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TSUNAMI HAZARD PRO_BABILITY IN JAPAN i
3 By T. 'RIKlTAKE AND I Ama

ABSTRACT

An analysis of fuiture tsunami hazard on the coast of the Japanese Islands
is made In terms of probability for a coastal site being hit by a tsunami, of which
the wave height exceeds a certain level during a period from 2000 to 2010,
Tsunaml wave helght at a site on the Paciflc coast is estimated mostly based

©on numerical experiment, In which a typical fault model of the tsunami-gen-.
‘erating earthquake is assumed. Meanwhile, probability of the tsunami-gen-
erating earthquake occurring during 2000 to 2010 is evaluated either from
‘historical data of earthquake occurrence or from near-shore crustal strain
accumulation. .

. Comblning the wave height estimate with the probability evaluation of tsun-

. aml occurrence, probablilities of a site being kit by a tsunaml, of which the
wave height exceeds certain levels, are evaluated on the Pacific coast. It
seems that the probability for a violent tsunami, of which the wave height

.. exceeds 5 m, is highest along the Pacific coast in central Japan, reachinga -
value of 41 per cent. On the other hand, a probabnmy value a8 high as 69 per -
cent is found for a moderately large tsunami having a wave height of 1 m or -
so along the Shikoku and Kyushu coasts,

‘A crude probability evaluation is also made for.isunamis on the Japan Sea -

- coast, where tsunami activity Is substantially lower than that of the Pacific
coast The probability for a violent tsunami seems to amount to only 1 per-
cent or so for a 10-yr period. Similar probabilitles for tsunamls excited by a
distant source off Peru, Chile, Kamchatka, and Aleutian-Alaska are also eval-
vated. In’ this case, probabilities of tsunami wave height exceeding 1 and 3
m are, respectlvely, evaluated as 19 and 15 per cent on !he Paclfic coast, such
probabilltles belng not quite negliglble

INTRODUCTION E

Tn contrast to seismic zoning or earthquake hazard analyms, very few analyses -
of future tsunami hazard have been conducted in Japan. Probably, the work by
'Takahashi (1951) is the only quantitative estimate of future tsunami damage on
" the Pacific coast of the Japanese Islands. The degree of future hazard is defined
by the sum of squares of tsunami wave amplitude expected at a site on the coast
during a 100-yr period. Assuming that the perlod of tsunami wave is approxi-
mately constant, the aforementioned quantity is proportlonal to tsunami wave
energy that reaches the site concerned. Since the estimate relies on the historical

- record, it can be applied to the future only on the condition that the tsunami
'act1v1ty in the past can be extended to the coming 100-yr period. B
. Aida (1969) conducted a numerical experiment on tsunami wave generation

and propagation based on the sea-bottom deformation caused by an earthquake.

. By now, such computer simulation of tsunami waves has developed so markedly
" that highly plausible wave height and form on a 200 m depth contour can be

- obtained based ‘on an earthquake fault model determined seismometrically.
Meanwhile, it has in recent years become possible to evaluate probability of a
major offshore earthquake occurring in seismic areas adjacent to the Japanese

Islands on the basis of recurrence time. of earthquakes and/or accumulatmn of
- : : 1268 '
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near-shore crustal strain (Wesnousky et al., 1984). Although the accuracy of such
_evaluatlon is not always high, it is important that something can be said about
future occurrence of major offshore earthquakes in terms of probability.
Combining numerical tsunami experiment and probability evaluation of off-
shore earthquake occurrence, it is possible to evaluate the probability of having
a tsunami, of which the maximum water elevation exceeds a certain value, ata
site on the coast provided various parameters of the earthquake fault model are
. given, As there are a number of potential tsitnami sources, probablhtles for all
the sources are to be synthesized. The overall probablhty of tsunarm hazard at
any site on the coast will thus be evaluated. ‘
The prevmusly mentioned probability evaluation will here be applied to tsun-

ami arising from sources off the Pacific coast of the Japanese Islands. Attention =

should be drawn to the fact, however, that a major tsunami sometimes occurs in
the Japan Sea, although less frequently Even a tsunami from very: dlstant
- gources, such as from South America, Aleutian Islands, Kamchatka, and so on,

sometimes hits Japan, A crude evaluation of hazard probablhty for tsunamis of .
_these kmds will also be made in this paper. - :

Tsunami WAVES ARISING FROM A TypPIicAL FAULT MODEL

Immmence of a great earthquake of magmtude 8 or 80 occurrlng in the Tokai
(literally east sea) area off the Pacific coast of central Japan has become widely
" accepted not only by seismologists but also by the public at large in recent years.
One of the most likely fault models of the anticipated earthquake, which is cer-
tainly associated with the subduction of the Philippine Sea plate, would be the.
~one shown in Figure 1. The fault plane having a length of 130 km and a width

of 60 km dips down to the west with an angle of 34° from the horizontal plane.
_.The upward slip of the western side of the fault at the time of earthquake oc-
" currence would amount to 3.8 m along the dipping plane, while a 1.8 m left-
lateral shp would take place in the strlke direction of the fault The seismic

0 : 100km.

1 3 Iy I PR |

Fic. 1. Horizontal projection of the fault model for the hypothetical Tokai earthquake.

¢
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Fra. 2 Wave height d.lstmbutlon ot‘ the tsunami exclted by the hypothetical Toka1 earthquake of
which the fault model is shown in Figure 1, .

- moment would amount to 1.56. x 1028 dyne-cm, which corresponds to a moment
magnitude of 8.1. The model is a shghtly modlﬁed version of the one proposed -
by Ishibashi (1981),.

Aida (1984) estimated the behavior of tsunami wave on the 200 m depth contour

‘based on the previously mentioned fault model. The wave height, which is defined
by the total amplitude of the first wave, is then converted into the wave height
at the nearest shore, takmg 1into account the amplification factor during wave
propagation over the continental shelf (Aida, 1977). In such a way, tsunami wave
heights; that are likely to hit the Pacific coast in assoc1atlon with the hypothetical
‘Tokai earthquake, can be estimatéd. In Figure 2 are shown the wave heights
thus estimated at various seashore sites. Very large wave heights exceeding 5
m are to be observed at s1tes close to the fault assumed

TSUNAMI GENERATING EARTHQUA.KES

Figure 3 shows the seismic zones from which major tsunamis on the Pacific
coast are originated. The tsunami associated with the hypothetical Tokai earth—‘
quake is generated at the easternmost portion of zone VII. According to the ex-
isting studies on earthquake origin (Tida, 1983), typical fault models can be as-
signed to zones I, III, VI, VII, and VIII, although the. detalls of those models are
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- put as1de here for the sake of brevity (Aida, 1984). Probable tsunami wave helghts ,
from these sources can then be estimated on the Pacific coast in a fashion similar
to the last section. For other zones, no representative models of tsunami source
-are known. However, wave height on the coast can be approximately inferred
from the actual data of typical tsunamis in the past. It is therefore possible to
estimate tsunami wave helght at various sites.on the Pacific coast on the condltlon '
that a tsunami is generated from one of the zones shown in Figure 3. .

We are ina pos1t10n to see how often a tsunami-generating earthquake occurs - -

* . from the cited zones. Probability of a major earthquake of M = 7 or over occurring

in respective zones is evaluated prlmarlly on the basis of historical records, When'
the number of historical earthquakes is sufficiently large, we make use of a
Weibull distribution analysis for estimating mean recurrence period and thus
occurrerice probability. Meanwhile, we have to rely on a Pmsson distribution in" .
- the cases of scarce data on the assumption that earthquake occurrence is sta-
tionary and random. We1bu11 distribution analysis is widely used in quality con-
trol engineering and was first introduced into the earthquake prediction study
by Hagiwara (1974). The analysis is different from the Poisson distribution anal-
ysis because the probablhty increase after a partlcular earthquake can be
evaluated.

Zone I, or the seismic area off Hokkaldo-Kurﬂe, can be d1v1ded into six sub-
areas, each of which hav1ng been. a seat of major earthquakes in the past. A

Weibull distribution analysis of recurrence period i is made for the data set asa . -

‘whole, while a fault model that represents that of the 1952 Tokachi-Oki earth- -
- quake (M = 8.1) is chosen as the typical tsunami source. As major earthquakes
have already occurred in the 1950’s, 1960’s, and 1970’s in all of these subareas,
the probabilities of havmg a major earthquake off Hokkaido-Kurile durmg a .
. period from 2000 to 2010 are not hlgh as can be seen'in Table 1.

Ll

Fo. 3. Seismic zones for major tsunaml—generatmg earthquakes off the Pacific coast of the J apa-
nege Islands , ‘ .
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‘For zone 'I[I‘ from where the great 1896 Meiji Sanriku and 1933 Showa Sanriku
‘tsunamis were originated, a fault model equivalent to that’ of the 1896 one is

assumed, although the source location is somewhat shlfted to the south because .

a conspicuous seismic gap exists there.

_ No historical data for évaluating occurrence probablhty of a major earthquake ,
‘are available for zone VI. However, the crustal strain monitoring over the Sagami .
Bay area to the southwest of Tokyo is useful for probability evaluation. As for

_ the fault model, the one for the 1923 Kanto eairthquake (M = 7.9) is adopted.
For the easternmost portion of zone VII, both historical data and crustal strain
_ are available. The fault model assumed is already shown in Figure 1. The prob- -
ablhty of having a great earthquake there exceeds 40 per cent for the 10-yr period
. in question. As for the middle and southern parts of zone VII, the probabilities
are small because the 1944 Tonankai (M = 7.9) and 1946 Nankai (M = 8.1)
‘earthquakes have already occurred there, respectively. In view of the small prob-
abilities, the height of the tsunami wave from these parts of the zone is estlmated
by means of interpolation of the 1944 and 1946 tsunami data.
Zone VIII is known for frequent occurrences of earthquakes -having a magni-
tude around 7, so that a fairly high probability is obtained (Table 1). As for the -
* fault model, the one for the 1968 Hyuganada earthquake (M = 7.5) is adopted. -
No fault models are specified for zones I1, IV, and V, but tsunami wave heights
from these sources are estimated based on tsunami data in the past. Only a .
tsunami of 1 m or 80 in wave helght is expected from these source areas.

OVERALL TSUNAMI HAZARD PROBABILITY ' : ,

The mformatmn presented in the previous two sections makes it possible to -
evaluate the. probability of tsunami wave- ‘height exceeding a certain level at a
seashore site during a period from 2000 to 2010, as will be shown in the following.

. As an example, let us evaluate the tsunami probability at Shimoda near the
extremity of Izu Peninsula (see Figure 2). According to Figure 2, the wave height .

due to the coming Tokai earthquake at Shimoda amounts to 5.6 m. On the other

_ hand, the probability of the said earthquake occurring during the period in ques-

- tion is evaluated as 0.41 (Table 1), The probabilities for Shimoda being hit by a
tsunami wave caused by the hypothetical Tokai earthquake are then evaluated
for wave heights equal to or larger than 0.5, 1, 2,'5, 7, and 10 m as 0. 41 0 41,
0.41, 0.41, 0, and 0, respectively.

- The respective probablhtles at the same s1te due to the Kanto earthquake or
the earthquake arising from zone VI are obtained as 0.22, 0.22, 0, 0, 0, and 0.
. Similarly, the respective probabilities for the middle portmn earthquake of zone

VII are evaluated as 0.05, 0.05, 0.05, 0, 0, and 0. Meanwhlle, those for the south- =~

‘ernmost portion earthquake of zone VII amount to 0.04, 0.04, 0.04, 0, 0, and 0.
No tsunami wave height exceeding 0.5 m is expected at Sh1moda from other
tsunaml-generatmg areas shown in Figure 3.

~ Denoting the probability of tsunami wave height exceeding a certaln level due
to a tsuinami from the ith area by p;, the synthetic probablhty p is estimated by

,P =1 71'[ a ”~_‘pz) . , '. W

i=1

where n is the total number of tsunami-generatihg areas. Applying equatioh oY)
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: : TABLE 1 :
PROBAB]LI'I‘IES OF A LARGE EARTHQUAKE OCCURRING FROM OFFSHORE EARTHQUAKE AREAS DURING
2000 To 2010*

. o - - Yearof =~ Mean

. C Mean Mean Mean : Pmbability .

No. Barthauake Ititade Lovgitude  Magnic oo W Reémark .
| rea m B il e Gr  2000-2010

Ia . . 45 1512 1963 . 0,037

b . 440 1490 o 1958 | . 0,050

Ie. . Off Hokkaido 43.3 147.6 79 1969 85.3 0.021 W

Id Kuile .~ 426 1462 -7 1973 ' 0,017

Ie ' o 42.2 - 144.6 S 1952 - 0.070,

If . . 407 143.6 . 1968 L 0.026

I Off Aomori -+ 407 1424 ° 73 1945 69 0.14 P
Prefecture , ; : ' . o

I Off Sanriku 39.4 - 1444 - 79 1933 107 0.089 P

v Off Miyagi 382 1420 74 1978 - 349 028 W
Prefecture - . : : C

v Off Fukushima 372 1416 .76 1938 146 0.066 - P
Prefecture , . : : L

VI Sagami trough 347 - 1398 . 80 1923 159 022 w

Via 347  1883] - 1854 ]. 041 .

Viib Nankei trough 339 1368 » 8.0 . 1944 117 0.045 W

Ve - . © 329 0 1844 . '1946 - 0.042

VII  HyuganadaSea 821 1321 ~ 70 1984 72 068 W

* P and W in the last column indicate that Poisson and Weibull distributions are used, respectively.

_ TABLE 2 ‘
SynrrETIC PROBABILITIES OF TSUNAMI WAVE
. ExceepiNG TeHE Key HEIGHTS AT SHIMODA

Tsunami Wave ’ )
Height (m) - - L " Probability
205 R 0.58
=1 0.58
=2 - 046
=6 : 041
27 ' . 0

210 S 0

to the probab1l1t1es for Shimoda, the synthetic probab1l1t1es of tsunaml wave
exceeding respective heights are evaluated (Table 2).

Similar probability evaluations are made for key s1tes along the Pac1ﬁc coast
. of the Japanese Islands as shown in Figures 4, 5, 6, and 7 for Hokkaido, Tohoku,

- Kanto-Chubu-Kinki-Shikoku, and Shikoku-Kyushu coasts, respectively. .

- It is-observed from these figures that the highest probability of tsunami wave
having a height of 5 m or larger is expected for the Pacific coast of ceritral Japan.
Most seashore sites in Shizuoka Prefecture are characterized by a probability -
higher than 40 per cent during the 10-yr period in question. Such a high prob-
ability is certainly brought about by the anticipated Tokai earthquake that is
feared to occur in the near future, There are also a few sites, where a wave height-
eXceeding 5 m is expected on the southernmost coast of Hokkaido and the Sanriku -
area in Tohoku of North J apan although the probabilities are smaller than 10
per cent.
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Fic. 4. Probabilities for the Pacific coast of Hokkaldo bemg hit by a tsunami of which the wave
height exceeds respectively 0.5,1,2, 5,7, and 10 m durmg a penod om 2000 to 2010 .
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FIG 5. Tsunami probablhtles for the Pacific coast of Tohoku Other legends are the same as ‘those
for Figure 4. .

As for tsunami waves having a height of 1 m or thereabout, a high probability
‘amounting to 69 per cent is assigned to the Pacific coast of Shikoku and Kyushu
‘because of frequent Hyuganada earthquakes in zone VIIL It is therefore said

that the worst sites for a highly dangerous tsunami are located on the Pacific
. coast of central Japan and that such sites for a moderately dangerous tsunami
are found on the Shikoku and Kyushu coasts.

We also see that probab111t1es of being hit by a tsunami havmg a wave helght
of 0.5 to 1 m exceed 50 per cent at most seashore sites except Hokkaido. This’
means that the possibility of moderate tsunami hazard cannot be ignored along
the whole Paclfic coast of the Japanese Islands. .

TsuNami HAZARD ON THE JAPAN ‘SEa COAST

The tsunam1 associated with the 1983 Nihonkai Chubu earthquake (M = 7.7) |
that occurred underneath the Japan Sea off Akita Prefecture kﬂled 100 people
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Fia. 6 Tsunami probablhhes for the PBCIﬁC coast of Kanto Tokal-Shlkoku Other legends are the
same as those for Figure 4,
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"Fia. 7. Tsunam1 robabxhtles for the Paclfic coast of Slukoku-Kyushu Other legends are the same .
. a8 those for Figure E o ]

" Maximum water height locally exceeded 10 m at some beaches. In view of this
and a few violent tsunamis. found in Japan’s. history, hazard analysis is, als0‘
important for tsunamis occurring in the Japan Sea.

In contrast to offshore earthquakes on the Pacific side of the J apanese Islands, .
it is no easy matter to evaluate occurrence probabxhty of tsunami-generating
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- earthqua.kes located in the Japan Sea because occurrence frequency is extremely
small. The available history is too short for discussing the recurrence period.
Nevertheless, Shimazaki (1984) attempted to estimate recurrence periods based -
"on the size of eplcentral areas and historical records for the past 400 yr and

concluded that an earthquake equlvalent to the 1983 event probably recurs every

600 to 1200 yr.

Kanamori and Astiz (1985), who relied on the relation between age of sub ‘
ducting plate and aseismic slip, estlmated a recurrence perlod of the 1983 earth-
quake as 600 to 1370 yr. '

- Let us assume that the mean recurrence. perlod is 1000 yr. When a Poisson
distribution is assumed, the probability of this class of earthquake occurring in
the Japan Sea amounts to about 1 per cent for a 10-yr period. As the area occupied
by the northern-half of the Japan Sea may accommodate approximately four
earthquakes of this class, the probability amounts to 4 per cent for the northern -

half of the Japan Sea No great earthquakes occur in the southern half of the L

sea.
~ Wave helght of the tsunaxnl excited by an earthquake of the previously men-
tloned class exceeding several meters, the probability of a 100 to 200 km segment
of Japan Sea coast being hit by a tsunami having a wave height of several meters,
is evaluated as 1 per cent or so for a 10-yr period. :
- Tsunamis of somewhat smaller scale, which are characterized by a wave helght
" of about 1 m-or- -thereabout, occur approximately every 10 yr or so in the Japan
Sea as inferred from the historical record. Assuming a Poisson dlstrlbutlon, the
‘probability of having at least one tsunami of this class occurring in the Japan
Sea amounts to 50 per cent for a 10-yr period, so that the probability of such a
tsitnami hitting a coastal segment of 100 km in length is about 3 per cent.

TSUNAMIS FROM DISTANT SOURCES

A tsunaml caused by a. great earthquake (M = 8.5, 1960) that occurred off
Chile gave rise to much damage to-Japan. The maximum tsunami height along -
the coast of Japan was reported as large as 4 m. The numbers of dead and missing’
people were 119 and 20, respectively. It is therefore important to estimate possible
~ tsunami hazard due to an earthquake that occurs at an extremely distant locality.

According to an evaluation based on a Poisson distribution, great earthquakes -

that generate tsunamis that affect Japan occur off Peru and Chile, with a prob-
" ability of 27 per cent for a 10-yr period. On the basis of such probability value,
it is evaluated that the probabilities of a tsunami with a wave height that exceeds
0.5, 1, and 3 m, hitting the Paclﬁc coast of Japan, amount to 26 14, and 4 per
cent, respectlvely

Similar probabilities for a tsunam1 from Kamchatka and Aleutlan-Alaska are
evaluated as 15, 6, and 38 per cent, respectively. Combining the effects of the two -
sources, probablhtles of tsunami wave height exceeding 0.5, 1, and 3 m are,
respectively, evaluated as 37, 19, and 15 per cent on the Pacific coast of Japan

* for a’10-yr period. It should be stressed that the tsunami probab111t1es from distant -

earthquakes thus evaluated are not quite smaller than those from near offshore
earthquakes as shown in Flgures 4t07. A .
' CONCLUSIONS

Comblnmg occurrence probablhty of offshore earthquakes w1th tsunami wave
height estimated at seashore sites, the probability of tsunami wave height ex-
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ceeding a certam level is evaluated on the Paclﬁc coast of the J. apanese Islands '
It seems that probability of a violent tsunami, of which the wave height exceeds.
5 m, hitting the coast of the Tokai area in central Japan, amounts to about 40
per cent for a 10-yr period from 2000 to 2010. Such a high hazard probability is
‘due to the earthquake that is expected to occur off the Tokai area sooner or later.
The probability of the earthquake occurring within the 10-yr period from 1988
is evaluated as 30 to 35 per cent, As for the probability of a moderately large -
tsunami having a wave height of 1m or so, the highest value around 70 per cent
is found at some sites on the Shikoku and Kyushu coasts because of fairly frequent
occurrence of moderately large earthquakes in the Hyuganada Sea.

‘It also should be borne in mind that a tsunami originated by a great earthquake
that occurs in the north Pacific and off South America sometimes affects the .
Japanese Islands. According to a crude evaluation, probabilities of a tsunami -
from such a source hitting the Pacific coast of the Japanese Islands amount to
© 19 and 15 per cent for a 10-yr period, respectively, for wave heights exceeding 1
and 3 m. Such probabilities are not qulte negligible in comparlson with those for
tsunamis from offshore earthquakes in the vicinity of Japan. It is therefore nec-
‘essary to modify the graphs in Figures 4 to 7 in such a manner as to make all '
_of the probability columns a little taller. :

Tsunami probabilities on the Japan Sea coast are conmderably lower than those
on the Pacific coast because of low seismicity in the Japan Sea area. A tsunami
having a wave height of several meters hits a seashore site on the northern half

~ of Japan Sea coast with a probability of 1 per cent or so for a 10-yr period. For
a moderately large tsunami, of which the wave he1ght amounts to about 1 m,
- the probability is evaluated as 3 per cent. Tsunam1 probability is almost zero for .
the southern half of the Japan Sea coast. '

The tsunami hazard probability evaluated in th1s paper may be used for plan-
ning public evacuation from a tsunami area, selectmg coastal sites for construc- -
tion purposes or estimating rates for tsunam1 insurance, : g
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INSAG-3 Basic Safety Principles for i‘Iuclear Power Plants (1988)

2.3. TECHNICAL SAFETY OBJECTIVE

19, Objective' To prevent with high .conf denc‘e accidents in nuclear plants; 1o
ensure that, for all accidents taken into account in the deszgn of the plant even.
: those of very low probabzlzty radzologzcal consequences if any, would be
minor; and to ensure that the ltkelzhood of severe accidents with serious mclzo-

logtcal consequences is extremely small

-27"T he tai'get for existing nuclear power plants consistent with the :technical safety
objective is a frequency of occurrence of severe core damage that is below about 10—4 '
~events per plant operatm g year. Severe ac01dent management and rmtlgatlon measures
could reduce by a factor of at least teri the probablhty of large off-site re]eases A
requiring short—term off-site response Appllcatlon of all safety prutclples and the
objectives of paragraph 25 to future plants could lead to the achievement of an

- improved goal of not more than 10-5 severe core damage events per plant operatmg
year. “ Another obJectlve for these future plants is the practical elimination of acc1dent
'sequences that could lead to large ear ly radioactive releases, whereas severe acmdents
that could 1mp1y late contamment failure would be con51dered inthe de51gn process
with realistic assumptlons and best estimate analyses so that their consequences would

necessitate only pr otectlve measures limited i m area and in tlme

4.1.1. External factors affecting t_he plant

136 Prznczple The chozce of szte takes into account the results of znvestzgatzons of
local factors that could adversely aﬁ”ect the safety of the plant

137. Local factors ,mclude natural factors and human made hazards. Natural factors to
be co'nsid_ered include geologi_cal_ and seismologic‘at characteristics ond the'poten- tial -
for hydrological and meteorological disturbances. Human made hazards include those
| aristng from chemical installatioﬁs, the release of toxic and flammable gases, and
aircraft impact. The investigations required give ihfonnatiolt on the likelihood of .
significant external events and their possible effects on nuclear power plant safety.

This is develop.ed in the form of quantified prObatbiliﬁes when possible.



| UK HSE Sa'fety Assessment Principles for Nuclear Eacilities
<2006 Edition, Revi.sio'n 1>

e 'En'gineering principles EHA4 external and internal ‘hazards: frequency of

exceedance

‘ The des1gn ba81s event for an mtern al'and external hazard should
_ conservat1vely have a predicted frequency of exceedance in accordance w1th

the fault analys1s reqmrements (FA 5)

® Englneerlng pr1nc1ples EHA 7 external and internal hazards ClJff edge’
effects ' |

A small change in DBA parameters should not lead to a d1sproport1onate

1ncrease in radlologlcal consequences
® Fault analysis FA.5: design basisanalysisi.lnitiating faults

"The safety case should hst all initiating faults that are 1ncluded W1thm the
Ades1gn bas1s analys1s of the fac1hty

In1t1at1ng faults 1dent1f1ed in Prmc1ple FA.2: should be cons1dered for
inclusion in th1s l1st but the followmg need not be included: |
~a) Faults in the fac1l_1ty that have an initiating frequency lower than about
- 1x10%pa; | R
‘ ,b) Failures of structures, systems or components for which appropr1ate
| specific arguments have been made; ‘
) Natural hazards that conservat1vely have a p1ed1cted frequency of being
’ exceeded of less than 1in 10 OOO years; |
d) Those faults leadmg to unm1t1gated consequences Wh1ch do not exceed
‘ the BSL for the 1espect1ve 1mt1at1ng fault frequency in Target 4.
(paragr. apll 5.9.9 £). ‘
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P120: For natural hazards, the .un(:ertainty of data may p:revvent' reasonable

" prediction of events for frequenc1es less than once in 10 000 years EIIn these

cases, plants should meet the requirements of P25 for a design bas1s event

that conselvatlvely has a predicted frequency of being exceeded no more than

“once in 10 000 years.

: P121 It should be shown that there w111 not, be a dlsproportlonate 1ncrease in

risk from an appropriate 1ange of events whlch are more severe than the

des1gn basis event.





