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SYNOPSIS

Two theoretical earthquakes provide a basis for seismic design of
nuclear power plants: a safe shutdown earthquake (SSE), and an operating
basis earthquake (OBE) (1, 2). The two approaches commonly utilized
to define the characteristics of these earthquakes--the capable fault ap-
proach and the tectonic province approach--are based on predominantly
deterministic procedures involving uncertainties in the selection of para-
meters and relationships. These uncertainties can result in significant
variations in the probabilities of occurrence of each characteristic.

This paper identifies the areas of uncertainty and suggests a procedure
for assessing the probability of two primary characteristics of design
earthquakes: magnitude or intensity, and peak accelerations.

INTRODUCTION

A basic step in the seismic design of nuclear power plants is the de-
finition of two earthquakes: a safe shutdown earthquake (SSE) and an
operating basis earthquake (OBE). Each earthquake is defined by four
characteristics determined somewhat sequentially: maximum magnitude
or maximum source intensity, peak acceleration, response spectra, and
duration. The first characteristic is defined based on the source condi-
tions, while the remaining three are defined based on source conditions,
geometry, and the properties of the materials in the source-to-site path
and at the site. Although the procedures are primarily deterministic

~in nature, uncertainties are associated with the basic assumptions and
analytical models utilized for determining these characteristics. There-
fore, any specific value of a characteristic will represent a range of
probabilities of occurrence.

The evaluation of probabilities of design earthquake characteristics
is relevant because these characteristics form the bases for the seismic
design of the power plant structures and equipment and, therefore, in-
fluence their safety analysis. Secondly, probability evaluation of design
earthquakes provides a useful comparison with the probability of other
safety-related design bases (such as probable maximum flood) for en-
suring consistency in approach.

Because the design earthquakes are defined by more than one charac-
teristic and because each characteristic may have a different significance .
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to the nuclear plant structures, it is difficult to define a single "proba-
bility of a design earthquake''. Instead, it is convenient to assess the
probabilities of individual characteristics, taking into acg:oun‘t appropriate
interrelationships. This assessment can be carried out in two steps:

Step 1 - assess the probabilities of earthquake magnitude and peak accel-
eration; Step 2 - assess the probabilities of response spectra and dura-
tion. This paper addresses the first step.

SAFE SHUTDOWN EARTHQUAKE (SSE)

Figure 1 illustrates the two most commonly utilized approaches:
(a) the tectonic province approach and (b) the capable fault approach.
Figure 2 shows the prominent steps, interrelations, and associated prob-
abilities for each approach. Current procedures require that certain
parameters be assigned a specific value (for example, significant dis-
tance d = d,,i,,) (see Figure 2). Such a stipulation would represent a
probability o%n 1.

Tectonic Province Approach: Inthe tectonic province approach, a rela-
Tionship between Irequency and earthquake intensity (magnitude) is de-
veloped if historical data are available for each province or subprovince
(Figure 3). If sufficient data are not available, equations similar to

the one shown in Figure 3 are selected from those proposed for larger
areas of the world within which the site region lies. The maximum SSE
intensity is chosen to exceed the maximum historical intensity in the
province and/or at the site by applying a certain conservatism. Itis
difficult to estimate the degree of conservatism in terms of probabilities
because the selected value generally represents an extrapolation beyond
available data, and extension of the curve N = a - bM in Figure 3 often
yi%lds high probabilities for intensities MM VIII - X. Obviously, the
relationship undergoes a change near the upper limit, although it is
difficult to define a realistic shape of the curve based on physical con-
ditions at the site or in the province except by subjective judgment.

The peak acceleration associated with the selected maximum intensity
is estimated from intensity-acceleration correlations. For example,
Trifunac and Brady (3) propose an average curve:

log ag = 0.014 +0.30 Iy, IV<Iy <X

For MM VII, the calculated mean value of peak acceleration is 0. 13 g;
and for hard rock sites, the standard deviation is 0.06 g. Assuming
norma}) digtribution, the probability of exceeding the above acceleration
is p = 0.35.

Capable Fault Approach: In the capable fault approach, earthquakes

are assoclated with capable faults. The magnitude-frequency relation-
s?lips, such as the one shown in Figure 3, may be considered to be a com-
bination of earthquake distributions on the various capable faults within

a tectonic province. Since the distribution of earthquake magnitudes

on individual faults will vary and the maximum size of earthquakes on
each fault will depend on its type and size (length), the number of faults
and their contribution to various segments of the relationships in Figure 3
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will vary. The maximum earthquake on each fault will vary depending
upon a number of factors such as material properties, strain rate, rup-
ture length, size of rupture surface, and stress drop. Within a tectonic
province, the earthquake magnitude can be related to the rupture length
(L ) using a relationship of the type shown in Figure 4 (M = log Lg+ C)
(4)." The distribution of rupture lengths, and hence the distribution of
magnitudes on a fault, is observed to vary considerably; typical examples
are shown in Figure 5. The maximum rupture lengths and earthquakes
associated with each fault can be established by either of the following
methods:

1. Through a knowledge of material properties, strain rates, and
stress conditions in the source region;

2. Through an extremal value analysis such as the Gumbel Type I
analysis and selecting the value corresponding to a given prob-
ability (for example, x 10'6);

3. Through a compilation and analysis of historical data on length -
of surface rupture, length of aftershock zones supplemented
by interpretations of the Quaternary geologic record (5);

4, Through subjective assignment of probabilities of rupture lengths
and refining them periodically as additional geologic and seis-
mologic data on new earthquakes on the same fault or similar
faults become available by using Bayesian approach.

The next step consists of calculating the peak acceleration and as-
sessing the probability of its exceedence. This is accomplished by
utilizing a deterministic relationship of the type:

a = o(log Ly + o™ x a®

LR is assumed to be Lrm and d is assumed to be d ipp 1. €., the
minimum significant distance ?g) The probability of the peak accelera-
tion a is given by:

P
P(a 4 ap) =P [(LR = LRmax)/(event dmin)j]

This probability should be compared with the desired probability.
Figure 6 summarizes the relationships discussed above. The rupture
length selected is the rupture length corresponding to the desired prob-
ability level and hence may vary for each fault depending upon the dis-
tributions sketched in Figure 5. The SSE acceleration is the highest
acceleration obtained from the plot.

OPERATING BASIS EARTHQUAKE (OBE)

Current United States practice suggests that the OBE be selected to
represent the peak acceleration that the structure may experience during
its lifetime but no smaller than 50 percent of SSE peak acceleration. An
isoacceleration curve corresponding to 50 percent SSE acceleration is
sketched on Figure 6. Obviously, such accelerations can be experienced
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at the site due to numerous combinations of rupture lengths and signi-
ficant distances. The expected probability of OBE peak acceleration

is given by: N n
P(a = aOBE) = F§1 P [(LRi) /P (event) di}

< <
Lpmin < Tpi SR ¢ Ymin €4 <4

This probability can be compared with the effective life of the struc-
ture. In case of a tectonic province approach, p;’c.)cedures such as those
discussed by Vanmarcke and others (7) can be utilized.

CONCLUSIONS

1. Probability of design earthquakes comprises interrelationships
between different characteristics.

2. The estimation of maximum earthquake magnitudes or intensities
from deterministic data is often difficult. Instead, it is prefer-
able to estimate the earthquake corresponding to a given level
of probability for each structure or tectonic province. Such a
procedure also facilitates estimation of OBE.

3. The range of probabilities determined by the capable fault method
is likely to be narrower than the corresponding range determined
by the tectonic province approach, which can often yield unreal-
istic probabilities. This factor together with other physical con-
siderations indicate that, wherever possible, the capable fault
approach should be preferred and the tectonic province approach
be used only on a fall-back basis.

4. A procedure is suggested for establishing maximum magnitudes
and peak acceleration for SSE and OBE based on selected levels
of probability.
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DISCUSSION

I.N. Gupta (U.S.A.)

Is it possible for you to suggest some realistic values
for the probability of occurrence of the safe shutdown and
operating basis earthquake ? The discussor would like to
know if there is consensus of opinion among variousg countries
on these important numbers.

Author's Clogure

Not received.
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