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ABSTRACT

The tsunami generated by the Prince William Sound Earthquake of March 28, 1964
(G.M.T.), was the largest since the 1960 Chilean tsunami. Seiche action was damaging
as far away as the Gulf of Mexico, This report contains 105 reproductions of tide
curves showing the tsunami, and 8 curves showing oscillations induced by the long-
period seismic waves—6 in the Gulf of Mexico and 2 at Arkansas damsites. A brief
history of the Seismic Sea Wave Warning System [Tsunami Warning System since
March 15, 1967] and a report of its operation during the tsunami warning action
are included, Faralitiestotaled 122, and over $104 million in damage resulted, These
are tabulated together with detailed data onwaveheights and arrival times at various

stations throughout the Pacific.

INTRODUCTION

THE PRINCE WILLIAM SOUND EARTHQUAKE
of 03:36:14.0 G.M.T., March 28, 1964, was one of
the largest shocks ever recorded on the North
American Continent.
at 61.04° N., 147.73° - W., between Crescent
CGlacier and Unakwik Inlet, The magnitude, as
determined by the U.S. Coast and Geodetic Survey,
was 8.3 £ 0.33. This earthquake, in addition to
generating a major tsunami of record size along
much of the Pacific coast of North America,

caused several local tsunamis which were re-

sponsible for locally heavy damage (table 1) in
various arms and inlets of Prince William Sound.
It also generated seiches inrivers, harbors, chan-
pels, lakes, and swimming pools as distant asthe
U.S. Gulf Coast States. _
_The major tsunami connected with the Prince
William Sound Earthquake was generated by broad
crustal warping along a northeast-southwest
trending hinge line. This hinge line (1) runs
roughly parallel to the southeast coast of Kodiak
Island; (2) passes across Narrow Cape and sea-
ward of Cape Chiniak; (3) turns toward the north
and passes across the easternportion of the Kenai
Peninsula and the western portion of Prince Wil-
liam Sound; (4) swings east in the vicinity of the
epicenter; and (5) passes-just south of Valdez,
terminating near the Copper River, South and east
of this hinge zone, an area stretching from Kodiak
Island to Kayak Island was uplifted as muchas 30
feet according to U. S. Coast and Geodetic Survey
bathymetric surveys, The seaward limits of the
uplifted zone have not been definitely established,

The epicenter was located

but -the zone includes most of Prince William
Sound and the continental shelf from KayakIsland
to Sitkinak Island. The zone of uplift probably
includes portions of the continental slope and may
extend seaward as far as the Aleutian trench; it
is roughly equivalent to the zone of aftershocks,
as shown on figure 1, Northand west of the hinge
line, an area that includes most of Kodiak Island,
Shelikof Strait, Cook Inlet, the Kenai Peninsula,
and the Chugach Mountains subsided by amounts
up to more than 7 feet.

The generating area of the major tsunami is
roughly equivalent tothe area of uplift and is shown
in figure 2. This illustration is simplified and
shows only the source of the first motion register -
ed by tide gages outside this area. Within the
generating area, the motion of the water was
extremely complex and was further compounded
by waves generated by local slides and, particu-
larly within Prince William Sound, by complex
local diffraction, refraction, and reflection pat-
terns. If the assumptionis made thatall elevation
changes that occurred during the earthquake
happened instantaneously, the initial impulse
given to the ocean is somewhat as shownin cross
sections A-A' and A'-A" on figure 2.

LOCAL WAVES

In many of the harbors and baysalong the south
and east coast of the Kenai Peninsula and the
northern shore of Prince William Sound, sub-
aqueous landslides occurred and generated highly
destructive local waves. The principal destructive
local waves occurred at Seward, Valdez, and
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Table 1.—Casualties and major damage due to
the tsunami of March 28, 1964

Location Casualties Damage
Dollars
Alaska
Cape St. Elias.ueuie. 1 '
CHENEgarersrsirensersss 23 100,000
COrdovaleeeseaes ceernnsnsases 1,775,0001 .
KaguyaK..eesssnaensns . 3 50,000
Kalsin BaY...vvesesress 6
Kodiak (City}seesssees 8 31,279,0007
—(23,714,000 private;
7,565,000 public)
Kodiak Naval Statlon| .cccessseenns 10,300,0002
‘Old-Harbor.wcesessss 1 150,000
OUZINKIE vanenes J I 500,000
Port Ashton ... . 1
Port Nellie Juan...... 3
Point Nowell ivieseesas 1 -
Se1dovia..sss.- 500,0001
14,614,000
. 3 .
ValdeZ,yreempeansasasess 31 12,568,0001
(8,453,000 private;
4,115,000 public);
15,000,0002
Whitshed.s.eseemeeanas 1 certserrrenssstestsesnnn
Whillier e erererreaneres 13 10,000,000%
British Columbia,
Canada
Alberni~Port Alberni| svuuevrveees 10,000,0004
Hot Springs Cove,... 100,000
- Zeballos.iiiessensiens 150,000
Ovegon
Cannon Beach. 230,0005
FlOrence, e 50,0005
Newport.... revsasn sessasesnsirrRaseeanes sanans
Seasideieesrsnsasss | sessecennranas 276,000%
Waldport-Alsed.ccs | ees ceeserasares 160,0005
Caltfornia
Crescent City .euaieee 1. 7,414,0006
LongBeachHarbor .. | wecuessssasssess 100,0006
Los ADZEleS ueienas | sesrssssrarassce 175,000 to 275,0008
Marin County.,uemmess | cosssseseonseons 1,000,0006
Noya HarboTieseeseses | ssssses 250,000 o 1,000,0006
Hauwati
Hilo..... eee 15,0007
Maui 52,5907

Yanehorage Dotly News, April 18, 1964,

2Tudor, 1964,

3paily Alaska Empire, March 31, 1964,
4Civil Defense estimated damages of $5 million, excluding
damage to heavy industry and private autos.

Sgandstrom, 1964,

6California Disaster Office, 1964,

TStevensgon, 1964,

Whittier,

In this section, no attempt has been

made to separate the damage caused by the earth-
quake from the damage caused by the landslides,
the tsunamis, or both.

Seward

At Seward, a stretch of the waterfront about

3,500 feet long and as much as 300 feet wide, in-
cluding all waterfront facilities from the Standard
Oil Company dock north to the San Juandock, slid
into Resurrection Bay shortly after the earthquake
"started and while the shaking was still intense,

These facilities included the Standard Gil docks
and warehouses, the Army docks and warehouses,
the City dock, the small-boat harbor, the San Juan
dock, the cement plant, and the marine ways.

The slide drew water out from the shoreline
and created one or two boillike disturbances at
distances estimated from several hundred feet to
perhaps one-half mile from the shore; from these
disturbances waves spread in a1l directions, Oil
from waterfront fuel storage tanks which had been
ruptured by the earthquake immediately ignited,
and the waves spread fire along the waterfront,

The ground which slid into Resurrection Bay
wag water-soaked alluvium. According to charts
of the Seward harbor, the preearthquake offshore
slope was between 30° and 35°, The instability

-of this slope under the earthquake-induced vibra-

tion was vividly demonstrated. The slide and the
tsunami wiped out almost the entire economic
foundation of Seward and caused 12 deaths (table
1), ‘ :
The wave generated by the slide caused con-
giderable damage to the railroad yards and
reached a maximum height of about 30 feet at
Lowell Point (Grantz, Plafker, and Kachadoorian,
1964). Approximately one-half hour later, a
wave—-probably the first of the major tsunami
series—struck Seward, destroying the Alaska
Railroad docks, washing out railroad and highway
bridges, and piling railroad roiling stock into
giant windrows of wreckage, "It spread flaming
petroleum over the waterfront, igniting the rolling
stock, the electrical generation plant, and some
residences, This wave also swept many dwellings
from the vicinity of the small-boat harbor, and
washed boats into the lagoon north of Seward and
onto the tidal flats at the head of Resurrection Bay.

Valdez

Local waves were generated by slidesin two
separate areas of Port Valdez--one at the town
of Valdez and the other near the mouth of Shoup
Bay. The wave—generated near Shoup Bay by
large submarine slides of portions of the terminal
moraine that occupies the mouth of the bay—de-
posited driftwood at an elevation of 170 feet above
lower low water near the site of the Cliff Mine,
and splashed silt and sand as much as 220 feet
above lower low water at the same place (Plafker
and Mayo, 1965). Waves from this source washed
the Middle Rock Light in Valdez Narrows off the
35-foot reinforced concrete pedestal on which it
was mounted,

The town of Valdez was situated on the edge of an
outwash delta consisting of unconsolidated silty
sand and gravel, Thisdeltaliesatthe head of the
deep, steep-sided fiord of Port Valdez. Beforethe
earthquake, the offshore slope of the delta face
was approximately 15°, During the earthquake,
the shaking caused failure of the unstable, water-
saturated material, and a slice, approximately



4,000 feet Iong and 600 feet wide, slid into the
sea and carried the dock area and portions of the
town with it, The slide generated a wave which
slammed into the waterfront within 2 to 3 minutes
of the onset of the earthquake. Ina report to the
owners, the captain of the SS Chena, which was
unloading cargo at the Valdez dock at the time of
the earthquake, stated that his ship was raised
about 30 feet and heeled over 50° to 70° by the
initia]l wave, This wave demolished what was left
of the waterfront facilities, caused the loss of the
fishing fleet, and penetrated about 2 blocks into the
town, Thirty-one people lost their lives in the
slide and -the subsequent waves (table 1).

Whittier

Slides of unconsolidated water-soaked alluvium
around the head of Passage Canal generated waves
that destroyed much of the Whittier waterfront
before the earthquake ended.

According to witnesses, three waves: struck
Whittier, with the second one causing most of the
damage, One of the waves, probably the same one
that caused the major damage in Whittier, reached
a height of 104 feet above lower low water (Plafker
and Mayo, 1963). The waves destroyed two saw-
mills; the Union Oil Company tank farm, wharf
and buildings; the Alaska Railroad depot; numerous
frame dwellings; and the railroad ramp handling
towers at the Army pier. They also caused great
damage to the small-boat harbor. As ar Seward
and Valdez, fire broke out at the tank farm and
contributed to the destruction, Thirteen people
were killed at Whittier by the tsunami (table 1),
After the locally generated waves dissipated, the
tsunami did not reach above the extreme high
water line,

Miscellaneous

Major waves were noted at other localities
within Prince William Sound, minutes after the
earthquake, Although the wave action at some of

these places may have been generated locally, it -

is probable that most of the disturbances noted
were caused by the tectonic warping and were
part of the major tsunami, Due to the many
islands, inlets, and passages in western Prince
William Sound, the waves built to great heights
and caused considerable damage in many places.
At Chenega, where 23 people were killed, 19 of
20 houses were washed away, and the water
reached a school, which was located 90 feet
above sea level, AtPortNeilie Juan, the dock was
destroyed, and three lives were lost, Inthis gen-
eral area, maximum heights reached by the
~tsunami ranged from 30 to 70 feet, although the
maximum at Port Nellie Juan was much lower.
At Point Nowell, a wave which reached about 40
feet above sea level washed away two cabins and

killed their owner, Port Ashton sustained little
damage, although one person was drowned.

In many Prince William Sound localities, the
water reached the highest level close to the time
of high tide which occurred between 1000 and 1100
G.M.T. At Cordova, the tsunami caused extensive
damage to the docks and floated away some houses
near the waterfront, Here, the maximum height
reached by the tsunami was about 5 feet above the
highest high-tide line, AtWhitshed, near Cordova,
10 cabins were washed away; one person, who had
returned to his cabin believing the danger had
ended, was drowned,

THE SEISMIC SEA WAVE WARNING SYSTEM

History and Description

After the devastating Aleutian tsunami of April
1, 1946, military and civilian sources criticized
the U. 8. Coast and Geodetic Survey for the lack
of warning in the Hawaiian Islands, The critics
correctly pointed out that seismic waves from this
earthquake were recorded at Homolulu and other
observatories within minutes after the occurrence
of the earthquake; and consequently, the tsunami
could have been predicted. The error in this
criticism lay in the fact that seismograph records
were changed only once each day, and until the
film records were developed, no knowledge of an
earthquake occurrence was normally available, In
addition, the great majority of underwater earth-
quakes does not cause tsunamis, and no arrange-
ments were in efiect to verify the existence of a
tsunami through actual observation.

Another necessity for efficient operation of a
warning system was the development of a method
to determine quickly and accurately the amount
of time between the occurrence of a tsunami-
producing earthquake and the arrival of thewaves
in the Hawaiian Islands, This problem was solved
by the preparation of a seismic sea wave travel-
time chart for Honelulu in early 1947, This chart
consists of a series of more or less concentric
lines overprinted on a chart of the Pacific Ocean,
The lines represent distances from Honolulu for
each half hour and hour of the wave's traveltime,
Traveltime to Honolulu is obtained by plotting the
epicenter of an earthquake on the chart and noting

. its position with respect to the time lines. Given

the time of the disturbance, the arrival time of the
first sea wave atthe Honolulu tide station becomes
immediately. available. The need for traveltime
charts based on other tide stations became evident
early in the operation of the Seismic Sea Wave
Warning System (SSWWS), This need was based
on two factors: (1) The necessity of estimating
when the existence or absence of a wave could be
observed at a particular tide station, and (2) the
necessity of providing accurate estimates of
tsunami arrival times to additional countries and



areas. Charts for all tide stations in the SSWWS5
were completed by 1950, Traveltime charts are
prepared on a continuing basis for new tide sta-
tions that join the Warning System from time to
time. Because the manual preparation of travel-
time charts is a tedious, time-consuming task, a
computexr program is being developed to compute
the charts, .

Pergonnel in the U. 8, Coast and Geodetic Sur-
vey, especially Comdr. E. B. Roberts, believed
that the technical problems preventing the estab-
lishment of a workable seismic sea wave warning
system could be overcome. Although the Coast
Survey had mno obligation under law to provide
tsunami warnings, it saw the need for suchwarn-
ings and had the scientific know-how and part of
the organization necessary for such an under-
taking. Furthermore, responsible officials inthe
Coast Survey considered themselves morally
obligated to creaté and organize such a system.
Consequently,. under the direction of Comdr. E.B.
Roberts, Comdr. C. K. Green, ahd Mr. W. B.
Zerbe, work was initiated on the technical prob-
lems involved, o :

Because some tide stations in the SSWWS had
relarively poor communications and because tide
gages were normally checked only once a day,
Comdr., Green designed a seismic sea wave
detector which would be actuated so as to ring an
alarm by the wave motion of a tsunami. The
alarm, located where it would always be noticed
by personnel at a tide station, insures an early
warning that a tsunami has been generated,
whether a request for tidal data has or has not
been received at the tide statiomn. Since the
detector is normally actuated by the first part of
the wave motion before the arrival of the destruc-
tive part, it can be used to soundan alarm locally
for the post or cominhunity in which it is located,
The first detector was installed at Honolulu for
testing and adjustment in the fall of 1947, Subse-
quent detectors were installed at Hilo, Hawaii;
Midway Island; and in the Aleutian Islands.

The acquisition of suitable seismographs and
vigible recording equipment was another problem
which had to be solved, Photographic techniques
were generally used by seismologists for record-
ing earthquakes because they were simple, prac-
tical, and precise. Visibie tecording apparatus
in existence in 1946 was generally unsatisfactory
and of poor accuracy due to electronic problems.
Various instrumental systems were tried, the
most promising being that designed by Fred
Keller, a New Kensington, Pa., scientist. in 1947
and 1948, equipment following his designwas bailt
and installed at Tucson, Ariz.; College, Alaska;
and Honolulu, Hawaii. These installations were

modified during the summer of 1950 by the addi-.

tion of a highly stable, cathode-coupled, spilt-
beam amplifier developed by R. M. Wiison and L.

R. Burgess of the U, S. Coast and Geodetic Sur-"

vey, This type of amplifier employs a galvanom-
eter to react directly from a seismometer,
A light beam reflected from a mirror on the
galvanometer moves accordingly, and falls more
or less intensely on a photocell. The output of the
photocell actuates a pen recorder, and the record
is continuously available for inspection. When a
strong earthquake is recorded by these instru-
ments, an alarm (audible, visible, or both), lo-
cated where, it is always noticeable, is tripped—
thus insuring the prompt observation of all major
earthquakes, ‘

The collaboration of the Armed Forces and the
Civil Aeronautics Administration (now the Fed-
eral Aviation Agency) was sought to establish a
rapid, high-priority communications system. The
first meeting relative to the formation of the
communication network was held in the Navy De-
partment on July 20, 1948, with representatives
from the Office of the Chief of Naval Operations
and the U. S, Coast and Geodetic Survey. Since
it ‘'was obvious that it would be necessary to se-
cure. the cooperation of the Army, Air Force, and
the Civil Aeronautics Administration to implement
a warning system, a second meeting was held on-
August 12, 1948, to discuss a proposed communi-
cation plan for the seismic sea wave warning
system. Attending this meeting were Maj. J, P.
Moran and Capt. R. B. Moody, U. S. Air Force;
Lt. K. B, Best, U. S. Army; Capt. D. M. Agnew
and Capt, H. T. Orville, U. 8. Navy; Mr, G, C.

. Pearson, Civil Aeronautics Administration; and

Mr. W. B, Zerbe and Comdr, E. B.Roberts, U. S,
Coast and Geodetic Survey, ‘Asthe various armed
services and the CAA were well aware of the need
for a seismic sea wave warning system in the
Pacific, the tentative plan was approved, Thus,
the operation of the U.S. Coast and Geodetic Sur-
vey's Seismic Sea Wave Warning System in the
Pacific began [ Tsunami Warning System since
March 15, 1967 .

Initially; the Warning System consisted of the
U. S. Coast and Geodetic Survey seismological ob-
servatories at College and Sitka, Alaska; Tucson,
Ariz.; and Honolulu, Hawaii, and the following tide
statione—Attu, Adak, Dutch Harbor, and Sitka,
Alaska; Palmyra Island; Midway Island; Johnston
Atoll; and Hilo and Honolulu, Hawaii. However,
the Warning System began to expand almost im-
mediately, By November 15, 1949, when the first
edition of the Communication Plan for the Seismic
Sea Wave Wavning System was issued by the U5,
Coast and Geodetic Survey, seismological obser-
vatories at Berkeley and Pasadena, Calif., and
Tokyo, Japan, and tide stations at Kodiak, Alaska;
San Pedro and La Joila, Calif.; Balboa, C. Z.;
Canton Island; Apra Harbor, Guam; Koror Island;
Kwajalein Atoli; Wake Island; and Pago Pago
Harbor, American Samoa, had been added, Some
seismological and tide stations have joined the
SSWWS and others have left it over theyears, At



the time of the Prince William Sound Earthquake,
15 seismological stations and 30 tide stations were
participating, The list of active participants was
ag follows (see fig, 3 for location).

Seismological Stations

Manila, Republic of

the Philippines
Papeete, Tahiti
Pasadena, Calif.
Santiago, Chile
Sitka, Alasgka
Tokyo, Japan
Tucson, Ariz.
Victoria, B. C., Canada

Henolulu, Hawaii
(Operational Center
of the SSWWS)

Apia, Western Samoa

Berkeley, Calif,

College, Alaska

Guam, Mariana Islands

Hong Kong

Lima, Peru

Tide Stations

Legaspi, Republic of the
Philippines .

Marcus Island

Midway Island

Nauru Atoll

Nawiliwili, Hawaii

Pago Pago Harbor, American
Samoa

Papecte, Tahiti

San Pedro, Calif.

Shimizu {Tosa), Japan

Sitka, Alaska

Suva, Fiji

Tofino, B.C,, Canada

Unalaska, Alaska

Valparaiso, Chile

Wake [sland

Adak, Alaska

Apia, Western Samosa

Attu, Alaska

Balboa, C, Z,

Canton [sland

Christmas Island

Crescent City, Calif.

Guam, Mariana
Islands

Hachinohe, Japan

Hilo, Hawaii

Johnston Atoll

Kodiak, Alaska

Kwajalein Atoll,
Marshall Islands

La Jolla, Calif,

La Punta, Callap, Peru

{nitially, the SSWWS was to supply tsunami
warning information to the civil authorities of the
Hawaiian Islands and to the various military
headquarters in the Hawaiian Islands for dis-
semination to military bases throughout the Pa-
cific and to the U.S. Trust Territory of the Pa-
cific Islands. Beginning on October 14, 1953,
the warning information furnished to the civilian
authorities of the Hawaiian Islands alsowas given
to the Civil Defense Agencies of California, Ore-
gon, and Washington, In June 1957, the Honolulu
Observatory (HO) began supplying estimated ar-
rival times for seismic sea waves on the coasts
of these three states, The great destruction
caused by the May 1960 Chilean tsunami caused
a large number of countries and territories to
join the Warning System in order to be protected
from future tsunamis. Begimning in November
1960, warnings were supplied to Canada, Alaska,
and Tahiti. Additional warning information was
supplied to Japan, beginning in February and
Maxrch 1961. Taiwan started receiving warnings
in November 1961, and the Republic of the Philip-
pines and the Fiji Islands in December 1961,
During 1962, the HO began supplying warnings 1o
Chile (March}, Hong Kong (June), and New Zea-
land (July).  Western Samoa began receiving
virarnings in January 1963, and American Samoa
in November 1963.

The first test of the SSWWS came in connec-
tion with the Tonga Islands earthquake of Septem-

ber 8, 1948. Seismograph reports were obtained,
and the epicenter of the earthquake was located,
A traveltime of 6 hours and 35 minutes for the
wave from the epicenter to Honolulu was pre-
dicted from the traveltime chart, and military
and civilian agencies were alerted to stand by for
a possible tsunami warning. As wave reporis
came in, it became evident that the wave would
be small, and the alert was cancelled, Later,
as predicted, the Honolulu tide-gage record showed
that a 6-inch seismic sea wave had arrived.

Several small tsunamis were registered in
various parts of the Pacific during the years 1949,
1950, and 1951, but no warnings were issued to
the public as a result of the actionby the Seismic
Sea Wave Wazrning System. The extreme irregu-
larity of earthquake occurrence was demonstrated
in the years 1950 and 1951, In 1950, the Honolulu
Observatory requested tide reports in connection

" with 26 earthquakes, but in 1951, there were only

3 such occasions,

Regular monthly tests to keep operating per-
sonnel familiar with the communication methods
and requirements were begunearlyin 1949, These
communication tests have been instrumental (1)
in eliminating flaws which showed up in the
SSWWS from time to time, and (2) indetermining
the most rapid and reliable communication routes.

The first major tsunami in the Pacific after
the formation of the Warning System occurred in
connection with the November 4, 1952, Kamchatka
earthquake, Advance warnings provided to com-
munities in the path of this tsunami resulted in
a reduction of damage and no casualties., The
March 9, 1957, Aleutian tsunami, the second
major Pacific tsunami following the formation of
the SSWWS, caused $3 million damage in the
Hawaiian Islands, but once again, due to timely
warning, there was no loss of life, The May 1960
Chilean tsunami pointed out a weakness in the
Warning System, Although tsunami warnings
were broadcast to the residents of the Hawaiian
Islands well in advance of the arrival of the wave, .
61 people were killed in Hilo, Hawaii, because
they failed to heed the warnings.

The 1960 Chilean tsunami stimulated a sizable
increase in basic research on tsunamis, and also
caused a number of countries to request tsunami
warnings from the HO, These requests neces-
sitated the addition of tide and seismic stations
to secure the coverage necessary to provide
timely warnings.

Operations During the Tsunami

Eight minutes after the beginning of the Prince
William Sound Earthquake, the seismic waves it
generated reached Hawaii andtriggered the alarm
attached to the seismograph at the U,S5, Coast
and Geodetic Survey’s Honolulu Observatory. The
normal working day at the Observatory had ended,
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and the personnel had returned to their quarters
on the Observatory grounds for supper, The
food was destined to go uneaten, however, since
earthquakes and tsunamis do not respect normal
working hours., With the sounding of the alarm,
the SSWWS once again began its continuing task
of locating major Pacific earthquakes and detect-
ing tsunamis as soon as possible after their
generation,

Although the staff at the Honolulu Observatory
was not aware of it, the earthquake had destroyed
the control tower at Anchorage International
Airport, thus destroying a vital communication
link through which flowed seismic reports from
College and Sitka Observatories and tidal data
from Kodiak, Sitka, and Unalaska, Kodiak and
Sitka were able to utilize alternate routings, but
the receipt of data from both locations was greatly
delayed. Locally generated waves had already
struck Seward, Valdez, and Whittier, and the wave
front of the tsunami was approximately as shown
in figure 4,

Action began immediately at the Honolulu Ob-
servatory, following the sounding of the alarm at
0344 (All times are Greenwich Mean Time
(G.M.T.) unless otherwise noted). The photo-
graphic records were changed, the U.S, Coastand
Geodetic Survey Honolulu District Officer and
Hawaiian Civil Defense authorities were notified
of the earthquake, and requests for seismic
readings were sent to the various seismic ob-
gervatories participating in the SSWWS. At0419,
the first seismic report came in, giving the P
reading from the Manila Observatory. By 0452,
enough information had been received to permit
the HO to locate the earthquake epicenter at
latitude 61°N., longitude 147 1/2°W,, near
Seward, Alaska. An advisory message was pre-
pared and sent to all dissemination agencies in
the Warning System at 0502, A second advisory
was issued at 0530 by the HO, giving estimated
arrival times of the tsunami at the various places
in the Pacific for which predictions are made,

After the issuance of the initial advisory, the
Honolulu Observatory attempted to obtain tide

reports from stations near the epicenter, Re-
quests for data were sent to Unalaska, Kodiak,
Adak, Attu, and Sitka, Alaska; Tofino; British
Columbia; and Crescent City, Calif. Unofficial
reports had been received that a tsunami was
approaching Kodiak., At 0309 and 0510, two
messages were received from the Kodiak tide
observer stating that an earthquake had been
felt and that the tide gage had been damaged.
At 0540, Commander in Chief, Pacific (CINCPAC)
reported that Kodiak was evacuated. At 0535, the
Kodiak tide observer reported: “EXPERIENCE
SEISMIC SEA WAVE AT 280435ZWATER LEVEL
10-12 FEET ABOVE MSL, WILL ADVISE.” Since
the expected tide stage at that time was not known
by the personnel at the HO, they had no informa-
tion on which to base an estimate of the tsunami
amplitude. Consequently, a decjsion was madeto
wait for amplification before a warning was issued,
A further message arrived from Kodiak ar 0611,
and although most of the text had been lost in
transmission, enough was received to cause the
HO to begin preparing a tsunami warning mes-
sage for all dissemination agencies in the
SSWWS, The complete text of the 0611 message
from Kodiak was received by the HO at 0630,
It stated that the water rose to 15 to 20 feet
above mean sea level in 10 minutes and then fell
15 to 18 feet below mean sea level in 22 minutes,

The Honolulu Observatory issued its tsunami
warning bulletin at 0637, after two false starts

occasioned by an incoming message and a garble

in transmission.

Shortly after 0700, reports beganarriving from
other tide stations in the Warning System and
from various coastal points giving information
on wave action and heights. Requests for infor-
mation were received and answered. At 1100,
the Honolulu Observatory issued another builletin
to the dissemination agencies, listing a2 repre-
sentative spread of maximum wave heights re-
ported to the HO, The following is the official
log of the HO for the Prince William Sound
Earthquake,
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SEISMIC SEA WAVE WARNING LOG
Honolulu Observalory

G.M.T.

0344
0358

0401
0405

0407
0413

0415
0418
0419_\_

0423

0425 -~

0430

HDO

MACDONALD

BUTCHART

HO

COLL.EGE
SITKA

"PASADENA

TUCSON
BERKELEY

JMA TOKYO
GUAM 0BS.
HO

_HO

'HO

HO
HO

HO

HO

HO
HO
HO

JMA

HO

HO
HO

NAVCOMMSTA

-HONO AND FAA

HONO FOR AIG 158

FROM

HO’
HO

HO

CINCPAC

HO

HO
HO

MANIL A
HONG KONG
KUNIA

PTO

GUAM

FLEET WEA CENTRAL
JMA

FAA
BERKELEY
TUCSON

HO

FAA

PASADENA
COMBARPAC

HO

EVENT OR REMARKS

ALARM SOUNDED. NOTED LARGE EARTHQUAKE. SCALED P
PHASE 034354. NO OTHER PHASES READABLE FROM VISIBLE
RECORD.

CHANGING PHOTO RECORDS.

ADVISED DISTRICT OFFICER OF EARTHQUAKE.

ADVISED DR. GORDON MACDONALD, ACTING TSUNAMI AD-
VISOR, OF EARTHQUAKE.

ADVISED COL. BUTCHART, VICE DIRECTOR C.D., OF EARTH-
QUAKE. - .

CALLED FOR INFORMATION.

REQUESTED IMMEDIATE READINGS EARTHQUAKE OF 03357.

REQUESTED IMMEDIATE READINGS EARTHQUAKE OF 03362.
REQUESTED IMMEDIATE READINGS EARTHQUAKE OF 0336Z.
P 034813.

P 024334 5 4755.

CALLED FOR INFORMATION.

TIDES OFFICER CALLED FOR INFORMATION.

EP 034706.

REPORTED EARTHQUAKE TREMORS IN KODIAK FROM 03322
TO 0340Z. KODIAK TIDE GAGE DAMAGED.

MATSUSHIRO P 034516. SAPPORO P 034428 S 5120. SENDAI
P 034459. REQUEST YOUR READINGS.

REPORTED COMMUNICATION CABLES TO ALASKA BROKEN.
P 034205.

IP 034328 ES 4932.

PRELIMINARY MAGNITUDE APPROX 8.

HON TP 034554.1.

DETERMINED EPICENTER AT 61 N, 147% W, H = 033610.
NEAR SEWARD, ALASKA, MAGNITUDE 8.

REPORTED INTERNATIONAL TOWER AT ANCHORACE DE-
MOLISHED.

P 034350Z.

TIDAL WAVE REPORTED HEADING FOR KODIAK.

ISSUED BULLETIN NO. 1 AS FOLLOWS: THIS IS A TIDAL
WAVE (SEISMIC SEA WAVE) ADVISORY. A SEVERE EARTH-
QUAKE HAS OCCURRED AT LAT 61 N LONG 147.5 W VICINITY

i1



SEISMIC SEA WAVE WARNING LOG—Con.

Honolulu Observatory

0508
0509

0509

0510

0511

0512
0515
0517

0530

0530
0531

0539

0540

0541

0543

CINCPAC
HONO POLICE

HO

HO

W.B. DUTY
FORECASTER
MACDONALD
KUNIA

HDO

NAVCOMMSTA.

HONO AND FAA
HONO FOR AIG 158

HO

HO

UNAELASKA T.0.

HO

KODIAK T.0.

ADAK T.0.

FROM

HO
HO

KODIAK T.0.

KODIAK T.0.

HO

HO
HO
HO

HO

KH6ESL
HONOLULU

HO

CINCPAC

‘HO

HO

EVENT OR REMARKS

OF SEWARD, ALASKA AT 0336Z 28 MARCH. IT IS NOT

_ KNOWN REPEAT NOT KNOWN AT THIS TIME THAT A SEA

WAVE HAS BEEN GENERATED. YOU WILL BE KEPT IN-
FORMED AS FURTHER INFORMATION BECOMES AVAILABLE,
{F A WAVE HAS BEEN GENERATED ITS ETA FOR THE HAWAI-
{AN ISLANDS (HONOLULU) 15 0900Z 28 MARCH.

ISSUED BULLETIN NO. 1.
ISSUED BULLETIN NO. 1.

TIDE GAGE DAMAGED BY FIRST TREMOR 280332Z. NO
TRACE DUE DAMAGE. REPAIRS WILL BE COMPLETED
280800Z. ,

MODERATE EARTHQUAKE NEAR KODIAK 2803322 TO 2803407,
WILL ADVISE STAFF READINGS. TREMORS CONTINUING. ’

ISSUED BULLETIN NO. L

ISSUED BULLETIN NO. 1.
ISSUED BULLETIN NO. 1.
ISSUED BULLETIN NO. 1.

ISSUED BULLETIN NO. 2 AS FOLLOWS: THIS IS A TIDAL
WAVE (SEISMIC SEA WAVE} INFORMATION BULLETIN. DAM-
AGE TO COMMUNICATIONS TO ALASKA MAKES IT IMPQSSIBLE
TO CONTACT TIDE OBSERVERS. - IF A WAVE HAS BEEN GEN-
ERATED THE ETA'S ARE: ATTU 0745Z, ADAK 0700Z, DUTCH
HARBOR 0630Z, KODIAK, 0530Z, SAMOA 1430Z, CANTON
15302, JOHNSTON 1100Z, MIDWAY 0845Z, WAKE 09302,
KWAJALEIN 14302, GUAM 1315Z, TOKYO 1030Z, SITKA 0530Z,
SAN PEDRO 09302, LA JOLLA 1000Z, BALBOA 2330Z, ACA-
PULCO 1300Z, CHRISTMAS 1230Z, CRESCENT CITY 0800Z,
LEGASPI 1430Z, NEAH BAY (730Z, SAN FRANCISCO 0915Z,
TAHITI 1430Z, TOFINO B.C. 0730Z, VALPARAISO 22007, HON-
OLULU 09002, HUALEIN TAIWAN 1430Z, LA PUNTA 1900Z,
MARCUS T100Z, HONG KONG 15302, SHIMIZU 11304,
HACHINOHE 1000Z, ALL TIMES ARE FOR 28 MARCH.

SHORT WAVE CONTACT WITH YAKATAGA, ALASKA.
CHECKED OPERATION OF HONOLULU GAGE.

INSPECT TIDE RECORDS BETWEEN 0600Z AND 0700Z. RE-
PORT ANY UNUSUAL ACTIVITY IMMEDIATELY OR REPLY
NEGATIVE AT 0700Z. ACK. RECEIPT OF THIS MSG. IMMED.
REPORTED EVACUATION OF KODIAK.

INSPECT TIDE RECORDS BETWEEN 0530Z AND 0630Z. RE-
PORT ANY UNUSUAL ACTIVITY IMMEDIATELY OR REPLY
NEGATIVE AT 0630Z. ACK. RECEIPT OF THIS MSG. IMMED.
INSPECT TIDE RECORDS BETWEEN 0630Z AND 0730Z. RE-

PORT ANY UNUSUAL ACTIVITY IMMEDIATELY OR REPLY -
NEGATIVE AT 0730Z. ACK. RECEIPT OF THIS MSG. IMMED.
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SEISMIC SEA WAVE WARNING LOG—Con,
Honoluly Observatory

0548

0550

0552

0555

0555

0558

0601

0602
0606
0510
0611
0615
0518
0620
0625
0625

0630

0635

0637

T0

ATTU T.0.

HO

SITKA OBS,
CRESCENT CITY T.0.

HO

TOFIND T.0.

cD

HO

HO -
HO

HO

HO

HO

CcD

AlG 158
HO

HO

HO

HO

NAVCOMMSTA
HONO AND FAA
HONO FOR AIG 158

FROM

HO

SITKA OBS.

HO

HO

KODIAK T.0.

HC

HO

WAKE

TAHITH

WAKE

NPM

KODIAK T.0.

FAA

HO

HO

MARINE PAPEETE
AP

KODIAK

KODIAK

HO

EVENT OR REMARKS

INSPECT TIDE RECORDS BETWEEN 0715Z AND 0815Z. RE-
PORT ANY UNUSUAL ACTIVITY IMMEDIATELY OR REPLY
NEGATIVE AT 0815Z. ACK. RECEIPT OF THIS MSG. IMMED.

1P 033759Z. STRONG LOCAL FELT AT SITKA. MADE SOME
INSTRUMENTS INOPERATIVE.

INSPECT TIDE RECORDS BETWEEN 0500Z AND 0500Z. RE-
PORT ANY UNUSUAL ACTIVITY IMMEDIATELY OR REPLY
NEGATIVE AT 0600Z. ACK. RECEIPT OF THIS MSG. IMMED.

INSPECT TIDE RECORDS BETWEEN 0730Z AND 0830Z. RE-
PORT ANY UNUSUAL ACTIVITY IMMEDIATELY OR REPLY
NEGATIVE AT 0830Z. ACK. RECEIPT OF THIS MSG. IMMED,

EXPERIENCE SEISMIC SEA WAVE AT 280435Z. WATER LEVEL
10-12 FT. ABOVE MSL. WILL ADVISE.

INSPECT TIDE RECORDS BETWEEN-0700Z AND 0800Z. RE-
PORT ANY UNUSUAL ACTIVITY IMMEDIATELY OR REPLY
NEGATIVE AT 0800Z. ACK. RECEIPT OF THIS MSG. MMED.

ADVISED OF TIDAL ACTIVITY AT KODIAK.

TIDAL WAVE (SEISMIC SEA WAVE) ADVISORY 2805022 RE-
‘CEIVED 280530Z,

IP 034814.5.

YOUR 280530Z RECEIVED 280551Z.

REQUEST RERUN OF BULLETIN NQ. 2 TO AIG 158.
WATER LEVEL STARTED RISING AT 280435, ROSE 15.
REPORTED COMMUNICATIONS RESUMED WITH ANCHORAGE.
ADVISED OF LATEST ACTIVITY AT KODiAK.

RERUN OF BULLETIN NO. 2.

BULLETIN NO. 2 RECEIVED 2804618Z.

REPORTED 6 DEAD AT ANCHORAGE.

WATER LEVEL STARTED RISING AT 280435Z. ROSE 15-20 FT.
ABOVE MSL BY 280445Z. EBB TIDE STARTED 2804457.
WATER LEVEL 15-18 FT. BELOW MSL AT 2805077.

WATER LEVEL STARTED RISING AT 280435Z. ROSE 15.

ISSUED BULLETIN NO. 3 AS FOLLOWS: THIS IS A TIDAL
WAVE (SEISMIC SEA WAVE) WARNING. A SEVYERE EARTH-
QUAKE HAS OCCURRED AT LAT 61 N LONG 147.5 W VICINITY
OF SEWARD, ALASKA AT 0336Z 28 MAR. A SEA WAVE HAS |
BEEN GENERATED WHICH 1S SPREADING QVER THE PACIFIC
OCEAN. THE ETA OF THE FIRST WAVE AT QAHU IS 09002
28 MAR. THE INTENSITY CANNOT REPEAT CANNOT BE
PREDICTED. HOWEVER THIS WAVE COULD CAUSE GREAT
DAMAGE IN THE HAWAIIAN ISLANDS AND ELSEWHERE IN THE
PACIFIC AREA. THE DANGER MAY LAST FOR SEVERAL
HOURS. OTHER ETA INFORMATION IS AS FOLLOWS: [SAME
ETA:;S AS THOSE LISTED IN ADVISORY BULLETIN ISSUED AT
G530

13



'SEISMIC SEA WAVE WARNING LOG—Con.

Honolulu Observatory

0438

0440

0644

0700
0701

0704
1706

0708

0710
o

0715

0725
0725
0730
0730
0732
0738
0739
0750

0810

TO

CINCPAC

KUNIA DUTY
FORECASTER

cD

HAWSEAFRON

W.B. DUTY FORECASTER

HO

HDO

HO

HO
BALBOA-T.0.
HO
HO
HO
HO

HO
D
HO
€D

HO
HO

HO

KWAJALEIN T.0.

HO

RAF

_CD

HO

HO

FROM

HO

HO

HO
HO
HO

CANTON T.0.

HO

SITKA OBS.

ADAK T.0.

HO

FlJI POLICE SUVA
UNALASKA

WAKE

ADAK T.0,

KODIAK

HO

SITKA
HO

MARINE PAPEETE
KWAJALEIN
HYO

HO

CRESCENT CITY T.0.

HO

HO

FlJI POLICE SUVA

KODIAK

EVENT OR REMARKS

ISSUED BULLETIN NO. 3.

ISSUED BULLETIN NO. 3.

ISSUED BULLETIN NO. 3.
ISSUED BULLETIN NO. 3.
ISSUED BULLETIN NO. 3.

YOUR 280502Z RECVD. STAFF READING NEGATIVE DIS-
TURBANCE. .

ISSUED BULLETIN NO. 3.

P 033759Z. STRONG LOCAL FELT. HAVE SOME INSTRU-
MENTS INOPERATIVE. STANDING BY TIDE GAGE.

YOUR 280543Z RECVD. 2B0617Z.

CORRECT ETA 2000Z, REPEAT 2000Z.

280530Z RECVD. BY FIJI POLICE SUVA AT 280638Z.

5.2 AT 1929, 4.6 AT 1933,

YOUR 2806372 RECVD. 280655Z.

YOUR.- 280544Z RECVD. 2805615Z.

SEA WAVES AT 0435Z 32 FT. AT 0540Z 35 FT. AT 0630Z 30
FT. SEAS DIMINISHING WATER RECEDING. EXPECT SIX MORE
WAVES. NO EMERGENCY EXISTS.

INFORMED OF LATEST TSUNAMI INFORMATION.

UNUSUAL TIDAL ACTIVITY BEGAN 0510Z. FLUCTUATIONS
LARGE. STILL OCCURRING.

GAVE FOLLOWING ETA'S FOR HAWAIIAN ISLANDS: KAUAI
2215, OAHU 2300, MAUL 2300, HAWAII 2315, HST.

YOUR BULLETIN NO. 3. RECVD, 280716Z.

REQ. VERIFY ETA KWAJ AT 1430Z.

IP 28034403.6. REMAINING DATA OBSCURED.

REVISED ETA 1200Z, REPEAT 1200Z,

NO DISTURBANCE AT 280705. WILL STAND BY.

ADVISED ETA FOR CHRISTMAS ISLAND.

ADVISED OF LATEST INFORMATION.

REF. 280637 RECVD. BY FIJI POLICE SUVA AT 280740Z.
HIGH WATER LEVELS REACHED 280435Z ABT 15 FT. ABV

MSL. 280540Z HIGH WATER ABT 18 FT. ABV MSL. 280630Z
ABT 16 FT. ABV MSL. 280644Z HIGH WATER ABT &6 FT. ABV.
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SEISMIC SEA WAVE WARNING LOG—Con,
Honolulu Observatory

GMT. 10 _ - FROM . EVENT OR REMARKS

MsL., AMPLITUDE RAPIDLY DECREASING. TIDE GAGE INOP- .
ERATIVE SINCE 280332Z FURTHER COMMUNICATIONS PENDING
RESTORATION MAJOR COMMUNICATION LINKS. 2807157

WAVE ACTION ONLY SLIGHT. APPEARS TO BE DAMPED OUT

COMPLETELY.
0816 HO TOFINO YOUR 2805552 RECVD. 280709Z.

0822 HO COAST GUARD FOLLOWING INFORMATION ON WAVE HEIGHTS REPORTED BY
. COAST GUARD. BULL HARBOR, CANADA 12 FT. AT 0722Z;
TOFINO 8 FT. AT 0710Z; CORDOVA 30 FT. HUMBOLDT BAY

HIGH NOW.

0825 HO cG NAWILIWILI GAGE NORMAL AT 082)7.

0826 HO TOFINO TOFINO OPERATION FIRST SURGE 0710Z REACHED PEAK OF
8 FT.

0830 cD HO . REPORTED LATEST WAVE ACTIVITY.

0837 HO cb ‘ EXCHANGE OF INFORMATION,

0842 HO SITKA WATER ROLLED 16 FT. IN 30 MIN. JUST PRIOR TO 0700Z. FELL
9FT. 0700/0745 NOW RISING FAST. WILL REPORT FURTHER.

0848 HO ATTY STAFF READING 2.2 AND 1.6. NEGATIVE UNUSUAL DISTURB.

0851 HO ‘ ADAK YOUR 280543Z RECYD. 280615Z. STAFF READING 4.8 NEG-

: : ATIVE DISTURBANCE.

0851 HO cG NAWILIWIL] GAGE RECORDED 1 FT. WAVE AT 0845Z.

0905 . HO : JMA REQUEST YOUR DATA OF TSUNAMi OBSERVATIONS. ESPE-
CIALLY AT HAWAIN IS. AND ALEUTIAN IS. ,

0911 HO cG 3FT. WAVE REPORTED AT FRENCH FRIGATE SHOALS.

0915 HO cD ' FOLLOWING WAVE HEIGHTS REPORTED IN HAWAIIAN IS5.
KAHULUI, MAUI, 1 FT. OVER BRIDGE, % MI. INLAND; HILO

v 6 FT. AT 1107Z; WAIALUA 4 FT.; LANIKAI 5 FT.
0917 HO TAIPEI TAP P 034718Z S 5630 TAU P 0347232 HWA P 0347287 § 5628

HEN P 0347372.

0923 JMA HO WAVE HEIGHTS REPORTED BY VARIOUS MEDIA: KODIAK 30
FT.. CORDOVA 30 FT., TOFINO 8 FT., CRESCENT CITY 12
FT., LOCAL WAVE HEIGHTS JUST BEGINNING TO BE RE-
CORDED AT 28/0920Z. ACCURATE REPORTS FOR HAWAII
WILL FOLLOW WHEN KNOWN. \

0928 HO " KODIAK QUAKE HAS GENERATED SEA WAVES AT IRREGULAR INTER-
VALS FROM 30 TO 35 FT.

0934 HO cG LATEST NAWILIWILI WAVE HEIGHTS.

0942 HO €D - SECOND WAVE AT HILO 7% FT. SIXTH WAVE AT KAUAI 2%
FT.

0948 HO ) cG6 : NAWILIWIL!I NOW EXPERIENCING DIMINISHING RECESSIONS
. AND WAVE ACTION. MAX. WAYE HEIGHT 3 FT.

0953 HO CcG NO WAVE OBSERVED AT KURE ISLAND.
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SEISMIC SEA WAVE WARNING LOG—Con.

Honolulu Observatory

G.M.T.

0954
1002

1009

1014

1020
1023
1026

1029
1023

1040
1049

1050
1100

1100

1108

1M
1122
nz
124
1126

34
1203

1225

HO
HO

HO

HO

HO
HO
HO.

HO
HO

HO
HO

HO

HO

NAVCOMMSTA
HONG AMD FAA

HONO FOR AIG 158

HO

HO
HO
HO
HO
HO
HO
HO

HO

FROM

CG

HDO
cD

CIvil. DEFENSE
WELLINGTON

HONOLULY T.0.
KWAJALEIN
cG

SITKA
HAWSEAFRON
cD

G

WAKE
cb

HO

TOFINO

HONOLULU T.0.
WAKE

MARINE PAPEETE
RAF .

CG

CINCPAC
ADAK

JMA

EVENT OR REMARKS

NAWILIWIL] 1}2 FT. AT 0938Z.
1% FT. WAVE REPORTED AT MIDWAY.

THIRD WAVE AT HILO 1% FT. FOURTH WAVE AT 1008Z 2FT.
FOLLOWED BY NORMAL RECESSION.

REQUIRE DETAILS OF WAVE HEIGHTS HONOLULU AND
ELSEWHERE IF AVAILABLE.

FIRST WAVE ACTIVITY AT 0855Z. 1% FT.
REQ. FURTHER INFO. TIDAL WAVE EFFECTS KWAJ.
LATEST WAVE HEIGHTS NAWILIWILI.

EXPECTED TIDE STAGE BETWEEN 0925 AND 0955, UNUSUAL
TIDE ACTIVITIES CONTINUE, :

MIDWAY EXPECTS 1 FT. AT 0847. SINCE 0900Z, HAVE STEADY
0.2 FT. TO 0.3 FT. SEICHE.

4 FT. RISE AT HILO AT 1017. 7TH WAVE 3 FT. AT 1030.

LATEST WAVE HEIGHTS AT NAWILIWILI.

AT 1033Z RISE OF 0.8 [FT.] RECOMMENDED liOOZ FOR ALL
CLEAR HAWAIL

EIGHTH WAVE AT HILO 2.5 FT. RECOMMENDED 1100Z FOR
ALL CLEAR HAWAIL.

ISSUED BULELETIN NO. 4 AS FOLLOWS: THIS IS A TIDAL
WAVE (SEISMIC SEA WAVE) INFORMATION BULLETIN. THE
LARGER WAVES HAVE APPARENTLY PASSED HAWAI. AN
ALL CLEAR STATUS FOR HAWAIl CAN BE ASSUMED AT
TI00Z. ALL PARTICIPANTS IN THE SSWWS SHOULD ASSUME
THE ALL CLEAR STATUS 2 HOURS AFTER THEIR PARTICU-
LAR ETA UNLESS LOCAL CONDITIONS WARRANT THE CON-
TINUANCE OF THE ALERT STATUS. MAXIMUM WAVE
HEIGHTS REPORTED BY VARIOUS MEDIA ARE: OAHU B8 FT.,
HAWAIl 6 FT., KODIAK 30 ET., MIDWAY 1.5 FT., KAUAl 3 FT.,
CRESCENT CITY 12 FT., CORDOVA 30 FT., TOFINC 8 FT.

0950Z DIAGRAM READ 16 FT. RUNOUT STARTED AT THIS
POINT. THIS 1S THE SECOND WAVE.

FIFTH WAVE 2} FT. PEAK TO PEAK. PERIODS OF J2 HOUR.
YOUR 281100Z REGVD. 2BV'E‘HV2Z.

RECVD. YOUR BULLETIN NO. 4. 281117Z.

REQUESTED INFO. ON CHRISTMAS IS;-LAND.

LATEST WAVE HEIGHTS NAWILIWIL}.

REQUEST INFO. ON ALL CLEAR FOR ISLAND OF HAWAIL

YOUR 280544Z RECVD. 280615Z. STAFF READING 4.2.
SLIGHT DISTURBANCES.

TSUNAMI BEGAN AT 1020Z EASTERN COAST OF HOKKAIDO,
AT 1038Z PACIFIC COAST OF NE HONSHU, ALL INITIAL MO-
TIONS ARE PUSH.
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1226

1230

1252

1258

1306

1306

1315

1425

1428

1613

1622

1743

1813
1841

1923

197

1932

2143

2145

HO
HO
HO
HO
HO

HO

HONG KONG
HO

HO

HO
CIVIL DEF,
WELLINGTON

HO

VALPARAISO

HO

HO
HO

HO

HO

HO

HO

FROM

KWAJALEIN
CINCPAC
KWAJALEIN
TOFINO
HONG KONG

KWAJALEIN

HO
NAVSTA GUAM
KWAJALEIN
CIVIL DEFENSE
WELLINGTON
HO

YALPARAISO

HO

YALPARAISD

CHRISTMAS ISLAND

ADAK T.O.

SAMOA

CANTON

LA PUNTA

SUVA T.0.

EVENT OR REMARKS

NO UNUSUAL DISTURBANCES NOTED.

AT SAN DIEGO 5 FT. RECESSION FOR 1 HOUR. THEN RE-
TURN TO NORMAL. 10FT. WAVE AND MINOR DAMAGE AT
CATALINA ISLAND.

SMALL DISTURBANCES TO TIDE RECORD BEGAN ABOUT
281230Z. WATER FELL 0,3 FT. WILL REPORT FURTHER.

FIRST WAVE AT 0710 DIAGRAM 15 FT. AT PEAK, SECOND
WAVE AT 0850 DIAGRAM 16 FT. AT PEAK, THIRD WAYE PEAK
AT 0955. NO READING. TIDE GAGE DAMAGED.

REQ. EXPECTED INTENSITY AND REVISED ETA HONG KONG.
WATER FELL 0.5. BEGAN RISE AT 281245Z.

HO CANNOT PREDICT THE INTENSITY OF ‘A TIDAL WAVE
(SEISMIC SEA WAVE). ETA HONG KONG |5 28/1530Z BASED
ON INFORMATION AVAILABLE.

AT 2913152 NEGATIVE DISTURBANCES.

‘RISE OF 1.3 BETWEEN 281345Z° AND 281357Z. FELL 0.3 AT

281400Z. NOW RISING.

CAN YOU ADVISE WAVE HEIGHT AT CANTON [SLAND.

NO WAVE HEIGHT REPORT RECEIVED FROM CANTON ISLAND
AS OF 1620Z. HO WILL SEND INFQ. IF RECEIVED.

PLS. INFORM AS SOON AS POSSIBLE INTENSITY OF SEA WAVE
AT HAWAIIAN IS,

SENT BULLETIN NO. 4.
YOUR MESSAGE 28/0600Z RECVD. 28/1240Z.

UNUSUAL DISTURBANCES OCCURRED 281130. RAISED TENTH
OF A FOOT AND FELL THE SAME.

TIDE IS 5 FT. NORMAL. ADAK IS NORMAL. SHEMYA IS

NORMAL.

TIDAL ACTION COMMENCED AT 1400Z WITH SLIGHT RISE AND
FALL. ROSE 6 IN, AT 1415Z FOR A PERIOD OF § MIN.
FALL OF LESS THAN 6 IN, OVER A PERIOD OF 5 MIN. AT
14472,

NO TIDAL WAVE ACTION OBSERVED AT CANTON, OBSERVA-
TIONS STiLL BEING TAKEN.

. WAVE BEGAN 1910 TiDE RECORD SHOWS WATER ROSE 3 FT.

IN7-MIN. AND FELL 3.4 FT. IN 9 MIN. 2ND WAVE SAME
HEIGHT AND SAME PERIOD. 3RD WAVE ROSE 3.6 FT, AND
FELL 5 FT. IN 17 MIN.

TIDE RECORD SHOWS WATER ROSE 0.6 FT. AND FELL 0.4

FT. IN 10 MIN. AT FOLLOWING TIMES: 281910Z, 281945Z,
282020Z. STILL IRREGULAR.
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Not included in the above log are numerous calls
for information from military officials, wire serv-
ices, and the local press. All were advised of
actions taken by the Honolulu Observatory.

Figures 4, 5, and 6 are included to show the
approximate location of the initial tsunami wave
front when the seismograph alarm was triggered
at the HO, when the epicenter was determined, and
when the tsunami warning was issued. The arrival
time of the tsunami at selected stations is also
shown on figure 6.

TSUNAMI EFFECTS

Alaska

Outside of the Prince William Sound area and
Seward, the only Alaskan area to suffer heavy
tsunami damage was the Kodiak Island group. At
the Cape St. Elias Lighthouse, a member of the
1.5, Coast Guard was drowned by the initial wave,
and the other three men stationed there barely
escaped. Beyond Cape St. Elias, damage in Alaska
was limited to a dock which collapsed at Sitka,
and there were minor disruptions of floats and
log rafts at logging camps in the Ketchikan area,
The nearest tide gage to the epicenter which sur-
vived the tsunami was at Yakutat. It recorded a
maximum rise of 7,6 feet beginning at 1007, near
the time of the predicted high tide, The Sitka
tide gage recorded a 14,3 -foot rise on the third
wave of the tsunami begimning at 0624,

The Alaska Peninsula and the Aleutian Islands
were shielded by the Kodiak Island group from the
direct action of the tgunami, In Shelikof Strait,

as in Cook Inlet, maximum amplitudes were onthe -

order of 5 feet, Maximum amplitude in the
Aleutian Isiands, as recorded on tide gages, was
under 3 feet. )

The city of Kodiak and Kodiak Naval Station
were the only places in Alaska which received
advance warning of the tsunami, The U.S. Fleet
Weather Central at Kodiak Naval Station, which
participates ‘in the Seismic Sea Wave Warning
System by maintaining a tide station and by serv-
ing as a dissemination agency, provided this local
wazrning.

The earthquake, strongly felt at the Fleet
Weather Central, put the tide gage and all com-
munication circuits available (except telephone)
out of commission, and caused damage to the
hangars, aprons, and ramps at the Naval Station,
The damage was caused mainly by differential
settlement of pile- and fili-supported structures.

At 0410, after a report of a 30-foot tsunami was
received from Cape Chiniak, the Commanding Of-
ficer of the Fleet Weather Central, failing to reach
the Naval Station Officer of the Day, called the
Armed Forces Radio Station and had a warning
broadcast. The broadcast resulted in anextremely
“smooth, orderly, prompt, and complete evacuation

of the Naval Station and Federal Aviation Agency
personnel on Woody Island. Reports indicate that
the evacuation of the city of Kodiak was reasonably-
prompt, but it was not as complete or as well
carried out. This difference was undoubtedly due
to the better discipline ofthe military and govern-
ment personnel and their dependents, and to the
emergency procedures that had been prepared in
advance for the Naval Station,

About 10 minutes after the warning wasissued,
the tsunami, similar in appearance to a swiftly
rising flood, arrived atthe Fleet Weather Central,
By 0435, the first wave had crested at 22 feet
above the tide staff zero, giving a rise of about 16
feet on the first wave. The highest crest in the
tsunami reached about 30 feet above the tide staff
zero, and the maximum amplitude (crest to trough)
was about 35 feet.,

The personnel at Fleet Weather Central con-
tinued to supply information of the tsunami to the
Honolulu Observatory under extreme handicap.,
With all radio circuits in the tower building in-
operative, a telephone message was passedtoa
remote Navy radio station for relay via Naval
Communication Station San Francisco, giving in-
formation on the first crest, At0447, all electric
power in the tower was lost, due to flooding of the
main power station. Auxiliary power was supplied
at-0503, and an additional message was sentto the
HO, giving more detail on the first wave. Since
there was doubt about the delivery of the first two
messages, a third message was sent over Coast
Guard circuits at 0726, shortly after the Coast
Guard Radio Station NOJ, located in the tower
building, returned to operation and contacted
Ketchikan. This message gave details on crest
heights and arrival times.

The Kodiak Naval Station suffered heavy damage
from the tsunami and minor damage from the
earthquake, Estimates of approximately $10mil-
lion - tsunami damage by Public Works, Kodiak
Naval Station (Tudor, 1964) include complete
destruction of the cargo dock and heavy damage
to roads and bridges, the central powerplant and
the Holiday Beach generator, the microwave
installation, the runway ends and shoulders, the
marginal pier, the public works maintenance shop,
the hobby shop, and the bowling alley. Because
of the advance warning, there were no military
fatalities or serious injuries.

The tsunami caused 21 deaths in and near the
city of Kodiak, These included 8 dead at Kodiak,
3 at Kaguyak, 6 at Kalsin Bay, 1 at Old Harbor,
and 3 at Spruce Cape (Lowell, 1965), The low-
lying areas of the Kodiak waterfront suffered ex-
treme damage. All float docks in the area that
were protected by breakwaters were brokenup and
cast ashore or were washed away. All wharves
and piers on the waterfront were destroyed, ex-
cept for the City dock. A preliminary Civil De-
fense survey listed 58 structures in a 5-block
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section of the business district as demolished or so
badly damaged as to make detnolition necessary.
Seven more structures in the same 5-block area
were so badly damaged as to make their salvage
questionable, and an additional 23 were damaged.
Overall, Civil Defense estimated damage to Kodiak
at $31,279,000 (Tudor, 1965), This includes
damage of $2,165,000 to harbor facilities; $19,-
346,000 to business and industry; $35,400,000 to
public property; $2,440,000 to the fishing fleet;
and $1,928,000 to dwellings. Comdr, Alfred Stroh,
Civil Engineer Corps, U.S. Navy, reported 158
dwellings destroyed and 20 severely damaged
(Stroh, 1964). The Alaska Division of Public
Health (Preliminary report . . ., 1964) lists 71
business firms that were heavﬂy damaged or

destroyed,
The city of Kodiak was fortunate in that it had

approximately 30 minutes of warhing before the
arrival of the first crest. The first wave was a
gentle flocd followed by a gradual ebb, The
second wave advanced as a cresting 30-foot walil
that thundered through the channel and pushed 50-
to 100-ton boats over the breakwater as far as
three blocks into the city,

Small villages in the area also suffered heavﬂy.
The 9 houses and the Russian Orthodox Church
that comprised Kaguyak were swept away. All of
the 35 homes in Old Harbor were floated from
" their foundations; however, 6 or 7 probably were
salvageable, The old scheol and the new school
suffered minor damage, and the church was un-
damaged, OQuzinkie had 3houses, a grocery store,
and a cannery destroyed. At Afognak, 4 homes,
the community hall, and a grocery were washed
away and destroyed, Several other homes moved
on their foundations, and most of the 26 autos in
the town sustained water damage.

Canada

Since the Canadian dissemination.agency had
withdrawn from the Seismic Sea Wave Warning
System in July 1963, no official warning of the
tsunarmi was provided to Canada, The earthquake,
however, was felt in the Yukon Territory and
northern British Columbia.

The tsunami struck the Canadian coast near the
time of high tide. It was higher than any pre-
viously recorded in British Columbia. The
earliest recorded arrival was 0533 at TasuSound,
Damage was extensive and widespread, although
the majority of the damage occurred at the twin
cities of Alberni and Port Alberni, The highest
wave reported in Canada was at Shields Bay, on
the west coast of Graham Island. This crest was
reported to be 17 feet above spring high water
(32 feet above tidal datum), and thé wave severely
damaged a logging camp.

The twin cities of Alberni and Port Alberni
are about 33 miles from the open ocean, near
the head of the long and narrow Alberni Inlet.
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The tsunami period apparently matched the natural
frequency of the inlet, causing amplificationof the
waves, According to the Port Alberni tide gage,
the first wave arrived shortly before 0800 and
swept into the towns, equaling the worst flooding
conditions ever recorded there. The second crest
was the highest of the series. It reached 20.9 feet
above tidal datum, as determined from water
marks on buildings, The period from the first to
the second crest was approximately 97 minutes.
The initial wave served to alert the inhabitantsof
the most heavily damaged areas of Alberni and
Port Alberni. Many evacuated their houses, and
almost all had dressed and were alert when the
second wave arrived. As a consequence, there
were no fatalities or seriousinjuries, Fifty-eight
properties, including individual homes, stores,
and multiple auto courts, were completely de-
stroyed, . In addition, 320 dwellings suffered
damage, ranging from minor to severe, Six
hundred ninety-four persons were driven from
their homes until repairs or replacements could
be made.

Damage near Alberni was centered on the low-
lying areas along the north bank of the Somass
River., Buildings not bolted to their foundations
were swept inland as far as 1,000 feet. Log booms
and boats in the inlet were carried high on shore
causing heavy damage. Total damage in the
Alberni-Port Alberni area, excluding damage to
heavy industry and private autos, was about $5
million. The forest industries complex of Mac-
Miltan, Bleodel, and Powell River, Ltd., suffered
much damage, but the arfiount was not made public,

An attempt to compute the natural period of
Alberni Inlet was made, using the formula for a
rectangular harbor open at one end,

T=41/Vgh,

where I is the length of the harbor, h the
depth, and g the gravitational constant. In using
this formula, the effects of the meandering path
of the chamnel, the numerous constrictions in the
channel, and the effects of friction were all neg-
lected. The natural period of Alberni Inlet from
Chup Point was 70 minutes, based on an average
depth of 91 fathoms and a path length of 23 miles.
The natural peried of Trevor Channel and Alberni
Inlet was computed as 110 minutes, based on an
average depth of 82 fathoms and a path of 34 miles.
It is probable that the 90- to 100-minute period,
as recorded on the Port Alberni tide record, is
the natural period of the 23-mile path.

Other locations also suffered major damage,
The village of Hot Springs Cove had 16 of its 18
houses destroyed. At Zeballos, 30 homes were
knocked from their foundations, and considerable
damage to personal property was caused by silt
and salt water. In the small logging community
or Amai, where the tsunami caused considerable
damage to 10 buildings, 37 people were made



homeless. The tsunami also destroyed the radio
telephone communication system at Amai,

Washinglon

Some damage was done on Lake Union, Seattle,
Wash,, by seiching caused by the earthquake
vibration, The disturbance caused minor damage
to the gangway of the USCGS ship Patforn and
snapped a mooring line on the USCGS ship Lester
Jones, Minor damage was also caused to several
pleasure craft, houseboats, and floats which broke
their moorings.

Of the four bulletms issued by the Honoluiu Ob-
servatory during the tsunami, three were received
by the Washington State Department of Civil De-
fense, At 0642, the second advisorywas received,
giving an estimated arrival time for Neah Bay of
0730. The warning was received at approximately
0713. By 0718, all coastal counties had been
advised that the tsunami warning had been re-
ceived, The final advisory was received by the
Washington Civil Defense about 1130, at whichtime
the coastal counties were advised that the emer-
gency had ended. Damage in the State of Wash-
irigton included the destructionof one small bridge
at Copalis and one at Iron Springs, nedr Pacific
Beach. A mile of ocean shore bulkhead was taken
out at Moclips. Minor damage was reporied to
houses at Moclips and Pacific Beach; 4 mobile
campers were overturied, and asherlff’s carwas
Iost in the Ocean Shores and Pacific Beach area
(Robinson, 1964 and 1966). The tsunami struck
the outer coast of Washington between 0715 and
0755. Maxirnum heights were approximately 4 to
5 feet. The Neah Bay tide gage recorded a maxi-
mum wave of 4,7 feet,

Oregon

Reception times of the first two bulietins were
not reported by the Oregon State Civil Defense
Agency, The warning bulletin, filed at 0637, was
received at 0700 and immediately disseminated
to the coastal areas. U.S. Coast Guard stations
along the coast reported that the initial wave ar-
rived between 0730 and 0800, The only tide station
in Oregon, that at Astoria, recorded a maximum
wave of 2,4 feet. The Coast Guard stations re-
ported much greater heights, ranging up to 14
feet at Umpqua River, 12 feet at Siuslaw River;
and 10 to 11 1/2 feer at Nehalem River, Depoe
Bay, Yaquina Bay, and Coos Bay.

The Oregon State Civil Defense Agency reported
that four children who were camping with their
parents on the beach near Newport were drowned.
Damage estimates, supplied by Oregon State Civil
Defense, are given below. :

' Bandon--Negligible.
Cannon Beach—City, $30,000; private,
$ 180,000,
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Chetco—Negligible.

Coos Bay--Negligible,

Depoe Bay—$5,000,

Florence—$50,000.

Port Orford--Negligible.

Rogue River—$3,000, _

Seaside area—City, $41, 000; private,
$ 235,000,

‘Tillamock—Negligible,

- Umpqua—$5,000,

Waldport-Alsea area—Port facﬂmes
$ 145,000; private, $15,000.

Warrenton--Negligible,

Yaquina--$5,000,

Much of the damage in Oregon occurred-away
from the ocean front. For example, in Seaside
(fig. 7), all damage occurred along the banks of
the Necanicum River and Neawanna Creek, At
the north end of town, the wave overflowed the
banks of Neawanna Creek, damaging four trailer-
houses - and 10 to 12 houses, and washing out a
railroad trestle over the creek., Along -the
Necanicum River, flooding occurred in the down-
town section of Seaside in the area bounded by
Broadway, Downing Street, Second Avenue, and the
river, The Fourth Avenue Bridge was washed
out, and the Avenue G Bridge was so badly damaged
that it had to be closed, Logs and debris were
scattered all over the low-lying areas,

Much the same pattern of damsdge occurred at
Cannon Beach where the wave penetrated up Elk
Creek, washing out the old Highway 101 bridge
and damaging the new one,

California

The first advisory bulletin issued by the I-Iono-
lulu Observatory was received by the California
Disaster Office (CDO) at 0536. The second ad-
visory was received at 0644 and disseminated
via the State Department of Justice Teletype Sys-
tem to all sheriffs, chiefs of police, and civil de-
fense directors of coastal counties and cities at
0703. The California Disaster Office received the
warning at 0713 and relayed it to the coastal
counties and cities at 0725, Some discrepancy
exists in these reported dissemination times,
since all coastal jurisdictions reporting stated that
bulletin number 2 was received at 0708, and the
warning bulletin was received at 0750.

The tsunami reached record heights along the
coast of northern California and was disastrous
at Crescent City. The large amplitude of the waves
at Crescent City was probably due to focusing
caused by bottom topography. J. A. Roberts and
Chen-Wu Chien (1964) have-ascribed this focusing
primarily to the topography in the vicinity of Cobb
Seamount, approximately 400 miles northwest
of Crescent City, and have prepared refraction
diagrams to illustrate this, :
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California had a longer time to prepare for the
onslaught of the tsunami than the other Pacific
Coast States, but due to much larger wave ampli-
tudes and lack of proper respoense and knowledge
among the public, the death and damage totals
were much greater than any other place, except
Alaska, The California Disaster Office reported
11 killed and 35 injured in Crescent City, and
between $7,939,000 and $8,789,000 damage in the
State., An additional $1 million in Marin County,
which was not included in the CDO estimate,
brought the total damage in California to almost
$10 million,

At Crescent City where the bulk of the damage
occurred, the county sheriff immediately con-
tacted county arid city civil defense authorities
upon receipt of the advisory at 0708, The low-
lying and coastal areas were warned, and evacua-
tion began immediately, Evacuation was reason-
ably prompt, but not complete. The first two
waves caused minor flooding in the business dis-
trict, and many people returned to the area to
clean up their places of business, since past
experience showed that Crescent City normally
experienced cne or two surges with minor flooding
during a tsunami, This premature return to the

‘evacuation area was the cause of most of the
fatalities. The third and fourth waves caused most
of the destruction and the casualties; they caught
the people who returned to the area after the
second wave, and others who had failed to evacuate,
‘Seven people, including the owner and his wife,
returned to the Long Branch Tavern to remove
the money from the building, Since everything
appeared normal, they stopped to have a beer and
were also trapped by the third wave, Five of the
seven were drowned when the boat in which they
were attempting to escape was sucked into Elk
Creek by the recession and was smashed against
the steel grating of the bridge over the mouth of
the creek.

Approximately 30 blocks were devastated in
Crescent City, The California Disaster Officere-
ported damage (excerpted from a report of the
‘California Department of General Services) as
follows: :

54 residences, total loss, ‘

13 residences, major damage.

24 residences, minor damage,

21 commercial fishing boats, lost (sunk
or beached). )

12 house trailers, rotal loss, :

172 business houses, severely damaged
or destroyed.

Estimated cost to replace and repair:

Public propertye.iessscserscieses $473,000
Private utilities ..veveeesecosees 68,000.
Private Property.cceecaiecsons 6,873,000.

$7,414,000

Total estimated CoSt..uue. .

000 destroyed

The streets of Crescent City were strewn with
rubble from demolished buildings, and logs which
were swept in from the beaches. Automobiles
were heaped in scattered piles, and stock from
damaged stores was scattered throughout the
area. The third wave picked up a gasoline tank

_truck parked at the Texaco stationand slammed it

through the garage door of the Nickols’ Pontiac
Building. An electrical junction box just inside
the door was knocked loose by the impact, and a
fire started. The fire destroyed the building and -
spread back to the Texaco tank farm which burned
for 3 days, .

The greatest height reached by the tsunami at
Crescent City was 20,70 feet above mean sea level.
This height was determined from the water marks

‘on the flag pole near the Harbor Masters office

at Citizens dock,

Crescent City was not the only place where the
inhabitants placed themselves in jeopardy. News-
papers estimated that 10,000 people jammed beach
areas at San Francisco to watch the tsunami ar-
rive, Im San Diego, an attempt was made to
evacuate the beach areas, but curious citizens
created a problem. Had large amplitude waves -
struck these places, the casualty lists would have
been much greater.

Reaction by county and city civil defense organi-
zations varied considerably. In Humboldt County,
the second advisory issued by the Honolulu Ob-
servatory was received at 0708 at the county
sheriff’s office. All agencies were mobilized by
0718, evacuation of all persons in danger areas
was completed by 0740, and road blocks were
established under the direction of the sheriff’s
office to guarantee and enforce againstany return

to the threatened area. In Marin County, internal

weaknesses in the county disaster organization
were emphasized in reports submitied by cities
and districts, San Francisco attempted to evacuate
ocean beaches immediately upon receipt of the
advisory, but as noted above, efforts were un-
successful, Los Angeles County made no attempt
to evacuate waterfront areas.

The tsunami did not spare other areas of the
California coast, Mendocino County reported
that approximately 100 fishing boats in Noyo
Harbor suffered damage with 10 being sunk. A
dredge in the harbor was carried upstream about
one-fourth mile and grounded on a sandbar, Esti-
mates of the damage ranged from $250,000 to $1
million, In Marin County, approximately $1 mil-
lion worth of damage was done to small boats
and berthing facilities, mostly in Loch Lomond
Harbor in San Rafael. Los Angeles County Civil
Defense reported $100,000 to $200,000 damage to
six small-boat slips, pilings, and the Union Oil
Company fuel dock; $75,000 damage due to scour~
ing action on the harbor sides in Los Angeles
County Harbor; and 8§ docks wth a value of $100,-
in Long Beach Harbor. Only
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negligible damage was reported elsewhere in the
State,

Hawaii

At 0401, the Honolulu Observatory notified the
Assistant Tsunami Advisor to the State of Hawaii
that a major earthquake had occurred. The same
information was provided the Civil Defense Vice
Director at 0405. The Vice Director passed the
information to the Director, key staff members,
and the civil defense administrators in all coun-
ties, At 0425, Civil Defense activated its emer-
gency operating center, At (0643, following receipt
of the tsunami warning from the HQ, the decision
was made to sound all coastal sirens and to acti-
vate the Civ-Alert Radic Broadcast System. At
0700, the sirens and the Civ-Alert System were
activated simultaneously in all counties, The
sirens were sounded again at 0800 and 0830, and
the Civ-Alert System remained continuously ac-
tive after 0700, Evacuation was fairly complete,
and no casualties resulted from the tsunami., The
earliest recorded arrival was 0833, at Nawiliwili.

Damage was light in Hawaii, although wave
heights in excess of 12,5 feet were recorded at
Hilo, and waves in excess of 11.0 feet were
recorded at Kahului, In Hilo, four restaurants
and a residence were flooded near the head of
Reeds Bay. The highestofthe flooded restaurants
had a floor approximately 6 feet above sea level.
This floor was flooded to a depth of 1 foot, The
west end of the Waiakea Bridge over the Wailoa
River was partially undermined, and the sidewalk,
collapsed, creating a hole approximately 9 by 10
feet, Civil Defense estimated the total damage
to be $15,000,

Considerable damage was reported from Maui
where Civil Defense reported estimated damages
of $52,590. The major damage was limited to
facilities at Kahului Harbor, and all damage re-
sulting mainly from flooding, was restricted to
the immediate waterfront area, The Kahului
Railroad Company, which suffered the majority
of the tsunami damage, reported damage occurred
primarily to freight and to the wooden supports
of concrete piers. The complete listing of the
damage on Maui is given below,

Aloha Bar and Restauranteeeeereses . $30
Camp 1 Beach, Spreckelsville.,....... 600
Full Gospel Churchuveicierereesrrereran 500
Kahului Railroad Company ....eeeeeeer . 42,500

Kaiser Permanente Cement suvsressess - 60

Agrifino Cortez, KualapuU....vesserens 100
Maui Frontier Restaurant ...c.eveveens 4,000
Maui Savings and Loan Company.... 100
Standard Qi COmpany ..ecessseascrsssss 1,000
State and CoUNTY.iecessssescosrcsssccsesers 1,620
Ulupalakua Cold StOrage cevereesrenese 1,060
Y. Hata and Company .c.usiesecioessssces 1,000

Total dAMAZe.enirearrescnessrarnrsannre $52,590
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Chile

The warning issued by the Honolulu Observatory
was received by theDepartamentode Nacegacidn
e Hidrografia in Valparaiso at 1210, By 1440, all
maritime authorities along the Chilean coast had
been alerted and supplied with estimated arrival
times of the tsunami,

Since time was available, the Departamento de
Navegacidn e Hidrografia instructed its tide ob-
servers to install S-meter staffs and make pho-
tographs of the maximum and minimum sea-level
oscillations to provide more exact records of -
wave amplitudes than those provided by the tide
gages., Maximum amplitudes reported were 11,3
feet at Valparaiso and 16.4 feet at Huasco.

Because beaches and harbors were cleared,
there were no deaths or injuries resulting from
the tsunami. Slight damage was done at Iquique,
Coquimbo, Huasco, and San Vincente, primarily
to shipping,

Miscellaneous

Reports received from other dissemination
agencies in the Warning System indicate that the
response to the warning was adequate and timely,
No damage was reported by any of the dissemina-
tion -agencies, except as noted above, A report
was received from Homniara inthe Solomon Islands
indicating that a boat had been beached there by
the tsunami,

SEICHES ON THE GULF COAST

Immediate reports were received of seiche
action in rivers, lakes, bayous, and protected
harbors and waterways all along the Louisiana
coast and along the Texas coast as far west as
Freeport, These surges commenced between 30,
and 40 minutes after the earthquake, or about the
time the Love and Rayleigh waves from the earth-
quake were passing through the area.

MecGarr (1965) derived ananalytical expression
for the effect of seismic surface wavesona water
chammel of width L and depth H and used it to
compute a theoretical marigram. He compared
this with an actual marigram recorded in a chan-
nel at Freeport. His study indicates that the hori-
zontal component of motion of the seismic surface
waves is the primary cause of seiches generated
in channels by teleseisms, Domn (1964)computed
the fundamental periods for several profiles
across the waterways in the vicinity of the Free-
port tide gage and found the periods to be close
to those of the seismic surface waves. It is
probable that resonance, or near resonance, be-
tween the seismic surface waves and either the
fundamental period or some low harmonic of the
seiches, occurred all along the Gulf Coast States,
wherever disturbances were reported,

In view of the fact that both Donn and McGarr
consider the amplitude of the Rayleigh waves to



have exceeded 10 centimeters, it i5 interesting
to note that the bridge tender at the Woodland
Highway Bridge over the Algiers Canal, just east
of New QOrleans, reported that he felt sharp, well-
defined shakes on the bridge, His report is the
only account of actual motion felt in the Gulf States.

Damage, although generally minor, was wide-
spread along the Gulf Coast, The area in which
damage was reported extended from the Lake
Borgne, La., area on the east to Houston, Tex.,
on the west, and as far inland as Baton Rouge,
La, The seiche action was recorded on tide
gages along the coast from Port Isabel, Tex.,
to Key West, Fla, The seiche was also recorded
on water-level recorders at Blakely Dam and
Narrows Dam near Hot Springs, Ark. Although
newspapers reported that 5-foot drops and cor-
responding rises were noted at oil rigs in the
Gulf of Mexico, the only tide gage maintained by
the Coast and Geodetic Surveyonanoil rig showed
no disturbance, This tide gage was on Humbie
Qil Platform “A”, Grand Isle, La,

Damage reported near Golden Meadow and Gal-
liano, La., included flooding along both sides of
Bayou Lafourche. A number of boats inthe same
vicinity broke loose, and several sank or were
washed ashore., One large oyster vessel broke
loose and crashed into a bayou-side store.

The Headquarters of the 8th Naval District at
New Orleans reported a sudden rise of 1 1/2feet
in the Mississippi River, causing vessels at the
wharf to surge, mooring lines to break, and other
minor damage., An 83-foot U.S. Coast Guard
cutter, a barge, and a boat parted their mooring
lines in the Industrial Canal. Inthe Harvey Canal,
across the Mississippi River from New Orleans, a
large number of barges were setadriftbya surge
that had an amplitude of about 2 1/2 feet.

At the Port Allen Lock onthe Morgan City-Port
Allen Waterway, damage estimated at $3,200 was

- suffered by the landing pier and mooring dock.
Near Denham Springs on the Amite River, a
recession of 5 feet was followed by surges which
damaged boathouses, ramps, and boats,

At Amelia Landing, east of Morgan City, La,,
waves of approximately 4 1/2 feet were re-
ported., At the intersection of Bayous l.ong and
Milhomme, 8 miles north of Morgan City, the
Army Corps of Engineers lost one small boat
when it was crushed between a quarterboat and a
tree on the bank by a 4-foot wave. Another boat
was damaged,

The Commander of the Texas Group, Atlantic
Reserve Fleet, located ar Orange, Tex., reported
such minor damage as parted mooring wires,
bent brows, and parted shore-power connections,
Also, two dock bollards pulled loose. Healso re-
ported that three 10,000-ton commercial vessels
broke loose from moorings in Houston, Tex,, due
to the seiche,

Other reports indicated that numerous boats and
barges broke loose along the Texas coast, and
that damage to a marine sales and service facility
at Beaumont amounted to thousands of dollars,

TIDE GAGE DATA

The U.S. Coast and Geodetic Survey has pub-
lished reports based on tide records of the
tsunamis of April 1, 1946; November 4, 1952;
March 9, 1957; and May 22, 1960. This paper
provides observational data on the fifth major
tsunami of recent years.

The earthquake of March 28, 1964, and the re-
sulting tsunami caused more damage than any of
the other four, except the May 22, 1960, disturb-
ance, In 1964, damage in the United States ex-
ceeded the total for the other four disturbances.

A further comparison of the five tsunamis is
through the ampiitude of the greatest wave re-
corded for each. In table 2, statistics are given
on maximum waves (rise or fall) recorded at
several tide stations which were in operation
during at least two of the tsunamis. Where the
maximum wave exceeded the gage limit (indicated
by + in the table), the figures may be misleading.
For example, Hilo, Hawaii, was devastated in
1960, although the height indicated is only 9.6+
feet, The 1964 height, however, was 12,5+ feet,
and Hilo suffered only minor flooding.

This report presents the data gathered through
an examination of tide curves from 106 stations
in the Pacific Ocean area. Statistical information
is presented primarily in table 4; it includes
certain data relative to the time and height of the
initial and maximum waves, In relation to the
data compiled in table 4, there are 105 prints of
tide curves showing the arrival and initial stages
of the tsunami which may be studied for variations
in wave period, amplitude, etc., for many loca-
tions. The Marcus Island tide curve is not
reproduced, since the tsunami camnot be dis-
tinguished on it, The 105 tide curves, a map
locating the 106 tide stations, and tabies 4 and 5
appear in the appendix to this paper. As else-
where inthe report, Greenwich Mean Time isused.

Data included in table 4 and the accompanying
tide curves illustrate some of the difficulties en-
countered in analyzing the tide curves, since
interpretation of the various statistics is often
subjective, In the majority of cases, the initial
disturbance is clearly defined, but for othér sta-
tions, it is obscure and not well determined, This
is due, at least in part, to one or more of the
following factors: Screening effects of continental
masses or island groups between the source and
the tide gage; location of the tide gage in an area
protected from the action of the open ocean; poor
response of the tide gage to waves of tsunami
periods; and masking of the tsunami effects by a
large tidal range, local seiche action, or both,
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Table 2.—Maximum recorded rise or fall

Stadon

1946

1952

1957

1960

. 1964

Massacre Bay, Alaska...... sesersesscassaraes
Sweeper Cove, Alaska cvecerasesresirsensarens
Yakutat; Alaska..ccecececncicsessecssensencsnans
Sitka, Alaska ccevererscannessnsscnncnsn
Prince Rupert, British Columbia,

Cal'ladﬂ AENERREREE RN RIRRIR RS PIANRIRINTIRNS

sensnanen

Tofino, British Columbia, Canada...c.cceess
Neah Bay’ wash.'b..."!..t....l'l..‘...l...‘.._&
Crescent City, Calif..cvicnsccrssnsscnsscnranes
San Francisco, Calif. cc.ciceececscanenecniesenrs
Santa Monica, Calfiiiiircancstesceearancenens

LOS Aﬂgeles. Calif".'l"tl.'..lli"....I..‘.'O
Iaa JOlla, Ca}if-.lll..c.onlo.n.nl...ooclnollnlc'o.

San DiegO, Califo XTI YL RI TR YT L T LS LI Y L T

Engenada, Mexico...
Salina Cruz, MeXiCO.iecerreorrrersosssrnnracnan

SesUBONIRRNNSRISANRRAREREES

La Libertad, Ecuadoru.I-l.oul.iou..‘.....-‘b.
La Punta, Peru...cceeesense esensecrssscsansvavan
AﬂtOfagaSta, Chile LIT ISR TR LT AL AR L s L )

Valparaiso, Chil€.ccccesesesasceenasesarscansss.

Talcahuano. Chileo-ooooooo.‘oo.Oooonoc.nou.ool-

Hilo, Hawaii.cceseeracsnsenss
Honolulu, Hawaii..
Midway Island...c.ceeecscsersecacsnnsancescarans
Johnston Atolliiecereserserersarsnserseariernsnee
Pago Pago Harbor, Amencan Samoa creses

IR T R R TR R AT

wake Islandtoltl‘i...l.‘illl.lllll..li
Ft. Denison, Sydney Harbour, Australia
Coffs Harbour, New South Wales, Aus-

sssgsnsnes

Iralid .iereieacnesrsrrsessersocsnsraertassonsnrene
Miyako Jima, Japan ceveecescisccsssscntacensens
‘Aburatsy, Japan....es... essasrsvcesansesensans
Shimizu (Tosa), Japan...... crersascosenrsnsons
Kushimoto, Japai..eceesssessesessersaves erbrasn
Toba KO, Japan...eecsessssennsassovesacssassenes

- Mexa, Japan..cicessscsssescssansessnasses sasssenss
Hanasaki, Japan....ceeeeee sesbevessrssrarsarsans
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Table 5, lists (1) the time the seichelike action
began at six typical Gulf Coast tide stations and
at two Arkansas damsite water-level recofders
and (2) the maximum amplitudes reached. Within
the limits of the timing accuracy of the gages, it
appears that the beginning of the recorded dis-
turbances coincided with the arrival atthe station
of the seismic¢ surface waves. Table 5 is ac-
companied by six.prints of tide curves and two
of water-level recordings showing the disturb-
ance,

Wave Travel

Wave-travel -data are given in table 3 for sta-
tions where the initial arrival time of the tsunami
is fairly well determined. Since the.epicenter of
the earthquake was on land, distances are meas-
ured from a point with coordinates 60° N., 147

W. Distances of wave travel are computed for .

the great-circle arc from this point to the tide
station. In aimost all cases, the great-circle
route is shorter than the actual path. traveled
by the initial wave, The great-circle routes from
this point to most stations on the west coast of
North and South America intersect the continents,
Because of greater ocean depths, longer routes
may provide earlier arrival than the great-circle
route, even where there is no intervening land
mass or island group. Since wave speed varies
during the travel period and the traveltimeto each
station is the only factor that isfairly well deter-
mined, the computed speed is an average for the
distance from the source to the tide statioms,
These computed speeds are generally less than
the actual velocity, since thetruetravel distances
for the wave are greater than the computed dis-
tances,

Because tsunami wave lengths (distance be-
tween successive crests) are very much longer
than the oceanic depths over which they travel,
their speed is controlled by the water depth and
is computed. by the shallow-water wave formula
8§ = Vgd, where d is the water depth, and £ is the
acceleration due to gravity, For computing speed
in knots with the depth in fathoms, this equations
becomes § ='8.23 Vd,

Wave Period and Wave Length

Wave period for a tsunami is difficult todeter-
mine, and the wide variation in this time interval
for the stations given in table 4 will illustrate the
confusion encountered. The period between the
first and second wave crests, as recorded, varies
from 7 minutes to 2 hours. The deep-ocean
period of the tsupnami is almost impossible to
determine from records of coastal tide stations,
although the majority of the energy of the tsunami
was probably contained in a single wave formed
by drainage from the uplifted portion of the Gulf
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of Alaska, The natural period of the local basin,
harbor, or shelf area should be evident shortly
after the arrival of the initial wave., However,
interference caused by refracted or reflected ar-
rivals commences and is indicated on the tide
curve quite early; this confuses the identity of
the true period.

DAILY SEA LEVEL VARIATIONS MARCH 1-27, 1964 nag]

SEWARD, ALASKA

SITKA, ALASKA

SCALE {71,

YAKUTAT, ALASKA

FIGURE 8.=Daily variations in sea level for March 1964.

DAILY SEA LEVEL VARIATIONS MARCH 1-31, 1965

SEWARD, ALASKA

SCALE [FT}

SCALE{FL.|

WHITRER, ALASKA

SITKA, ALASKA

DAY
1 |1 P45 8|7 & [# o ||7l 13 4 S 16 iz 314 il') o lﬂ |‘2‘l |23 |24 |25 [26 |27 (2K |27 po | D)

FIGURE 9.-Daily variations in sea level for March 1965,



Table 3.— Wave travel

[Station numbers are identical with those in table 3. Locations are on figure 11, Distances are
measured from a point with coordinates 60°N. and 147°W.]
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Tide station Grggctacr::cr;:le Time Ag;:gége
Nautical miles Hours Minutes Knots
1, Massacre Bay, Attu, Alaska .......... veevens 1,365 3 51 355
2, Sweeper Cove, Adak, Alaska......... arevene 1,098 3 24 323
3. Unalaska, AlaSKa ciocvevieeinrenricvncernvenenss - 733 2 30 293
4, Yakutat, Alaska ....ceeeeverrvnnenennnnis heaees 222 1 24 159
5. Sitka, Alaska........ aressecrenntsstniarenrserron 405 i 30 270
7. Ketchikan, Alaska .....cccovivvinvennse rtarenas 564 2 49 200
9. Tasu Sound, Canada......c..cccv.... faereerreren 658 1 57 337
14, Tofino, Canada.......c..onireens e rrenrereriaas 973 3 24 286
23, Neah Bay, Wash ...covviivivenernrieneierecnnens 1,042 3 42 . 282
26, Astoria (Tongue Pt.), Oreg ........ arerrerns 1,165 4 20 . 269
27, Crescent City, Calif ....vcvvvvrsensririsiines 1,380 4 03 341
28. San Francisco (PreS1d10) Calit.*......... 1,626 5 06 319
30, Avila, Calif.® .. ..vviiiiinrnnernenninnnnes Ceeenen 1,805 5 08 - 352
31 Rincon Island, Calif.®........c.eeuneens vevveen 1,877 5 41, 330
32, Santa Monica, Calif. . i iiiiiirnrennrns vees 1,917 5 39 . 339
33. Los Angeles (Berth 60), Calif.*............ 1,937 5 48 334
34. Alamitos Bay, Calif.*....., errrrereriiaranes 1,939 6 00 323
35. Newport Bay, Calif,®, v riirnrieriinianrnrress 1,952 5 50 335
36. La Jolla, Calif.®. .. ireiiierenrreseicsonrnnsarens | 2,006 5 48 346
37. San Diego, Calif.®..uevvreeninrinnrnees ererens : 2,015 6 14 323
38. Ensenada, B.C., Mexico® .......oeevvvemnnnn 2,074 6 06 . 340
39, La Paz, B.C., Mex1co .......... reerersarresn 2,635 8 51, 298
42. Mazatlin, Sm Mexico¥.ivvenerans Cerrenes . 2,782 8 24 331
43. Manzaniilo, Mex1co* ................ 3,056 8 39 = 353
44, . Acapulco, Gro., Mexico,.iviviererreennrannnns 3,286 9 29 347
45, Salina Cruz, Oax., MEXiCO*...ovvmururersns. 3,447 10 34 326
46. San Jose; Guatemala* ..................... 3,685 11 16 327
47. Acajutla, El Salvador®....vcevireiicncnnnnes 3,730 i1 42 319
49, Corinto, Nicaragua®.......cccovveivivenvernee 3,862 12 24 311
30. Puntarenas, Costa Rica®. ...cciiieecvvsreenns 4,061 12 47 318
51. Quepos, Costa Rica®...cccevevsreiienroranenens 4,109 12 24 331
52, Puerto Armuelles, Panama*......ccceeunnns 4,206. 12 48 329
54. Bahia Solano, Colombia®......,....... T ' 4,470 i4 09 316
o7. San Cristobal, Galapagos Island, -
Ecuador®. . viiiiiiiirnrrrsrreenmnrensncsines 4,510 12 51 351
58. La Libertad, Ecuador* ............... eveenree 4,816 14 33 331
99. Talara, Peru® . ... viviiirimriieiieiicnrneees 4,932 | 14 20 344
60, La Punta {(Callao), Peru®..ccoceivcenvnnnnrens 5,442 15 35 349
61. San Juan, Peru®. ... ...covvviiiiinirininnnrneneen 5,672 15 54 357
62. Matarani, Peru®.......ccceveeveiiiirnreeneneninn 5,843 16 21 357
63. Arica, Chile¥...... e terererreraanranreennnneres 5,970 16 54 353
64. Antofagasta, Chile® ..l ceceevrireicerreneesnns 6,237 17 03 366
65. Caldera, Chile®...ovveieiiiiivinenrennss meereves 6,403 17 19 370
66, Valparaiso, Chile¥.....cccviveeirmrecernraenees 6,689 17 51 375
67. Talcahuano, Chile¥............. crrrerssrrsannen 6,839 18 39 367
68. Corral, Chile*...ivvcvivnivrermeninnnrerisensnans 6,991 19 03 367



Table 3,— Wave travel—Con.

[Station numbers are identical with those in table 3. Locations are on figure 11, Distances are
measured from a point with coordinates 60°N. and 147°W,]

Tide station

70. Bahia Esperanza, Palmer Peninsula,
Antarctica ...cveennsences vesnuns eerasmnssseenest
71. Argentine Islands, Antarctica......
72, Christmas Island.....cceveeeencannas srrsenreney
73. Hilo, Hawaii Island, Hawaii.....ccceceinainss
74. Kahului, Maui Island, Hawaii.......coeonenns

75. Mokuoloe Island, Oahu Island, Hawaii....
76. Honolulu, Oahu Island, Hawaii..............
77. Nawiliwili, Kauai Island, Hawaii..........

78, Midway Islands...... cerraces cecrsres connnrarens
79. Johnston Atoll......ceecriarnorrsnaneserniarnnnss
80. Canton Island, Phoenix Islands........ccoees
81. Pago Pago Harbor, American Samoa ......
82. Lyttelton, New Zealand............ vesesnes .

85. Fort Denison, Sydney Harbour, Australia
86. Camp Cove, Sydney Harbour, Australia..

88. Rabaul, New Britain......ceeeereecnvscinees
89. Moen Island, Truk Islands, Caroline

) Islands...eeeeeees.e. serserarsn cevmeenrsmusarrars
90, Kwajalein Atol}, Marshall Isiands.........
91, Eniwetok Atoll........ cerserare eresrsrsensesasens
92. Wake Island.............

94. Apra Harbor, Guam, Mariana Islands....
97. Aburatsu, JAPAN ..ieeeerssreriieereernrrnsincaaes

100, Toba Ko, Japan......ccceeens Crreeseresssnsranes
102, Ofunato, Japam .cesecssersenacranes ceesreisenseass
103. Hanasaki, fapan...... cesrsraranenises

104. Yuzhno Kurilsk, Kuril Islands.......cesen.
106. Petropavlovsk, Siberia, U.S.5R «.oveueuenee

Gre_at-circle Time Average
distance speed
Nautical miles | Hours Minutes Kmts

8,445 22 34 374

8,368 21 49 384

3,515 7 45 454

2,441 5 24 452

2,380 5 11 459

2,359 3 09 458

2,368 5 17 448

2,342 4 57 473

2,271 4 sl 468

2,773 6 03 458

3,944 8 39 456

4,602 10 15 449

6,524 18 34 351

6,397 17 09 373

6,394 16 54 378

4,778 1 49 404

4,165 9 24 443

3,682 8 24 438

3,673 8 09 451

3,138 6 45 465

4,058 9 S 12 441

3,536 10 27 338

3,235 11 24 284

2,874 7 04 4066

2,569 6 39 386

2,540 6 24 . 397

1,793 5 34 322

*The great-circle lines from this point to stations on the west coast of North and South America intersect the continents.
Therefore, the true wave-travel distances are greater than the computed distances., Computed speeds are similarly dig—

torted and are less than their real values.

Other Features

The tsunami was highly directiopal, being
focused by the shape of the generating area and
the surrounding land masses toward the south and
southeast, Maximum wave heights in the Aleutians
and Japan, except at Ofunato, were under 3 feet.
Chilean stations, on the other hand, generally had
maximums in excess of 6 feet,

The tide gage maintained by the U.S. Coast and
Geodetic Survey at Seward, Alaska, wasdestroyed
by the earthquake and tsunami., However, the
wreckage of the gage and thetide house was later
found on the deck of a tanker which had been tied

up at the dock where the tide gage was installed,
The ride record was salvaged, and although it did
not show the tsunami, an analysis was made to
extract available water level information. Figures
§ and 9 show the daily sea level variations for
the months of March 1964 and 1965 for Seward
and two other Alaskan tide stations, The values
for each day are the mean of the hourly heights
for the date, The dates for these three stations
are based on local (+10 hours) time, The value
for March 27, 1964, is based ondata to 1800 hours.

No unusual variations in sea level were found to
have occurred prior to the earthquake. The con-
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trol stations were deliberately chosen outside of
the area of crustal deformation; however, all three
stations show the same direction and order of
variation. The magnitude of the variation prior
to the earthquake did hot exceed the maximum
variations noted on other days,

REGIONAL TSUNAMI WARNING SYSTEMS

Since the Honolulu Observatory is unable to pro-
vide warnings to areas close to the source of a

tsunami, regional tsunami warning systems are
being organized by the U.S. Coast and Geodetic
Survey., These regional systems are designed to
provide tsunami warnings on the basis of seismic
data alone, within 15 minutes of the occurrence
of any large earthquake in the area they are pro-
tecting. The warnings normally will be based
solely on the fact that an earthquake witha magni-
tude great enough to generate a tsunami has oc-
curred in an area where tsunami generation is

possible, . The first regional system is designed

to provide warning information for Alaska andthe
Aleutian Islands, Its headquarters will be at the
Paimer Observatory, Palmer, Alaska,

Seismic data for the system will be provided by
a tripartite network of seismographs, with remote
recording at the Palmer Observatory, Short-

& channels to be vsed

period seismographs will be installed-at two out-
posts—Palmer West and Palmer South—approxi-
mately 25 and 28 miles, respectively, from the
Palmer Observatory. In addition, data will be
telemetered to Palmer from short-period seismo-
graphs at the Adak, College, and Sitka Observa-
tories, All telemetered seismic data andthedata
from the short-period seismographs at Palmer
will be recorded on helicorders, thus providing
the personnel at Palmer with instantaneous visual
readout of seismic data from six locations, three
at Palmer and one each at Adak, College, and
Sitka, '

Since the Adak and Sitka Observatories will have
lHmited warning responsibility in their immediate
areas, expanded seismic capabilities are being
provided at these two locations, AtSitka, a short-
period vertical seismometer is being installed
on Biorka Island, and the data will be telemetered
to the Sitka Observatory, Adak will have a small
tripartite .network with legs 1 to 2 miles long,
In' addition, Adak will have telemetered tide data
avaijlable from Shemya.

Palmer, as the center of the Alaska Tsunami
Warning Center, will have anextensive communi-
cation network (fig, 10). The basic network will
be supplied by the Defense Communication Agency
{DCA) and supplemented by facilities of the FAA
and Office of Civil Defense,

Shemyo Adak |-p--e-Unalaska |- - gt Cold Bay |...4...f Kodiok ... o - JPalmer| — ... —. College
1.G. 1 LIG. | 4 1.G. 1.6, 1.G. — Observatory
PT | -
1 v |
Adck
Observatory |~ == -
Palmer West
| s .
Seis
ToFAA ... Anchorage FAAL o @ :
Communicotion System E5.-3 Switch - Pu|msor.Suuih
ois
To Defense | Alaska Commond| = , Seward
Communication System Headquarters n 1.G..
)
" . I
";:i‘;“ - Obfe“rt:lory - 2 channels to be used j s
h »>
1
1
1
Sitka
1.G.
---------- 7 channel F.M. full period telemetry
------ — Single channel full period telemetry
————— Full period half duplex taletype link

MOTE: All stations are interconnected by telephone service.

sexcisssavee-ss Fyll period full duplex teletype link
Full period voice circuit

FIGURE 10.—The Alaska Seismic Sea Wave Warning System Communication Network.



One circuit will bring seismic data to Palmer-

from Adak, and tide data from Shemya, Adak,
Unalaska, Cold Bay, and Kodiak., Bridging
" facilities at Adak will permit the Adak Observa-
tory to monitor Shemya tide data transmitted on
this circuit, A second circuit will be used to
bring seismic and tide data from Sitka to Palmer
(Future plans call for the transmission of tide
data from Yakutat on this circuit as well). Palmer
algo will have -a continuous record of Seward
tide data, and an additional circuit will beused to
telemeter seismic data from College to Palmer,

A full-time voice circuit will connect the ob-
servatories at Palmer, Sitka, and College. A

full-time teletype circuit will link Palmer and’

Adak, In addition, the Palmer Observatory wiil
have teletype circuits into the FAA ES-3 switch
at Anchorage and the Defense Commumcatlons

System,

The primary means for disseminating Watch and
warning information to the people of Alaska wili be
through the National Warning System :(NAWAS)
which is being extended to the Palmer Observa-
tory,

It is anticipated that a similar regmnal system'

will be developed-for Western United States. The
Honolulur Observatory would serve as a regional
warning center in the event of amaJor earthquake
in the Hawaiian Islands.
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Tokyo, Japan;

Oceanographic Institute, Wellington, New
Zealand;

Naval Hydrographic Office, Taiwan, Republic
of China;

Naval Hydrographic Service, Australia;

Bureau of Mineral Resources, Geology and
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Geophysics, Australia;

‘Institute of Aeroclimatology, U.S.S. R

" National Institute of Oceanography, England;
and . ,

Servicio de Hidrografia Naval Secretarfa de
Marina, Argentina, .

Special thanks are due also to the many civil
defense organizations and’ dissemination agencies
that participated in the Seismic Sea Wave Warning
System and submitted reports- on the tsunami in
their respective areas.

 BIBLIQGRAPHY

Barros Gonzales, G., letter from the Chief,
Departamento de NavegacnSn e Hidrografia de la
Armada Chile, to the Director, U.S. Coast and
Geodetic’ Survey, April 27, 1964,

Butchart, J. N, letter from Vice D1rect0r~
Hhwaiian Civil Defense, to the D1rec:t0r U.S.
Coast and Geodetic Survey, April 10, 1964,

California Disaster Office, letter to the U.S.
Coast and Geodetic Survey, May 5, 1964,

Commander 13th Coast Guard District, letter
to Commander, Western Area, April 1, 1964.

Datly ‘Aldaska Empire, Vol. 99, No. 126, Juneau,
Alaska, March 31, 1964,

Dodson, A. L., letter from Commanding Officer,
U.S. Fleet Weather Central, Kodiak, Alaska, to
the U,S. Coastand Geodetic Survey, April 10, 1966

Donn., W, L., “Alaskan Earthquake of 27 March
1964: Remote Seiche Stimulation,” Science, Vol.
145, No. 3629, pp. 261-262, 1964,

Grant, A,, Platker, G., and Kachadoorian, R.,
“Alaska’s Good Friday Earthquake, March 27,
1964, A Preliminary Geologic Evaluation,” Geo-
logical Survey Civeular 491, U. S, Department
of Interior, Geological Survey, Washington, D, C.,
35 pp., 1964,

Grlffen, W. (Edn:or), “Crescent City’s Dark
Disaster,” Crescent City American, 64 pp., 1964.

Lowell, D,, letter from the Director, Alaska
Disaster Office, to Chief, Seismology Division,
U.S. Coast and Geodetlc Survey, November 19,
1965,

Malloy, R, J., “Sea Floor Upheaval,” Geo-
Mazrine Technology, Vol. 1, No. 6, pp. 22-26, 1965.

McGarr, A., “Excitation of Seiches in Channels
by Seismic Waves,” Journal of Geophysical Re-
seavch, Vol, 70, pp. 847-854, 1965,

Plafker, G. and Mayo, L. R., Tecionic Defor-
mation, Subaqueous Slides, and Destructive Waves
Associaled With the Mavch 27, 1964, Earthquake:
An Iterim Geologic Evaluation, U, S, Department
of the Imterior, Geological Survey, Open-File
Report, Washington, D. C., 2L pp., 1965,

Poplin G, O., letter from Commander, Texas
Group, Atlantic Reserve Fleet, to Chief of Naval
Operations, April 2, 1964,



Preliminavy Report of Earthquake Damage fo
[Envivonmental Health Facilities and Services in
Alaska, State of Alaska, Department of Health
and Welfare, Divisionof Public Health, Juneau,
47 pp., 1964. .

“Quake Damage Total Over $500 Million,”
Anchovage Daily News, April 18, 1964,

Roberts, I. A, and Chien, Chen-Wu, The Effects
of Botiom Topography on the Refraction of the
Tsunami of 27-28 March 1964: The Crescent
Cily Case, Meteorology: Research, Inc., 10 pp.,
1964,

Robinson, R. R., telegram from Deputy Di-
rector, Washington State Deparrment of Civil
Defense, to the U.S. Coast and Geodetic Survey,
April 10, 1966,

Robinson, R, R., letter from Deputy Director,
Washington State Department of Civil Defense,
to M. G. Spaeth, U. S, Coast and Geodetic Survey,
June 20, 1966,

Sandstrom, R, W., letter from the Director,
Oregon State Civil Defense Agency, to the U.S.
Coast and Geodetic Survey, April 10, 1964,

Stevenson, R. L., letter from Director, Hawaii
Civil Defense to the Director, 1.8, Coast and
Geodetic Survey, April 7, 1964,

Stroh, Comdr, A., Jr., “Navy Operations at

Kodiak,” The Military Engineer, No, 372, pp.
254-255, 1964,
Tidal Wave, DBritish Columbia Civil Defense

Circular, pp. 1-38, Summer Edition, Victoria,
British Columbia, Canada, 1964,

Tudor, W. I, Tsunami Damage at Kodiak, -
Alaska, and Crescent City, California, from
Alaskan Earthguake of 27 Maych 1964,U, 5. Naval
Engineering Laboratory, Port Hueneme, Calif.,
Technical Note N-622, 133 pp., 1964.

_U. 5. Department of Commerce, Coast and
Geodetic Survey, Assistance and Recovery,
Alaska, 1964, Washington, D. C., 45 pp., 1965.

Van Dorn, W. G,, “Source Mechanism of the
Tsunami of March 28, 1964, in Alaska,” Pro-
ceedings of the 9th Conference on Coastal FEngi-
neering, A.5.C.E., pp. 166-190, 1964,

Wigen, S. O. and White, W.R.H., Tsunami of
March 27-29, 1964, West Coast of Canada, De-
partment of Mines and Technical Surveys, 12pp.,
Victoria, British Columbia, Canada, 1964,

33



Appendix



LE

e

=

UKiOoN or

SOVIET EO0CIA

LIST REFUBGLI

vl

D o B |

- e
Fiusmcarnin j

o
\

/"“‘-—-’3”,5_,.5 (’/ i

- e
" (1 Lo
| T A
S
'Vé\ ‘ 2 ﬂ:.,_."l:' .
:7_‘(’/ St B e
----- {\lﬂ s 56 s ‘
D -
Z ) c‘-“ é b@"’%«‘ o;f“":““ .""‘k.

.

B2

if ““’\4;;\

SOWTH PACITF

|

TIDE STATIONS LISTED -
IN TABLES 4 -5

—

L OCEAN

o

=g

FIGURE 1L —Locations of tide stations.




Table 4.—The tsunami of Mdrch 28, 1964, as recorded by tide gages

tEarthquake epicenter 61.04°N., 147,73°W., on coast of northern Prince William Sound Aldska., Wave generating area is shown on
figure 2; station locations are on figure 11. Symbols are defined at the end of this table All times are Greenwich Mean Time,}

Initial wave ‘Maximum rise or fall
-. Tide station Ltig; L&%gei' _ '_E;.eric__ad Ini- Foliow- Dura-
)  ‘Time of arrival gggo tal' | ing TFime of beginning |, tion |Height
- crest riser .- fall : B
t * . b S 1 '
° I ° Day | Hour | Minute | Minute| Feet | Feet |Day| Hour | Minute | Minute| Feet'
North | West s ‘ Cos | -
L. Massacre Bay, Attu, Alaska..... S2[50| 186f 48} .28} 07 27 72| 0.7 10| 28| -19 467 14R| 2.8
2. Sweeper Cove, ‘Adak, Alaska,.., |51151| 176}39; 28} 07| 00f 54; 0.6 0.8 29{ 04 17 2iF | 1.9
3. Unalagka, Alaska......coovenenenens 53|53 166(32] 28! 06| 06 36, 0.3 1.0]| 28| 15 15 13R| 2.6
4. Yakutatr, Alaska........... renvanmees 59133| 139144] 28] 05| 00 7] 4.6 2.8 28( 10 07 23R| 7.6
5. Sitka, Alaska ceccveeeriimanieininee. 57|08| 1351201 28] 05 06 50| 5.8 11.6( 28| 06 24 35R| 14.3
6. Juneau, Alaskz ....uieien. SO, |58 18| 134{25| 28] o6 49 81| 2.7 7.5| 28 07 221  32F| 7.5
7. Ketchikan, Alaska.........c........ 155121 13139 28| 06 25 29| 1.6 1.2 28 09 .22 . B0R| 3.7
8. Prince Rupert, Canada............ 54(19| 130|20| 28] @6 52 92| 1.4 58| 28| 08 12 56R| 8.9
9. Tasu Sound, Canada .........c..cu. 52145 132(01| 28] 05 33 70| 2.9 6.31 28/ 05 52 22F| 6.3
10. Bella Bella, Canada ..........ce.en. '|52|10| 128(08| 28| 06] 53 39| 3.2 6.3 28] 07 24| 20F| 6.3
11. Ocean Falls, Canada .............. (52121| 127 (41| 28| 08 00 32 7.2 12,5 28 OB " 25 15F| 12.5
12. Alext Bay, Canada..........cvruneee 50|35( 126(56] 28| 07 39 29| 3.8 5.71 28] . 07 53 18F| 5.7
13. Port Alberni, Canada....... T|149114| 124 (49| - 28| 08} 00 L S S PT JRTORN TOUR PP I7HF | .......
' : ‘ {est.) .
14, Tofino, Canada......c.ccovvvniannens 4909 125|535 28] 07; 00 20| 3.4 51| 28 08 50 24F| 8.1
15. Pitt Lake, Canada ....covievrvenenen 4926 122|311 28] 12{ 00 gl ... IPUT VR U [ S e
16. Point Atkinsbn, Canada ........... 49(20( 123| 15| 28| 09| 07 90| 0.3 0.71] 28, 12 50§ S2R| 0.8
17, Vancouver, Canada ........ reerenas 4917|'123(07| 28} .09 20 120| 0.2 0.5 28] 11 05| 45R| 0.6
18, Frager North Arm, Canada ..... |49|12| 123|05| 28} 10 15 -3 IO Vo] eeeee O I TTT R
19, New Westminister, Canada,..... |49|12| 122|54| 28] 10 30 -4 P T T I I " vevae | cnnenns
20, Steveston, Ganada.........ecersene 49|07(123{12( 28 09 45 =4 (U ORI RS ROV ERFPTUDNS PPRUOR R
21, Fulford Harbor, Canada 48|46| 12327 28| 08 35 40) 131 1.4 28 13 53 22R| 20
22, Victoria, Canada......... viernreress .|48(25] 123124| 28] 08| 02 50] 2.2 4.8 28 08 18 39F| 4.8
23. Nezh Bay, Wash. .cooveeeeeeniiennn 48221 124|137 28| 07 18 22 29 2.4 28/ 08 44| ZIR| 4.7
24, Friday Harbor, Wash. .......ccu.. 48)33(123({00| 28| 08 30 19 0.8 0.2 28 09 50 60R| 2.3
25. Seattle, Wash. ....eviviisiinnnn (47136 122(20) 28( 09 12 - 481 0.4 0.3 28 11 39 20F| 0%
26, Astoria (Tongue Pt.), Oreg ... {46 13| 123| 46| 28| 07 56 20) 1.7 1.3 28, 09 44 9R| 2.4
27 41145) 124| 12} 28| 07] 29| 4.8+  13.0+ I I | S COPIUIRE

» Crescent City, Calif. .......v0ure

39




36.

6¢

56,

.- San Franeisco, (Presidio) | : . .

Calif, creveneee | 3748 122{ 28] 28] 08 42 39| 2.3 3.9 28] 09 '35 24F| 7.4
. Alameda (NAS) ‘Galif. o W {37 146|122 18] 28| 09| 06 42| 1.5 2.5 28| 09] 57 24F| 5.4
. Avila Beach, Calif. ..........veuee. 35|10] 1201 44| 28| 08 44 15| 4.4 3.0 28 10 00b 14F | 10.4+
. Rincon Island, Calif. ............. 34121} 119] 26] 28| 09 17| 371 2.4 4.1 28 1 33b 22F| 5.9+
. Santa Monica, Calif. .i...vvevenee 34|00 118/.30| 28| 09 15 391:2.5 4.2 281 11 20 15R| 6.5
. Los Angeles (Berth 60) Calif. | 33|43| 118] 16| . 28 09 24 271 0.5 0.4 28 10 08 24F 3.2
. Alamitos Bay, .Calif. .... | 33|45| 118{ 07| 28| 09 36 37| 1.7 2.8 281 09 56 24F| 2.8
. Newport Bay, Calif, .,..; ........ .| 3336|117 54| 28| 09 26 24| 1.0 1.3 28| 10 06 14F| 1.8

1a Jolla, Calif. vcveeveevrrnernenenn 32 (52| 117} 15] 28 09 24 33| 1.9 2.2 28 09 36 16F 2.2

. San Diego, Calif. .....c.ciivenrenne |32 43] 117] 10{ - 28 09 50 91 0.7 0.4 281 11 31 27R| 3.7
- Ensenada, Baja California,

MexiCO somvrriinsrrrersmrsinsmnenees 3151 116] 38| 281 09 42 46| 4.7 - 7.8+ 28| 09 52 18F] 7.8+
. La Paz, Baja California Sur, = [

Mexico ... Gpreeseeiisine e | 24| 10| 130{ 19| 28} - 12 27 391 0.3 0.3 30| 05 39 42F| 1.8
. Guaymas, Sonora, Mexico ....... 27|55| 1104 54| 28 12 30 180| 0.2 0.3 28| L4 00 60F| 0.3
- Topolobampo, Sinaloa, Mexico |25 (37| 109 03| 28 11 1 R . S hvin | cien | cvvvvnee | crenanns 0.1
. Mazatldn, Sinaloa, Mexico....... 23| 11| 106{ 26] 28 12 00 38| 0.6 0.5 28| 22 56 22F| 1.6
. Manzanillo, Colima, Mexico.... | 19|03( 104| 20} 28 121, 15 31| 1.3 2.4 29 07 20 6R| 3.9
. Acapulco, Guerrero, Mexico,. | 16|51 99 55[ 28 13 05 30| 0.8 1.2 29 (¢4 09 13F 3.5
. Salina Cruz, Oaxaca, Mexico,.. | 1610 95] 12| 28 14 10 31| 0.8 1.0 291 02 07 I0R| 2.8
. San Josg, Guatemala............... | 13|53 90| 50| 28 14 52 481 0.4 0.3 29| 03 00 18F| 0.6
. Acajutla, El Salvador............. 13|35 89| 51| 28 15 18 48] 0.5 0.3 29| 22 15 17F| 1.0
. La Union, El Salvador............ 13[20| 87|49 ¢ Cl O crrerrens S [ vivie | cvvne | cernreen | cvnveres | eoerene
. Corinto, Nicaragud ........ .. |12]|28| 87 12| 28 16 00 gl 0.t 0.1 {..... voranner | raavees
. Puntarenas, Costa Rica 09|58 84 50| 28 16 23 42| 0.2 0.3 29 7R| L0
. Quepos, Costa Rica.......c......... 09|24| 84 10f 28 16 00 g| 0.3 0.2 29 05 17 BF| 1.5
. Puerto Armuelles, Panama ...... 08|16f 82| 52| 28 16 24 gl 0.2 0.1 29 0Ot 12 7F| 0.6
. Naos Island, C. Z. ..cvveernnnnnnnn 08)55] 79| 32 c c Cf merenrne | vanee S [ evene] svnen | vrvnsrs [erceevenn | eeenees
. Bahia Solano, Colombia........... 06|14 77 24} 28|. 17 45 11} 0.2 0.1 29. 02 54 . 5| 1.2
. Buenaventura, Colombia.......... 0354] 77| 05] veue | cveeee] vevere| soemnnere | crues S S IRTTYY T RO B

Tumaco, Colombia...... venrenreans 01[50|_781 44] ¢ ) EERRY -3 [PUSUUURVRS RN PPTRUP 291 03 31 15R| 0.3
South| West

. San Cristobal, Galapagos :

Islands, Ecuador ........iveveunes 00}54| 89| 37t 28 16 27 14| 1.7 2.7 281 17 18 6R| 3.8
. La Libertad, Ecuadot,....cseeens. |02 1 13| - 80| 55| 28 18 09 23] 0.7 0.9 28| 19 49 8R| 4.2
. Talara, Peru ......................... 04 (35| 8L 17|. 28 17 56| - .15} 1.8 2.9 28| 19 03 6F| 3.5
. La Punta Callao, Pert....ceevevns 123031 77,09 28 i9 11 - 16} 2.0 2.3 28| 21 09 12R| 6.4
. San Juan, Perl....ccccccrvmrrrernoses 15|21 7509 28 19 30| 16| 2.0 3.9 28| 19 40 10F| 3.9
. Matarani, Peru........ crenven deverae 17100f 72{ 07| .28] . 19 57 121 0.9 - 1.2 29| 04 22 4R| 2.9

See footnotes at end of table,



or

Table ’4.-- The tsunami of March 28, 1964, as recovded by Hde gages—Con,

Earthquake epicenter 61.4°N., 147.73°W., on coast of northern Prince William Sound, Alaska. Wave generating area is shown on
figure 2; station locations are on figure 11, Symbols are defined at the end of this table. All tirnes are Greenwich Mean Time.

Inftial wave Maximum rise or fall
Tide station Latl~ | Longi- Feriod| ;. | Follow- —
Time of axrival ;;‘;'o tial ing Time of beginning ti;: Height
crest rise | fall
°l1'| ° ' Day (| Hour |Minute] Minute| Feet | Feef | Day |Hour | Minule | Minute| Feel
South | West
63. Arica, Chile....... erenrrnereerarens 18f28| 70|20 28| 20| 30| 15] 1.4 1.3 | 29| 05| 09 10R{ 7.0
64, Antofagasta, Chile.....veeeeenirens 23189 70 25| 28 20 39 19} 1.5 1.7 28| 23 09 6F| 3.3
65, Caldera, Chile ...osiveveisssrsese 27104] 70| 50| 28 20 55 19} 2.4 4.1 I | ) A PO R
66, Valparaiso, Chile.......cosriiriens 33 (02; 71 38 28 21 27 31} 2.8 3.8 28| 22 52 14R| 6.2
67. Talcalmano, Chile....ccvceeirunans 36|42f 73] 06| 28 22 15 121 2.3 1.0 29| 00 o0 6R| 5.4
68. Corral, Chile....ccrvevenrnrrnnnnnn.. | 39 [52] 73] 26 28 22 39 271 4.3 6.3 28| 22 54 20F| 6.3
69. Ushuaia, Tlerra del Fuego, ’ :
Argenting.......cverveennns R 54 (49| 68 13 c c G anecmnnne | weves | erverens 29| 03 03 36F{ 0.8
70. Bahia Esperanza, Palmer ‘ :
Peninsula, Antarctica ....evevses 63 [24| 571 00| 29 02 10 g| 0.1 0.1 | vevse | svvens] sovane [aresvenns 0.2
71. Argentine Islands, Palmer
Peninsula, Antarctica ....c..... 65 |15] 64} 16| 29 (1)3 25 17( 1.9 1.0 29| 03 40 - 9F 3.2
North| West ) ]
72. Christmas Island..........eeveennee 01 |59] 157) 29| 28 11 21 121 0.3 0.1 28] 11 21 13R| 0.3
73. Hilo, Hawaii Island, Hawati..... |19 {44| 155 03| 28 09 00 19] 5.7 11,3+ 28 09 22 8R| 12.5+
74. Kahului, Maui Island, Hawaii... |20 (54| 156/ 28( 28 08 47 231 6.8 110+ ‘ 09 00a R
' 28 to 12 11.0+
10 00 ¥
75. Mokueloe Island, Ozhu Island,
Hawaiioeeimrneanrarisrersannen 21126| 157 48] 28 08 45 57| 1.0 1.1 28| 11 51 46R| 1.9
76. Honolulu, Oahu Island, Hawaii.. |21 (18] 157 52| 28 08 53 21| 1.5 2.6 28] 10 04 16F{ 2.7
77. Nawiliwili, Kauai Island, '
HaWaiiieoiiienerreneersrneiinaes .. |21 57| 159 21| 28 08 33 131 1.2 24 28| 08 46- E| 2.4
78. Midway Island ......cvceivennnnee .. |28 1131177 22| 2871 08 27 151 0.2 0.1 281 08 51 F{ 0.9
79. Johnston Atoll ..., esestiierasnnras 16 45 169{ 31| 28 09 39 26109 1.0 281 10 02 18Fy 1.0
South | West
80. Canton Island, Phoenix Islands |02 {48] 171] 43| 28 12 15 24{0.2 0.1 28] 12 15 19R}| 0.2
81. Pago Pago Harbor, American .
SaM0a courerereirarannaas vesseennenee 114|171 170] 411 28 13 51 20| 0.4 0.8 | 291 12 34 7RI 1.3




1§74

82,
83.
84,
85.

86.
87.
88,

89,
90,

91.

92.
93.
94.

95,

96.
97.
98.
99,
100.

101,
102.
103.
104.

105.

106

Lyttelion, New Zealand...........
Greymouth, New Zealand ........
Nelson, New Zealand...cccvuue.e..
Fort Denison, Sydney Harbour,

Australia .....ccvviviiniiniennenne

Camp Cove, Sydney Harbour,
Australid ..ovveiieiirrenenrenean,

Coffs Harbour, Australia........

Rabaul, New Britain Island......

Moen Island, Truk Islands,
Caroline IslandsS,....ccovvveranres

I81ands ..ocvvcereiencennnrecaneniene
Islands .veevinerenniniinrrsnnnenns

Aburatsu, Japai...icceeeeveennrnnnn
Shimizu (Tosa), Japan....cceee.e.
Kushimoto, Japan.......cieeeiennees
Toba Ko, Japan....cccerensrsencenees

Mera, Japan...... ...................
Cfunato, Japam..covvererererrasreans
Hanasaki, Japan...c.c.cceieeenreenne

L A,
Poronaysk, Sakhalin Islands,
LI 10N L U

. Petropavlovsk, Siberia, U.5.5.R.

Yuzhno Kurilsk, Kuril Islands, .

Miyako Jima, Japan ..ovveersneseens '

South

43
42
41

33

53

37
26
16

51

48
i8
12

¥ih

27
44

17
17

26
18

48
35
47
28
29

| 55

04
17

00
12
01

22

East

172 43
171|113
1731 16

151§ 14

151 16
153{09
152{ 12

East
151|531
167] 44
162 21
166| 37
153| 58

144 39
114} 10

125117
131) 25
132 38
135| 46
136} 51

139] 50
141 43
145| 35
145| 30
143| 05

158) 39

28

28

28
28

28

22

20

20
15

13
12

09

10 121 0.2 0.2 29
C | sevennar | voves |oveseranes 29
C | srveresr [rrenes | weeresnes I
45 | 33]{0.1 0.1 | 29
30 g|0.1 0.1 | 29
C [oersorree | svere Joresvens fosvars
25 30|0.3 0.3 | 29
00 33| 0.3 0.t | 28
00 411 0.6 0.6 | 28
45 |iverernn. | 0.1 0.1

21 15] 0.5 0.5 | 28
c [ [RPAOT S P
48 421 0,2 0.3 | 28
C |ausnissnn | sasea | avansasaa |sspnas
C levenvonee | neree | arerreese 28
03 23} 0.4 0.5 | 29
(o2 AR BT P 28
C fervrerres | veere {erersonne 29
00 g|0.2: 0.2 28
(20 R [N [P 29
40 401 0.5 0.5 | 28
15 gl0.3 0.1 | 30
00| 45|03 | 05 | 30
C {rvvevers | siiori uevrarnes 29
10 gl 01 0.1 jueeurs

ooooo

-----

ooooo

00
27

52

50

24

- 50

......

..........

oooooooooo

==

-------

[ I N ; oo
o oW oo B

[ R
=

[~Incomplete record.
S$--Only slight evidence on record.
+--Gage limit exceeded.

R—~Rise.

F—Iall.

a--Four waves exceeded gage limit.

b—Small part of record missing.
c=-Arrival time indefinite.
f—Initial oscillation was a fall.
g~-Indetermindte.



Tide Gage Record Showing Tsunami
|2 MASSACRE BAY, ATTU, ALASKA
. March 28.29, 1964
-3«
L]
e
J
=
)
Approx. Hours G.M.T.
6 7 8 9% 100 12 13 14 15 16 17 18 ¢ 20 21 22 23 O 1 2 3 4
1 1 ] ] ] 1 1 ] 1 1 1 [ ] 1 I 1 ] 1 I 1 1 1 1
Neo.l
=
Tide Gage Record Showing Tsunami
2 " SWEEPER COVE, ADAK, ALASKA
-4 March 28.29, 1964
5 .
0 : Approx, Hours G.M.T,
5 -] 7 8 9 10 M 12 13 14 15 16 17 18 19 20 21 22 23 O 1 2 3
1 1 i 1 1 | 1 ] 1 | | 1 t 1 I 1 1 | i 1 ] 1 L. 2
. : No.

Tide Gage Record Showing Tsunami
UNALASKA, ALASKA

March 28-29, 1964

Approx. Hours G.M.f.
12 13 14 15 |16 ll? 18 119 210 2[1 2]2 213 ('I) 1
1 1 ‘ 1

o
=t
4]
o
o
-0
lco
e

No.3

Tide Gage Retord Showing Tsunami
YAKUTAT, ALASKA
March 28-29, 1964

Approx. Hours G.M.T.
6 7 B ¢ 10 " 12 13 14 15 16 17 18 19 20 21 22 23 O 12
! 1 1 1 1 1 ] | 1 1 I ] | | | 1 1 1 1
No.4

frem e
=tn
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13 Tide Gage Record Showing Tsunami
17 SiTRKA, ALASKA

March 28-29, 1964

o Approx. Hours G.M.T.
5 6 7 8 % 10 WM 12 13 W 15 16 17 18 19 20 nn 22 23 O 1 2 3
! 1 | § 1 | | | 1 1 | | 1 | i 1 i | ] | | i 1
R No.5
:24 : Tide Goge Record Showing Tsunami.
122 JUNEAU, ALASKA

March 28.29, 1964

-0 Approx. Hours G.M.T.
-] 7 8 ¢ 10 11 12 13 4 15 16 17 18 9 20 21 22 23 O 1 2 3 4
| 1 1 1 1 | 1 ) J | I 1 | i 1 1 i 1 i 1 1 i
No.é
__'20 Tide Goge Record Showing Tsunami

KETCHIKAN, ALASKA
March 28.29, 1964

Approx. Hours G.M.T. ’
7 8 9 10 11 12 13 14 15 ¥ 17 18 19 20 2v 22 23 0O 1} 2 3 4
i 1 - k I 1 1 ] i 1 i 1 1 ] i ] 1 1 1 :
No.7

o
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Tide Goge Record Show-fng, Tsunami

PRINCE RUPERT, CANADA
March 28-.29, 1964

0 Approx. Hours G.M.T.

4 5 [ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1
11 _ [ N N M N M

mal¥]

No.8
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Feet

Tide Gage Record Showing Tsunomi

Approx. Hours G.M.T.

8 ¢ 10 1 12 13
T A W B W

TASU SOUND, CANADA

March 28-29, 1964

15
|

16
)

17
|

18
]

19 20 2
l i ]

22
]

23
|

el
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No.9
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BELLA BELLA, CANADA
March 28.29, 1964

Approx. Hours G.M.T.

8 9 10 N 12 13 14 15 16 17
I | | ! | | i | l

i8
]

Tide Gage Record Showing Tsul_'lumi

19 20 21
D

22
]

23
|
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Feet

Approx. Hours G.M.T.
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9
I

10
|

n
|

12

Tide Gage Record Showing Tsunami
OCEAN FALLS, CANADA
March 2'8_'-29, 1964

17 14 15 16 17 18 19 20 20 22 23 0O 1 2

11 1 | - L+ 1 1 1

11 [
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= L0

Tide Gage Record Showing Tsunomi
ALERT BAY, CANADA
March 28.29, 1964

Approx. Hours G.M.T,

6 7 8 9 10 W 12 13 ¥4 15 16 17 18
I I N I S I N N I A N

19 20 21
| ]

22
]

23
i
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j—18

=17

—16

—15

—13

Tide Gege Record Showing Tsunami

PORT ALBERN:, CANADA
March 28-29, 19464

49

3
b—2
—1
Lo Approx. Hours G.M.T. j
4 5 % 10 M 12 13 14 15 16 17 18 19 20 21 22 23 2
| I ] 1 1 i l i i i | | 1 [ 1 | | I
No.13



Tide Gage Record Showing Tsunami
TOFINO, CANADA
March 28.29, 1964

e 2
—1
o Approx. Hours G.M.T.
4 5 6 7 B 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23 O 1 2
| S Y [N U U Ty NN [ N HN S Sy N S Y S e S A W N
No.14

- Tide Gage Record Showing Tsunomi
PIT LAKE, CANADA

)+ March 28-29, 1964

o
— 0 Approx. Hours G.M.T.

4 5 [ 7 8 ¢ 10 M 12 13 14 15 16 17 18 19 20 21 22 23 O 1 2

| | l ! | | | | | i | ] | } | - | | | | | i |

No.15

S0




Tide Gage Record Showing Tsunomi
POINT ATKINSON, CANADA
March 28-29, 1964

-~ 0 Approx. Hours G.M.T.
4 5 & 7 B 9 10 -0 12 13 415 18 17 18 19 20 21 22 23 O T2
.+ v v ¢ 1 & 1 1 L1 1 1 I D B I | 1
No.16
—? Tide Gage Record Showing Tsunami
VANCOUVER, CANADA
March 28.29, 19464
-0 Approx. Hours G.M.T.
4 f & 7 8 9 10 1 312 13 4 15 16 17 18 19 20 21 22 23 O 1 2
| L.+ .1 1 t 1 ¢+ &t 1 | I I I S I N R S |
' No.17

31



—0

—8 Tide Gage Record Showing Tsunami
FRASER NORTH ARM, CANADA

Morch 28.29, 1964

— ¢ Approx. Hours G.M.T.
SN 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2
L. [ I [ 1 L1 1 1 1 | . I

e
e
o
=~
—co
<

Tideerge Record Showing Tsunami
NEW WESTMINSTER, CANADA
March 28-29, 1964

Approx. Hours G.M.T.
g 10 M 12 13 14 15 16 17 18 19 20 21 22 23 O 1 2
I 1 i | 1 | i | i I I I | t | :

—
b—tn
—o
=~
— o
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¢

Tide Gage Record $howing Tsunomi
-8 STEVESTON, CANADA
March 28.29, 1964

— 0 Approx. Hours G.M.T.
4 5 ] 7 8 ¢ 10 1 12 13 14 15 16 17 18 19 20 21 22 23 0. } 2
[ I | t | i | ! | 1 | ! i ] ] | } 1 i 1 | 1
. No.2
~7 . Tide Gage Record Showing Tsunami
) FULFORD HARBOR, CANADA
—6 _ _ March 28-29, 1964

Approx. Hours G.M.T.

0
4 - 5 6 7 B %4 10 0 12 13 14 15 16 17 18 1% 20 21 22 23 O 1 2
| | [ | | I | ] | | i ] | 1 I 1 1 | 1 | | 1 1
- No.2}
- Tide Gage Record Showing Tsunami
VICTORIA, CANADA
R March 28.29, 1964
—3
-
L
e
-2

Approx. Hours G.M.T.

.—04 5 6 7 8 % 10 11 12 13 14 15 16 17 18 1?2 20 2 22 23 0 1 2
| i | 1 1 1 | L i | | 1 1 | ] 1 i 1 | i

Mo 22



L1t Tide Gage Record Showing Tsunami
10 NEAH BAY, WASH.
March 28.29, 1944

Approx. Hours G.Mm.T.
7 8 2 10 M 12 13 M4 15 16 17 18 19 20 1 22 23 O 1 2 3 4 5
] 1 i i i ] t I i 1 I 1 i ) 1 1 ] i

Tide Goge Record Shawing Tsunami
FRIDAY HARBOR, WASH,
March 28.29, 1964

Approx. Hours G.M.T.
8 9 10 M 12 13 14 15 16 17 18 19 20 21 22 23 0 | 2 3 4 5 4
| 1 1.} I 1 I 1 | 1 i | 1 i | | i i 1 |

Tide Gage Record Showing Tsunami
SEATTLE, WASH,
March 28-29, 1964

Approx. Hours G.M.T. _
10 1 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 &
1 ] | 1 ) 1 1 1 | 1 1 1 1 1 L1 i 1

-0
i

Tide Guage Record Showing Tsunami

ASTORIA {TONGUE PT. OREG,
March 28.29, 1944

Approx. Hours G.M.T.

7a9!0111213141516!7181920!!22230I2345
i S WS N S S N S N N S S N S
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L 14
i GAGE LIWIT

Tide Gage Record Showing Tsunami
CRESCENT CITY, CALIF.
March 28.29, 1964

Approx. Hours G.M.T.

6 - 7 B 9
| I

No.27

Tide.Gage Record Showing Tsunami
SAN FRANCISCO [PRESIDIO), CALIF,
March 2B-29, 1964

L4 ®
[V
—3
-2
-1
-0 Approx. Hours G.M.T.
B 9 10 M 12 13 14 i5 6 17 18 1% 20 2t 22 23 0 1 2 3 4 5 ¢
| i i 1 1 1 1 I [ i 1 i 1 1 | 1 1 i i 1 1 1 1
MNo.28

Tide Gage Record Showing Tsunomi
-8 ) ALAMEDA (NAS], CALIF.
March 28.29, 1964

o Approx. Hours G.M.T.
¢ 10 M 12 13 4 5 16 17 18 19 20 21 22 23
I 1 | ! L | | 1 1 1 4 1 k | 1

o
-
L
W
LS
[+,
o
~
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— 10 Tide Gage Record Showing Tsunami
AVILA BEACH, CALIF.
March 28-29, 1964

GAGE LimIT Approx, Hours G.M.T,
210 1 12 13 14 15 16 17 18 19 20 21 22 23 0
I ] 1 1 1 1 I | i ] ] [

oo
)
[ ]
IS
[
o

Tide Gage Record Showing Tsunami
-8 RINCON 1., CALIF.
March 28-29, 19464

GAGE LImIT Approx. Hours G.M.T.

9 10 M 32 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5.6 7
] ! 1 I I I ] 1 f ! 1 | 1 I 1 ] i i
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Tide Gage Record Showing Tsunami
SANTA MONICA, CALIF.
Morch 2829, 1964

Approx. Hours G.M.T.

ALAMITOS BAY, CALIF.
March 28.29, 1964

Approx. Hours G.M.T.
18 19 20 1 22 23
i P 1 1 ]

o
—
=~
[
£
h

@ 10 1 12 13 Y4 15 16 17 18 19 20 21 22 23 O 1 2 3 4 5
| 1 | 1 | 1 1 I 1 1 1 1 I 1 | | 1 1 ! | i |
Ng.32
8 Tide Gage Record Showing Tsunomi
L5 LOS ANGELES (BERTH 60}, CALIF.
March 28.29, 1964
I~ &
-5
-\
-
‘n':
L2 2 !
-1
-0 Approx. Hours G.M.T.
g 10 N 172 312 14 15 16 17 18 19 20 21 22 23 O 1 2 3 4 5 7
1 I 1 1 i | t | t | ) | 1 1 1 | | i 1 L t |
No.33
-8 Tide Gage Rec;:rd Showing Tsunami
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Tide Gage Record Showing Tsunami
NEWPORT BAY, CALIF.
March 28.29, 1964

Approx. Hours G.M.T.

13 14 15 16 17 18 19 20 21 22 23 0 1 2 3
i 4 ¥ ¥ 1 ¥ 1 1 1. 1 1+ 1 ]

1
No.35

Tide Goge Record Showing Tsunami
LA JOLLA, CALIF,
March 28.29, 1964

-0 Approx. Hours G.M.7.
g W0 M 12 13 14 15 16 17 18 19 20 21 22 23 O 1 2 3 4 5 [ 7
| | 1 | 1 i 1 1 1 1 1 1 d i i | ] ] | i 1 1 i
. No.34
— 8
i Tide Gage Record Showing Tsunami
=4 SAN DIEGO, CALIF.
March 28.29, 1964
- 6
L5 _
©
L4
3
2
- 1
k- 0 Approx. Hours G.M.T. )
9 0 N 12 13 14 15 w6 17 18 19 20 2 22 23 0 t 2 3 4 5 ] 7
] 1 ] 1 1 ) 1 1 1 1 1 1 1 i 1 1 1 1 i 1 1 1 1
No.37
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-10 Tide Gage Record Showing Tsunami
ENSENADA, B, C., MEXICO
- ¢ March 28.29, 1964
—8
-7
&
—5
— 4 B
L
w
- 3
- 2
1
- 0 GAGE LIMIT Approx. Hours G.M.T.
8 L4 10 W 12 13 14 15 16 17 18 19 20 21 22 23 )] 1 2 3 4 5 [
1 | ) | 1 | 1 1 { L 1 | | | 1 | 1 ] | 1 i 1 |
No.38
4 Tide Gage Record Showing Tsunami
3 LA PAZ B. C., MEXICO
° Morch 28.29, 19564
2.2
D Approx. Hours G M.T.
-0 10 n 12 13 14 15 16 17 18 19 20 21 22 23 ¢} 1 2 3 4 5 3
I 1 1 ] ] 1 | ! { | | | 1 | 1 | i t I | |
No.39.
2 Tide Goge Record Showing ¥sunami
§ GUAYMAS, SON., MEXICO
e arch 2829, 1964
:Tj Approx. Hours G.M.T.
10 N 12 13 14 15 16 17 18 19 20 21 22 23 O 1 2 3 4 5 -] 7 8
1 | ! 1 1 I 1 | | | _l 1 H | | | 1 1 H 1 F I 1

Tide Goge Record Showing Tsunami
TOPOLOBAMFO, SIN., MEXICO
March 2B-29, 1964

Approx. Hours GIM.T.
O 1 12 13 14 15 16 17 18 19 20 21 22 23 O 1 2 3 4 5 ] 7 B
i 1 I t I | I | 1 1 1 1 1 :
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Tide Gage Réc’ord Showing Tsunami

MAZATLAN, SIN., MEXICO
March 28.29, 1964

Approx. Hours G.M.T.

m 12 13 1|4 ll5 1]6 TI7 IIB 1[9 2]0 2II 2[2 2]3 ? 1 2 3 4 ‘FS ] 7 B

Tide Goge Record Showing Tsunami
MANZANILLO, MEXICO
March 28.29, 1964 .

Approx. Hours G.M.T. -
o 11 12 13 14 15 16 17 18 19 20 21 22 23 o 1 2 3 4 5 6 718 @
| 1 1 | | ] 1 1 1 I I i I | | i i | 1 | 1 ] ]
No.43
Lo J
L, 4 Tide Gage Record Showing Tsunami | ’ | i
. ACAPULCO, GRO., MEXICO- ‘
g Approx. Hours G.M.T. March 28-29, 1964
n 12 13 14 15 16 17 18 19 20 2 22 23 [¢] 1 2 3 4 3 [} 7 8 ?
1 { I 1 i I 1 | I ! | L I I 1 | i | 1 1 1 I [
’ No.44
Tide Gage Record Showing Tsunami
- | SALINA CRUZ, OAX., MEXICO
March 28.29, 1964
-4 R
a
32
—1
Lo Approx. Hours G.M.T,
t314|5161718|92021222301??4567891011
I | t 1 I t 1 1 1 1 i1 i 1 ] ! 1 1 1 1 1
. No.45




L : Tide Gage Reco‘rd Showing Tsunami
SAN JOSE, GUATEMALA
Y Morch 28.29, 1964

Approx. Hours G.M.T.
13 14 15 16 17 18 19 20 21 22 23 O 1
J L ] ] l 1 | } I 1 b 1 |

S X)
)
F.- .
w
o

—

b 00
©
—
=}

L7 Tide Gage Record Showi.ng Tsunami
ACAJUTLA, EL SALVADOR
March 28-29, 1964

Approx. Hours G.M.T. ‘
13 14 15 16 17 18 19 20 21 22 23 O 1 2 3 4 5 6 7 B ? 10 n
1 t 1

| 1 i i 1 I | ] 1 i | | | 1 1
No.47

] 1 1 1 [

:}]2 Tide Gage Record Showing Tsunami
10 LA UNION, EL 5ALVADOR
-9 March 28.29, 1964

Approx. Hours G.M.T. ]

14 15 16 17 18 19 20 21 22 23 O 1 2 3 4 5 6 7 8 ? 10 N 1[2
| | ] i L |

No.48
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Tide Gage Record Showing Tsunomi
CORINTO, NICARAGUA
March 28.29, 19464

Ap.prox. Hours G.M.T.

16
1

—0
14 15 16 17 18 19 20 21 22 23 O i 2 3 4 5 é 7 8 ? 10 N 12
[ | ] i 1 1 1 ] i H 1 1 1 B | 1 ! 1 1 ] 1 1 ;
‘Mo.49
10 Tide Gage Record Showing Tsunami

17
1

PUNTARENAS, COSTA RICA
March 28.29, 1964

Approx. Hours G.M.T.

21
1

o
~
@
o

18 19 20 22 23 0 1 2 3 4 5
I I | SO I T

No.50

16
i

17
1

Tide Gage Record Showing Tsunami
QUEPOS, COSTA RICA
March 28-29, 1964

Approx. Hours G.M.T,

13

19 20 21 22 23 0 i 2 3 4 3 6 7 B 9

18
1 ] ] i 1 1 L

Mo, 51
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Tide Goge Record Showing Tsunami

PUERTO ARMUELLES, PANAMA
March 28-29, 1964

Approx. Hours G.M.T,

17 18 19 20 21 22 23 0 i 2
] I 1 } ] 1 | I I ] 1 .1 ] I 1 ] 1 i ] 1 ] 1

17
— 16 Tide Gage Record Showing Tsunami
15 NAQS ISLAND, CANAL ZONE

.March 28.29, 1964

Approx. Hours G.M.T.
-0 15 Ilb 17 18 19 20 ZI'I 2|2 23 0 1 2 3 4 5 & 7 8 9 10 M 2. 13
t | 1 1 | | |

12 Tide Gage Record Showing Tsunami
BAHIA SOLANO, COLOMBIA

March 28.29, 1964

Approx. Hours G.M.T.
16 17 18 19 20 21 22 23 O 1 2 3 4 5 6 7 8B 9 W 11 12 i3 14
i i i 1 1 | 1 I ] 1 1 1 1 1 ] b 1 1 1
No.54
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17 18 1% 20 21 22 23 0 1 2 3 & 5 § 7 8 9 10 1 12 13 14 15
Ly 1 T 1

Tide Gage Record Showing Tsunami
BUENAVENTURA, COLOMBIA
March 28-29, 1964

Approx. Hours G.M.T,

Tide Gage Record Showing Tsunami
TUMACO, COLOMBLA
March 28.29, 1964

Approx. Hours G.M.T.

i5 16 17 8 19 20 21 22 23 O 1 2 3 4 5 [ 7 8 ¢ 10 1n 12 13
1 I 1 | 1 1 1 1 1 1 1 ] i 1 1 ] i I 1 1 1 | I
No.56
Tide Gage Record Showing Tsunami
-8 SAN CRISTOBAL, GALAPAGOS IS, ECUADOR
.. 7 March 28.29, 1964
- 6
— 5
L'
— 3
-2
0
Approx. Hours G.M.T.
15

16 17 18 1% 20 21 22 23 O 1
1 | i 1 1 1 [ 1 1 !

=r
w
n
btn
o
-~
@
=]

10 11 12 13
! 1 1

No.57
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Tide Gage Record Showing Tsunami
LA LIBERTAD, ECUADOR
March 28.29, 1964

-0 Approx, Hours G.M.T. :
16 17 18 1% 20 21 22 23 O 1 2 3 4 5 [ 7 ] ¢ 10 W 12 13 14
| 1 1 ! 1 i | 1 1 L i 1 L I 1 ! { I ] | 1 I I
MNeo.58
8 Tide Guge Record Showing Tsunami
; TALARA, PERU
i March 28.29, 1964
b— 6 1
_—5 !
E
— 4 7]
[F*%
-3
- 2
i |
0 . . Approx. Hours G.M.T.
17 18 19 20 1 22 23 o] 1 2 3 4 5 -] 7 8 ¢ 10 11 12 13 14 15
1 | | ] ] ] 1 1 | 1 ] i | | I | 1 | 1 1 | 1 1

Na.59

Feet

Tide Gage Record Showing Tsunomi
LA PUNTA, CALLAO, PERU
March 28.29, 1964

Approx. Hours G.M.T.

2 3 4 3 [ 7 a ¢ W 1M 12 13 14 15 16
| ] | 1 1 1 | 1 1 ] 1 1 ] ] |

No.60
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7 Tide Gage Record Showing Tsunami
" ' SAN JUAN, PERU
March 28.29, 1954
—3
-4
s
-3 ‘:
—1
-0 ’ Approx., Hours G.M.T,
18 1% 20 21 22 23 1] 1 2 3 4 5 -] 7 ] & 10 N 12 13 14 15 16
1 | } | | I 1 1 | 1 ] t | | | t | ! i ] I 1 i
No.61
~ & Tide Gage Record Showing Tsunami
5 MATARANI, PERU
B March 28.29, 1964
L33
[T

Approx. Hours G.M.T.

18 19 20 21 22 23 0 1 2 3 4 5 6 7 8 9 10 1 2 13 14 15 18
Y NS U [ DY S T W 1 1 ] 1 1 1 | i ] 1 J | I

No.62

Tide Gage Record Shawing Tsunami
ARICA, CHILE
Maorch 28.29, 1964

Approx. Hours G M T.

"019 20 11 22 23 O 1 2 3 4 5 & 7 8 10 1 12 13 14 15 186 17
] ] I | 1 ] I 1 ] 1 1 1 I ] I

. No.63
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Tide Gage Record Showing Tsupnami

5
ANTOFAGASTA, CHILE
March 2829, 19564

. Approx. Hours G.M.T.
%39 20 21 22 23 0 ] 2 3 4 5 6 7 g ' 10 11 12 13 14 15 16 17
1 i 1 1 | i | 1 ) Il 1 1 I Il 1 | | 1 | 1 I 1
Mo .64

~7
—6&
]
-4 Tide Gage Record Showing Tsunami
CALDERA, CHILE
March 28-29, 1964

| Approx. Hours G.M.T.
—0 20 21 22 23 O g % 10 M 12 113 14 15 16 17 1B
L b 1 i1 L1 1.t

| i
No.65

Tide Gage Record Showing Tsunami
-7 VALPARAISO, CHILE
: 1 March 28-29, 1964

Arpptox. Hours G.M.T.

2 22 23 0 1 2 3 4 5 & 7 8 9 0 n 12 13 14 15 16 17 18 19

| I | | 1 i ! 1 1 | | | | ] } i | 1 i 1 1 1 i
No.6&
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Approx. Hours G.M.T.
1 2 3 4 5 -]

9
é Tide Gage Record Shéwing Tsunami
TALCAHUANO, CHILE '
- March 28-29, 1964
=6
=5
LM
o I
..-_du-
—3
— 2
L1
0 Approx, Hours G.Mm.T.
2r 22 23 ] 2 3 4 5 -] 7 8 2 10 1N 12 13 14 15 16 17 18 19
| L. ] i | ] ] i ] ! | | I 1 ] ] | 1 | 1 1
' No.67
— 9 Tide Goge Record Showing Tsunami _
CORRAL, CHILE
8 March 28-29, 19564
—7

16 1|7 IIB 19

68

No. 68



5 Tide Gage Record Showing Tsunami
USHUALA, TIERRA DEL FUEGO, ARGENTINA
March 28-29, 1964

Approx. Hours G.M.T.
? -] 7 8 g 10 1N 12 i3

— b

8 1% 20 21
§ 1 i i
No.69

_ Tide Gage Record Showing Tsunami
BAHIA ESPERANZA, PALMER PEN., ANTARCTICA
Moarch 28.29, 1944
-6
b— 5
-4
— 3
-2
-1
Approx. Hours G.M.T.
23 0 12 3 5 & 7 8 ¢ 10 1 12 13 14 15 16 17 18 19 20 2]
| i ] ] l ] | 1 i f ] ] 1 | I 1 | 1 | i | I i
No.70
Tide Gage:Record Showing Tsunami -
ARGENTINE ISLANDS, PALMER PEN., ANTARCTICA
- 4 March 28-29, 1964
-2 3
€
u- i
L 1‘ 1 } !
‘I
-0 .
Approx. Hours G.M.T.
23 0 1 2 3] 4 5 6 7 8 9 10 n 12 13 14 15 16 17 18 19 20 2
i 1 1 1 1 1 | 1 } | 1 1 1 ] I 1 1 1 -1 i ,I i i

No.7%



Tide Gage Record Showing Tsunami

CHRISTMAS ISLAND
March 28-29, 1964

Approx. Hours G.M.T.
14 315 16 17 18 19 20 21 22 23 O 1
i 1 1 i 1 | | 1 1 1 i

N
=
Y
all)
=0

~

—12

~ 1

15

16
]

Tide Gage Record Showing Tsunami
HILO, HAWAII
Morch 28-29, 1964

Approx. Hours G.M.T.

17 18 19 20 21 22 23 0 1 2 3 4 s
U Y W e W N
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- 1N .
! ) Tide Gage Record Showing Tsunami
10 : ' KAHULUL, MAUI 1., HAWAN
’ March 28-29, 1964
-~ 9
-8
- 7
et
o
o
-5 v
— 3
- 2
-1
ald GAGE JLIMIT Approx. Hours G.M.T. : ,
8 9 10 M 12 13 14 15 ¥ 17 18 19 20 2v 22 23 O 1 2 3 4 5 -]
1 1 I 1 1 1 1 1 1 1 | 1 L 1 i i I { | L i L |
No.74
Tide Gage Record Showing Tsunami
3 NAWILIWILE, KAUAIL 1., HAWAII
i March 28-29, 19464
®
®
=
-0 Approx. Hours G.M.T.
] ¢ 10 1 12 13 14 15 6 17 18 1?2 20 2 22 23 O 1 2 3 4 5 [
1 1 | 1 i 1 i 1 ] i 11 i i 1 | 1 ) i 1 i 1 ] i
No.77
- Tide Gage Record Showing Tsunami

MOKUQOLOE {, OAHU |., HAWAIL
March 28.29, 1964

-0 Approx. Hours G.M.T.
8 @ 10 1 12 13 14 15 16 17 18 19 20 21 22 23 0
i 1 1 I 1 1 1 | 1 1 i ] 1 1 1 |

-
=
b o
a
bt

o
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Tide Gage Record Showing Tsunami
1 HONOLULU, OAHU I, HAWAI
3 March 28-29, 1964
2
o
L
w
I O
Approx. Hours G.M.T. )
8 $ 10 11 12 13 14 15 16 17 18 1% 20 21 22 23 @ 1 2 3 4 5 6
] 1 1 1 1 ] 1 ! | i | ] 1 i i 1 1 ) 1 1 1 1 1
No.7é
2 Tide Gage Record Showing Tsunami

MIDWAY ISLAND
March 28.29, 1964

Approx. Hours G.M.T.
8 ¢ 10 1M 12 13 14 15 16 17 18 19 20 21 22 23 0O 1
1 ] ] i ] | | 1 I ] | | | | |

b
P~
'
£}
o

Tide Gage Recard Showing Tsunami
JOHNSTON ATOLEL.
March 28-29, 1964

Approx. Hours G.M.T.
¢ 10 1M 12 13 4 15 16 17 18 19 20 21 22 23 O 1 2 3 4 5 4 7
| 1 1 ] 11 1 I ] 1 i i 1

4 - Tide Gage Record Showing Tsunami
CANTON ISLAND, PHOENIX IS.
March 28-29 1964

Approx. Hours G.M.T,
W 12 13 14 15 16 17 18 19 20 7 22 23 O ] 2 3 4 5 6
1 i | ] I 1 [ | i 1 1 1 ] i | | ]
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‘ Tide Goge Record Showing Tsunomi
=3 PAGO PAGO, AM. SAMOA
March 28-29, 1964

_2;
L
('8
=1
By
_ Approx. Hours G.M.T.
14 15 16 17 18 1% 20 21 22 23 O T 2 3 4 5 6 7 8 ¢ 10 1 12
} 1 ) 1 i 1 1 | ] ] 1 1 ] 1 1 } 1 } 1 1 1 1
Mo. 8}
9 . Tide Goge Record Showing Tsunami
—8 LYTTELTON, NEW ZEALAND
March 2B-29, 19464
— 6
fe— 5§ -
@
L4
L4 =
— 3
— 2
[~ 1
Approx. Hours G.M.T.
%919 20 21 22 23 © ¥ 2 3 4 5 6 7 & 9 16 1 12 13 14 15 16 17
] I | | L1 | I I 1 I I A P4 & 1t 1 ]
i No.82

Tide Gage Record Showing Tsunami
GREYMOUTH, NEW ZEALAND
March 28-29, 1964

—10
— 8

Feet

— 2 Approx. Hours G.M.T.
—021 22 23 0 ) 2 3 4 5 & 7 8 9 10 1 1z 13 14 15 16 17 18
I | | | i | | t i } | l | 1 | | | | l 1 I |

19
|
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Tide Gage Record Showing Tsunami

NELSON, NEW ZEALAND
March 2B.29, 1964

Approx. Hours G.M.T.

20 21 22 23 0 1 2
| 1 | 1 i 1

6
|

e L3

Tide Gage Record Showing Tsunami
FORT DENISON, AUSTRALIA

Maorch 28.29, 1964

Feest

Approx. Hours G.M.T.

19 20 21 22 23 o 2
-0 | I l ] | } 1 ] I

— 5 ' Tide Gage Recard Showing Tsunemi
CAMP COVE, AUSTRALIA
March 28.29, 1964

Approx. Hours G.M.T.

.0 1% 20 21 22 23 o0 2 3
| | i 1 | 1 | ! 1
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Tide Goge Record Showing Tsunami
COFFS HARBOUR, AUSTRALIA
March 2829, 1964

Approx. Hours G.M.T.

8 2 10. 1 12 13 14 15 16 17
1 1 | | 1 I ] | | I 1 |

No.87

19 20 21 22 23 © 1
L | I V|

e
b—
—
b—in
o
~

- Tide Gage Record Showing Tsunami
RABAUL, NEW BRITAIN ISLAND
March 28-29, 1964

Approx. Hours G.M.T.
15 16 l|7 ilB !I9 1’10 2[1 2|2 2]3 ? ]I 2 3 4 5 & 7 8 9 If) 1 1|2 13

Mo .88

9 Tide Goge Record Showing Tsunami
MOEN ISLAND, TRUK, CAROLINE ISLAND
March 28-29, 1964

Approx. Hours G.M.T.

J2 13 14 15 16 17 18 19 20 21 22 23 O 1 2 3 4 5 [}
| | ) 1 | 1 1 1 | ] 1 ]

]
D
—-

10
No. B¢

Tide Gage Record Showing Tsunami
KWAJALEIN ATOLL, MARSHALL 1SLANDS
March 2B.29, 1964

Approx. Hours G M.T.
g 10 n 12 13 14 15 16 17 18 19 20 21 22 23 O i 2 3 4 5 & 7
I 1 1 | I | 1 ] 1 \ 1 1 1
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—5 Tide Gage Record Showing Tsunami
ENIWETOK ATOLL
March 28-.29, 1964

Approx. Hours G.M.T.
10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 S é 7 8
- [ 1l i ] 1 | 1 1 ! ] | 1 | i . . - .

Tide Gage Racord Showing Tsunomi
WAKE ISLAND
‘March 28-29, 1964

Approx. Hours G.M.T.
10 31 12 13 14 15 16 17 18 19 20 21 22 23 0O 1
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Tide Gage Record Showing Tsunami
a2 APRA HARBOR, GUAM, MARIANAS
' March 28.29, 1964
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Tide Gage Record Showing Tsunami
HONG KONG
Morch 28.29, 1964

Approx. Hours G.M.T,

17 18 19 20 21 22 23 0 1 2 3 4 5 ) 12 13 14 15
T S N [ M I S S S SN SN SRR SR S S S R s e
) No.?5

76



Tide Gage Record Showing Tsunaomi
MITAKO JMA, JAPAN
March 2B.29, 1964
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Tide Gage Record Showing Tsunami
SHIMIZU [TOSA), JAPAN
March 28-29, 1964
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— 7 Tide Gage Record Showing Tsunami
KUSHIMOTO, JAPAN
March 28-29, 1964
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> Tide. Gage Record Showing Tsunami
TOBA KO, JAPAN
March 28.29, 19464
4 .
®
@
(-5 ]
—3
— 2
— 1
Approx. Hours G.M.T.
—072 13 ¥4 15 16 17 18 19 20 21 22 23 o .1 2 3 4 5 -] 7 8 9 10
] ] I ] | i | I t | | | i | I | | i | | | l l
No.100

Tide Gage Record Showing Tsunami
MERA, JAPAN
March 28-29, 1964
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Tide Gage Record Showing Tsunomi
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March 28-29, 1964
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Tido-G.dge Record -Showing Tsunami
HANASAKI, JAPAN
March 28.29, 1964
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L 4 '
Tide Gage Record Showing Tsunami
YUZHNG KURILSK, KURIL ISLANDS
March 28.29, 1964
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Tide Gage Record Showing Tsunomi
PORONAYSK, SAKHALIN ISLAMD
March 28.29, 1964
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|3 Tide-Gage Record Showing Tsunami
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Table 5,~Seiche action caused by the Brince William Sound Eaﬂkquake of March 28, 1964,
as recorded by tide gages

[See figure 11 for location of stations -

I 80 ON LU 09 A i

Tide station Latﬁsze : Lon%rt.ude Time of arrival ﬁﬁﬁ?ﬁ

o ] [+] ] 7

Day | Hour | Minute | Feef
a. Key West, Fla. .ocovvvevivivivecnniniennnn. | 24 330 81| 48 28 04 00 0
b. Pensacola, Fla. .c.coveiuivuncenvnennnennnans 30 24 87| 13 28 04 02 0
c. Bayou Rigaud (Grand Isle) La, ........ 29| 16| 89} 38 28 04 00 0.
d. Blakely Dam, Ark...cccovevuvranrirnerennnn. . 34 301 93 i5 28 03 40 1.
e. Narrows Dam Ark. ., wersen | 341 107 93| 45 28 03 40 a.
f. Freeport, TEX. ....covuireienverneenaannn, .| 28| 571 95 19| 28 04 00 0.
g. Rockport, Tex. ccuoveveeneinnnns nesenens 28] 01 971 03 28 04 02 0.
h. Port Mansfield, TeX..........ivivevnnee | 26{ 33| 97| 26| 28| 03 57 0.
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// Tide Guge Record Showing

Oscillotion after Earthgquake
KEY WEST, FLORIDA
March 28, 1964

Feet

Approx. Hours G.M.T.
2

4
l

p— L0
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Feet

Tide Gage Record Showing
Qscillation after Earthquake

PENSACOLA, FLORIDA
Maorch 28, 1964

Approx. Hours G.M.T.
0 2 3 4 5 é
L ] ] 1 i
Station b
1
Tide Gage Record Showing
Oscillation after Earthquoke
BAYOU RIGAUD, LOWISIANA
March 28, 1964
@
a

Approx, Hours G.M.T.
2

4 5
] }
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Approx. Hours G .m.T,

Fluctuation in water level af
BLAKELY DAM, ARKANSAS
ofter Alasko Earthquake.
March 28, 1964

.
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Fluctuation in water level at
"NARROWS DAM, ARKANSAS
after Alaska Earthquaoke.
March 28, 1964
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Tide Gage Record Showing
Oscillation after Earthquake
FREEPORT, TEXAS
March 28, 1964
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Tide Gage Record Showing
Oscillation after Earthqu oke
ROCKPORT, TEXAS
Maorch 28, 1964

Feet
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3
i

gmdt]

b L1y
O

Stotion g

1.2 Tide Goge Record Showing
Oscillation after Earthquake
PORT MANSFIELD, TEXAS
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