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MAPS SHOWING AREAS OF POTENTIAL INUNDATION BY TSUNAMIS IN THE SAN FRANCISCO BAY REGION, CALIFORNIA
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INTRODUCTION LIKELIHOOD OF OCCURRENCE
Area§ in.the San Francisco Bay coastal region that might be inundated Wiegel (1970, p. 296) reported that at least 19 tsunamis were
by tsunamis with a runupl/ of 20 feet are shown on the maps on sheets 1 recorded at the Golden Gate tide gage during the period 1868-1968; during
and 2. Th§ maps §how places where highway traffic may be disrupted as a that period the maximum recorded wave height of a tsunami was about
result of 1n?ndat10n or damage caused by a tsunami and may be used to 7.4 feet. Although no devastating tsunami has been recorded and the
sugg?st p0331b%e‘routes for detours. Determination of local areas where likelihood of one is small, the possibility still exists. For example,
erosion, deP081t10ﬂ, or damage'may ?ause‘seriPus problems is beyond the the Hawaiian Islands, which are much less protected from tsunamis than the
i ‘ Eﬁnga;szhizegezzr;- uigz 2§i1?ei§;onsd1n F?lg repgrt are generalized, San Francisco Bay region, had a period of almost 70 years (1877-1946) when
ANSvats struct h & 1. urtier detai ed study prior £o devglopment of no devastating tsunamis occurred (MacDonald and others, 1947). During the
X (BMla&gf uctures, such as a nuclear reactor, where safety is critically important. next 15 years (1946-60) four damaging tsunamis struck the Islands.
Tsunamis, often incorrectly called tidal waves, are long period waves A tsunami having a wave height or runup of 20 feet may arrive
usually caused by underwater seismic disturbances, volcanic eruptions, or at the Golden Gate once every 200 years (fig. 2). For purposes of this
submerged landslides. Only 1 or 2 feet high as they speed across the report, the tsunami was assumed to occur at a tidal stage of average
?acif?c Ocean at about 450 miles per hour, the tsunami waves may increase higher,high water, a tidal stage which is equaled or exceeded about
150 000 ia helght Do tans of fask & t?ey approqeh a cosst. Runups alo?g the shore 4 percent of the time at the Golden Gate (Borcherdt and Borgman, 1970).
0, of more than 50 feet by tsunamis are not uncommon, and destruction by such Figure 2 also shows that a tsunami capable of generating a 30-foot runup
FEET waves may reach catastrophic proportions. For example, a tsunami that (which would be greater at lower low water than a 20-foot runup at higher
struck Japan in 1896 produced a runup of 100 feet, killed 27,122 people, high water) may arrive at the Golden Gate about once every 500 years. On
and destr?yed 109,617 houses (Leet, 1948, p. 169). 1In 1964 a tsunami that the other hand, present information indicates that, except for beaches
was assoc1at§d with the Alaska earthquake produced a runup of about 20 feet and other low-lying coastal areas, a tsunami-generated 10-foot runup
and caused eight deaths and $11,000,000 damage at Crescent City, Calif. would occur more frequently, but probably would produce little inundation
(Magoon, 1966). 1In 1960, a tsunami caused by the Chilean earthquake, damage. Such a tsunami, however, could be disastrous to people
5 . produced some fairly high runups in the San Francisco Bay region, especially participatihg in shoreline-recreation activities, like surfing, swimming,
<R frg B 118) at Half Moon Bay, although not much damage was done. and surf fishing. Swift currents generated by tsunamis can damage moored

§ boats and marinas. For example, the 1964 tsunami caused little damage in
2 { 2 San Francisco Bay as the result of inundation, but the Clipperton Yacht
v ) NUERLLION MONE THE BACIID COSSY Harbor at Sausalito suffered $100,000 damages from currents generated by

Ea X / T,
: e RN the tsunami (Magoon, 1966, p. 48).
s & : B%%%é& s Coastal areas in the San Francisco Bay region that may be inundated

by tsunamis with a coastal runup of 20 feet are shown on sheets 1 and 2.

It must be stressed that the 20-foot runup used in the report is an estimate SOME TSUNAMI WARNINGS
that was selected because it approximates the runup caused by the tsunami
that struck at Crescent City in 1964. Under proper conditions tsunamis may
produce much higher runups. For the purposes of this report, however, it
was assumed that a tsunami could produce a potential 20-foot runup at any
coastal area, and that its runup, because of friction, would decrease by
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1. A tsunami is not a single wave but a series of waves. The first
wave usually is not the highest or most damaging wave.

2. At times, "a withdrawal of the water from the coast is likely to be

38°00 1 percent with distance traveled over the land (modified from Cox, 1961). ; : ; ;i ; Y
In other words, the runup of the wave would decrease by 1 foot for every the first substantial manifestation of approaﬁhlng (tsunami)
100 feet of land over which the wave passed. A single tsunami capable of waves, although a slight crest often precedes" (Shepard, 1963,
producing a 20-foot runup may not inundate all of the coastal areas shown p. 89). Although not observed with every tsunami, this phenomenon
on the maps. The depth of inundation is not shown on the maps, and the CXPOSEs la?ge areas of the shore seldom seen by humans. People,
indicated areas of potential inundation should not be considered flooded %ured.out into the newly exposed shore, may be trapped by the next
to a depth of 20 feet. incoming wave.
The method outlined above is an oversimplification of a little 3. Offshore bottom topography may refract a tsunami in such a way that
understood phenomenon. Factors affecting tsunamis and their runup, such runup along the shore in one area is much greater than in others.
as the area of generation and its distance from California, coastal i -y .
orientation with respect to direction of tsunami origin, the submarine 4. Observers have noted that tsunamis originating around the Gulf of
topography, and reinforcement due to resonance, are not considered. Alaska seem to produce higher runups in the seemingly more
protected northern parts of the hooked bays along the California
Coast. For example, tsunamis that entered Monterey Bay in 1946 and
I ) INUNDATION IN SAN FRANCISCO BAY in 1964 creatéd higher runups at the city of Santa Cruz on the north
100 000 B, & side of the bay than they did at the city of Monterey on less
FEET] éé\f protected south side (Wiegel, 1970, p. 290; Wilson and Térum, 1968,
The areas in San Francisco Bay shown on sheet 1 to be subject to p. 128).
tsunami inundation were based on a tsunami runup of 20 feet at the
Golden Gate. The tsunami runup was assumed to decrease in elevation
inland from the Golden Gate in the same proportion as the wave EEEERBNGE 5ok HTED
attenuation that was observed for the 1960 and 1964 tsunamis (fig. 1).
Figure 1 indicates that the runup from a tsunami would be decreased by - r
half within a distance of 10 miles from the Golden Gate, and that the Borchefdt,-R. ?" and Borgman, P' E" 1970£ ?mglflcal‘probag%ilty
runup would be negligible by the time the wave reached Alviso and the distributions for astronomgca wager l?1g £ Un;v. gz ALy
Carquinez Strait. The areas affected by the runup shown on the map Berkeley, Tech. Rep?. HELL -63 gy e %c Eng. La.., Pj ..
was reduced accordingly. Areas most likely to be inundated are Cox, D. C., 1961, Potential tsunami inundation areas in Hawaii: Hawaii
marshlands, tidal flats, and former bay margin lands that are now Inst. of Geophysics Rept. no. 14, 26 p. i
artificially filled but are still at or below sea level. Leet, D. L., 1948, Causes of catastrophe: earthquakes, volcanos, tidal
waves, hurricanes: New York, McGraw-Hill, 232 p.
MacDonald, G. A., Shepard, F. P., and Cox, D. C., 1947, The tsunami of
1/Runup is defined as the rush of water up a structure on the April 1, 1946, in the Hawaiian Islands: Pacific Science, v. 1,
breakEhg of a wave. The amount of runup is the vertical height above no. 1, p. 21-37. )
still water level that the rush of water reaches (Howell, 1957, p. 252). Magoon, O. T., 1966, Structural damage by tsunamis <n Coastal
engineering; Santa Barbara specialty conference, 1965: New York,
Am. Soc. Civil Engineers, p. 35-68.
Shepard, F. P., 1963, Submarine geology, 2nd ed: New York, Harper and
Row, 557 p.
1 Wiegel, R. L., 1970, Tsunamis <n Earthquake engineering: Englewood
500 000 Cliffs, N. J., Prentice-Hall, p. 253-306.
FEET Wilson, B. W., and Tdrum, Alf, 1968, The tsunami of the Alaskan
earthquake, 1964, engineering evaluation: U.S. Army Corps of
Engineers, Coastal Eng. Research Center, Tech. Memo. 25, 401 p.,
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