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I'm pleased to be here this evening. I think. Normally, one announces
at such times that one is pleased to be wherever one is with casual disregard
for the complexities and subtleties that may underlie the matter. But with
this gathering of experts in risk assessment, I want to be quite precise.

I have examined the data base on being pleased. My analysis shows a
distribution that peaks in the neighborhood of being pleased to be here.
However, the distribution is quite broad and we must face the possibility that
I am not at all pleased. But do not be concerned. I have carried the
analysis further and applied the appropriate consequence model. I find that
the consequences of my not being pleased are negligible for all sequences.
The risk of non-pleasure is, therefore, also negligible, and we may safely
ignore all those negative sequences.

I was rather pleased with my analyses and had planned to present them in
a formal technical paper at this meeting. The Technical Program Committee,
however, rejected my paper. I still don't understand that. I remember quite
distinctly that they told me, when I became President of the Society, the
Program Committees would stop rejecting my papers.

But enough of these diversions. I have a good deal to say to you tonight
and I have been told that we must clear the room by midnight. So let us get
on with it. My subject tonight is the rise and fall, and then the rise again,
of risk assessment.

But the first things I have to talk to you about tonight are matters of
introduction and explanation. Not for you experts in risk assessment, of
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course. But, you see, I go to a lot of these meetings on special topics and
attend banquets like this one. And I find that at these affairs there are
always a number of poor souls who are not experts in the subject of the meet-
ing who, like myself, have wandered in by mischance. I really must speak for
a few minutes to the non-experts present, to explain what is going on here.

This meeting is on a subject called Probabilistic Risk Assessment. For
the most part that means assessing the risks of nuclear power plants. Not
totally, because ther are some other activities in the nuclear field for
which these exper' .fill assess you a risk if you like, but mostly it is reac-
tors and power p.ants. These people call it "Probabilistic Risk Assessment",
or PRA, instead of just "Risk Assessment", or RA, in part to up the price
because Probabilistic sounds vary mathematical and expensive, and in part so
that they, the practitioners of the art, are not confused with members of the
Regular Army or with the priesthood of the Egyptian Sun God. Although I must
tell you, there is a splinter group among them that rather fancies the priest-
hood connection.

Probabilistic risk assessments are carried out by people who are called
analysts. You are probably sitting in the middle of a bunch of analysts right
this minute. Therefore, be very careful what you say and do. Analysts are
constantly on the lookout for human error.

An analyst is a person who, through exercise of complicated techniques
and adroit manipulations, is able to quote probabilities and consequences to
three significant figures on the basis of inputs anrt assumptions that are
uncertain by factors of ten and a hundred. As you will immediately surmise,
that is not an easy task. It is no wonder that analysts are highly-paid and
much respected.

The elements of probabilistic risk assessment are fault trees, and event
trees, and data bases of imponderable meaning, and a collection of computer
programs that nobody understands. The origin of those computer programs is a
subject of much speculation and doubt. The truth of the matter appears lost
in the mists of time and we shall probably never know for sure. There is,
however, one widely held theory of the origin of these computer programs, and
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that is that they were formed in the primeval explosion which created the

universe. In any case, this set of computer programs was found some years ago

deep in a cave under Germantown, Maryland. What a lucky thing that was! Sup-

pose those computer programs had coalesced out of the primeval explosion into

a cave in Siberia. Think what that would mean. Why, today the Soviets would

be dashing around exciting one another with tales of disasters with probabili-

ties of ten to the minus tenth per reactor year and, in this country, we would

be going ahead, dumb and happy, building and operating reactors. How fortu-

nate we are that we found these wonderful computer programs!

Let me tell you about fault trees. A fault tree is a logic diagram. I

choose my words here with some care. You see, a fault tree is a diagram of

the logic of a piece of analysis. That does not necessarily make it a logical

diagram. But that is a fine point for the experts to think about.

A fault tree is a diagram that starts at the top of the page with a

disaster. Then it trickles down the page through all kinds of funny-looking

little symbols to a long row of non sequiturs at the bottom. Let me give you •

an example. Imagine we have a fault tree. Among the trivial and unrelated

events that are entered in a row along the bottom might be: "the cat is

hungry". Also, "clock strikes five p.m." ... and over here on the right:

"porch light removed for eighteen-month surveillance". And then, going up the

diagram, we might find entries like "cat nudges Mom", and above that: "Mom

pours milk". And then at another place in the diagram, "Dad leaves office",

and above that: "Dad stuck in traffic". Up toward the top of the diagram we

find, "Mom puts milk dish on porch", and "Dad slams garage door, stamps toward

porch". Now the diagram is beginning to converge. One of the sequences now

leads upward through: "Dad steps on cat's dish". And that, in turn, leads to

the disaster at the top of the diagram: "Dad falls on prat, splits new

pants". That's called a "top event" in fault tree work.

The thing to remember about fault trees is that they run vertically from

the single disaster on top to all of those unrelated events at the bottom.

That's very important to remember, otherwise you can't tell a fault tree from

an event tree.
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Event trees run horizontally. Event trees start on the left with a
single initiating event. For instance: "The mule kicks Uncle Bill". Then
the event tree grows as you go to the right and more things happen, or don't
happen, and you end up on the right side of the diagram with a whole list of
disasters. Like: "The Cowboys beat the Giants", or: "Planet explodes". Or
something like that.

Well, that's pretty much everything I know about risk assessment. I
would have liked to explain to you those funny little symbols in the fault
tree diagram that connect various events. Those are called "and" gates or
"or" gates. They are very distinctive. But I have never been able to remem-
ber which is which. On the other hand, it never has seemed to matter very
much so maybe it's just as well not to know.

There is one other matter that I ought to tell you about before we invite
the experts to rejoin our discussion. And that is a conversational tactic
that I have found very useful. If anybody starts to talk to you about risk
assessment details; fault trees, computer programs, and all the rest, you just
say: "Wait a minute, what are the cut sets?" Then, no matter what they
answer, you just shake your head and walk away.

I never have figured out what a "cut set" is, so I can't explain it to
you. I used to think it was a package of matched steak knives. Or maybe what
the producer told the stage manager when the play folded. But I don't think
that's right. Actually, I had kind of hoped to find out at this meeting what
a cut set is. I've been listening carefully all day and I still don't know.
If you find out, drop me a line", will you?

So much for introduction and explanation. The balance of this discussion
will involve some historical commentary; the rise and fall, and rise again, of
risk assessment that I mentioned earlier. Our erstwhile Chairman has sug-
gested that I might talk about the changes that I have seen in the perceptions
of risk assessment from the standpoint of the Commissioners as a collegia!
body, and where they might go in the future. Where the perceptions might go,
that is. Where Commissioners might go in the future is not a subject that I
can address at a dinner meeting.
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I shall start at the beginning and make no apology for a somewhat idio-

syncratic view of history. After all, if you want historical precision go to

a university and major in the subject. Don't hang around banquets listening

to people like me.

In the beginning, John Pastore, of sainted memory, who was a Senator from

Rhode Island and a ranking member of the Joint Committee on Atomic Energy,

wanted the Atomic Energy Commission to make a report on how safe reactors

were. The Atomic Energy Commission staff labored mightily and came forth in

early 1972 with a draft volume called WASH-1250. It was a grand compilation

of information about reactors, the f u cycle, regulation, safety philosophy,

defense in depth, current issues, all kinds of things. It was really good

stuff. WASH-1250 has been out-of-print for a long time but I still treasure

my copy. But it wasn't what Pastore wanted. WASH-1250 just said: "Reactors

must be safe because we design carefully and put in lots of emergency

systems." The Senator wanted something more quantitative.

So, the AEC cast around for other ways to attack the question and that

led to the Reactor Safety Study, which got started in September of 1972. Norm

Rasmussen, who headed the study, got Saul Levine to be his deputy. Then they

started to collect a team, consultants from all around the countryside, people

from the AEC. They also wanted some of my regulatory staff experts. At that

time I was the head of technical review on the regulatory staff, where most of

the staff experts were concentrated. Norm and Saul kept trying to raid our

troops and we kept outmaneuvering them. They did get some good people from

the regulatory staff, but I think most of them came from Angie Giambusso's

Project Management Office.

Our attitude was that it was an interesting project, but speculative, and

didn't have much to do with the real regulatory business of reviewing applica-

tions, getting out safety reports, testifying in hearings, fighting the fire

drills, and so forth.

Later on, when a draft of WASH-1400 was circulated to us for internal

comment before it was revealed outside the Commission, the response of the

mainline regulatory staff was to wish it would go away. The draft WASH-1400

suggested that serious core damage — which was taken to be core melt — was
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considerably more probable than we were prepared to admit. We regularly sent
Ed Case to court to testify that core melt or severe core damage events, which
were assumed to be the result of safety system malfunctions in a loss-of-
coolant accident, had a probability of one in a million per reactor year or
less. So it was something of an embarrassment to have WASH-1400 talking about
probabilities 100 times larger.

On the other hand, WASH-1400 also said that core melt was not necessarily
a big deal from the standpoint of public safety. That ran against our conven-
tional wisdom too. So we replied to the draft, complimenting the effort, but
saying we thought the probabilities of serious events were too high and the
consequences too low. That wasn't the first time, or the last, that we got a
safety matter just about completely backwards.

The Commission itself was a good deal more enthusiastic than the staff
about the new risk assessment methods and the report the safety study had
produced. Commissioners embarrassed Norm Rasmussen by quoting some of his
results to Congressmen before he got the report issued for peer review. The
final version of WASH-1400 was published after the change from the Atomic
Energy Commission to the Nuclear Regulatory Commission had occurred. The
Commissioners of the new NRC were also very enthusiastic about WASH-1400 and
risk assessment.

Perceptions that risk assessment might actually be a useful technique in
the regulatory business began to come to the staff after a while. The staff's
little band of risk assessors was able to demonstrate that a string of so-
called safety issues, raised by some dissident staff members and trumpeted by
them around Capitol Hill and in the press, were in fact non-entries in a
safety sense, because of the extremely small probabilities of occurrence.
That ability to deal, on a logical and quantitative basis with these safety
allegations put a whole new light on risk assessment for a lot of us who pre-
viously hadn't thought much of it. There was increasing reference after that
to WASH-1400 results in staff papers and testimony, although risk assessment
was still not used by itself to carry the staff's points.

I remember that when I first got to the Commission in August 1977, there
was the first of the Chapter 210 reports about to go to the Congress. Chapter
210 was a new part of the Atomic Energy Act that had just been passed which
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required the Commission to report on an annual basis all of the so-called
"unresolved safety issues" that it had before it. Here was this first report
about to go to the Congress, already put together, and it had over 100 so-
called generic issues in it. There was all kinds of trash in that list and I
could see a long unhappy future trying to get it sorted out once all those
items had been declared "unresolved safety issues". But all I could do with
that first report was to get some language in the front that said in effect,
"Look, Congress, we haven't had time to sort these £.11 out, so here is the
full, unedited and unanalyzed list of things we're thinking about and when we
analyze them, we'll let you know what's important". And off the report went
to Congress.

I was searching for a way to deal with that long list when Saul Levine,
who was then Director of Research, came up with the answer. It was risk
assessment. So he and his troops went to work on a list of 133 generic
issues. In about a month they showed that only 20 were legitimate concerns.
The rest simply had vanishingly small probabilities. So the great generic
issue list got collapsed to about 20 and those 20 issues went into the next
Chapter 210 report to the Congress. They were the first defined set of "unre-
solved safety issues" under the new law. That efficient disposition of a
large number of potentially flammable issues endeared risk assessment to staff
and Commission alike.

There were, however, dark forces at work. When the draft of WASH-1400
was circulated for comment in 1974, and again when the final report was pub-
lished in '75, there was a great hurrah from the critics of nuclear power.
The report simply didn't match their preconceptions at all. It said nuclear
power reactors were a pretty low-grade concern in modern society, if they were
a concern at all. From the anti-nuclear standpoint that simply could not be
allowed to stand, and the attacks came almost continuously thereafter.

Unfortunately, this was at a time (late '75 and through '76) when the
Joint Committee, which had forced the report to be prepared in the first
place, was dying. In the 94th Congress the Joint Committee was forced to
share oversight responsibility with other committees, notably UdalVs and
Hart's. By the 95th Congress, which ran in 1977 and '78, the Joint Committee

was dead and the NRC was totally in the hands of other, largely unfriendly
committees.
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Urged on by critics of the Reactor Safety Study, the Interior Committee
held hearings in the summer of 1976 to give the critics a chance to air their
views. The result was a report published early in '77 by the staff of the
committee that was critical of WASH-1400 in assorted ways. That was the basis
upon which, in March of 1977, Mr. Udall pressed upon the Commission a review
of WASH-1400 and the preparation of a new Summary. Mr. Udall wanted some non-
NRC people on the review group, including some critics of WASH-1400.

The Commission countered with a proposition to do an independent review
of peer group comments and of developments in PRA since the report had been
published. In June of 1977, Mr. Udall and Mark Rowden traded letters again;
Udall to demand the review group's attention to WASH-14001s accuracy and
limitations, and Rowden to say the group had been chosen, with Hal Lewis as
Chairman, and that a preliminary charter had been developed. The others on
the review group were Frank Von Hippie, Bill Rowe of EPA, Herb Kouts, Walt
Loewenstein, Bob Budnitz, and Fred Zacharias of Caltech.

The Lewis group got started in July of "77 and met for the first time in •

August, just after I was sworn in as Chairman of the Commission. They

completed their work and presented their report in September 1978.

The Lewis report was critical of some aspects of WASH-1400. It was very
sour on the Executive Summary, some of the calculational techniques, and the
general impenetrability of the language. "It is inscrutable," declared
Lewis. The Lewis report also condemned the peer review responses by the RSS
team and said the error bands on results were much broader than WASH-1400 said
they were. But overall, the Lewis report was a strong endorsement of WASH-
1400, and of risk assessment methodology, and recommended its wider use by the
NRC.

The Lewis report arrived on my doorstep soon after the Commission had
finally added a fifth member. I soon found I had three Commissioners who
proposed to use the negative findings in the Lewis report and to ignore the
positive ones. We struggled from September to January of 1979 to agree on a
Commission statement on WASH-1400 in view of the Lewis report. The various
Congressional committees, especially the Interior Committee, were pressing us
to have a position in hand for the first session of the 96th Congress, opening
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in late January of 1979. Hearings were scheduled for February and it seemed

impolitic for the Commission to appear without some position on WASH-1400 and

the Lewis report.

Getting Commissioners to agree on something reasonable — which at that

point, in late '78, meant condemning the Executive Summary and showing dismay

at the peer review, the criticized calculations, and the famous inscrutability

— but otherwise endorsing WASH-1400 as the Lewis report did, was complicated

not only by having three Commissioners going the other way, but also by the

nature of the presentation made to us of the report by Hal Lewis in September

of 1978. Hal had presented the results to ACRS and in generally favorable

terms, I understand. When he and the group came to brief the Commissioners,

the presentation came out in generally negative terms. More so overall than

the report itself. I don't think Lewis intended it that way, but it came out

enough negative at that Commission meeting to give the anti-WASH-1400 Commis-

sioners something to point to as a basis for their feelings.

We negotiated back and forth through the Fall and early Winter and

finally compromised on a position statement in mid-January of 1979. It noted

the good things the Lewis report said about WASH-1400 and risk assessment, and

the bad things, and accepted all the findings of the Lewis group. That was a

positive step because the findings were pretty favorable, on balance, the

Commission also said it was taking some actions: it withdrew its endorsement

of the Executive Summary and said the WASH-1400 peer review was inadequate and

we promised to do better in the future. We also said the absolute risk num-

bers in WASH-1400 should not be used "uncritically for regulatory purposes."

The Commission position statement supported "extended use of PRA in regulatory

decision-making", subject to reservations as noted in the Lewis report.

So the Commission statement wasn't bad, given the context, and there is

only one thing in it I really regret. That was a gratuitous comment, in an

otherwise harmless paragraph on accident probabilities, saying that in light

of the Lewis group's conclusion that the probability uncertainty bands were

underestimated, "the Commission does not regard as reliable the Reactor Safety

Study numerical estimate of the overall risk of reactor accident." I don't

remember how that sentence got in. Maybe I thought it was a fair trade for

-9-



the positive part of the statement, I can remember thinking that the Commis-
sion statement was, on balance, a good favorable report and the best I could
do in the circumstances.

What I hadn't counted on, or expected, was that the anti-nuclear crowd
had access to drafts of the Commission's statement as it was being developed,
and that they were all primed for a big media campaign based on the negative
parts of the statement. They were successful with their campaign and created
a broad impression that the Commission had rejected WASH-1400 in particular
and risk assessment in general. We even got congratulated by the Interior
Committee and the Washington Post.

Unfortunately, a lot of people on the staff and in the technical com-
munity paid more attention to the media characterization of the Commission
statement than to the statement itself. For a while there was some confusion
and uncertainty over the place of risk assessment in the regulatory process,
and risk assessment went into the "fallen from favor" category even though
that was not what the Commission had prescribed. The operative instruction of-
the Commission, after all, had been support for extended use of PRA in regu-
latory decision-making.

The uncertainty and the confusion about risk assessment didn't last very
long. Or rather, it was engulfed in other events. A couple of weeks later
the Commission performed the great five-plant shutdown, on the staff's prelim-
inary determination that at least those five Stone & Webster-engineered plants
probably didn't meet the seismic resistance requirements. That caused even
more turmoil than the Commission's Lewis report statement and kept folks
occupied until we could get the main attraction of 1979 on stage. That, of
course, was the spectacular performance of Three Mile Island Unit 2, which
opened to mixed reviews on a Wednesday late in March but was a smash success
by the weekend.

For a couple of months after that, nobody gave a damn about risk assess-
ment. Then it began to be noticed that WASH-1400 contained an accident
sequence in which the primary relief valve opens on a high pressure transient
and doesn't close. That, of course, is what happened at TMI, along with some
operator errors. We then began to understand that there were accident se-
quences in WASH-1400 that really could happen, accidents that differed from
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and in some cases went beyond the conventional design basis accidents, and

that risk assessment was the best technique we had for identifying and under-

standing those accidents. That improved the Commissioners' view of PRA and

WASH-1400. It was further improved in late '79 when the President's Cornnris-

sion investigating TMI and the NRC's Special Inquiry Group both noted the

applicability of WASH-1400 to what had happened and strongly encouraged the

use of risk assessment techniques.

In August of 1979, the German Reactor Safety Studies Summary was re-

leased, with the main report following early in 1980. We had an informal

preview of the main report and the generally similar conclusions of the German

group reinforced the Commission's turn of mind back toward risk assessment. I

don't recall that the German study had a pronounced effect on the Commission-

ers, but it did lend support to the use of risk assessment, and to the overall

validity of risk analysis conclusions. Certainly, if it had come out strongly

different from WASH-1400, that would have had a profound effect.

So, toward the end of 1979, risk assessment began to look a little more

respectable, although all references to the use of risk assessment were gener-

ously swathed in comments about uncertainty bands and incomplete data bases.

The rise again to respectability of risk assessment got worked out most

vividly in the treatment of the issue of high population density sites. That

affair started in a serious way with the petition in September of '79 from the

Union of Concerned Scientists to shut down the Indian Point units because of

the alleged additional risk due to the high population around the site, as

well as assorted other alleged deficiencies.

I must confess that a certain fraction of the trouble we had with Indian

Point and with the other high population sites was self-inflicted. Some staff

people, risk analysis types at that, had been going around saying that 40% of

the total accident risk to the U.S. public from nuclear power plants was due

to the Indian Point and Zion units and that it was the high population around

those sites that was the cause of that peculiar statistic. That stirred up

the anti-nuclear side of the New York Congressional delegation, as though they

needed stirring, and there was a great press to shut down Indian Point, or at

least to have a hearing ~ and then shut it down.
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The staff denied the Union of Concerned Scientists' petition, and the
Commission, under pressure from the Congressional committees, said it would
consider hearings and related matters and asked for public comment. That was
in February of 1980. By that time John Ahearne had been made Chairman and had
to take the heat. We argued through the Spring about what to do with Indian
Point specifically and the high population sites in general. By the end of
May, we had hammered out a compromise among the Commissioners and it was an
interesting one from the standpoint of the Commission's perception of risk
assessment.

The essential element of the Hay order of the Commission was to institute
a hearing on Indian Point at which the central questions to be addressed were:
what is the risk, both probability and consequence, of serious accidents at
Indian Point, and how does that risk compare to the range of risks of other
plants? Those questions were re-emphasized the following January, when the
Commission finally put the Indian Point hearing into motion. "The Commis-
sion's primary concern is the extent to which the population around Indian
Point affects the risk posed by Indian Point, as compared to the spectrum of
risks posed by other nuclear plants."

That examination of the Indian Point situation was framed by the Commis-
sion in risk assessment terms and risk assessment mtuhods were to be used to
produce the answers on which future Commission decisions were to be based. I
think that proceeding was probably the first major licensing-related Commis-
sion undertaking to be done on an explicit risk assessment basis. In direct-
ing the IP hearing to go forward, the Commission talked about probabilities
and consequences as elements of risk, about various risk measures, individual
and societal, in terms of prompt and latent fatalities and injuries and
radiation-caused property damage, all the language of the WASH-1400
consequence modeling.

There was also the customary bow to uncertainties. The Commission order
said, "Despite these uncertainties, risk assessment methods offer the best
means available for objective and quantitative comparisons of the kind needed
here."

-12-



The date of that order was January 8, 1981, almost exactly two years

after the unfortunate Commission statement following the Lewis report. The

Commission had clearly turned completely around on risk assessment and the

return of that art to respectability was complete.

An interesting footnote on that order of the Commission is that by that

time the staff had concluded that the Indian Point and Zion risks were not 40%

of the total reactor risk in the United States and that, in fact, the Indian

Point risk was typical of U.S. plants.

The Indian Point hearing, of course, went on anyway. It was four years

old this last January, and is still awaiting a final order from the Commission

as far as I know. As expected, the hearing has demonstrated that Indian Point

risks are nothing out of the ordinary and the Licensing Board that heard the

proceedings has said so in its initial decision. The same result has come out

of the assorted studies that have been made of the other high population

sites, although, fortunately for them, none have had to endure a full adjudi-

catory hearing to develop that result.

So there you have the history of the rise and fall and rise again of risk

assessment.

The present gaggle of Commissioners seems very well inclined towards risk

assessment and without much questioning about it. They have shown their

favorable perception of risk assessment methods by what I believe is the

second major undertaking in regulation by the Commission that is based on risk

assessment. That is the safety goal enterprise. In February of 1982 the

Commission published a proposed policy statement and asktH for comment upon

it. The policy statement had safety goals and then quantitative guidance as

to what they meant. The whole phrasing and basis of the approach is in risk

assessment terms.

In March of ' 83, having digested the assorted comments on the proposed

safety goal statement, the Commission published a slightly amended version of

the policy statement which contained preliminary safety goals and guidelines,

said that they were subject to change after a two-year evaluation period,

included the staff evaluation plan for comment, and declared that during the

two-year evaluation period the goals and guidelines were not to be used as a
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licensing basis or to reach what were called "bottom line safety conclusions."
In publishing the policy statement the Commission had some very nice things to
say about risk assessment in general and WASH-1400 in particular, and it is
clear that the present Commission regards risk assessment as a very signif-
icant tool in regulatory practice. The two-year evaluation period for the
safety goals and guidelines will be over in another few days, and it will be
interesting to see what actions the Commission takes with this initiative.

I have not said anything thus far about a variety of risk assessment or
risk assessment-related programs with names like RSMAP, IREP, NREP, RARP, SEP,
ISAP, etc. You will be pleased and relieved to know that I do not intend to,
either. That is not to denigrate these assorted programs but to acknowledge
that even I can't talk forever. And for tonight, I shall now stop trying.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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