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ABSTRACT

A method is presented for importance analysis in PRAs for which the re-

sults of Interest are characterized by full uncertainty distributions and not

just point estimates. The method is based on information theory in which en-

tropy is a measure of uncertainty of a probability density function. We de-

fine the relative uncertainty importance between two events as the ratio of

the two exponents of the entropies. For the log-normal and log-uniform dis-

tributions the importance measure is comprised of the median (central tend-

ency) and of the logarithm of the error factor (uncertainty). Thus, if acci-

dent sequences are ranked this way, and the error factors are not all equal,

then a different rank order would result than 1f the sequences were ranked by

the central tendency measure alone. As an illustration, the relative impor-

tance of internal events and In-plant fires was computed on the basis of

existing PRA results.
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The objective of this paper Is to present a method for Importance analy-

sis In probabilistic risk assessments (PRAs) for which the results of Interest

are characterized and displayed as full uncertainty distributions and not just

point estimates. Point estimate importance ranking of PRA results is rather

straightforward; however, when uncertainty estimates accompany a point esti-

mate evaluation, the relative ranking of the available Information becomes

more complex. For example, it is not obvious how one should quantitatively

rank a result with a high mean value and a narrow uncertainty range relative

to another result of comparative Interest which has a lower mean value but a

broad uncertainty range. Furthermore, if PRA results are to be compared with

performance criteria or safety standards» then the valuation of uncertainties

along with point estimates is of Interest.0)

The proposed method Is based on Information theory. The Information-

theoretic entropy(2»3) 1s a measure of uncertainty and 1s defined as:

H - -/ H*) log f(x) dx , (1)

where f(x) Is a probability density function.

•This work was performed under the auspices of the U.S. Nuclear Regulatory
Commission.
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If f(x) 1s given by the normal distribution, then H « log c, where a 1s

the standard deviation. Thus, as a Increases, the entropy Increases, and this

Illustrates the notion of entropy as an uncertainty measure. In general, the

entropy Increases as a given distribution broadens.

The lognormal distribution,

f(x) .__!_ e -0<>gx-u)W (2)

/2nox

1s widely encountered In PRAs, and H for this case Is given 9s:

H » log [c X^d log (EF)] (3)

where c * constant depending on the confidence level,

median value, and

EF • error factor.

We propose to define the relative uncertainty Importance between two

events as the difference between the two respective entropies or equivalently

as the ratio of two exponents of the entropies. In other words, the Impor-

tance of event A relative to event B 1s defined as:
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RI'(A/B) - H A - H B , or

RI(A/B) » WA/WB . {- exp[Rr(A/B)]} (4)

where H^, Hg » entropies of event A and B respectively

WA - exp (HA) , and

(HB) .

The function W 1s sometimes called the standard width(^). For a lognormal

distribution, W 1s written as:

log CEF) . (5)

where all terms are defined as above. We note the same functional form 1s

also obtained for the log-uniform distribution. Eq. (5) has the Interesting

feature that the Importance measure Is comprised of the median, a measure of

central tendency, and of the error factor, a measure of uncertainty. Point

estimate Importance ranking schemes (e.g. the Fussell-Vesely Importance

measured) Include, of course, only a measure of central tendency. The

inclusion of log(EF) In Eq. (5) provides a vehicle by which an analyst or

decision maker can incorporate the uncertainty aspect of a PRA result Into a

comparative ranking scheme. Furthermore, the suggested form, Eq. (5), Is
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legWraized by Its foundations In Information theory (2»3) and the wide

of the log-normal distribution (and Increasing usage of the log-uniform

distribution) in PRAs.

Note that In a comparative application Eq. (5) would lead to the same results

as the point estimate Importance measures If the entitles being compared have

the same error factors. On the other hand, If a set of accident sequences 1s

being ranked with respect to a given risk Index, and the various error factors

are not all equal, then a different rank order would result than If the se-

quences were ranked by the central tendency measure alone. Another case of

Interest would be the Impact of a given design change on the affected accident

sequences. If the design change Implies a different level of uncertainty than

the reference design, Its valuation by Eq. (5) would be different than a

single point estimate comparison. For example, a novel, untested design

change which would suggest risk reduction on a point estimate basis may

actually lead to an Increase In risk If the uncertainties 1n the new design

are sufficient to cause the error factor to dominate In Eq. (5).

As an Illustration of the foregoing, the relative Importance of internal

events, In-plant fires, and seismic events as they Impact the core melt fre-

quency was computed on the basis of results given In the Severe Accident Risk

Assessment for the Limerick Generating Station^*). Table 1 gives the re-

sults. RI 1s given by Eq. (4), and FV 1s the Fusseii-Vesely measure; both are

computed relative to the median value of the total core melt frequency. Two
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features of these results are noteworthy. First, the relative ranking of

fires and Internal events are reversed for the two Importance measures.

Second, although the error factor for the seismic events 1s an order of magni-

tude larger than the other error factors, the uncertainty Importance Is still

rather suppressed. The latter is due to the fact that the error factor enters

logarithmically in Eq. (5).

In summary, we have Introduced a new Importance measure which accounts

for the uncertainty aspect of PRA results. It 1s derived directly from the

probability distributions most encountered 1n PRAs and from fundamental

information theory concepts.

Table 1. Relative Importance to Total Core Melt Frequency

Event

Internal
Fires
Seismic
Total

Xmed

9.2
8.7
3.3
3.0

-6)
-6)

:l]

EF

5
10
HI
4

RI

0.36
0.48
0.04
1.0

FV

0.31
0.29
0.01
1.0
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