIONS

The 'initial estimate of sampling requirements was agreed upon by
DOWL and ADES based on the ‘assumptions that 60,000 families

resided in the Municipality, and that a standard error in the

sample results of approximately five to six percent was sufficiently
accurate for the purposes of ADES. These .criteria dictated a

random sample size of 300 families.

The assistance of the Anchorage Telephone Utility was engaged to
ascertain the number and distribution of residences in the Anchorage
area. Residence telephones are divided into four groups or wire
centers —-- North, South, East, and West (Figure 1). Table A shows
the percentage of total Anchorage fesiden?e telephones in each

wire center, and the correspondiﬁg number of,feéidences cohtacted
based on the required 300 completed quéstionnaires. In oxder to
control the representativeness of the sample, a stratified random
sampling technique was employed. This method of ‘sampling entailed

calculating the percent of total desired contacts necessary from
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each wire center to ensure a proportionate distribution of contacted
residences throughout the city.

SAMPLING METHOD AND PROCEDURE

Two interviewers pefformed the survey. The survey period was

from May 13, 1980 to May 20, 1980. Telephone calls were made

from the hburs of 1:00 p.m. to 3:00 p.m. and 5:00 p.m. to 9:00 p.m.
weekdays, and from 1:00 p.m. te 3:00 p.m. on the weekend. The
original plan was to call between the hours of 11:00 a.m. and

7:00 p.m.; however, the late morning ‘and afternoon hours proved

to be inefficient times to reach adult residents. Few residents
were at home dufing these hours,‘and children generally answered

the telephone in the late afternoon. Conseguently, the bulk of
the calls were made after 5:00 p.m.

Residences were selected randomly from the Anchdrage Phone Directory
by arbitrarily selecting phone numbers with the particular prefixes
reserved for residences.within the four wire centers, until the
reqﬁisite number of contacts,within each wire center had been

made. Care was taken to avoid contacting people with the same

last name to avoid biasing the survey, and to further assure the
légitimacy of the sample. It was, however, impossible to reaéh

the subpopulation of the city that maintains unlisted telephone
numbers with this methéd.

The interviewing procedure was to record the name, address and
telephone number of each contact, and to begin our interview with

a three sentence script, as follows:

"Hello, I'm with the state's Division of Emergency
Services. .We'd like to collect some information
from Anchorage residents in order to improve the
state's emergency services following area-wide
natural disasters such as bad winds, earthquakes

and floods. Would you mind answering a few short
guestions?™



1

If the person agreed to answer the questionnaire, the interviewer

proceeded to ask each of the nine questions by stating the guestion

o : . . , ,

%gi and offering the various choices of required responses. A sample
4 of the survey questionnaire is shown in Figure 2. The responses

%%? to the questionnaire were compiled at the end of the survey, and

the results appear in the appendix.

SAMPLING STATISTICS -

= The current estimate of the number of families residing in the
Anchorage Bowl based on figures supplied by the Anchorage Telephone
Utility is 57,463. This number was assumed to be the size of the
"total population" (N). Upon completioh of our survey it was
discovered that 313 families had been contacted rather than the _
original estimate of 300. This number is the "sample size" (n).

An estimate of the "standard error" (s), or the estimate of how

nearly the results derived from the sample fits the true value

T L within the total population was made using the following expres-
By sion: '
7 B
%E __JN - n 1
: s = [ = . - s
- N n

Or

i 1
o - |57.463 - 313 1 .
s 57,463 313 -

m -
A
& = 0.056 . s
Ry = .5.6% . s
Where s is the estimate of the population standard deviation, not
» the sample standard deviation.
bl -
4 -

Basically, this expression estimates how closely the single

bt

sample of 313 contacts represents the total population. For

]

w
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éxémple, thele 1s a real or truc number of families living in
single famlly dwellings (S.F.D.) in the Anchorage Bowl. We have
randomly sampled 313 families out of 57,463. We could have
sampled many other combinations of families totaling 313, ~and
obtained different percentages of the number of famllles living
in single family dwellings for each random sample of 313 families.
The estimate of standard error estimates how close one random
sample represents the true populatlon. That is, Lheoretlcally
all the estimates of the number of families living in S.F.D. that
could result from all pPossible combinations of random sampling of
313 families would produce a normal dlstrlbutlon (”bell shaped")
curve with a mean value located near the true number of families
living in S.F.D. within the total pPopulation. The variance and
standard deviation of this nbrmal distribution curve about its
mean or "true" value estimates how much variation can be expected
wlthln the total number of random samples of 313 famllles
Therefore, the:standard error can be used to estlmate how much
variation in the results of this survey can be expected around

the true values of the total population.

The estlmate of the percentage of families living in S.F. D will

be used to illustrate this procedure.

N = 57}463 Population Size
n = 313 Sample Size
x = 180 - Number of Families in S.F.D.
- 180 L ) o . - .
X = 377 = 0.575 Sample Mean - (in this case

percent of families in S.F.D.)

DOWL ENGINEERS
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var, = — - gx)“ Sample Variance
_ 180 _ [180}?
313 313
= (.24
VAR .= —_ . var ' Population Variance
X n-1 X
2 _ 313
S = ”jﬁ 0.24
= (.25

[t
i
I

0

Estimate of Standard_Errorv

0.056 (0.50)

= 2,8%

The above procedure shows that the average of all possible samples
of 313 families indicates that about 57 percent of the total
number of families live in S.F.D. However, to be 64 percent sure
that this estimate is correct, one estimate of standard error
("standard deviation") on either side of this number must be

included. That is, one can be 64 percent sure that the real

. number_is between 54.2 percent and 59.8 percent (57 percent + 2.8

percent). To be 95 percent confident two estimates of standard
error on either gide of the mean must be %ncludea. Therefore,
one can be 95 percent sure that the tfue'percentage of families-
1iving in S.F.D. is between 51.4 pércent and 62.6 percent (57

percent * 5.6 percent).

This procedure can be performed with all elements of the survey.

DOWD ENGINEERS
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GENERAL COMMENTS

The following observations were made by the interviewers during
the course of the survey. They are included as a matter of

interest only, and are not to be taken for more than the subjec-
tive observations of the interviewers.

- - - Approximately one out of four - telephone numbers dialed
resulted in a completed questionnaire. Non-completion of
questionnaires was due to the absence of residernts from the
home, telephone numbers no longer in service, and an occasional
resident's refusal to Cooperate with the interviewer.

- - Most people were friéndly and helpful except for about

three who.did not care to respond to a survey at all. Most
people felt the calling caused them to think about their own
family preparedness for emergencies. I found only a few who

really felt they were adequately set up for caring for
themselves if a disaster occurred. '

- - Whereas most people felt they had enough food in the
cupboards and freezer to feed the family for two weeks, few
felt they had.sufficient water .to last that length of time.

- - . Although a great mény people had fireplaces as an
alternate for heating the home, many felt it would be a poor

alternate. Only a few Homes had what they felt would really
replace their main source of heat '

- . Several people had standby electric generators and
many more voiced the opinion that they either were getting
or should get one. Others answered that question as if it .
were the first time they had ever even given it any thought.
I'm sure it was this question (along with several others) -

that caused several people to tell me that this survey had
given them much to thirk on,

Many people were quite interested in how they could
adequately store water and not have it go bad from sitting
around. Many were also interested in just how much food and
water it would require to be prepared for a two week period.
Some were not aware of the possible water storages they
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already had in the house such as in the hot water tank,
while others felt they were adequately prepared for water
because they had a lake across the road from which they
could get all the water they néecded. '

. Although many felt they had sufficient family plans
made of what to do in case of fire, most had not made any
plans as to what the family would do in case of other
disasters. Many felt that it was hopeless to prepare since
different disasters would require different responses.

- Most people said that they have a relative or friend
with whom they could live in case of complete demolition of
their home. Only a few said they would have nowhere to go.
A few said they were with the military and that there was a
place on base which would take care of them in case of any

-disaster, so they felt adequately prepared. One family who

had lived through the bad winds and said they were solving
the problem by leaving shortly to live in Colorado!

- . . Generally the residents found the questions straight-
forward enough to choose an answer without any discussion or
qualifications. Question six, "Have you any personal emergency
plans at home should there be a natural disaster?"; however,
often caused some confusion as well as apparent tension in
the respondent. Many residents stated that while they have
given no serious thought about personal plans in the event

of an area-wide disaster, they have instructed their children
what to due in the case of fire. It is instructive to note -
that fire is a disaster’ about which information is heavily
stressed in schools throughout the country. Dispensing
information in the schools appears to be an effective way of
reaching the entire family.

- - . Another point that surfaced during the sampling is
that military personnel living off the bases expect to be
cared for by the military. All those questioned had no
emergency plans of their own, but felt confident in replying
affirmatively to all the preparedness questions.

* * * - * *
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‘TOTAL

Noxth Wire

27

Ny

274
276
277
278

278

Table A

POPULATION DISTRIBUTION BY

WIRE CENTER

Number of Percent of Amount of
Residence Total Residence Residences
Telephones Telephones Contacted
18,357 37 T11
11,071 | 22 66
12,697 25 75
8,053 : 16 _ 48
50,178 - 100 300
Table B
WIRE CENTER REéIDENCE TELEPHONE PREFIXES
South Wire East Wire _ West Wire
344 333‘ 243
349 337 248
345
- 267




Figure 2

TELEPIONE SURVEY - Apng

NAME

ADLRLLS

)
TELEPHONE
- _ 1. SINCLE FAMILY MOBILL HOME MULTI-FAMILY
il TYPE OF ' ‘
& DWELLING
o
%%' 2. BATUPAL GAS | FUEL OIL ELECTRIC OTHER
i PRIMARY
HEAT
. (FUEL SOURCE)
-,'K;" S
g
a. b.
3, OWH ONE : _ FUEL SOURCE
- ALTERNATE YES | NO HATURAL GAS T FUEL OIL | ELECTRIC | FIREPLACE OTHER
fl HEAT ,
4 (FUEL. SOURCE)
A 1 ... : b. Ce . .
% N, OWN ONE - HOOKED UP FUET, SOURCE :
STANDBY Dre YES T O YES | %0 HATURAL GAS GASOLINE DIESEL FUEL :
: ELECTRIC i
- GENERATOR ]
g :
5. . - Som ONE b TYPE
o ALTERNATE YES | NO PICK UP CAMP TRAILER MOTOR HOME OTHER
s SHELTER IN CAMPER
k) ANCHORAGE
g PERSONAL | YES| 1o
EMERGENCY
N PLANS AT
g - HOME
L
a 7
g STORED | YES | 1o
: FOOD FOR
2 WEEKS
5
. 18.
STORED YIS | 1o
. WATER FOR :
3 2 WEEKS
3 RELATIVES OR FRIENDS YES | NO
i IN ANCHORAGE R B—
(with whom you can
@ stay for an indefinite
j period)

Chacntioiin

2y

-
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Table 1

Type of Dwelling

Single Family Mobile Home  Multi-Family Total
57% (18Q) 9% (27) 34% (106) 100% {313)
Table 2
Primary Heat (Fuel Source)
Fuel Source *
. P ent .

Dwelling ofe;gigl Matural Gas Fuel 0il Electric Other
Single FPamily 57% (130) 76% (137) 7% (13) 15% (27) 2% (3)
Mobile Home 9% (27) 85% (23) 113 (3) ——— 4% (1)
Multi-Familvy 34% (106) 53% (57) 4% (4) 38% (40) 5% (5)
Total 100% (313) 708 (217) - 6% (20) 21% (67) 3% (9)
Table 3 .

Alternate Heat (Fuel Source)
Own One * Fuel Source **

Percent Natural : .
Dwelling [of Total Yes No Gas Fuel 0il Electric Other
Single - .
Familv ~|57% (180){73% (140)}22% (40) —-—— 1% (1) 2% (3) 899% (138)
Mobile .
Hone 9% (27)133% (9)167% (18) 11% (1) 112 (1) 22% (2) 56% (5)
fiulti-
Family 34% (106) {413  (43)1592 (63) 2% (1) —— 9% (4) S0% " (39)
Total 1.00% (313){613% (192)(39% (121) 1% (2) 1% (2) 4% (9) 95¢% (182)

* Percentage of Dwelling Catégory

** Percentage of Affirmative Answers (Note:
. responses may total more than 100% because some individuals

have multiple systems.)

Some percentages in these
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Table 4

responses may tot
have multiple

systems.

Percentage of Dwelling Category

Percentage of Affirmative Answers (Note:
al more than 100% be

)

Some percentages in these
cause some individuals

Standby Electric Generator
Own One* Hooked Up¥* Fuel Sourcc**

. _ |Pexrcent Don't Natural Diesel
Dwelling jof Total Know | Ycs No Yes No Gas Gasoline Fuel
Single : | .

Family 57%(180)[0.5% (1) 142 (25)]85.5%(154)] 56% (14)] 449 (11)124%  (6)| 763% (19X 4% (1)
Mobile
flome 9% (270 7% (2)]11% (3)] 82% (22)100%  (3) — -—— 100% (3) ---
Multi- ’
Family 34%(106)8.5%  (9){9.53% (10)| 823 (87)] 70%  (7)] 30% (3)]20% (2)| 60% (6)20% (2)
Total 1002 (313) -4% (12)] 123 (38) 84%(263)f 63% (24)] 372 (14)] 213 (8)} 74% (28) 83 -(3)
Table 5
Alternate Shelter in Anchorage
Own One* Type**
i Percent Pickup Camp Motor
Dwelling of Total Yes No Camper Trailer Home Other
Single . : i
Family 57% (180) 31% (56) 69% (124)| 30% (17) 28% (16) 26% (15) 16%  (9)
Mobile
Home 9% (27) i8% (5) B2%  (22)]| 60% (3). 20% (1) 408 (2) -
Multi- . .
Family 34% (106) 25% (27) 75%  (79)) 523 (14) 22%  (6) 15% (4) 11% (3)
Total 100% (313) 28% (83) 72% (2255 39% (34) 26% (23) 24% (21) l4% (12
Table 6
Personal Emergency Plans at Home,
Percent
Dwelling of Total Yos* No*
Single
|Family 57% (180) 213 {38) 79% (142)
Mobile .
flome 9%  (27) 223 (6) 78% (21}
Multi- :
Family 34% (106) 26% {(27) 74%  (79)
Total 100% (313) 23% (71) 77% (242)
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Table 7.

Stored Food - Enough for 2 Weeks
Percent

Dwelling of Total Yes Mo
Single :

Family 57% (180) 80% (144){ 20% (36)
Mobile .
Home 9%  (27) 935  (25) 7% (2)
Multi-

Family 34% (106) 64% (68)] 36% (38)
Total 100% (313) 76% (237)] 24% (76)
Table 8

Stored Water - Enouqgh for 2 Weeks

Percent

Dwelling of Total Yes No
Single .

‘Family 57% (180) 12% (22) 88% (158)
Mobile ' '
Home 9%  (27) 4% (1) 96% (26)
Multi-

Family 34% (106) 7% (7) 93% (99)
Total 100% (313) 10% (30) 90% (283)
Table 9

Relatives or Friends in Anchorage with

whom You Stronqly Feel You Can Stay for

an Indefinite Period

Percent

. bwelling of Total Yes No
Single

Family 57% (180) 86% (155)] 14% (25)
Mobile

Home 9% - (27) 81% (22) 19% (5)
Multi-

Family 34% (106) 76%  (81)| .24% (25)
Total 100% (313) B2% (258)| 13% (55)
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State of Alaska, April 1, 1978
Response Planning

State of Alaska, Anchorage International Airport Emerency
Control Plan, Edition Number 9

Alaska Division of Emergency Services
Gives data about airport facilities, staff, fuel storage,
etc. Briefing explanations of what airport staff responsible

for emergency operations will do in case of various
emergencies. .

Alaska District Corps of Engineers, Anchorage, Alaska

June 1979
Response Planning

Emergency Employment ofiArmy and Other Resources for the
Alaska District: Natural Disaster Activities Under
PL 84-99. :

Alaska Division of Emergency Services
NPA Annex A to ER 500-1-1

Discusses, for the Alaska District, the Corps of Engineers
disaster preparedness and emergency operations dealing with
flooding situations. Discusses eligibility criteria for
obtaining assistance from the Corps by Tocal and state
governnents. Discusses areas for which assistance is
authorized. ’

Alaska District Corps of Engineers, Anchorage, Alaska

June 1979

Response Planning

Emergency Employment of Army and Other Resources for the
Alaska District: WNatural Disaster Activities Under
PL 93-288

NPA Annex B to ER 500-1-1

Provide guidance and instructions for the Alaska District in
conduct of natural disaster relief operations under .
PL 93-288. . Requires a mission assignment by FDAA. Discusses
damage assessment and reports; upon which mission assignments
are based among other things.
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Alaska District Corps of Engineers, Anchorage, Alaska .

June 1979
Response Planning

Emergency Employment of Army and Other Resources for the
Alaska District: Emergency Communications

NPA Annex C to ER 500-1-1

Purpose: To describe the communications facilities normally
available to the Alaska District, and to prescribe a plan for
emergency operations of wire and electronic communications
during natural disasters or national emergencies.

S.T. Algermissen, et al., 1972

Seismology and Geolesy

Preshocks and Aftershocks," The Grant Alaska Earthquake of
1964. National Academy of Sciences.

DOWL Engineers

S.T. Algermissen, K.V. Steinbrugge, and H.L. Lagorio, 1978

Structures

Estimation of Earthquake Losses to Buildings (Except Single
Family Dwellings) '

Alaska Division of Emergency Services

{United State Department of the Interior, Geological Survey)
Open-file report 78-441. -

Report deals with estimation of earthquake damage to various
types of buildings for varjous hypothetical earthquakes.
Develops methodology for taking building inventory which is
dependent on Tand use classifications in San Francisco.

Methodology includes necessary details to allow damage
estimation.



AUTHOR/DATE:
SUBJECT:
TITLE:
'LOCATION:

- OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:

TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR /DATE :
SUBJECT:
‘TITLE:

~ LOCATION:
DESCRIPTION:

Anchokage Real Estate Research Committee, Fall 1979

Current Data on the Anchorage Municipality
Anchorage Real Estate Research Report
Alaska Division of Emergency Services

Volume III

Gives data for economic conditions in Anchorage and numerous
aspects of the housing market. ‘

William A. Anderson, 1969
Rééoveny ‘

Disaster and Organizational Change: A Study of thé Long~-Term
Consequences in Anchorage of the 1964 Alaska Earthquake

- Alaska Division of Emergency Services

Disaster Research Center Monograph Series No. 6 Office of

Civil Defense, contract 0CD-PS-64-46

Discusses disaster response following the 1964 earthquake
with regard to several functional areas including search and
rescue medical and health, security and control, etc.
Categorizes various organizations in terms of whether
Tong-term change was initiated by earthquake response and
recovery activities and describes this change.

William A. Anderson, 1970

Recovery

Disaster and Organizational Change in Anchofage. In the
Great Alaska Earthquake of 1964: Human Ecology, by Committee
on the Alaska Earthquake of the Division of Earth Sciences,
National Research Council, 1970.

Alaska Division of Emergency Services

Same study as described under Andérson, 1969 abbve.
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Norman L. Arno and Leonard J. McKinney

1964 Earthquake Damage and Effects

"Harbor and Waterfront Facilities,” in The Great Alaska
Earthquake of 1964: Engineering

Anchorage Public Library

Discusses earthquake damage to ports at several coastal towns
in southcentral Alaska. Tsunamis caused nearly total damage
where they struck. Discusses engineering post-earthquake
reconstructed facilities. '

Robert S. Ayre, Dénnfs S. MiTeti and Patricia B. Trainer,
1975 . ' -

Assessment of Earthquake Hazards

Earthquake and Tsunami Hazards in the United States: A
Research Assessment

Alaska Division of Emergency Services

Program of Technology, Environment and Man Monograph
#NSF-RA- E-75-005, Institute of Behavioral Science,
University of Colorado

The purpose of this book is to provide a basis for comparing
costs and benefits of various lines natural hazards research
and provides a "systematic appraisal of research needs." For
earthquake and tsunami hazards, such things are discussed as

problem dimensions, simulated loss management and research
recommendations.

Glen V. Berg and James Stratta, American Iron and Steel

Institute, 150 East Forty—Second Street, New York, N.Y. 10017
Structural

Anchorage and the Alaska Earthquake of March 27, 1964

Corps of Engineers Library

551.22

An analysis of vibration damage to'structures primarily in
the Anchorage area.
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Richard A. Buck, California Seismic Safety Commission, 1977
Response Planning

The Puget Sound Earthquake Preparedness Project

Alaska Division of Emergency Services

The study presents information on potential hazards to
people, structures and life line functions so that
administrators of emergency services can plan responses to
earthquake disaster.

Richard A. Buck and Bruce P. Baird, 1978

Recovery

Staff Report to the Seismic Safety Commission on the Santa
Barbara Earthqqake, August 13, 1978

Alaska Division of Emergency Services
Includes sections on the performance of emergency service
agencies and utilities and transportation systems during

Santa Barbara quake. Discussed damage and injuries,
recovery, public reaction to the quake and lessons learned.

D.J. Cederstrom, 1964

Geology

Geology and Grouﬁdwater Resources of the Anchorage Area,
Alaska.

DOWL Engineers |

U.S. Geological Survey, Water Supply Paper 1773, 1964
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Frank K. Chang and E11is L. Krinitzsky, December 1977
Assessing Earthquake Hazards

State-of-the-Art For Assessing Earthquake Hazards in the
United States. Report 8: Duration, Spectual Content, and .

Predominant Period of Strong Motion Earthquake Records from
Western United States. :

Alaska Division of Emergency Services

Miscellaneous Paper 5-73-1. Soils and Pavements Laboratory,
U.S. Army Engineers Waterways Experiment Station, P.0. Box
631, Vicksburg, Miss. 39180 '

"The purposes of this investigation were principally to
assess the duration and spectual content of strong-earthquake
accelerograms and, -indirectly, to consider their applica-
bility in earthquake design, correlations of duration with MM
intensity for the near and far fields and for Richter
magnitude have been obtained. Difference in duration for
soil and rock sites was determined.” -

Frank K. Chang, April 1978
Geophysical Earthquake Research and Instrumentation

State-of-the-Art for Assessing Earthquake Hazards in the
United States. Report 9: Catalogue of Strong Motion

Earthquake Records. Volume I, Western United States,
1933-1971. . ’

Alaska Division of Emergency Services

Miscellaneous Pdper S-73-1. Soils and Pavements Laboratory,
U.S. Army Engineers Waterways Experiment Station,
P.0. Box 631, Vicksburg, Miss. 39180. . '

Provides data on earthquakes occurring in Western States from
1933-1971, to be used for design earthquakes.” Information is
provided .on "magnitude, type of fault, focal depth, site
classification, peak acceleration, velocity, displacement,
duration and distance from epicenter.” o
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. natural disaster.

S.H.B. Clark

Geology

Bédrock Geology - Chugach Mountains Near Anchorage
DOWL Engineers

U.s. Geological Survey, Map MG-350, 1972

Jerry L. Coffmaﬁ and Carl A. VonHake, 1973
Vulnerability |

Earﬁhquake History of the United States
Alaska Division of Emergency Services

U.S. Department of Commerce, NOAA, EnVironmenta] Data
Service, publication 41-1. :

Discusses earthquake risk in each region of the country,
Recounts earthquakes that have occurred in each region.

‘HQ 21st Composite Wing, Elmendorf AFB, May 1978

Response Planning
21st Composite Wing OPLAN; Disaster Preparedness
Alaska Division of Emergency Services

Long title: Elmendorf Air Force Base OPLAN 355-1, Disaster
Preparedness Short Title: 21 CQMPW OPLAN 355-1

Plan to retain military "ready" status in event of attack or

Deals with disaster relief as a second
priority. :
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C.A. Cornell, 1968

Seismology

Ehgineering Seismic Risk Analysis
DOWL Engineers

Seismological Society of America Bulletin, January, (58) 5.

Henry W. Coulter and Ralph R. Migliaccio, 1966
Tsunami -

The Alaska Earthquake, March 27, 1964. Effects on
Communities, Valdez

Alaska Division of Emergency Services Library
Geological Survey Professional Paper 542-C
A description of the massive Tandslides, destructive sea

waves, landslide displacement, and extensive ground -breakage
due to the earthquake at Valdez ‘

Doak C. Cox and George Pararas-Carayannis, March 1976

Tsunami
Catalog.of Tsunamis in Alaska
Alaska Division of Emergency Services -

World Data Center A for Solid Earth Geophysics, Report SE-1

i} Brief description of history of tsunamis in Alaska. List of

tsunamis and travel times of potential tsunamis to Sitka and
Adak from quake anywhere in Pacific.
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Davies and Berg, 1973

Seismology

Crustal Morphology and Plate Tectonics in South Central
Alaska _ .

DOWL, Engineers

Seismological Society of America Bulletin, January, (63)

. T.N. Davis, S.A. Estes, L.R. Gedney, Alaska Earthquake

Analysis Center, Geophysical Institute, University of Alaska,
Fairbanks, October 1978

Vulnerability

Probability of Earthquake Occurrence in the Vicinity Chena

Flood Control Dam near Fqirbanks, A!aska

Alaska Division of Emergency Services

AEAC Seismo]ogfcal Report No. 7

Study uses three ﬁethodé tb determine probability of an
earthquake of a given magnitude within 50 miles of Chena

Flood Control Dam during a 50 year period. Two sets of data
are used.

Department of the Army, Office of the Chief*of'EngineeFS,
Washington D.C., January 1978 '

Response Planning

Emergency Employment of Army and Other Resources: Natural
Disaster Procedures :

Alaska Division of Emergency Services

ER 500-1-1

Describes ways the Corps of Engineers is authorized to assist
other Federal departments in times of dissater. Discusses
Corp's disaster preparedness efforts and its procedures for
reacting to potential disasters and actual disasters.
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The Earthquake Joint Planning Committee, Civil Defense and
Disaster Board, July 1978

Response Planning
City of Los Angeles Earthquake Operational Plan
Ajaska Division of Emergency Services .

Consists of "overviews of each [of the city'sl] departments
operational plan during...an earthquake disaster," with the
purpose of improving "interdepartment operation and
coordination of effort at all levels of command during an
earthquake disaster.”

Edwin B. Eckel, 1967
1964 Earthquake Damage and Recovery
Effects of the Earthquake of March 27, 1964 on Air and Water

Transport, Communications, and Utilities Systems in
South-Central Alaska.

Alaska Division of Emergency Services

One of a series of papers entitled, the Alaska Earthquake,
March 27, 1964: Effects on Transportation, Communications

and Utilities. U.S. Geological Survey Professional Paper
545-B ‘ Co

Describes damage to air and water transport, communications
and utilities systems, temporary replacement of losses and
permenant repairs and- changes to systems.

Harding-Lawson Study. See reference under Winterholder,

~Williams and England, 1979.

Edwin B. Eckel, 1970

Response Planning

" The Alaska Earthquake, March 27, 1964: Lessons and

Conclusions

Alaska Division of Emergency Services

u.S. Geo1ogica1 Survey Professional Paper 546

"A summary of what was learned from a, great earthquake about
the bearing of geologic and hydraulic conditions on its
effects, and about the scientific investigations needed to
prepare for future earthquakes.™

-10-
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Executive Office of the President,‘undated

Hazard Reduction

The National Earthquake Hazards Reduction Program

*Alaska Diviéion of Emergency Servicés

Report described several approaches to minimizing failure of
man-made structures in the event of an earthquake. Discusses
needed development of other aspects of hazard reduction such
as earthquake prediction and ‘public education.

Working Group on Earthquake Hazards Reduction, Office of

_Science and Technology Policy, Executive Office of the
President, 1978 '

Hazard Reduction

Earthquake Hazards Reduction: Issues for an ImpTementation
PTan. - ~

Alaska Division of Emergency Services

Report gives background of Earthquake Hazards Reduction Act
of 1977 (PL 95-124). Discusses formulation of policies to
reduce earthquake hazards, the implementation of the hazards

reduction program, and the roles of various organizations in
hazard reduction.

C.D. Evans, E. Buck, R. Buffler, G. Fisk, R. Forbes and
W. Parker, 1972 -

Vu1nefabi]1ty

The Cook Inlet Enviornment: A Background Study of Available

" Knowledge. A report by the Resources and Science Service

Center, Alaska Sea Grant Program, University of Alaska for
the U.S. Army Corps of Engineers, Alaska District.

Alaska Division of Emergency Services -

Discusses the enviornment, resources and cultural activites
in the Cook Inlet that would affect or be affected by
petroleum resource development in the Inlet. Of specific
interest, are sections on geology (page 1-7) and geologic
risk phenomena (page IV-1) which include earthquake, tsunami
and volcanic risk in the Inlet. (Winterhalder, Williams and
England, 1972) '

-11-
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Federal Aviation Administration, Alaska Region July 1979

Planning

Alaska Region, Ten Year Plan, FY~1981-FY-1990

Alaska Division of Emergency Services

The "Plan has been developed to address the issues safety,
capacity, productivity, environmental compatibility and

energy conservation..."

Federal Reconstructidn

and Development Planning Commission

for Alaska, 1964

Soils

Response to Disastér, Alaskan Earthquake, March 27, 1964:

Washington D.C.

Alaska Division of Emergency Services

"Describes need for accurate knowledge of the geology and

soil conditions of the earthquake, as well as judgement as to
future slides and subsidence and as to precautions to

minimize the occurrence" (from Harding-Lawson Annotated

Bibliography).

=y

Edwin M. Fitch, 1967

Recovery

TheAA]aska Railroad

Bi11 Coghill at Alaska Railroad Anchorage terminal.

Summary

and Chapter on earthquake damage is at the Alaska Division of
Emergency Services. :

Frederick A. Praeger, Publishers.

No. 67-20477

Library of Congress

History of the development of the Alaska Railroad. Has a
chapter on 1964 earthquake damage and reconstruction.

-12-
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T.C. Fuglestad, September 1979

Recovery

The Alaska Railroad and the Earthquake of March 27, 1965
Alaska Division of Emergency Services

Unpublished péper.obtained from Alaska Railroad

Describes, in detail, fhe immediate process of reconstruction

of the Alaska Railroad following the 1964 earthquake.

L. Gedney, and J. Van Wormer, 1973

Seismology

Seismically Active Structural Lineaments in South Central
Alaska as seen on ERTS-1 Imagery

DOWL, Engineers

Interim Scientific Report, NASA Contract NAS 5-21833,
November, 1973

L. Gedney, 1976
Response
Written Communication

DOWL, Engineers
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AUTHOR/DATE :

SUBJECT:
TITLE:

LOCATION:
DESCRIPTION:

AUTHOR /DATE:
SUBJECT :
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :

SUBJECT:
TITEE :

LOCATION:

OTHER IDENTIFIERS:

Warren George, Paul Knowles, John K.. Allender, James F.
Sizemore and Duane E. Carson, 1973

1964 Earthquake Damage and Recovery

Structures in Anchorage. In the Great Alaska Earthquake of
1964: Engineering, by Committee on the Alaska Earthquake of
the Division of Earth Sciences, Natjonal Research Council,
National Academy of Sciences, 1973. :

Alaska Division of Emergency Services

Gives description of seismically induced ground failure in
the downtown area and the Fourth Avenue buttressing project,
among other things. : .

Charles E. Glass and David B. STemmons, December 1978

Assessing Earthquake Hazards

State-of-the-Arts for Assessing Earthquake Hazards in the
United States. Report 11: Imagery in Earthquake Analysis.

- Alaska Division of Emergency Services

Miscellaneous Paper S-73-1. Purchase Order No..CW-77-M-1371.
Geotechnical Laboratory, U.S. Army Engineer Waterways '
Experiment Station, P.0. Box 631, Vicksburg, Miss. 39180

Reviews "the...principles and methods of applying remote
sensing for evaluation of earthquake hazards and seismic
risk." Discusses case histories as exampltes. "The character
of earthquake hazards is discussed in the context of
lithologic, structural, vegetational, and topographic
variations that are associated with different types of active
geologic structures.™

John Graham Cbmpany/Boeing Computer Services, Inc
November 1975,

s

Vulnerability

Natural Hazards in the Alaska Environment:
Processes &_Effects

Alaska Division of Emergency Services

Prepared in conjunction with a Land Systems Study for the
Joint Federal-State Land Use Planning Commission.

-14-
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The report utilized existing information to compile a ‘
document on important hazardous natural phenomena statewide.
The report explains the natural processes, characterizes the
location and discusses the danger. It includes
1:2,500,00-scale maps of faults, epicenters, wildfire
frequencies, volcanoes, areas of greater than 20 percent

‘slope, and glacial outburst floods. Sections include:

seismic hazards, mass wasting, land subsidence, shoreline
erosion, volcanoes, surging glaciers, wildfire, sea ice,
flooding, brown/grizzly bear and a summary.

A. Grantz, I. Lietz, and G. Anderson; 1963

Geology

An Aeromagnetic Reconnaissance of the Cook Inlet Area, Alaska
DOWL, Engineers

USGS Professional Paper 316—6,’1963

A. Grantz, 1966

Geology

Strike STip Faults in Alaska
DOWL; Engineers |

USGS Open-file Report, 1966
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J. Eugene Haas, Daniel J. Amaral, Reyes Ramos, Robert W.
Kates, Robert A. Olson, Richard Olsen - no date

Response Planning

Early Human Response to the 1972 Managua Earthquake

Alaska Division of Emergency Services

Recounts seismic history of Managua. Déscribes and analysis

response to 1972 earthquake which were guided by no response
plans as almost none existed.
RobertAM. Hamilton

Hazard Reduction

Earthquake Hazards Reduction Program - Fiscal Year 1978
Studies Support by the U.S. Geological Survey

Alaska Division of Emergency Services

Geological Survey Circular 780

Report describes Federal earthquake hazard reduction
programs, the direction of earthquake research and its
sources of funding.

W.R. Hansen, 1965

Soils

Effects of the Earthquake of March 27, 1964, Anchorage,
Alaska: U.S. Geological Professional Paper 542-A

Government Printing Office, Washington

The Great Alaska Earthquake of 1964: Geology. NAS Pub. 1601.
Washington: National Academy of Sciences, 1971.

Déscribes and analyzes the most damaging ground response, the
translatory slides; describes characteristics of Bootlegger

Cove Clay in relation to slides; and summarizes vibratory
damaging effects. ' '
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Wallace R. Hansen, Edwin B. Eckel, William E. Schaem,
Robert E. LyTe, Warren George, and Genie Chance, 1966

1964 Earthquake Damage and Effects

The Alaska Earthquake, March 27, 1964: Field Investigations
and Reconstruction Effort.

Alaska Division of Emergency Services
U.S. Geological Survey Professional Paper 541

"Summarizes the effects of the great Alaska earthquake and
emphasizes field investigations made by the Geological

- Survey, the work of the Scientific and Engineering Task Force

and the reconstruction by the U.S. Army Coprs of Engineers.
Reviews the contributions of many geologists to solving
geoTagic problems relating to pattern of sea-level changes,
outlTook for fisheries, effects on water supply and soil

environments.” (From Harding-Lawson Annotated
Bibliography).

Harding-Lawson Associates, 1974

Structures

Dynamic Response Analysis Community Hospital, Anchorage,
Alaska _ » ‘

DOWL, Engineers

Report Prepared for DOWL Engineeré, February, 1974

Walter W. Hays, undated

Hazard Reduction

Program and P]ans'of the U.S. Geological Survey for Producing
Information Needed in National Seismic Hazards and Ris
Assessment, Fiscal Years 1980-84.

Alaska Division of Emergency Services

Geological Survey Circular 816

Discusses plans to obtain information needed to reduce ‘
earthquake hazards. For instance improved maps of earthquake

zones are needed, improved methodogy for gathering .
information for mapping and post-earthquake investigations.

-17-
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,earthquakes.

R.B. Hofman, June 1974

Geophysical Earthquake Research and Instrumentation

The State-of-the-Art for Assessing Earthquake Hazards in the
United States. Report 3: Factors in the Specification of
Ground Motions for Design Earthquakes in California

Alaska Division of Emergency Services

U.S. Army Engineer Waterways Experiment Station, Soils and
Pavements Laboratory, Vicksburg, Missippi. Contract No.
DACW39—72—C-0032, ES561, Miscellaneous Paper 5-73-1
Examines "bases and rationale for assessing the principal
factors in earthquake ground motion," through use of design
Data taken near source of energy release are
scarce. -Factors discussed are acceleration, - peak
acceleration at source, topography, absorption and
transmission of seismic energy.

G.W. Housner, 1956

Seismology

Intensity of Earthquake Ground Shaking. Near the Causative
Fault ‘ . A
DOWL, Engineers

Prbceedings of the 3rd World Conference on Earthquake
Engineering, Vol I, New Lealand., 1956

G.W. Housner, 1969
Seismology

Engineering Estimates of Ground Skaking and Maximum
Earthquake Magnitude

DOWL, Engineers

Proceedings of the 4fh World

Conference of Earthquake
Engineering, Santiago, 1969 .

-18-
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G.W. Housner, 1979
Response
Personal Communications

DOWL Engineers

Department of Housing and Urban Development, Federal Disaster
Administration, Region X, December 1978. ‘

Response Planning

Federal Earthquake Response Plan for The Puget Sound Area
(Final Draft) :

Alaska Division of Emergency Sefvices

This plan deals with the procedures Federal agencies would
follow, in the event of a catastrophic earthquake, to
supplement the disaster response activities of local and
State governments. The coordinating function of Federal
agencies in the event that their offices are unuseable is
planned. .

I.M. Idriss, and H.B. Seed, 1968

SeismoTlogy

An Analysis of Gfound Motions During the 1957 San Francisco
Earthquake

DOWL Engineers

Bulletin of the Seismological Society of America, Vol. 58,

No. 6, December 1968

-19-
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J. C. Jennings, G.W. Housner, and N.C. Tsai, 1968

Seismology

Simulated Earthquake Motions

.DOWL, Engineering

Researclr Report, Earthquake Engineering Research Laboratory,
California Institute of Technology, Pasadena, April 1968

Paul C. Jennings, editor, 1980
Hazards Reduction

Earthquake Engineerihg and Hazards Reduction in China: A
Trip Report of the Americarn Engineering and Hazards Reduction

‘Delegation

Alaska Division of Emergency Services Library

Committee on Scholarly Communication with the People's
Repulic of China Report No. 8, National Academy of Sciences

-Discusses seismic response of'building design and

construction types in China, and Chinese research in these
areas. Also gives reports on the Tangshan Earthquake and

Sungpan—Pihgwu Earthquake of August 1976.

Reuben Kachadoorian and George Plafker, 1967 .

Tsunami

The Alaska Earthquake, March 27, 1964 Effects on
Communities, Kodiak Area :

Alaska Division of Emérgency Services Libréﬁy
Geological Survey Professional Paper 542-F
A description of the property damage and loss of 1ife due to

earthquake-induced seismic sea waves and regional tectonic
subsidence at Kodiak and nearby communities.
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AUTHOR/DATE:
SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR /DATE :
SUBJECT:

TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE:
SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

Reuben Kachadoorian, 1968‘

1964 Earthquake Damage

Effects of the Earthuake of March 27, 1964, on the Alaska
Highway System. o

Alaska Division of Emergency Servicés

One of a series of papers entitled, the Alaska Earthquake,
March 27, 1964: Effects on Transportation, Communications

and Utilities. U.S. Geological Survey Professional Paper
545-C _

Describes extensive damage to highway system in south-central
Alaska. Discusses correlation between extent of damage and
the foundation soils and the engineering of bridges.
Discusses several different kinds of damage.

T.N. Karlstrom, 1964

‘GeoTogy

Quaternary Geology of the Kenai Lowlands and Glacial History
of the Cook Inlet Region, Alaska

DOWL, Engineers

"USGS Professional Paper 443, 1964

J.A. Ke1]ehef, 1970

Seismology

Space;Time Seismicity of the Alaska—A]eutian Seismic Zone
DOWL, Engineers

Journal of Geophysical Research, January, (75)
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AUTHOR/DATE: _ F.W. Kiefer, H.B. Seed, and I.M. Idriss; 1970

SUBJECT: Seismology
TITLE: Analysis of Earthquake Ground Motions at Japanese Sites
LOCATION: DOWL, Engineers

3

OTHER IDENTIFIERS: Bulletin of the Seismological Society of America, Vol 60
' No. 6, December 1970 ‘ _

DESCRIPTION:

AUTHOR/DATE : W.J. Kockelman, 1976

SUBJECT: | Response Planning

TITLE: "Use of USGS Earth-Science Products'by County Planning
Agencies in the San Francisco Bay Region, Ca]ifornia"

LOCATION: U.S. Geological Survey; or Planning Department,
Municipality of Anchorage

DESCRIPTION: The U.S. Geological Survey prepared a survey of user groups

: ’ in California to determine how hazard data was being applied.
They found that hazards data was used to map potentially
hazardous conditions (including fault systems and ‘unstable
slopes and soils) in relation to critical facilities,
including hospitals, schools ‘and industrial facilities,
transportation and utility systems. The Alameda County
Emergency Operations Plan (1975) used the data for setting
priorities for the repair and restoration of essential
systems and services:?

AUTHOR/DATE : E.L. Krinitzsky, June 1974

SUBJECT: Assessihg Earthquake Hazards

TITLE: State-of-the-Art for Assessing Earthquake Hazards in the
United States. Report 2: Fault Assessment in Earthquake
Engineering . ’

LOCATION:- Alaska Division of Emergency Services

A.OTHER IDENTIFIERS: Misce11aneoustaper 5-73-1 Soils and Pavement Laboratory U.S.
Army Engineers Waterways Experiment Station,vP.O. Box 631,
Vicksburg, Miss. 39180 * :
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DESCRIPTION:

AUTHOR/DATE:
SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

- AUTHOR /DATE :
SUBJECT:
TITLE:
LOCATION:
DESCRIPTION:

AUTHOR /DATE :
SUBJECT:

TITLE:

LOCATION:

OTHER IDENTIFIERS:

"DECRIPTION:

"This report reviews the state-of-the-art for (a) fdentifying
faults, (b) determining which faults may cause earthquakes,
and (c) estimating the maximum earthquakes that can be
produced by a given fault."

E1lis L. Krinitzsky and Frank K. Chang

Assessing Earthquake Hazards

State¥of—the-Art‘for Assessing Earthquake Hazards in The
United States. Report 7: Specifying Peak Motions for Design
Earthquakes

Alaska Division of Emergency Services

Miscellaneous Paper 5-73-1. Soils and Pavement Laboratory,
U.S. Army Engineer Waterways Experiment Station, P.0. Box
631, Vicksburg, Miss. 39180

Discusses many facto?s that must be'considered in estimating
the maximum earthquake from a given source and its intensity
at a given site. Peak values estimated by the process "can
be used for rescaling seTected strong motion records or
alternatively for the generation of synthetic seismograms. "
J.C. Lahr, 1979

Response

Personal Communications

DOWL , Engineérs

J.C. Lahr,‘G.'P1afker2 et al., 1979
Seismoiogy

Interim Report on the St. Elias Earthuake of
28 February 1979 :

DOWL, Engineers

USGS Open-file Report 79-670 USDOI
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AUTHOR/DATE :
SUBJECT:
TITLE:

LOCATION:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:

TITLE:

~ LOCATION:
OTHER IDENTIFIERS:
DESCRIPTION:

AUTHOR/DATE :
SUBJECT:

TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

Margaret Lantis, 1970
1964 Earthquake Damage and Effects

Impact of the Earthquake on Health and Morta1ity. In the
Great Alaska Earthquake of 1964: Human Ecology, by Committee
on the Alaska Earthquake of the Division of Earth Sciences,

National Research Council, National Academy of Sciences,
1980. .

Alaska Division of Emergency Services Library

- Discusses the causes of éarthquake re]ated'deaths, geographic

distribution and social characteristics of casualties.
Discusses earthquake related injuries and illnesses.

Richard W. Lemke, 1967

Tsunami

The Alaska Earthquake, March 27, 1964. Effects on
Communities, Seward

Alaska Division of Emergency Services Library
Geological Professional Paper 542-E

A describtion and analysis of the damage resulting from
submarine Tandsliding, seismic sea waves, and oil-tank fires
in one of the most devastated cities in Alaska.

Malcolm H. Logan, 1967

1964 Earthquake Damage

Effect of the Earthquakeiof-March 27, 1964, on the Eklutna
Hydroelectric Project, Anchorage, Alaska

Alaska Division of Emergency Services_

One of seriés of papers entitled: the Alaska Earthquake,
March 27, 1964; Effects on Transportation, Communications,

and Utilities. U.S. Geological Survey Professional Paper
545-A

Describes damage to Eklutna Hydroelectric Power System due to
the earthquake. Major damage was to water intake structure
at Eklutna Lake. There was minor damage to other parts of

system especially where facilities were constructed on
unconsolidated soils.
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AUTHOR/DATE :
SUBJECT:
TITLE:
LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:
TITLE:.

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

“545-D

J. Lysmer, H.B. Seed, and P.B. Schnabel, 1971

~ Seismology

Influence of Base Rocerharaéterfstics on Ground Response

DOWL Engineers

Bulletin of the Seismological Society of America, Vol. 61,
No. 5, October 1971

N.D. Marachi, and S.J. Dixon
Seismology
A Méthod for Evaluation of Seismicity

DOWLVEngineers

Proceedings of the International Conference on Microzonation

Vol. 1, 1972 '

David S. McCullock and Manuel G. Bonilla, 1970.
1964 Earthquake Damage . '

Effects of the Earthquake of March 27, 1964 on the Alaska
Railroad :

Alaska Division of Emergency Services
One of a series of

March 27, 1964:
and Utilities.

papers entitled, the Alaska Earthquake,
Effects on Transportation, Communications,
U.S.

Discusses extent and types of damage to rail system. Gives
geologic conditions which determine the extent of damage and

also vulnerability of certain bridge types. Gives some
construction guidelines for avoiding earthquake damage to
railroads, roads, utilities, etc.

-25-
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AUTHOR/DATE :
SUBJECT:
TITLE:

- LOCATION:
DESCRIPTION:
AUTHOR /DATE :

SUBJECT:

TITLE:

- LOCATION: .

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR /DATE :
SUBJECT:
TITLE: |
LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

Edward A. McDermott, Director of OEP

C%v11 Defense

The role of the office of Emergency Planning in the Alaskan
Earthquake, September 1964. v

Corps of Engineers Library

A Report to the President covering the 1964 earthquaké damage
and the action taken. A

Herbert Meyers, R.J. Brazee, J.L. Coffman, and S.R. Lessig,
October 1976 . .

Vulnerability

An Analysis of Earthquake ihtensities and Recurrence Rates In
and Near Alaska.

Alaska Division of Emergency . Services

“NOAA Technical Memorandum £EDS NGSDL-3

Gives inventory of Alaskan earthquakes and their intensities.
Discusses maximum intensity for Alaska magnitude-frequency

. relationships and strong motion studies.

R.D. Miller, and E. DobrovoTny

Seismology

-~ Surficial Geology of Anchorage arid Vicinity Alaska

DOWL Engineers,
USGS Bulletin 1098, 1959
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AUTHOR/DATE :

SUBJECT: Seismology
TITLE: Statistical Parameters Applied to Seismic Regionalizations
LOCATION: DOWL Engineers

OTHER IDENTIFIERS:

OTHER IDENTIFIERS:

W.G. Milne, and A.G. Davenport, 1965

Proceedings of the 3rd World Conference of Earthquake
Engineers, (3)

DESCRIPTION:
AUTHOR/DATE: W.G. Milne, and A.G. Davenport, 1969
SUBJECT: Seismology

- TITLE: Distfibution of Earthquake Risk in Canada
LOCATION: DOWL Engineers

Bulletin of the Seismological Society of America,
January, (59) '

DESCRIPTION:
AUTHOR/DATE : Miriam Morrow, Anchorage Resource Information Service,
) September.303 1978 -
SUBJECT : Socioeconomic and Busiress Data, Anchorage
TITLE: Anchokage Quarterly - A Review of Socio-economic Data
June 30,-1978
LOCATION: Alaska Division of Emergency Services

OTHER IDENTIFIERS:

DESCRIPTION:

Volume I - Number 1

Contains statistical information on Anchorage's population,
-consumer price index, food and building prices, health and
education, crime and law enforcement, housing and real estate
market, employment, unemployment and transportation.
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AUTHOR/DATE :

SUBJECT:
TITLE:

LOCATION:
OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE

SUBJECT:

TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

SUBJECT:

TITLE:

LOCATION:

‘OTHER- IDENTIFIERS:
DESCRIPTION:

Miriam Morrow, Anchorage Chamber of Commerce December 31,
1978 .

Socioeconomic and Business Data, Anchorage

Anchorage Quarter]y'— A.Review of the Socio-économic data
Anchorage, A]aska December 31, 1978

Alaska Division of Emergency Services

Volume I - Number 2

An update to Volume I - Number 1 that contains additional
items of interest such as population by subcommunity,
nongovernment hospital facilities, medical doctors in
practice, utility operations, and transportation and
traffic.

Miriam Morrow, Editor Assisted by Rebecca Gfaham, June 30,
1979
Socioeconomi ¢ and Business Data, Anchorage

Anchorage Quarterly - A review of Socio-economic data,
Anchorage, Alaska ‘

“Alaska Division of Emergency Services

Volume I - Ndmber 3
An update to the previcus volumes containing special interest

items as age distribution by subcommunity and a general cargo
and petroleum transportation summary. ‘

Miriam Morrow, Editor, Anchorage Chamber of Commerce,
Business Information Center, December 1979

Socioeconomic and‘Business Data, Anchorage

The Anchorége Economic Compass: A Socio-Economic Pfofi1e
Alaska Diviéion of Emerdgency Services

Voiume It

An update to previous volumes. In addition to topics
mentioned above, statistics showing Tevel of business of
finance sector is given and a section showing the Tevel of
tourism in the State is included.
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AUTHOR/DATE :

SUBJECT:
TITLE:
LOCATION:

OTHER IDENTIFIERS:
DESCRIPTION:

AUTHOR/DATE :
SUBJECT:
TITLE: .
LOCATION:

DESCRIPTION:
AUTHOR /DATE :

SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

Frederick B. Muller, Division of Economic Enterbrise,
Department of commerce and Economic Development, 1978

Socioeconomic and Business Data, A]aska .

The Alaska Economy: Year-End Performance Report 1978
Alaska bivision of Emergency Services Library

Volume 7

Discusses the importance and performance of various ‘sectors
of the economy and industries. Gives statistical summaries

on these and socioeconomic characteristics of the Alaska
population. :

Municipality of Anchorage, December 1978

Civil Defense

Civil Defense Emergency Operations Plan

A]aska Djviéion of Emergency Services

This plan cohcentrates on event of.nuc1ear disaster,'but also

refers to natural disasters.

Committee on the Alaska Earthquake of the Division of Earth

‘Sciences National Research Council, National Academy of
Sciences, 1973. ’

Response P1ann1ng'(Reduction‘MeasUres)

The Great Alaska Earthquake of 1964

Summary and Recommendations

Alaska Division of Emergency Services, Anchorage library.
Library of Congress Catalog Card Number 68~60037

Available from Printing & Publishing Office, National
Academy of Sciences, ISBN 0-309-01608-8

Final Report Series includes these volumes: Summary and -

Recommendations, Biolegy, Engineering, Human Ecology
(Geography), Geology, Hydrology, Oceanography and Seismology.
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" DESCRIPTION:

AUTHOR/DATE

SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :

"~ SUBJECT:

TITLE:
LOCATION:

DESCRIPTION:

Council, 1975

This summary description goes into some detail in listing the
numerous recommendations that were made as they may relate to
response planning efforts, or description of particular
effects that relate to particularly vulnerable structures or
systems. Recommendations of broad scope and general |
applicability are prepared to suggest important steps that
should be taken in planning for minimizing losses from future
earthquakes.

Committee on the Alaska Earthquake of the Division of Earth
Sciences of National Research Council, National Academy of

Sciences. See dates for each volume beTow.

©1964 Earthquake Damage and Effects, Response Planning

The Great Alaska Earthquake of 1964

A1l but -the Engineering volumes are in Alaska Division of
Emergency Services Library

Librafy of Congress, Catalog Card Number 68-60037

This is an.seven.volume set. The volume titles and dates
published are as follows: Geology (Part A and Part B), 1971;
seismology and Geodesy, 1972; Hydrology (Part A and Part B),
1968; Biology, 1971; Oceanography and Coastal Engineering;
1972; Engineering, 1973; Human Ecology, 1970; Summary and
REcommendations: Including Index to series, 1973. These
volumes are collections of articles by many different
authors: and cover all aspects of the 1964 earthquake and
recovery effort.

Panel on the Public Policy Implications of Earthquake
Prediction of the Advisory Committee on Emergency Planning,
Commission on Sociotechnical Systems, National Research

Earthquake Prediction

Earthquake Prediction and Public Policy

Alaska Division of Emergency Services

Discusses such aspects of earthquake prediction as
constructive response to prediction, issuing predictions and
warnings, economic, Tegal, and political implications, the

problem of spreading the costs imposed by disasters
equitably. ' '
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AUTHOR/DATE:

SUBJECT:
TITLE:

LOCATION:
DESCRIPTION:

AUTHOR/DATE :

SUBJECT:
TITLE:

LOCATION:
DESCRIPTION:

AUTHOR /DATE :
SUBJECT:

TITLE:

. LOCATION:

OTHER IDENTIFIERS:
DESCRIPTION:

Panel on Earthquake Prediction of the Committee on
Seismology, Assembly of Mathematical and Physical Sciences,

National Research Council, 1976
Earthquake Prediction

Predicting Earthquakes: A Scientific and Technical
Evaluation with Implications for Society.

Alaska Division of Emergency Services
Discusses'methods,and current capabilities of predicting

earthquakes in the U.S. Also discusses social implications
of prediction.

~Committee on Disasters and the Mass Media Commission on

Sociotechnical Systems, National Research Council, 1980

Disaster Media Coverage

Disasters and the Mass Media: Proceedings of the Committee
on Disasters and the Mass Media Workshop, February 1979

Alaska Division of Emergency Services

A collection of papers including such topics as "research
needs and policy issues on mass media disaster reporting,
"criticisms of disaster media coverage generally, several

case studies of media coverge on specific disasters, .and the
medias role in disaster warning and assistance.

N.M.'Newmatk, and E. Rosenblueth
Seismology -

Fundamentals of Earthquake'tngfneering
DOWL Engineers

Englewood CT1iffs, Prentice-Hall Inc., 1971
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AUTHOR/DATE :
SUBJECT
TITLE:

LOCATION:
DESCRIPTION:

AUTHOR/DATE :
- SUBJECT:

TITLE:

LOCATION:

OTHER IDENTIFLERS:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:

TITLE:

LOCATION:

OTHER IDENTIFIERS:

Frank R.B. Norton and J.. Eugéne Hass, 1970

1964 Earthquake Damage and Effects

The Cities and Towns: Anchorage. In The Great Alaska
Earthquake of 1964: Human Ecology by Committee on the Alaska
Earthquake of the Division of Earth Sciences, National
Research Council, National Academy of Sciences, 1970.

Alaska Division of Emergency Servﬁces

Describes recovery effdrts undertaken by various private and
governmental groups.

Otto W. Nuttli, John J. Dwyer, July 1978

Assessing Earthquake Hazards

State-of-the-Art for Assessing Earthquake Hazards in the
United States. Report 10: Attenuation of High-Frequency

Seismic Waves in the Central Mississippi Valley.

Alaska Division of EmergencyAServices

Miscellaneous Paper S-73-1. Purchase Order No. CW-77-M-2480..
U.S. Army Engineer Waterways Experiment Station, Geotechnical
Laboratory, P.0. Box 631, Vicksburg, Miss. 39180

"This study was concerned with the attention of
high-frequency earthquake waves in central Mississippi
Valley...Most attention was devoted to a study of large
waves, which are higher mode surface waves that produce the

~largest ‘ground motion."

Otto W. Nuttli, Robert B. Hermann, December 1978

Assessing Earthquake Hazards

State-of-the-Arts for Assessing Earthquake Hazards in the
United States. Report 12: Credible Earthquakes for the
Central United States ‘
Alaska Division of Emergency Services

Misce]]éneous Paper 5-73-1. Purchase Order No. CW-77-M-2480.

Geotechnical Laboratory, U.S. Army Engineer Waterways
Experiment Station, Box 631, Vicksburg, Miss. 39180°
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DESCRIPTION:

AUTHOR /DATE :
SUBJECT :
TITLE:
LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE:

SUBJECT:
TITLE:
LOCATION:

DESCRIPTION:

AUTHOR/DATE :

SUBJECT:

TITLE:

LOCATION:

DESCRIPTION:

"This report is concerned with the problem of estimating
credible values of the peak velocity and accelteration of the
ground motion for central United States earthquakes." Eight
seismic zones are identified. "A maximum-magnitude
earthquake is determined for each zone, as well as a
magnitude-recurrence equation.” :

Gordon B. Oakeshott, Editor, 1975 -
Hazard Reduction
San Fernando, California, Earthquake of 9 February 1971

Alaska Division of Emerency Services

Bulletin 196, California Division of Mines and Geology,
Resources Building, Sacramento, California

Consists of thirty-three separate papers on topics in geology

and geophysics, seismology, damage, disaster response, and
minimizing losses. g

Prepared by the Office of Civil Defense. Office, Secretary
of the Army - Department of. Defense, May 1964

Civil Defense‘
The A]askan Earthquake

Alaska Division of Emergency Services Library

A preliminary report concerning the great earthquake that -

struck southcentral Alaska on Good Friday, March 27, 1964,
and subsequent Civil Defense emergency operations.

E.L. Orme, H.R. Pulley and H.C. Pulley, California State
Office of Emergency Services, undated :
Response Planning

The Managua, Nicaragua Earthquake of December 23, 1972: An
Emergency Response Evaluation

Alaska Division of Emergency Services

This report is based on information gathered in ManagUa

within a few days after the quake. Conclusions are drawn as
to the need for emergency response plans and the aspects they
should cover. : :
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AUTHOR/DATE :
SUBJECT:
TITLE:
LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE:

crp 1r AT

TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

D.L. Orphal and J.A. Lahoud, 1974a
Seismology
Attenuation Rélationships

DOWL Engineers

Bd]]etin of. the Seismological Society of America, October
(64) 5.

3

D.L. Orphal and J.A. Lahoud, 1974b

Seismology

Prediction of Peak Ground Motion from Earthquakes

- DOWL Engineers

Bulletin of the Seismological Society of American, October,
(6-4) 5‘

R.A. Page, and J. Lahr, 1971
Seismology

Measurements. for Fault S1ip on -the Denali, Fairweather, and
Castle Mountain Faults, Alaska : '

DOWL Engineers

Journal of Geophysical Research, December, (76) 35.
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AUTHOR/DATE:
SUBJECT:
TITLE:
LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE:
SUBJECT:

 TITLE:

LOCATION:
DESCRIPTION:

R.A. Page, i972a

Seismology A .

Crustal Deformation on the Denali Fault 1942-1970
DOWL Engineers

Journal of Geophysical Research, January, (77)

R.A. Page, '1972b
Seismology

Micro-Earthquakes on the Denali Fault Near the Richardson

v Highway

DOWL Engineers

American Geophysical Union, January,  (52)

Ronald W. Perry, 1979

~Response Planning

"Evacuation Decision Making in Natural Disasters,”" Mass

Emergencies, Volume 4(1979) pp.- 25-38.

Alaska Division of Emergency Services

Reviews past studies of individuals' decisions to evacuate,
especially before the impact of a disaster. Summarizes
findings and organizes factors influericing individuals’
decisions as a conceptual framework.
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AUTHOR/DATE:
SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:
TITLE:
LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE : -
SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

G. Plafker, 1967
Seismology

Surface Faults on Montague Island Associated with the 1964
Alaska Earthquake

DOWL Engineers

USGS Professional Paper 543-G, 1967

G. Plafker
Seismology

Tectonics of the March 27, 1964 Alaska Earthquake

DOWL Engineers-

USGS Professional Paper 543-1, 1969

George Plafker and Reuben Kachadoorian, 1966

_ Tsunami

The Alaska Earthquake, March 27, 1964 Regional Effects,
Kodiak and Nearby Islands

Alaska Division of Emergency Services Librahy
Geological Survey Professional Paper 543-D

Geologic effects of the March 1964 earthquake and associated
seismic sea waves on Kodiak and nearby islands.
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AUTHOR/DATE :

SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:

TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :

SUBJECT:

TITLE:

LOCATION:

OTHER IDENTIFIERS:

George Plafker, Reuben Kachadorrian, Edwin B. Eckel and
Lawrence R. Mayo 1969

Tsunami

The Alaskan Earthquake, March 27, 1964. Effects on
Communities - Various Communities

.Alaska Division of Emergency Services Library

Geological Survey Professioha] Paper 542-G
A description of the damage,'principa11y from waves, vertical

tectonic movements, and seismic vibration, to inhabited
places throughout the earthquake - affected part of Alaska.

L.D. Porter, J.T. Ragsdale and R.D. Mcdunkin, 1979

Structures

-Processed Data from the Strong-Motion Records of the Santa

Barbara Earthquake of 13 August 1978, Final Results, Vol. 2,
Part III.

Alaska Division of Emergency Services

California Division of Mines and Geology, Special Report 144
The Feitas Bldy. in Santa Barbara had been instrumented to
measure the buildings response to earthquakes, Data obtained
during the 13 August 1978 earthquake is presented. It

includes accelerograms, accelterations, velocities and

displacements, response spectra, fourier amplitude spectra of
accelerations, etc.

Charles T. Rdiﬁey, Cecil C. Byrd, Jr., Robert H. Black,
and Frederick Goshe, January 1974

Response Planning

San Francisco Bay Area Earthquake Response Plan. Part One:
Emergency Operations

Alaska Division of Emergency Services

Contract No. OEP-DAP-73-23 between State of California and
the Federal Disaster Assistance Administration.
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DESCRIPTION:

AUTHOR /DATE :

SUBJECT
TITLE

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE:
SUBJECT:

TITLE:

LOCATION:.

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:
TITLE:
LOCATION:

"This plan is intended to provide State and local agencies,
both public and private, with a common framework for
developing detailed earthquake contingency plans that are
specific to their individual areas of responsibility, and
that are also compatible with and support one another.

Charles T. Rainey, Ceci] C. Byrd, Jr., Robert H. Black,
and Kenneth H. KTemm, January 1974

Respohse PTanning

San Francisco Bay Area Earthquake Response Plan.
Operational Data Manual '

Part Two:

Alaska Division of Emergency Services (FEMA, Region X)

Contract No. QEP-DAP-73-23 between the State of California
and the Federal Disaster Assistance Administration

Consists of sections on each of nine counties in San
Francisco area. Telephone numbers of all emergency services
agencies are listed for each town. Staffing and capabilities
of each agency is listed. Included are additional sections
on area-wide communications, coordination, control; fire
resources; law enforcement, medical and health resources and
emergency welfare. '

Alaskan Command, R.J. Reeves, Commander in Chief

Recovery

Operation Helping Hand, The Armed Forces React to Earthquake
Disaster

Corps of Engineers Library
551.22
A pubTlication prepared by the Alaskan Command covering the

assistance provided by all the Armed Services during the 1964
earthquake recovery operations. '

C.F. Richter, 1958
Sefsmo]ogy
Elementary Seismology

DOWL Engineers
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OTHER IDENTIFIERS:

DESCRIPTION:

~ AUTHOR/DATE:
SUBJECT:
TITLE:

LOCATION:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE :
SUBJECT:

TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

San Francisco, Freeman and Company, 1958

George W. Rogers, 1970
1964 Earthquake Damage and Effects.

Economic Effects of the Earthquake. In The Great Alaska
Earthquake of 1964: Human Ecology..

Alaska Division of Emergency Services

Discusses role of Federal financial aid in the restoration of

-Alaska following the 1964 earthquake. . Discusses the

differéntial benefit or loss experienced by various
communities following the earthquake. Discusses the recovery
of the fishing industry.

H.R. Schmoll, and E. Dobrovolny

Geqlogy

Generalized Geologic Map of Anchorage and Vicinity,
Alaska '

DOWL Engineers
USGS, Map I-787-A, 1972

P.B. Schnabel and H.B. Seed
Seismology

Accelerations in Rock for Earthquakes in the Western
United States

DOWL Engineers

Report No. EERC 72-2 University of California, Berkely,
July, 1972
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ASCE, Vol. 95, No. 60, No. 1, February, 1970

H.B. Seed and I.M. Idriss
Seismology

Rock Motions Accelerograms for High Magnitude
Earthquakes

DOWL Engineers

Earthquake Engineering Research Center‘Report No. EERC
69-7, University of California, Berkely, April, 1969

H.B. Seed, I.M. Idrisé, énd F.W. Kiefer

Seismology

Characteristics of Rock Motions During Earthquakes
DOWL Engineers

Journal of Soil Mechanics and Foundations Division

3

b

H.B. Seed, and I.M. Idriss
Seismo]ogy

Analyses of Ground Motions at Union Bay, Seattle During
Earthquakes and Distant Nuclear Blasts -

DOWL Engineers

Bulletin of the Seismological Society of America,
Vol. 60, No. 1, February, 1970

-40-



AUTHOR/DATE :
SUBJECT:
TITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR /DATE :
SUBJECT:

CTITLE:

LOCATION:

OTHER IDENTIFIERS:

DESCRIPTION:

AUTHOR/DATE : -
SUBJECT :
TITLE:
LOCATION:

DESCRIPTION:

Shannon and -Wilson, Inc., August 28, 1964

Soils
“Report on Anchorage Area 3011'Studies, Alaska"

Alaska Resources Library, Federal Building Anchorage

A.D.C. #113-002

The report is a detailed account of the soil conditions after
the 1964 earthquake and detailed engineering accounts of
recommended actions. FEach major landslide was discussed in
detail including the Fourth Avenue, L Street and Turnagain

slides.
David B. S1emmens
Assessing Earthquake Hazards

The State-of-the-Art for Aséessing Earthquake Hazards in the
United States. Report 6: .Faults and Earthquake Magnitude.

Alaska Division of Emergency Services

Miscellaneous Paper 5-73-1. U.S. Army Engineer waterWAys
Experiment Station, Soils and Pavement Laboratory, P.0. Box
631, Vicksburg, Miss. 39180. Contract No. DACW39-76-C-0009
"The main goal of this report is to review geologic methods
of determining the maximum probable earthquakes for active
faults based on emperical relationships between magnitude,

length of surface faulting, maximum fault displacement, and
combinations of fault length and maximum displacement."

William Spangle and Associates, Inc., 1978

Response Planning

Post-Earthquake Land Use Planning - Alaska Earthquake, 1964

- Alaska Division of Emergency Services

“The Objective of the Alaskan case study is to determine the
main factors influencing reconstruction decisions following
the 1964 Alaska Earthquake." Reviews damage and
reconstruction planning. Focuses on Anchorage, but has
sections on Seward and Valdez as well. '
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- quake.

Karl Steinbrugge and Eugene E. Schader, August 1979

Vulnerability

Mobile Home Damage and Losses, Santa Barbara Earthquake,
AUggst 13, 1978

Alaska Division of Emergency Services

State of California Seismic Safety Commission SSC 79-06
Examines mobile home insured losses and compares projected
losses for mobile homes with those of conventional wood frame
dwellings in the event of an earthquake.

Turman R. Stobridge, Historian, U.S. Army

Recovery

Operation Helping Hand - The United States Army, Alaska and
Alaskan Earthquake, 27 March 1964 - 7 May 1964

Corps of Engineers Library
551.22

A very good description of the earthquake relief efforts
provided by the U.S. Army. Contains description of damage
and assistance provided.

James A. Tanaka, 1973
1964 Earthquake Damage and Effects

"Airports and Air Traffic control Facilities."
Alaska Earthquake of 1964: Engineering

In the Great

Anchorage Public Library

Finds that Bryant Army Airfield at Fort Richardson was the
only major Alaskan airfield operational immediately after the
Anchorage International and Elmendorf Air Force Base
were temporarily not operating due to losses of control
towers and Merril Field lacked electricity.
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The Texas Coas£a1 and Marine Council, December 1978

-Hazard Reduction

Model Minimum Hurricane Resistant Building Standards for the
Texas Gulf Coast. o :

Alaska Division of Emergency Services
Discusses several types of natural hazards in addition to
hurricanes, procedures for delineating hazard areas to which

special building codes should apply and sets forth a model
minimum building standard.

U.S. Department of Commerence, March 1965

Recovery
Assistance and Recovery Alaska/1964

Corps of Engineers Library

551.22

- A report covering the activities of the U.S. Geodetic Survey

in conjunction with the Prince William Sound, Alaska,
Earthquake of 1964 for the period, March 27-December 31, 1964

U.S. Department of Commerce, February 1966

Geophysical Earthquake Research & Instrumentation

ESSA Symposium on Earthquake Predfctidn, Rockville, Maryland,
February 7, 8, 9, 1966 .

Alaska Division.of Emergency Services

This is a collection of short papers grouped under the topics
of physical basis of earthquakes, instrumentation for
measuring quakes and gathering other data relevant to
earthquakes, earthquake engineering of man-made structures

and geophysical and geological survey of earthquake fault
zZones. :
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\

U.S. Department of Commerce, National Oceanic & Atmospheric

Administration, Environmental Research Laboratories, 1972

Response P1énn1ng

A Study of Earthquake Losses in the San Francisco Bay Area:
Data and Analysis, :

Alaska Division of Emergency Services

Report estimating the 1ife loss and damage to facilities
critical to disaster recovery and relief for a rande of
possible earthquakes in the San Francisco Bay Area. Focuses
on hospital and health services.

U.S. Department of Commerce, National Oceanic & Atmospheric
Administration, Environmental Research Laboratories, 1973

Response Planning

A Study of Earthquake Losses in The Los Angeles, California
Area. :

Alaska Divis{on of Emergency Services

'Report estimating life loss and damage to facilities critical

to disaster recovery and relief for two possible earthquakes

in the Los Angeles Area. Focuses on hospitals and health
services.

U.S. Geological Survey, 1975

Response Planning

A Study of Earthquake Losses in the Puget Sound, Washington,
Area :

Alaska Division of Emergency Services Library
Open-File Report 75-375

"The purpose of this report is to provide the Federal
Disaster Assistance Administration and the State of
Washington with a national basis for planning earthquake

disaster relief and recovery operations in the Puget Sound
Basin." ' ‘
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Alaska Earthquake Analysis Center, Geophysical Institute,

University of Alaska Fairbanks, April 1979

Vulnerability

Summary of Alaskan Earthquakes, October, November, December
1978

Alaska Division of Emergency Services

Alaska Earthquake Analysis Center, Seismological Bulletin
No. 6

Discusses location of seismic stations, seismicity of Alaska
for each of Tast three months of 1978 and catalogs the-

earthquake that occurred. Gives summary of interesting
occurrences.

Erik H. Vanmarche, August 1979
Assessing Earthquake Hazards

State-of-the-Arts for Assessing Earthquake Hazards in the
United States. Report 14: Representation of Edrthquake

Ground Motion: Scaled Accelterograms and Equivalent Response
Spectra. :

Alaska Division of Emergency Services Library

Miscellaneous Paper $-73-1. Purchase Order No.
DACW39~78-M-3907. Geotechnical Laboratory, U.S. Army
Engineer Waterways Experiment Station, P.0. Box 631,
Vicksburg, Miss. 39180

"Alternative representation of earthquake ground motion for
the purpose of seismic analysis and design are reviewed and
critically examined, with emphasis on the relation between
earthquake time histories and response spectra. Errors
attributable to scaling earthquake records on peak
acceleration are presented." The pitfall of...using-
"standard" design response spectra are pointed out, and
methodolgy is proposed for developing site-specific design

response spectra based on appropriate accelerograms from past
earthquakes. ‘
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Roger M. Waller, 1966

Tsunami

The Alaska Earthquake, March 27, 1964 Effects on Communities,
Homer '

Alaska Division of Emergency Services Library
GeoTogical Survey Professional Paper 542-D
A deécription of the damage caused by Tandmass subsidence,

earthflows, landslides, seismic waves, and submarine
TandsTides resulting from the earthquake in the Homer area,

Alaska.

R.M. Waller, D.J. Cederstroh, and F.W. Trainer
Geology

Data on Wellslin the Anchorage Area, Alaska
DOWL Engineers

USGS Hydrological Data No. 14, 1961

Jack L. Walper, March 1976
Assessing Earthquake Hazards
State-of-the-Art for Assessing Earthquake Hazards in the

United States. Report 5: Plate Tectonics and Earthquake
Assessment.

-A1aska Division of Emergency Services

Soils and Pavements Laboratory, U.S. Army Engineer Waterways
Experiment Station, P.0. Box 631, Vicksburg, Miss. 39180
Miscellaneous Paper 5-73-1 »

Explains distribution of earthquakes in terms of continental
drift theory. '
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October 1964.

R.L. Weigel
Seismology

Earthduake Engineering
DOWL Engineers

Englewood CTiffs, Prentice-Hall, Inc. 1970

Martha Richardson Wilson, M.D., 1964

1964 Earthquake Damage andAEffects

Effect of the Alaska Earthquake on Functions of PHS
Hospitals. In Public Health Reports, Volume 79, No. 10,
Alaska Division of Emergency Services

Describes the damage at Alaska Native Medical Center and
how the staff handled problems caused by the damage.
Basil W. Wilson and Alf Torum, May, 1968

Tsunami

The Tsunami of the Alaskan Earthquake:
Evaiuation

Engineering
Corps of Engineers Library _

Technical Memorandum No. 25, May 1968 _

US Army Corps of Engineers, Coastal Engineering Research
Center’ . ‘

A technical engineering evaluation of the Tsunami caused
by the 1964 Alaskan Earthquake.
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Harding-lLawson Assot., E.C. Winterhalder, T.L. Williams, Jay
M. England, June 1979

Assessing Earthquake Hazards
Geotechnical Hazard Assessment Municipality of Anchorage
Alaska Division of Emergency Services

H-LA Job No. 5502009.08. A report prepared for Municipality
of Anchorage, Pouch 6-650, Anchorage, Alaska

Discusses the geology of the Anchorage area, "The degree of
risk from seismic activity," various types of seismic

hazards, secondary hazards resulting from earthquakes and
non-seismic hazards to the Anchorage area.

Fergus J. Wood, Editor Vol. II A: Research Studies -
Seismology and Marine Geology Part A Engineering 4 '
Seismology A

Structures

The Prince William Sound, Alaska, Earthquake of 1964 and
Aftershocks '

Alaska Division of. Emergency Services

Library of Congress Catalog Card NO. 66~60055
Technical studies analyzing the effects of the 1964
earthquake and accompanying Tandslides upon various .
types of building construction found in Alaska,
primarily in the Anchorage area.

M. Wyss, and J.N. Brune

Seismology

The Alaska Earthquake of 28 March 1964--A Complex
Multiple Rupture

DOWL Engineers

Bulletin of the Seismological Society of America,
Vol. 57, No. 5, p. 1017-1023 '
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Peter I. Yanev, Editor. December 1978
Structures

Earthquake Engineering Research Institute Reconnaissonce
Report: Miyagi-Ken-oki, Japan Earthquake,
June 12, 1978

Alaska Division of Emergency Services

Consists of reports of damage caused by Miyagi-Ken-oki,
Japan earthquake to city of Sendai. This city has about
a million people, 20 story buildings and numerous other
sophisticated modern structures. Subjects covered are
seismicity, strong-motion records, liquefication,
Tandslides, engineering and archetectural aspects and
social and government response.

M.K. Yegian, July 1979
Asséssing Earthquake Hazards

State-of-the-Arts for Assessing Earthquake Hazards in
the United States. Report 13: Probabilistic Seismic
Hazards Analysis. :

Alaska Division of Emergency Services’

Miscellaneous Paper S-73-1. Contract No.
DACW39-78-M-2652. - Geotechnical Laboratory, U.S. Army
Engineer Waterways Experiment Station, P.O. Box 631,
Vicksburg, Miss. 39180

Reviews probabilistic seismic hazard analysis using
Bayes theorum. Seismic history used to obtain
parameters needed for the analysis. .It is emphasized
that geologic and geophysical information should also be
used. Practical applications emphasizing structural and
geotechnical engineering are discussed.
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Daniel Yutzy and J. Eugene Haaé, 1970
Recovery

“Disaster and Functional Priorities in Anchorage.”" In
the Great Alaska Earthquake of 1964: Human Ecology
pp.  90-95 -

Alaska Division of Emergency Services

Analyses behavior of Anchorage residents immediately
after the 1964 earthquake in terms of seven community
processes. Preservation of life was given most
imnediate attention, restoration of utilities and
communications followed, and then maintenance of public
order. Economic and leisure activities were suspended.
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