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Final Report of the NRC PRA External Review Group

John R. Weeks

November 10, 1993

In the spring of 1992, Brookhaven National Laboratory (BNL) received a request from the NRC office of
Nuclear Regulatory Research to assist that office in establishing an External Review Group to review and
comment upon the activities of NRC's Working Group on probabilistic visk analysis (PRA).

The following perscas were selected for this PRA External Review Group (PRA ERG), were invited, and
agreed 1o serve as members:

Dr. B. John Garrw «. President, PLG, lnc. (a subcontractor to BNL)

Dr. Bernard Harris, Professor, University of Wisconsin (a consultant to BNL)

Dr. Ralph L. Keeney, Professor, University of Southern California (a consultant to BNL)
Dr. Herbert J. Kouts, Member, Defense Nuclear Facilities Safety Board (serving on PRA ERG
at the discretion of the Board)

Or. John R. Weeks, BNL, agreed 1o coordinate the activities of the PRA ERG and chair its meetings. The
PRA ERG met with NRC management, staff, and consultants on October 20, 1992 to review NRC's activities
in PRA and to discuss its charter and future activities. At this meeting, it was emphasized that the NRC
PRA Working Group was formed in response to concerns raised by the ACRS on how the staff was utilizing
PRA techniques in decision making, and that one of the PRA ERG activites would be to review the NRC's
response 10 the ACRS letter. The charter of the PRA ERG is:

"To review the technical adequacy of the guidance and recommendations of the PRA
Working Group with respect 1o

The associated intended uses, and
The state of technology of risk assessment and related technical disciplines."

The PRA ERG received a predecisioaal draft of the NRC PRA Working Group's report, "Guidance for NRC
Staff Uses of Probabilistic Risk Analysis,"” early in February 1993 and met with representatives of the Working
Group and their consultants on February 17 and 18, 1993 w discuss this predecisional draft report, in the
light of the PRA ERG charter and the ACRS letter. Each member of the ERG was asked to prepare
individual comments on this document. These were provided on March 10, 1993,

The PRA ERG then received and reviewed a revised draft of the Working Group's report, dated April 16,
1993 and met with representatives of the Working “wroup and their consultants on June 29 and July 7, 1993
to review and resolve their findings.

The PRA ERG then received and reviewed a final draft of the Working Group's report, dated October 8,
1993, Each member was again asked to prepare individual commeny. on this draft. These are provided, as
received by BNL, as Appendices A, B, C, and D of this report,
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November 2, 1993
BNL-7629-PLG-11

Dr. John R. Weeks
Department of Nuclear Energy
Brookhaven National Laboratory
Associated Universities, Inc.

29 Cornell Avenue, Building 197C
Upton, Long Island, NY 11973-5000

Dear John:

A REVIEW OF NRC STAFF USES OF PROBABILISTIC RISK ASSESSMENT
OCTOBER 8, 1993

The revision addresses my comments satisfactorily I have only a few additional comments,
most of which are minor. Additions to existing text are highlighted.

Main Report, Page 1, Lines 33-34: Eliminate the last sentence of the footnote and substitute
the following three sentences:

The term "risk" shoul” be restricted to either the risk triplet definition widely
used in PRA work or the more simplified "aggregate risk," defined as the sum
(over all i) of the product of f, and x, While the use of aggregate risk
estimates provides a simple message, it can also provide a misieading message.
The use of aggregate risk can mask information conveyed by the specific
numerical values of the frequency and consequence. (See Appendix C,

Pages C 118-C 126, Section C 4 4 4, Risk Calculation, for a more complete
discussion )

This makes the main report more consistent with the detailed guidance in Appendix C.

Appendix B, Page B-10, Essential PRA Elements:

An essential PRA element is consideration of the uncertainty introduced by our state of
knowledge regarding the problem at hand The gurdance in the third bullet on Page B-21 and
the discussion on Appendix C, page C. 173, lines 1-18 make 2 clear statement of the
importance of uncertainty analysis and sensitivity analysis in the decision-analysis process.

I strongly recommend that this attitude be reflected in the discussion of uncertainties in the
paragraph on Page B-10 as well. There 1s a difference between doing formal uncertainty
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analysis and being cognizant of the uncertainties. 1 agree that formal uncertainty analysis
need not be done when operational events are screened. However, a statement of the
uncertainties involved and a discussion of how the sensitivity analysis addresses those
uncertainties are certainly appropriate. 1 recommend that the paragraph be reordered and
modified to read:

Essential PRA Elements: Point estimates (see Appendix C) are satisfactory for
screening and prioritization uses. Class-specific event trees and fault trees, with
generic recovery actions, are used to provide point estimates of conditional core
da'mge probabxlnty For screening with PRA, it is important that uncertainties in
state-of-knowledge relative to the specific operational event being studied be exphcnly
dehneated and discussed. Sens tivity studies illuminate the importance of key
assumptions, Uncertainties. and other factors, and they should be incorporated into the
screening analysis.  Hov ever, formal uncertainty analysis is not necessary.

Appendix B, Page B-10, Essential PRA Elements: Following this same line of reasoning,
the paragraph on page B-11 should be changed to read:

Essential PRA Elements The essential PRA elements used in this program are the
calculation of consequences and risk to the public (in terms of person-rem averted) in
addition to core damage frequency and the calculation of point estimates (see
Appendix C) with sensitivity studies on key variables. These sensitivity studies are
mtended to ensure that the overall ranking given 10 an issue is not sensitive to
ncertainties in our state of knowledge and key assumptions made in the analyzis An
rmal uncertainty analysis is currently not considered to be necessary for these
studies.

Appendix B, Page B-23, last paragraph: Starting at the Sth line from the bottom, change to
read

..and the two figures (frequency and consequences) are multiplied together to obtain
an estimate of the ngﬁteaate risk" of the event. (See Appendix C, Page C.118, for a
definition of aggregate risk)) In other cases, there may be a continuous release, and
the “frequency” parameter becomes a release rate umity Issues governing normal
effluent release would come under this category. These cases are not event-oriented,
but 1t is still possible to estimate risk.

The first change makes this page consistent with the definition of risk in the first comment.
The term release rate provides a more clear description of what is happening
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Appendix B, Page B-27, Use of Judgmental "Data"
Add after the sentence, ending on Line 11

When conservatism is used, it can be put into perspective by stating the
analyst's realistic estimate, the conservative estimate, and the confidence that
the parameter in question will be no worse than the conservative value used.

Appendix C, Page C.12, Line 16-31, Concept of Probability of Frequency

I think that the writers are confused about my definitions of freqirency and probability.
[ propose the following paragraph to replace the paragraph on Page C.12, Lines 16-31:

The concept of probability of frequency, which is an integration of both notions of
probability, was introduced in Reference C 2.10. Very simply, frequency refers to the
outcome of any experiment or observation that can be repeated.  As such, it is, in
principle, a_quantity that can be measured The units of the denominator can be any
repeatable quantity, be it time, starts, application of shocks, or events. Probability, on
the other hand, relates to our state of knowledge regarding the uncertainty of that
observable quantity The concept is applied when we state that our interpretation of
the evidence leads us to believe that there is a 95% percent probability that the
frequency is less than a specific observable value. Thus, the probability of frequency
concept invokes a broader definition of frequency than the traditional “per unit time"
usage, and imposes a more definitive definition of probability

Appendix C, Page C.25, Lines 5-14

The first four disadvantages simply state that & Bayesian analysis can sometimes be done
poorly. We agree with this entirely, and suggest that the lead-in to the advantages and
disadvantages have the following statement added just before Line 27 of Page C.23

To use the Bayesian method, one must do the analytical work necessary to provide a
credible basis for applying the indirect evidence available. The Bayesian approach
cannot be used by an analyst to simply "put forth" a prior distribution. The prior
distribution represents the interpretation of available evidence to produce a state of
knowledge, but this interpretation also provides the challenge to communicate the
reasonableness of the evidence to those who would question the judgment. It is
through this consensus-building process that the Bayesian method can provide added
value to the decision-analysis process. If the process 1s not followed, there are
opportunities for misinformation and therefore miscommunication.
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Apperndix C, Page C.25, Lines 26-27

I suggest that this "advantage" be deleted. Discussions of both classical and Bajesian
methods need to caution that sample data may not be taken under all the conditions that the
equipment may be expected to operate. In both methods the applicability of the sample data
must be addressed The statement regarding Bayesian samples on Page C.24, Lines 26-27,
could especially be misinterpreted. One needs to understand both the way the sample data
were obtained and their applicability to the parameter being estimated in order to make proper
use of it.

Appendix C, Page C.26

I suggest that the following be added after Line 8 of Page C.26
Since Bayesian likelihood functions of standard failure data use Poisson and
binomial models, when there is strong direct evidence, both approaches will
produce very similar results.

Appendix C, Page C.32, Lines 27-32

Delete. This paragraph essentially duplicates Page C 31, Lines 30-37.

Appendix C, Page C.198, Lines 7-8

Agair, this recommendation needs to distinguish between considening uncertainties and doing
formal uncertainty analysis. 1 suggest that it be changed to read:

For PRA uses in screening issues, uncertainties that could influence priorities
need to be identified and addressed as part of the sensitivity analysis.
However, formal uncertainty analysis is generally not necessary.

If you have any questions, please let me know.

Very truly yours,

B Tohn Garrick




] B ITEATREY [+ he T —-,!l--l—fv,‘
Tl i : i i e ) -
4 05 i i
- et e .

gt . (s { Ry Y,

APPENDIX b

A I N N I W N e Se= T s VR TN

i COMMENTS  ON
PR WORKING GROUP REFORT
Dratt Final Version (October 8 1393
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On reading the present draft, almost all of My Rrevious comments
have been dealt with satisfactorily. However, some of the
revisions that have been made have introduced some additional
problems that need to be addressed. Most of my specific commente
will refer to the sections on probability and statistics and
uwncertainty.

Detailed comments follow.

Specific comnments.,

o 1 Ba1%, 1. 10; change "is" to  "are". Also, there is
substantially more to ‘“classical" statistical inference than
confidence intervale and testing of hypotheses. This would
include point estimation, analysis of variance and the design of
eipgriments., (Actually testing of hypotheces and confidence

intervals are the same topic, since there is a fundamental

duality between them.)

B £ < 1 16 - 1, 31. 1 feel that a typical reader will find

this paragraph very confusing. Substantial rewriting is needed.,

Py € i24 1. 9 = 1. 14. The statement concerning the validity of
the "rare event approdimation” has been substantially itarroved,
but i1s not yel completely accurate.

If the n events are mutually  exclusive, there 1e no error as
noted in the Working Broup Report. However, the probabilities of

the n events can be very small and there may etill be a
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substantial error. An upper bound for the error is nE¥nEmavkF (A1)
and thie i3 valid whether or not the events are independent. This
can be verified by wusing the "Bonferroni. inequalities" and
perhaps a reference to them might be in order. The last statement
= referring to I significant figure~ - does not seem to be needed

( and iz suspect, in any event, since the qualification given, is

not precise) if the error bound 1s given. Comment [183] is not

correct - the error can be very large, even in the case of "rare
events".
Bl 18, 1 11-24. The formula on line 13 is correct.s if the

events are independent and i1s equivalent to the inclusion-
exclusion formula 1n that case. However, if the events are not
independent, then it 18 not necessarily an upper bound for the
left hand side. It is easv to construct examples for which 1t is
an upper bound and also to construct examples for which 1t is not
an upper bound. As notes before (see [185], this can fail badly

as an approximation.

pC. 1%, two typoe. 1.5, change "uncountable" to "uncluntably".

1. 17, change "variable" to "variables".

g ol
a
0
Ja
o
[
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~
s
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conventional to denote the mean by "mu*

not m". also p, €17 1. 8.,

P © 17, 1. 14. Consider f(XIY)., Thie is unusual notation. 1t ias
customary to use upper case letters for the random variables and

lower case letters for the values they assume ( which are also
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the arguments of the probability density function). Also, it
appears that independent random variables have never been

defined, although independent events have been.

p. C, 17, 1. 25, change " the value" to "a value" and " a

probability"” to " the probability".

p. T, 18, 1. 5. last word in line should be "a", not "the", since

percentiles need not be unique.

p. . 20, 1. 7. 95% is too specific, a tolerance limit could be

an BO%, &60%, 0%, etc., tolerance interval.

p. C. 21, 1. 14, 1 do not regard testing of hypotheses as

"eetimation" .
p. Co 22., 1. 295, Delete "as much as poessible” .

p. Co 24, 1., 35-39. 1 concur in part with your comment [214].
There existe no exact confidence interval procedure for the
“Behrens~Fisher" problem. For point estimation, there is "always"
a classical procedure, Also, there is a "problem" with "exacst",
since "all models are approximate", whether Bayesian or
frequentist, However, 1 feel that such philosophical discussiong

are beyond the scope of the document, I suggest clarifying the

discussion by changing "eetimation" to either “interval
estimation” or "confidence intervals" and dropping or modifying
"exact”.,
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- e Y i . PN 1. 1«2, Here a frequentist would presumably use

"empirical Bayes".

p. €. 25, 1. 15, change “precedences" to "precedents",

P Co 284 1, 2% - it 1 agree that the Foisson process is
inappropriate. I can not recall what I had in mind, except that
is should be also feasible to model the denominator in a logical
way. At the moment, I do not have any reasonable specific

proposal, but will continue to ponder possible alternatives.

ps C. To, ref. 2.14, ls there a later edition of Mood et al?

pe Co IT9, 1+ 26, Clumsy word arder.

¥p. C. 42, 1. 8. Here and in many other places, approximations
are denoted inappropriately by "=, In some instances noted
later, it iz not indicated that an approximation i= being used
and the limitations on the validity of the approximation is not
noted., In most of these instances, the approximation is
abationed assuming an esporential tevribution and saall values
at "t%., Tt would alzc be desirable to obatin  error bounds on the

approximation.

p. € 42, 1. T4, Here and in several other places, the ztatemerts
are not punctuated appropriately. {This minor problem did not

appear in the earlier version of this chapter).




pe € 42, 1. 17, Rewrite as "In a typical case, a component has

both .l.'l"

p. C 42, 1. 24, sign error in eguation.

Fw b g . 1- 27. see ¥,

e C 43, 1. o. see %,

p. C 43, 1. 18, Components in a syetem need not be "physically"

interconnec ted,

pP. C. &3, 1. 35S contradicts 1. 27.

po Co 44, 1. 23, The reliability of standby components need not

be (stochastically) dependent on  the reliabilitise of other

components .

p. €. 46, 1. 3. Type change FME to FMEA.

[ (S 4é4 ., Lel e Identifying causes from observbed events is

"irductive”", not "deductive",

pe €. 47, 1. 7. If a system is & two-out-of-thres eystem, 4in my

usage, 1t is not parallel. Parallel is one-out-of+<n.

pe C. 49, 1. 10. Proposed editorial change. Replace " ressone for

4 . £ A RAT a2 L o T W O
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this dependence” by "nature of the dependence".,

e G 4".“. 1. 17-18. see %. -
iy S
. 'A;a
o, pe B. 83, 1. 11-17. A useful alternative is to introduce L
‘?V utilities, g
r_'" ? .T'rl
. p. C. B3, 1. 28-29. Grammatical problems. T[]
' pe o 82, 1, 20 insert "the” between of and coourrence. j
.
pe Co 54, 1. 38. In the usual fresguentist mnodel, 1f vou assume ﬂ
: it
; that the two components have the eame failure rate, you ohtagn a
"better" estimator i1 you pool the test data on hoth components e
and estimate hy 62.
f pe Co B8 1. T=4, 1 would presume that this should depend  on the
o lose function utilized.
L
;” pe T B7. 1. 1. Layout and punctuation are not satisfactory. This
o was better in the previous version. ;
Y yff,
e%‘ ps Q. 08, 1. 20, Jlavout, punctuation. g e
b ;
2 pe. CT. &0, 1. 14, 1 like the previous version hetter,
o i
i Wi
o Pa Qe Gh, 1o 24 1, 1t appears that my previous comment (2471 was At
L 3

migunderstood. I was not referring to software reliability and/or
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Be. - 119, | 17, The introducticn of utility permits
"guantitativa" not "gqualitative" comparisons, since that creates

¢ linear ordering. The risk triplets provide only a partial

i
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codes, bBut to "Time Dependent Modeling. #
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p. C. 120, 1, 1-6. Aggregate riek iz an expected value. Let X(i) 1
J

be the number of occurrences of accident i in [0,T]. Then E(Sum ]

Cli)xX(4)/T) 1e aluebraically equal to Sum C(i)¥F(i).

pe o 126, 1. 33 ff, Thie 18 & mathematically delicate topic, due
to lack of robustness. No changes should b2 mede at this time,
but I  feel that thie i1s an 1mportant topic for detailed

investigation in the future.

p. C. 148, 1. 27. Suggested rewriting. This section focuses on

the methods used for formally obtaining and pProcessing ce....

pe Cu 172, 14 18, "Complementary" sesmg to be the wrong word. Two
items are complementary 1f together Yhey constitute the "whole".
This applies nrot only 1n the mathimatical usage, but also in the
literary wusage. The point thset ccne wishes to make is that

sencsitivity analysise provides additonal information, which i€ not

included in the wuncertainty analvais. }

Pe G 178,01, 19, "Classical" methods do _resu’t in probability

-

distributions for the output. ,w




. 15, i e S ?. It is preferable to utilize a Jjoint
distribution for all variables, since this will permit
identification of interactions. Selecting a distribution for each

input variable separately is adequate only for linear systems.

P C. 179, 1. @9 ~ 40, This is a big Lmprovement over the
previous version. The empirical CDF is always a sufficient
statistic and this will not cause the same loss of information as
restricting attention to confidence intervals. The sampling
distributions of point estimators for varioue models is also a

worthwhile adiunct to the analysis.,

pe €0 1BO, 1. 10. It is always difficult to get accuracy in the

tails, since observations are rarely obtained in the "far tails".

p. C. 181, 1. 10 ff. Latin hypercube sampling permits joint

sampling as well as individual sampling of variables. As noted

before, Jjoint sampling is to be preferred.

p. €. 190, 1. S. Dne-at-a-time methods are risky to use, sifce

vaey obscuwre "interactions™ .

fe T 197, 1, 3135, It should be possible tu devise methode to

study the diferences betwesn plants and 1 have saome preliminary
theughts on  the possibility of deing <o, Agair, thie is in the
realem of future activities and not relevant to revisions of the

present repeart.




APPENDIX C

Comments on the October 8, 1993 Draft Report
"A Review of NRC Staff Uses of Probabilistic Risk Assessment"
by
Ralph L. Keeney

October 29, 1993

I have read the main report, Appendix, and the chapters on “Expert Judgment' and
‘Uncertainty and Sensitivity Analyses* of NRC. The authors did a very thorough job of
incorporating my comments on the previous review of this draft. | agree with the
positions taken in the report and believe that it should be beneficial to the NRC to help
address the comments in the ACRS letter dated July, 1991, | would like to mention,
however, that if the recommendations referred to in the "Reply to Comments from the
External Review" are followed, the concerns of the ACRS will more likely be significantly
reduced. Specifically, the "Reply* makes recommendations “that follow-up reports be
written that discuss in one place present risk assessment and risk management practices
as well as an evaluation of how else risk assessment should be used at NRGC" and "that
the concept of decision analysis be pursued by the staff for possible future use in the
staff's decisionmaking process’.

In closing, let me make two minor comments:

1. Appendix A does not provide a copy of the survey distributed to the staff. It
should provide this and this would be easy to do.

2. On page 182 (line 4), one change of "precision* to ‘accuracy’ did not get
included on this draft.
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November 1, 1993

Dr. John Weeks

Department of Advanced Technology
P.Q. Box 5000

Brookhaven National Laboratory
Upton, New York 11973-5000

Dear John:

I have received the Draft Final Version (dated October 8, 1993)
of the NRC PRA review and have reviewed i’ in the light of the

comments I had previously rendered as a member of the External
Review Group.

I find that this Final Version is greatly improved over the
previous one from the standpoint of its literary and technical
content and that it adequately addresses the comments I had
submitted at the Albuguerque meeting of the External Review
Group. It is my opinion that the Draft now provides good
guidance to the NRC staff on the means and extent of use of PRA
in regulation, up to the points where the Draft makes
recommendations as to further analysis that should now be done.

Sincerely,

Herbert Kouts




