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MR. OKRENT: The meeting will now come to order.
This is a meeting of the Advisory Committee on

Reactor Safequards Subcommittee on Extreme External Phenomena. |

I am David Okrent, the Subcommittee Chairman.

Other ACRS members present today are Drs. Lewis,

Siess , and Mark.

We have a number of ACRS consultants in attendance.
They include Dr. Ang, Dr. Bush, Dr. Luco, Mr. Maxwell,
Dr. Page, Dr. Pomeroy and Dr. Thompson.

Have I missed anyone?

The purpose of the meeting is to conduct a workshop
on the guantification of seismic design margins for nuclear

power plants,

The main topics of discussion will be the adecuacy I
of the methodology for guantification of seismic design margin%
an? a discussion of ongoing NRC and industry programs in this
area.

The meeting is being conducted in accordance with
the provisions of the Federal Advisory Committee Act and the
Government in the Sunshine Act.

Dr. Richard Savio is the Designated Federal EmployeT

for the meeting,

The rules for narticipation in today's meeting have

been announced ac a part of the notice of this meeting previ-
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ously published in the Fedei1al Register on Wednesday, Novem-

ber 23, 1983.

A transcript of t)e meeting is being kept and will
be made available as stated ' n the Federal Register notice.

It is requested that each speaker first identify
himself or herself and Speak with a sufficient clarity and
volume so that he or she can be readily heard.

We have not received any written statements from
members of the public or requests for times to make statements
However, I note that the agenda provides for many discussion
periods and as with previously meetings of a similar nature
held cn the subject of extreme external phenomena, we would
like to treat this meeting with some -- a considerable amount
of flexibility.

We will encourage participation from the floor,
just as to be acknowledged to participate in the various
technical matters and so forth.

I will try to keep us approximately to the printed
agenda, but we are here to learn and exchange ideas.

By way of just a bit of background, although I
Suspect most people here are familiar with the matter, in a
considerable number of operating or construction permit re-
views in the past several years, the ACRS has raised questions
concerning aspects of seismic safety.

In some cases, the questions were specific to the
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particular plant. In some cases they were rather more general

and for example, in its report on the Perry reactor, the ACRs
stated its belief that it's important that there be consider-
able assurance that the combination ol the seismic design
basis and the procedures used to establish the design margin
be such that the seismic risk represents an acceptably low
contribution to the overail risk.

n January, 1983, the ACRS wrote a letter to the
Chairman of the NRC. The subject was quantification of seismic
design margips and in this letter the ACRS discussed the
general subject, made some Suggestions for how the problem
might be examined on a broad basis rather than on a plant by

plant basis and since then I guess we have been waiting to

hear what the NRC Staff and the Commissioners think ahout the
matter, whether they in fact expect to have programs which |
pPursue these guestions in some broad generic way or whether
they expect to deal with these things on a case by case basis
the time scale on which they will address these matters or
perhaps whether they have inf.rmation which deals with the

question of just how much a contribution to risk the seismic

part is,

So, one thing we would hope to learn from this
meeting is where the NRC thinks it stands and expects to be
moving.

Similarlv, we are interested in learning how
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representativeé of the industrv view this matter and how they!
think it should be addressed, so there are these sort of pro—t
grammatic kinds of questions that we hope are addressed directl
or indirectly as part of the meeting.

I was trying to summarize what we might hope to
learn from this meeting in a few short questions and what I
wrote down was the following.

This is on the plane after one o'clock, Scott, so
I don't know =--

(Laughter.)

== whether it quite meets the mark “ut anyway, how |
much do we know about the seismic contridution to LWR risk?
How much do we need to know?

Can we learn what we need to know and if SO, how?

And what are the NRC programs and are they adequate
for the purpose? J

So, by way of a brief introduction, I will ask the

Subcommittee members if they would like to comment on the
agenda or raise issues that they would like people to parti-
cularly address or whatever.

Mr. Mark, Dr. Seiss, Dr. Lewis, anv comments?

MR. MARK: I don't think it adds anything. I am

wondering though if the position we would like to approach
asymptoticly ana in as short an asymptote as possible, would

it be that of wishing to feel we had level of confidence in an
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earthquake with the appearance time of something in the few timesl
ten to the minus fifth or few times ten to the -- let's see --
a probability of occurrance per year, let me try, of a few
times 10-5 or some number less than 10-.4 and we want to be

as sure then as we can that the plant will be in a position

to cope with such 2n event and shut down safely and that is
what we lack, or one way of saying what we lack, and that is
what we would like to get to as far as possible as soon as
possible.

MR. OKRENT: I think you have put a very succinct
measure of the matter. That was a helpful comment.

MR. SIESS: I am not sure it was that helpful
without the uncertainties being defined. 1 am perfectly happy
with the four questions you stated, Dave, if we can at the
end of this session come up with any kind of answers to those
four questions, I think we would have accomplished a great
deal.

MR. LEWI3: I think you have stated the guestions
reasonably well.

I would like to come out of this whole thing better|
educated on my confidence on the estimates of recurrence times
for given acceleration at a given site than I am now, so for
my part I have more conficence in one's ability to predict

the behavior of the structure than to predict the recurrence

time for a given acceleration.
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MR. OKRENT: 1T might note in connection with [
|

Dr. Lewis's last comment, we had hoped to have a considerable
discussion on this matter with opening talks by USGS.
Unfor:unately that part of the program seems to

have melted away for reasons I anm not sure 1 completely under-

topic.Fven if we have lust that Presentation, it may be that
somehow during either today or tomorrow we will manage a
90-minute interval Or something like that where I think that

people can discuss this I will say impromptu, but people

shouldn't be surprized i1f I called on them for opinions,

Are there any other points?

All right, let's see if we can get ahead of the
agenda at least once.

We will move into the item where Mr. Jackson will
give us some sSummary from the Staff.

MR. JACKSON: My name is Bob Jacks~n. I am Chief
of the Geoscience Branch at NRC.

Basically I have Prepared with Mr. Knight a little
written introduction which I will read and be willing to dis-
cuss afterwards.

Jim Knight has been tied up for the past six
weeks in a site in California. He sends his apologies for

not being able to attend this meeting. Instead he sent three




10

11

12

13

14

15

16

17

18

19

21

24

of his four Branch chiefs and I am not sure we can fill in
fully for him.

In response to question number two, 1 have a short
introduction.

Basically the ACRS has requested that we provide
this Subcommittee with some insight as to what is likely to
come about or what is expected in the future by the NRC Staff
in the area of Quantification of Seismic Design Margins.

As you are aware, we have discussed this issue
with you a number of times during 1982 and prior to that.

As a result, the ACRS forwarded a letter to the
Commission last January. We viewed this letter as a call for
a consolidation and possibly rethinking of NRC programs to
allow us to gain better confidence in the capability of nuclea
power plants to withstand earthquakes greater than their
design basis.

I also reviewed the request as a call for continue

emphasis on a multiple approach including beth deterministic

analysis of seismic margins ard a call for increased attention
to seismic probabilistic risk assessments.

We forwarded our general response to the ACRS
letter in an April 4 letter to Commissioner Ahearne, in which
we indicated that we concurred in principle with the Committee
recommendation but also indicated that extensive discussions

would be needed to define specific programs that are feasible
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“only to cont:ibute to the discussion but to hear suggestions

considering the availability of data and resources, resources

meaning both staff and dollars.

We are here at this meeting in this spirit, not

from the Subcormittee, your consultants and other participant;
on how we should be pProceeding.
We have available here for discussions members fr04
the NRC Staff Prepared to discuss a variety of topics from
hazards to equipment gualification structural engineering
and geotechnical €agineering.
Each of these individuals will provide a separate
summary or specific insights on the work they have been doing.
As you are aware, I have told you before, both
Ted Algermissen and Jim Devine of the Survey are not able to
attend due to the press of other activities. Jim Devine's
press is that they just received their budget yesterday o> theg
day before from OMB and suffered quite a bit in that and he
felt it was more important to stay behind and try to recover
some of that and that is a vrobably more important effort for
him at this point in time.
Dr. Algermissen would have liked to participate
but felt he did not have sutficient time to Prepare adequately
and as a result he will look forward to meeting with you

in the future.

The USGS has however asked that Dr. Boatwright
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provide us with an analysis of information relating to the
New Brunswick earthquake. I think you will find that interest
ing.

We have suggested he be put on the agenda for
tomorrow around 10:45, I think in place of Mr. Devine. He
will, I think, raise some stimulating discussion on observa-

tions of high frequency ground motion in that area.

-

Since forwarding our April 4 letter, we have made
Some progress in responding to your reguest but due to the
press of other activities, we have not advanced as much as we
would have liked.

As we previously indicated, it is our intent to
proceed on this guestion with an existing programs and staff
and resource availability. This is still our intent. fThat
offers a severe impediment to our making a great d=al of

progress.

We have, however, made substantial progress in the

area of how to deal with external events and PRA. A working
group prepared a report which made seven specific recommenda-
tions in the external event areas including a view, one that
external events should be included in PRAs. It may seem
obvious that that should be the case but there is a fair
number of personnel within the Staff who don't believe this

should be the case-Until this working group met and over a

period of several months had extensive arguments, this was

i
|
|
|




the overall recommendation made to the Division of Engineering
and has been embraced essentially by the Office.

The second observation was that a short term pro-
gram to develop external event DRA procedures, guidelines and
acceptance criteria be developed. Tnis activityv has been
incorporated into the current operating plan and is scheduled
for completion in September of 1984.

Essentially the idea there is to provide the
industry and the Staff with both some guidelines as to how
we should be proceeding and what they should do and how we
are going to review that when we get it.

One other item was a need for research activities
and the call for an assessmant of a simplified external event

PRA methodology and there were numerous recommendations.

That document I belive has been made availalble

previously to the ACRS.

I might also add that one of the research recom-
mendations indicates it is necessary to make an assessment of‘
where the SSMRP, Seismic Safety Margins Research Program, fits
into this program and how to go about improving prioritization
of related PRA issues.

A second point: we have also made considerable
progress in establishing the seismic hazard for plantes in the

Eastern US as a result of the Charleston earthquake issue.

This program, which is being conducted for the Staf
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by Lawrence Livermore National Laboratory is proceeding well

and we have some preliminary results to share with you tomorrﬂw

We have also had a number of meetings with Atomic ]
Industrial Forum and EPRI and their owners groups to provide
further encouragement for their extensive new program on
seismic hazards.

I understand that several people, Carl Stepp and
others, from EPRI will be presenting that program to you and
I think you will find it very interesting.

We have also had the U.S. Geological Survey through
the Office of Research working on the effect of the seismic |
hazard assuming certain tectonic models “or the Eastern United
States, those causative models.

Based on these programs and our more deterministic
geologic and seismologic research effort, we feel quite ‘
strongly we are making excellent progress in improving our
capability of characterizing the seismic hazard for a given
site. We look forward to some very interesting results in the
next year or so.

Dr. Lewis's comments are well-taken in that I have
been in a number of meetings in which the internal event per-
sonnel indicated that they know more accurately where they
are going than the external events, which is unknown and

vica versa, so it is a fairly strong argument that is continu-

ing.

\
(
i
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A third point: as we mentioned in the April letter
the Seismic Qualification Utilities Group has held a number
of meetings. Additional meetings have been held and Vince
Noonan, Chief of the Equipment Qualification Branch is here
and following this introduction will present his findings,

There has been some discussion within the Staff of
a call for an owners group for seismic design margins issue.
That issue is not totally resolved within the Staff right now.
There is some reluctance to encourage the industry yet to

develop anothers owners group and I think we will be looking

forward to your guidance on that, also whether vou think
there is such a need.
We are currently actively involved in the review of

several PRAs which include the ceismic considerations.

We have recently completed our review of the ’
Limerick PRA and we will be discussing these results with |
you in the next few months on the Limerick docket. ,

In addition, we have initiated our review of the
Millstone PRA and GESSAR PRA. These reviews now include a
substantial involvement of inhouse NRC Staff, especially in
the seismic area.

On this point, this was not the case for the pre-

vious reviews that were done for Zion or Indian Point,

especially in the external event area.

In our reviews, we are finding we must specify the
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manner.
MR. OKRENT: Excuse me.
MR. JACKSON: Excuse me.
MR. OKRENT: What do Yyou mean arnd why is that a
requirement?

MR. JACKSCN: It basically means that the calcula-
tions of risk and hazard that are being determined have un-
certainty and extensive assumptions made and them such that

You can make comparisons between one site and another within

the seismic area but that the actual number being assigned to
that may be substantially in error, either higher or lower.
It is basically a way to deal with the uncertaintV4

MR. OKRENT: And it is your position that you are

not comparing two absolute things and calling it a relative {
comparison? I am trying to understand. !
MR. REITER: Dr. Okrent, can I answer that question?
MR. OKRENT: Why not?

MR. REITER: Leon Reiter of the Staff.

I think the important thing we want to talk about
the relative comparison is because of the uncertainty in maki
those comparisons we want to have comparisons which we think
are comparing items of essentially the saue, subject to the
Same sort of errors.

For instance, typically we like to compare apples
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to apples. Some of the ways these are being used are within

say, a plant we have a Sequence of seismic events. Vie find
which seismic event, which seisnic Sequence contributes most

to risk or to core melt freguency, something which may not

be as appropriate as comparing seismic to nonseismic initiatiq

events. There the source of uncertainty may be different and‘

that kind of reative comparison may not be as appropriate,
so the relative works the extent to which you can talk about
comparing similar types of phenomena that are subject to the
same sources of uncertainty and I think as we recommended in
the Limerick study, we can see as we like to say "carefully
constructed comparisons."

We have to think carefully about those comparisons
and if we think it proper, draw the proper conclusions.

MR. OKRENT: Let me See, are you discussing the
seismicity and geology, one side compared to another, or are
you talking about what is happening inside the plant to com-
ponents in what you just said?

MR. REITER: We can talk about whatever, In anyv
aspect you want to talk about, we have to make the same judg-
ments, comparing similar types of phenome'ia such that we are
not dealing with essentially two items which in saurce of

uncertainty are so different that the cumparison may be mean-

ingless.

MR. OKRENY: Let's stay with the site cuestion just

|

|
|
|
i
|
|
I
|

|
|
|

g




for the moment.

To my own naive way of viewing these things, if
you are trying to suggest some kind of hazard curve in the
Northeast and then another hazard curve in the Chicago area

and a third one in Tennessee and then you say, we are getting

|
relative numbers and we are reallv not comparing things that i

are basically absolute in each place by doing a comparison,
but somehc:r the assumptions you are making all are interwoven
and there isn't really a separate picture involved in one
area that could be radically detached from the other areas.

Am I making the point?

MR. THOMPSON: (Nods affirmatively.)
MR. OKRENT: I hear you freguently talk about this
relative thing and about somehow it leads to less uncertainty

or less difference or however Y ou want to put it than doing

|
|
|
‘!
|
|
|

things in an absolute fashion.

I will refer you to a recent draft or final
by a former NRC employee in PRA named Vesley, in which
points out that you are as likely to have large errors
relative comparisons or larger errors than in absolute
by the way, I endorse that position.

MR. REITHER: I think that is correct depending on
what relative comparison you are making.

I will give you an example. Let's talk about

seismic risk from one place to another. If I have one group
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1 of analysts who analyzing, say, the seismic hazard in one
‘ 2 Plant, say in the Northeast and then I take a completely

3 Separate group of analysts who are doing something, let us

4 say, some place in the Southeast or in the Midwest, that is

5 not as appropriate as comparing the hazard curve generated

6 for those two sites done by the same group of analysts involqu
End 1. ; in the same programs.
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For that reason, we have urged the utilities to
come up with a cocrdinated pattern so that we could determine
hazard risks from one large body. That is the program EPRI
is undertaking and Lawrence Livermore is undertaking,

MR. OKRENT: But you have only responded to a part
of the way in which I will call it differences or uncertain-
ties may enter.

There are questions of what is going on.TPhat may
be misunderstood even though you have body doing the whole
country.

MR. REITER: That is possible.

MR. OKRENT: Okay.

MR. REITER: 1In no wav do you eliminate the uncer-I
tainty but our experience is in making these relative estimat#s
and looking at different groups, we find the uncertainty is
dramatically reduced when we have these carefully constructed
relative estimates.

I see Dr. Siess is shaking his head.

MR. SIESS: I don't understand it, Leon.

It seems to e you might be more likely to get
similar results by having two parts of the country done by
different groups of analysts, each doing their first review

or each doing their second reviews and by the same groups of

analysts doing the Northeast then with that experience doing

the Midwest.
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I don't see on what basis You decide these things
are the same or similar or less different and I really neeq
a glossary to understand you. I am getting all sorts of
words here -- “relative, " "absolute, " "different,"
"uncertainly” and I don't know what they mean.

MR. JACKSON: Maybe I could make a suggestion.

We talked about this before we came. Leon has been
recently involved in coordinating the review for the Limerick
PRA and in that regard he has completed that review.

We talked about having him make a presentation
based upon that and maybe if he did that in an organized

fashion to you later today or tomorrow, we could then pick up

on this discussion again and he could define a few terms.
Is that acceptable?

MR. OKRENT: Well --

MR. JACKSON: We have time to put it in, I am sure.I

MR. OFRENT: Let's see how things == I am not sur%
this topic will be sitting on the table quietly until then.

Did vou have a point, Dr. Lewis?

MR. LEWIS: I wanted to obfuscate even a little
further if 1 may.

(Laughter. )

It may be too early. I find this discussion extrem

interesting and 1 have to say up until a few years ago I was

ply

a great "relative risk buff" myself but it went awav,
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(Laughter.)

Just like the comman cold, it will probably cora
back. Let me pose it in a simple way without speaking about
seismicity or anything like that.

I am trying to understand what is meant by conser-
vatism and the way in which it affects our assessment of
relative risks.

Let me pose a hypothetical case to illustrate my
problem, Risk A and Risk B.

The point estimate for Risk A lower than for
Risk B, but the uncertainty band on Risk A is greater than
it is for Risk B. If I take the point estimates, I conclude
that Risk B is more serious than Risk A. If I go to the
95 percent confidence level or whatever statistical measure
Yyou want use, then because the uncertainty in Rick A is
greater, I am pushed up to make it a more serious threat to
the plant than Risk B.

So the cuestion of how you assess relacive risks
depends very much upon how much confidence you want that you
have properly bounded the risk and T am worried that the
track we rian down is one in which the most uncertain thing
always dominates because we are so obsessed with wanting to
go out very far on the confidence curve and I would dearly
love to understand that issue in the context of seismicity at

the end of these two days if it can be, but that is my problem
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with relative risk.

In the conservative world in which NRC lives, it
is so driven by the uncertainty that the actual point estimatd
almost becomes irrelevant when you have uncertainties of
factors of 10, 100 and 1000 as you sometimes do. That is ny
further obfuscation.

MR. OKRENT: Mr. Reiter?

MR. REITER: Yes, Dr. Lewis, I agree with you
100 percent.

MR. LEWIS: That is overkill.

(Laughter.)

MR. REITER: I believe in the context we are talking
about it may not apply. Simply stated, if we can compare two
entities subject by and large to the same bias and that bias
differing we can compare those assuming different biases and
look at, assuming there is one state of bias that is correct,!
we can see how those results compare.

When we do that, thosc kinds of results we find are
not completely stable but there are more stable than if we
look at the absolute estimates of uncertainty alone.

In other words, if the sources of uncertainty is
the same in two entities, we can make a more valid relative
comparison than if the source of uncertainty is different.

Now many of the sources of uncertainty in estimat-

ing seismic hazard are the same. We can make those kinds of
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comparisons. It is not a Statement of absolute truth. There

are still uncertainties involved but we feel butter abouc
those kinds of statements.
MR. LEWIS: Yes.

MR. REITER: The best example would be, Suppos

we have very competing hypotheses, true, about what is causing

earthquakes in the Eastern United States.

We can see what the results of those varying,

hypitheses are, what different experts might say and if we get

a consistent message coming from that, no matter what the

numbers are, if that gives us some sort of ranking about diffe
areas being let's say subject to more hazards than other areas

we feel more comfortable vith that conclusion than saying no,

this is a 107%°7 ang that is a 10743, ¢ all depends on

ability to make those carefully constructed comparisons where

the sources of bias are similar.

They will never be 100% similar, but the more they

are, the better for comparison. Again, we feel, many of u
feel, that the comparison between seismic and nonseismic

risk contributors may be premature.

ing

compe

the

s

I thank many of the people involved in PRA have

indicated that. I know Dr. Kennedy has indicated that.
maybe John later on - - I don't know what his opinion is,

maybe he will be able to talk on that later on.

rer
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Also it is not a case of one is completely | ay
in relative if one is completely bad in absolute; there is
a gradation and onc has to be very careful and lock at that
and when making those comparisons to see to what extent that
conclusion is correct.

MR. JACKSON: This has created some problem. I
notice there is one utility in the audience here and their
consultants who feel strongly about the use of absolute
probability an? feel that the calculations they have done for
their plant, tune absolute probabilities, calculated is the
correct cne.

So from a regulatory point of view, we then get
into a debate about whose absolute praobability that has been ‘
calculated is correct or incorrect. It is in my view kind of

arcuing about the appropriate g value. I think we are heading

down a path where this issue needs to be worked out. E
Dr. Cornell is here. I think he precbably has somef
strong views on that.
(Laughter.) f
MR. CORNELL: He was a little late. I will wait
until I have caught up.
MR. OKRENT: I am sure we will come back again to
the question of should seismic probabilistic studies somehow

not be mixed w.th other probabilistic studies?

Just for the moment let's leave it at that is not |
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fore doesn't have tc be called an unresolved safety issue?

MR. JACKSON: I cannot do that here but --

MR. OKREN: Then can you tell me on what basis
Staff lecided ic doesn't need to be an unresolved safety issu%
if it is not a risk basis?

MR, JACKSON: It has been based on the engineering
judgment by the reviewers and Mmanagement there over the years )
testimony that has been proffered in many hearings on seismic
issues over the last 15 or 20 years and was a general under-
standing that it is pot a pPriority issue relative to other
issues.

I don't know. 1It's like many things the NRC does.
It is a strong engineering judgment based upon vears of tryinq
to decide these questions in individual plants.

I am not equipped to sit here and argue point by
point with you but this is essentially the position currently.
Obviously that could change.

MR. SIESS: Bob, just to sav engineering judgment
doesn't tell me anything. I could make an engineering judg-
ment as to whether something satisfied the NRC's criteria.

I can also make an engineering judgment as tc whether this is
a large or a small risk.
Now are vyou making an engineering judgment about

risk? That is what Dave was asking you?

MR. JACKSON: I think that judgment is obviously
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made as you go along, as this risk is different from other
things. 1 have often been told that an earthquake is just
one other load and there are many loads that contribute to
it. It is, as an example, the Division of Licensing, who is
responsible for the plants in responding to the letters that
have come forward on individual plants has really not asked
the Division of Engineering to worry about this problem in
particular, so from that point of view it clearly did not
float up as a significant issue.

MR. SIESS: From a nonlegal point of view, the

Staff has reached a judgment that the seismic margin issue
does not affect the health and safety of the public to the
extent that the 25 or 30 unresolved safety issues do?

MR. JACKSON: Yes, that is true. Now I am not hereq
capable of defending that.

MR. SEISS: I don't have that list of USI's in

front of me but I am going to think of a couple.

MR. JACKSON: I think the cuestion you ara raising

ties in with the overall question of regulatory authority.
The utilities and maybe some of them here today can
discuss is =- feel they have met the criteria in the regqula-

tion and as a result something beyond that is a new question.

MR. OKRENT: Excuse me a moment. One could have

taken the same attitude on station backout if I can take

just one example, since you ordinarily do not postulate loss
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Basically, any major program that would have to
be implemented requires a lot of interaction with Research
and with the utilities and this would require some formation
of the utilities group.

We have had the Seismic Safety Margins Research
Program, which expended many millions of dollars and allowed
us to make some of the judgments we are making and I think
we will hear from Mike Bohn and others about what that actu-
ally did contribute. That's all.

MR. SIESS: I think I missed the pocint, Bob, about
how looking at the individual PRAs helps you decide something.

MR. JACKSON: I think if we look at a few we have
actually done and tried to wrestle with internally in the
seismic areas, let us say structural fragility seismic hazard
equ’'pment qualification, mechanical engineering type problems
and now we look at a few PRAs where we have reallv become
intensively involved, what does that tell us abcut how we
do business and whether or not seismic is really a contributa
to risk?

For instance, at Indian Pcuint it was believed that
seismic became a dominant contributor because of the conser-
vative assumptions made in certain elements that were of the
2nalysis made and I only know it in general -- there are other
here, probably John Reed, who could explain in detail what

those assumptions were.

r
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MR. SIESS: Suppose I make six PRAs and in only
one instance is seismic a major contributor to risk, now
what does that tell me about the importance of the seismic
margin issue? That it is only one-sixth as important as

station blackout?

iiR. JACKSON: I don't know., It is obviously a
problem.If it shows it is the dominant contributcr to all
plants, it is ohviously a higher importance than if it is
for a few plants.

MR: SIESS: Would you be willing to take that one
in six and say that is only seven plants or ten plants out
of 60 or something so it is not important when you Jon't
xnow which ones 1t is?

I was just wondering, once I find one plant where
I honestly believe it is important, how many do I have to
find where it is not important before I stop worrying?

MR. JACKSON: I obviously can't answer that ques-
tion.

MR. OFRENT: 1If I pursue the guestion =--

MR. JACKSON: Unless you guys want to try to answer
It.

MR. SIESS: I am trying to make decisions.

MR. OKRENT: 1If I pursue the question and think
about the results of the reviews of PRAs dealing with internal

initiators, one tends to find considerable disparity from
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plant to plant as to which are the important internal initi-
ators, when you look in detail so that it may be this parti-
cular set of transients or that particular system that is
contributing to the dominant risk and so forth -- SO0 it could
again be that it is a one in six situation and if you wou'd
say it is only one in six, if we don't have to look at it,
we could probably get rid of a lot of things you worry about
internally.

Do I make my point?

MR. JACKSON: Yes. Okay, T think if it is all
right we will proceed with Vince Noonan's presentation on the

seismic qualification utility group,

Is this an appropriate time?

MR. OKRENT: I don't know if it is appropriate,
but I understand he has an early plane,

MR. JACKSON: We don't have Mr. Devine here nor
Mr. Allgermissen.

MR. OKRENT: All right, go ahead,

MR. NOONAN: Good morning, gentlemen.

I am Vince Noonan from the Staff. After listening

to the previous discussion, it seems like I am a little bit

out of place in this particular agenda because I am not here

to talk about guantifying seismic margins. I am goi»7 to talk
about what we have done using occurrence data to maybe demon-

strate that we don't need to go back to the operating plants
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and reguire a lot of new seismic testing to bring the plants
up to current criteria.

I would like to mavbe address one subject. Before

I got on here we were talking about what is more important,

whether station blackout is more important. One thing I
didn't hear said with this thing is when we talk about this
kind of thing, we have done a lot of work in seismic and I
don't think we are necessarily going to backtrack. I think
one thing the Staff is really saying, as long as we keep
doing the kinds of things we are doing in designing plants
and piping and equipment, then we don't need to make it
unresolved safety. If v2 back off of that position, then it
becomes important.

Some of the things I want to talk about here
embrace that point of view.

In this discussion, I will be talking about the
feasibility of using experience data from preliminary conclu-
sions based strictly on personal observations from the
Senior Seismic Review and Advisory Panel, which I will refer
to as the SSRAP panel, some restrictions that we can see being
applied, a very brief discussion on the seiemic input from

extended scope NRC actions and impacted schedules.,

There was a pilot study started mavbe a year or
a year and a half ago by the Seismic Qualification Utilities

Croup, which we refer to as the SQUG groun. That utility
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group went out and started looking at experience data parti=-

cularly in California based upon California earthquakes and
looking at the types of equipment used in power plants, not
necessarily nuclear power plants, just power plants in general
and seeing what the effects have been on equipment that have
gone through these kinds of earthguakes.

As that utility group and the NRC Staff started
working this problem, It became obvious we needed a group of
experts. We refer to that group as the Seniur Seismic Review
Advisory Panel. The panel was endorsed by NRC. It was picked
by both the utility group and the NRC.

Part of this program is the active participation
with the NRC and the utility group in monthly meetings to
go through issues involving similarity and the seismic input
and asking questions that normally the kinds of questions the

Staff would ask in any kind of review.

The SSRAP Panel, headed by =-- chaired by Dr. Kennedp

and I will show a viewgraph listing all of the other partici-
pants basically is there as an independent panel. They are
there to both give their recommendations and conclisions to
the utility group and the NRC people.

Concerns raised by the NRC in these meetings have
been addressed by the SSRAP Panel and on the 15th of this

month in Bethesda we will have a meeting where the SSPAP Panel

will sort of brief the utility group and the Staff on their

|
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conclusions.

The panel that we talk about is made up by this
group by people. As I said, Dr. Kennedy is Chairman of the
group. Dr. von Riesemann from Sandia, Mr. Wyllie from --
actually I think he is from Dagenkolb & Associates in Califor-
nia - Dr. Schife from Purdue University and Dr. Ibenez, who
is located in Los Angeles from ANCO Fngineers.

This is a brief slide, Like I said, the SSRAP
Panel will be giving their conclusions to both the Staff and
the utility groups.Just based upon the meetings we have had
to date, it seems that the seven classes of equipment listed
there are mainly the classes of equipment we are talking
about at this point in time.

We limited it to seven classes for one major

reason. We were not sure that this approach was going to

work and whether the NRC Staff would even go along with this

type of approach, so we limited it, like I said, to those

seven classes of eguipment.

The Panel will give their recommendations and con-
clusions and brief us on what their final report will say.
We exvect that report toward the end of February. Those

Seven are motor control center, low voltage switch gear,

metal clad switch gear, motor operated valves, air operated
valves, vertical pumps, horizontal pumps.

I say it appears stable because of the discussions
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we had have in these meetings. I am sSure there will be caveatis
and restrictions.

I have a slide here that will list a few restric-
tions we sort of see coming along.

The next step, and I will talk more about this |

later, is to start looking at other clasuses of equipment.

I am going to list a slide here that I call restrick
tions. What effectively has happened over the past eight
years, at least from the Staff's point of view, looking at
an approach of using experience data to say that we don't
have a major serious problem in power plants, I would say a
year ago I was very pessimistic that this would ever work
with the Staff. I did not see this working.

Over the year and much to the credit of the utility
group and their consultants, I have seen that position change
considerably and the Staff -- one of my very conservative
Staff members has told me recently, he said to me the cther
day basically that he is now willing to accept this aporoach
where a year ago he would not even think about it. Part

of the things we are seeing in this kind of going through

and looking at experience, we see certain things vou could
say maybe are common sense things, but you have to make sure
the equinment is properly anchored.

Every case we saw where equipment was moved or

fell over, it was because it wasn't tied down proverly. The
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Staff in the last few months, also in locking at available

test data and what we see here when we see test failures

reported to us and shake table testing it almost always --

98 percent of the time -- is associated with anchorage, either

adding proper fasteners to the floor or beefing up the cabi-
nets structurally to take the load's relays.

We will not accept relays on data. There are too
many problems. We find operability problems in electrical
equipment is almost always associated with relays. If relays
is shattered, equipment trios off Jine. In some cases, that
is probably no problem. In some cases we are not so sure,

What we will probably do is have a separate test
of relays for ail electrical equipment in the power plants.

One organization I know about, Westinghouse, has
undertaken this. About five years aco they had a pretty ex-
pensive relay test program. They did change a lot of relays
in their equipment so effectively at least from five years
ago, the equipment was upgraded to remove a lot of the so-
called "bad actors."

When we try to extrapolate this data to valves,
we will probably use rxperience data based on eccentricitv
and pipe diameters. That is just an observation at this

point in time.
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MR. YANEV:In a number of cases that is measured
input at the site in the immediate vicinity and in a number
of cases from records within let's say a l0=-mile radius of
the site,

MR. OKRENT: And is part of this then a translation
of whatever information you have outside to a calculation of
what is going on in the plant or what?

MR. NOONAN: You used the word calculation. We
used calculations available today, those type of things. Ts
that what you are saying?

MR. OKRENT: I don't know that calculations were

necessarily made of the type You are interested in and in

any event, they may not be applicable for the particular earth

quake that you now have data for.

It seems to me that we have enough experience in
finding anomalies in data.When you get many measurements for
a single earthquake, I will put "anomaiies" in quotes here,
people find reasons , qualitative or guantitative, for why
something is high or low but I am tr,ing to understand in
effect by this question it is representative of a familyv of
questions how you expect to exert what I will call a statis-
tical control on the meaningfulness of the conclusions, how
you wili measure the uncertainties in the conclusion with
regard to how well you knew at least the input to the equip-

ment for the earthquake experience.

|
|
|
!
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MR. NOONAN: As far as actual values are concerned?

MR. OKRENT: Yes.

MR. NOONAN: We will not know. We will know where
the plant is located and where the earthguake cinders are and
based on that data we will make our judgements.

I will not be able to tell you though that in every

case this particular equipment's are a certain peak value. '
MR. OKRENT: And another question along that line:

have you set up some kind of criteria that in order for equip-
ment in an existing nuclear plant to be somehow gqualified by

by the shaking of a surrogate in a nonnuclear plant, how many

successful shakings must have occurred with what kind of con-

' fidence that you have met or exceeded the spectrum?

|
|
|
I am trying to see whether you have any measure. l
|

I know that weeks have been spent at Diablo Canyon recently
going in detail as to just how adequate is a sampling program
and so forth and does it take a hearing in order to get the

Staff to look through the thing and come up with what I will

call a developed logic?
Otaerwise, is it just seat-of-the-pants engineering

judgment?
MR. NOONAN: No. I don't think so. We will be

looking at at least what has been proposed so far today, is
that we have looked at a number of earthquakes that have

occurred in California, also the Alaskan earthquake. The
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seven classes of equipment I talked about there. We looked

|

at those kinds of equipment that appeared in these areas where
these earthquakes occurred and we looked at a number of plants)
In some plants the damage to the buildings was
extensive. We saw a lot of cracking occurring in the founda- i
tion and so forth, but the equipment wasn't damaged.
In some cases the ceilings fell in on the egquipmen:

and it stood there. It was damaged by the falling ceiling

but the equipment didn't suffer any damage.

The statistical value of this is you look at a

motor control center -- mctor control centers don't vary that

much ¥rom plant to plant. You look at them and look at them

but you don't see much differe.ce, so you use that kind of

statisticel basis, given this is in a like area, this ie in

a stronag area, the most thing we saw, most everything we saw
was this thing slid across the floor or fell.
MR. SIESS: The motor control centers don't vary .

that much. It seems to me that a fair number of motor control

centers have been testing on these shake talles =--

MR. NOONAN: That's right. There is that data

available too.

MR, SIESS: The same question Dr. Okrent raised

about how much does it take to know that something is cualifieq

it seems to me would agpply even to shake table tests.

Do you want to shake down 10: and see if 99 _.ass, ox

-~
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I was going to remind him that his questions apply ecqually to
what we have beer accepting as shake table gqualifications.

MR. OKRENT: I agree but in most cases you shake
one kind of equipment. We seldoi go in and test more than one
in most cases. We test one piece of equipment and you say that
is good for everything given that you have taken a conserva-
tive spectrum.

MR. SIESS: That answers his question, then: one
snecess is extrapolated to some level of confidence except tha
you don't express it in level of confidence because this is
current day licensing and it is not probabilistic, right?

MR. NOONAN: That's right,

I will talk about it a little later on, but we

we be talking about test data to see if we can suppliment this
prior to our final report on the A-46 issue, which I expect

to be done around this time next year, but I want to reiterate
there will not be a statistical number put on this.

MR. OKRENT: 1 really didn't expect you to come
up with enough good data that you would be able to develop

the statistics that would satisfy Dr, Easterling, for example,

|
but I was wondering whether you were thinking about this !

issue in the sense of how much is the minimum I need to be
satisfied and how can I quantify that and I am not sure that
that kind of thinking has been written down and if it has, I

would like to see it.
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MR. NOONAN: We are talking about how much we need
and what is the minimum number of things we are looking at*.
I am not ready to articulate that because we are still dis-

cussing it and we have a lot of different viewpoints.

I might add though you talked about the amount of
|
|
data. Dr. Easterling has a lot of data, reams of it. |

MR. KEMNEDY: Dave, basically there are over 2000

pieces of data that have been well-documented for these seven
classes of equipment in earthgquake ground motions that range
from certainly between .3g and .6g, at least the SSRAP is
comfortable with the estimates of the ground motion team
between .3 and .6gq.

We have at all of the buildings --

MR. OKRENT: Excuse me, is that a peak acceleration

or an effective acceleration?

|

MR. KENNEDY: The average of the two horizontal

components. It is the average of the two horizontal componentb'
|

instrumental --
MR. OKRENT: Instrumental?
MR. KENNEDY: Yes, but average of the two horizontal
and these buildings that this equipment was sited in, at least
the vast majority of the buildings the equipment was sited in,
and the low portions of those buildings, which is where most
of this equipment was located, it is estimated -- now there

is no calculation behind this estimate -- but it is estimated
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that the motion that the equipment saw ranged from .00 to
150 percent of the free field motion, Probab.y in most cases
pretty close to the free field motion there was very little
amplificatior. up to those buildings.
The SSRAP conzlusions are going to be that because
of out of over 2000 pieces of 2gquipment with only one failure

and the failure was due to impacting of a valve into a column

because of too flexible a pipe, the conclusions basically are
that we think that is sufficient to demonstrate a reasonably
high confidence of seismic ruggedness in the .2 to .3g range.

We are very uncomfortable about extrapolating thcse

conclusions beyond about .3g, but we think there is a pretty

substantial data base with reasonable estimates of what the

free field ground motion and the data is well documented by
the Seismic Qualification Utility Group.

MR. OKRENT: And again this is a .39 peak instru-
mental?

MR. KENNEDY: (He shrugs,)

In every case we have look, you like to use ground

acceleration because it is an easy single number to describe.
In every case we have actually looked at the free field res-
ponse spectra and we are really doing comparisons in terms

of free field response spectra versus response spectra at the

nuclear plants, so in all cases it is the acceleration from

which the spectra is anchored and it is hard to discuss whethe

i
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that is instrumental effective, et cetera.

MR. OKRENT: Okay.

MR. NOONAN: I might carry on here The extended scope of

this effort will be for other classes of equipment we have noti

conside d to date. 5

We will probably have a joint zffort between the {

|

utility group and the NRC to define what of all of the classeﬂ

of equipment left out there some people have judged there
might be another grouping of as many as 40 to 50 classes =--

we are not surc vet of those.

We feel that we did not necessarily need to look-at

them all and the approach, I will say, the way to approach |
this coming out of here, we'll probably look at critical equipL

ment to be defined by systems and the systems really needed

to, number one, trip the reactor and the systems needed to

bring it into hot standby.
One other thing I have not put up there but is '
|
under discussion, we will probably insist that we have lost |

all offsite power to the station and we will proceed from there

to define other classes of equipment and see if we can also

come to the same kind of conclusion we have done for the seven

classes we have looked at to date.
In this effort, we will be talking to the SSRP

people to try to get them to help us in this area. We haven't

done that yet but that is being proposed.
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shake tables overtest the gguipment, you test multiple times

for longer durations. You get an overtesting in that you get

too high accelerations. The testing technigues tend to over-
test the performance and my judgment has not been -- you do
find some failures of these classes of equipment when tested

on shake tables, not very many but you do find some.

MR. OKRENT: It would be interesting to understaad
this difference, I thiak.

MR. KENNEDY: There have been a number of studies
on that difference. Dan Kania of Southwest Research has done

reg~arch on just that subject for the NRC.

MR. NOONAN: May I also comment on that? I agree

with Dr. Kennedy on that issue, that you overtest on the

subject, but assuming the NRC mail system is working, there
was a letter that left yesterday to EPRI asking them to assist
us in looking at testing or maybe even testing some pieces
of equipment to help us in this area.

MR. OKRENT: From what I have heard, I must confess
it is not completely clear that they are being overtested at
the table in the following sense,

I was guoted numbers like .3 to ,6g free field,

which is usually much larger than the free field you postulate
before you go into a shake table test, so in that respect, you

were citing earthquakes that presumably were stronger than

are used as the basis for the shake table.
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Now in the shake table they may, I don't know, use

multiple tests. I must confess, I am not put to great eas~

by the knowledge that multipnle tests lead to failure when you
are not talking about hundreds of thousands or thousands of

tests.
MR. KENNEDY: Most of the failures on shake table

tests of the seven classes of equipment of which I am aware

anyway occurred for input motions that had zero period acceler

ations in the 3g to 10g range. It is not likely, at least
in my opinion, for a .3g ground motion to result in a 3g to
10g input to this ecuipment.

In every failure I have seen of this equipment has

had ZPAs in that range.

MR. NOONAN: May 1 make one other point based upon‘

observation?
A test that I witnessed and I have witnessed a

fair number, usually when they set up their shake tables they

use the actual piece of equipment on the table to get the
prope:r feedback characteristics in the table. Sometimes -t
what they call half level, they hit it maybe 50 times for

10 second intervals, shaking the spectrums. When they bring i
up to the full level «= they want to get it at 15 to 20

seconds at full level -- it could very well be a minute by

the time they get it to the proper level and the test engineer

is satisfied. They run it and set it down.

T

(a4
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So from that standpoint you do quite a bit of
testing, particularly in the setup of the tests to the point
wher: I personally get concerned abont fatigu«: of the equipment
particularly anchorag=, when you hit it and hit it and hit it

repeatedly, I worry about that.

The NRC's basic action is to complete the. so-called
A-46 issue, which is the nomenclature we give it at the NRC
and the implementation schedule is becoming a little hard to
figure out here and the SQUG group, so we have about 17 utili=-
ties, we are not sure now r» handle the other utilities.

There has been talk we might send ov. 50.54(f)
letters to the other utilities asking them for the sare kind

of report and documentation we have received from the SQUG

group.

The schedule I mentioned before, we will have a

briefing of preliminary findings of the SSRAP people to brief

the NRC and other utilities on the 15th. That is scheduled
for Bethesda.
We are trying to get a preliminary resolution of

the A-46 document by the Spring of 1984, resolution through
public comments and the CRGR review by the end of '84 and at
that point in time, we will then implement through individual
plant schedules through the Equipment Qualifications Branch,
Division of Licensing.

MR. SIESS: When you finish up A-46, presumably

|




4rgll

10

11

12

13

14

15

16

17

18

19

& ¥ 8 B

63

you will have or the Commission will have some assurance that

the components, equipment in existing plarts meet current
seismic criteria. It won't provide you any particular assur-
ance that there are margins beyond those current criteria?

MR. NOONAN: That is correct, sir.

MR. SIESS: So all of this effort is an unresolved
safety issue, is getting us up to the current seismic design
levels?

MR. NOONAN: That's right,

MR, SIESS: It doesn't tell us anything about what
reserve we might have beyond that?

MR. NOONAN: That is correct, sir. One thing we
will ask in addition to that probably is, I limit this strictl

to the operating reactors, the things left to be resolved,

and we will try to answer in the A-46 is the replacement of

equipment replacement parts in the operating plants, how that
is handled and also on plants and licensing, I cdo not propose
at this time to extend this kind of effort into new plant.
That is not being proposed by the Staff and I guess, gentlemen
that is really the end of my presentation.

MR, OKRENT: What does that last statement mean?

MR. NOONAN: I don't think we want to take the
experience data into the new plants. I kind of refer to my
original statement.

We have done a lot of work in the seismic area.
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There are things, requirements, that have been sant out for

new plants to sort of upgrade them, get them to the proper

perspective. We are looking at the operating plants. It ig

is very difficult to go into a plant and take out equipment an
replace it, Sooner or later they will, at least on a sub- ;
component level. That equipment we would hope would mee' our

latest 19 -- what? 344 -- 1975 versions.

MR. OKRENT: 1Is there a part of vour program that

systematically identifies differences that may and do exist
betweer nuclear power plants and the plants you are referring

to here or the equipment you are referring to here so that you

know just which components and possibly sections you have no

direct experimental information for?
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MR. NOONAN: If I interpret you correctly, you are

talking about the similarity elements, I have = component in
a nuclear plant, how do I show it's similar to --

MR. OKRENT: There may be some for which there
isn't a similarity. There is a separate question as to how

far similarity extends in a thing like this but I have to

assume that there are aspects of nuclear power plants involv-

ing components that are different.

MR. NOONAN: They are different and T can answer

that, that we have talked about that. The resolution is not

clear but we have to look at it on a case by case basis, I

guess.

MR. OKRLNT: For example, there are containment |
requirements that may introduce equipment you wouldn't ordi-
narily find.

MR. NOONAN: That is why we are trying to use EPRI
and the data banks we have. We have two data banks really in |

this country that I know about. One is at EPRI and NUS data

bank in Florida. The other one is the NRC data bank that we |

set up in Idaho. That data ban.. is -- we are trying to put
all of the test reports we can lay our hands on. We are sending
out letters to utilities asking them to cooperate in this

effort and give us the kinds of test information where they

have put it, so --

MR. OKRENT: You are asking a different gquestion.
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I am trying to find out whether there is some kind of system-

atic way of going through the thing to see what is covered

and what is not covered and maybe the answer is no.
“

MR. NOONAN: I guess the answer at this point in

time is that it is being talked about. I don't have a yood

answer for you. We are struggling with that question. I really

don't have a good answer.

MR. OKRENT: Dr. Pomeroy?

MR. POMEROY: Perhaps I did not understand quite
correctly but could you clarify for me the data base plants
for which you have experience and the seismic inputs are

derived for the Western United States“3nd Alaska?

Is that essentially correct?
|

MR. NOONAN: Yes,sir, they are nuclear plants; the*

are nonnuclear plants. :

MR. POMEROY: Then I wonder whether SSRAP or the g

NRC has looked at the question of the possible differencesg !

|

in the spectra arising from the Eastern United States events
relative to Western United States events?

MR. NOONAN: This is being looked at, yes, sir, but

I can't speak for the SSRAP.

MR. KENL'D ihe really well-documented data is
basically from 3 1% .ndo, the Impe ial Valley earthguake

and the Coalinga earthquake.

We have spectra data provided to us close to these
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MR, OKRENT: Please identify yourself,

MR. YANEV: I am Peter Yanev, with the consulting
firm that did a lot of work for the SQUG group. I am certainly
not qualified to discuss electrical discharges in earthquakes.
I have read report of the Engineering Research Institute that
alludes to such effects and there have been a few studies in
fact done on that.

What we have tried to do in collecting the data

is to document what happened to the power plants themselves,

huw they performed, given whatever physical phenomena were
going on around in addition to the actual ground shaking and

the response of the structures and equipment, so in all cases

we tried to ascertain how the equipment or the systems or the
whole power plant performed.

Now to the best of ny knowledge of all of the re-
cords of the power plants we have reviewed, there is certainly
ly no reference to such an effect causing a preturbance to
operability. There is no mention of that sort of an effect
being connected with whatever was happening at the power

plant.

One of the advantages we have had with some of the
more sophisticated utility svstems is they maintain rather

retailed log books on a minute by minute basis when there is

some sort of occurrence that is unusual.

We went back to those records to see how the
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Those, I guess, are scme amplifications of some
of the reservations and concerns we have with this experience |
data base.

MR. OKRENT: Dr, Bush?
MR. BUSH: May I ask a question?

I think the remarks all deelth with the structural{

reliability. I presume that the same applied to functional
reliability in all instances?
MR. KENNEDY: The observations from the data base

seem to indicate that if the seven classes of equipment again,
I guess that should be the restriction, our conclusions are
only for the seven classes of equipment. For these seven

classes of equipment it appears that if they structurally

hold together, if anchorage or impacts are prevented other

than for relay chatter, for operaticnal or functicnal problems

on relay chatter, there is no evidence in the data base of

any functionality problems.

This equipment appears to be rugged enough that it

will function properly other than for potential relay chatter
in these ground-shaking environments.

MR. OKRENT: I wonder, is there experience in Japan
with failure of any of this equipment in your seven classes

due to earthquakes?

MR. KENNEDY: SSRAP asked the utilities to try to

give us some better documentation of foreign earthquake
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1 failure internally of the equipment, is it likely that you
. - would have known about it? The answer repeatedly was yes, we |
3 would have been told about it. Yes, we would have noticed
B had there been major failures internally of the equipment. f
5 This would have to be more obvious. i wouldn't expect someone
6 to see the binding of the bearings of a pump but especially
7 for the electrical equipment where you would expect to see a
8 jumpled mass of wires and cases of plastic inside, it simply
° didn't happen, so again we tried to build up our confidence
10 that there were no exceptions we were aware of in that fashion,
11 What we did find out that was rather interesting
12 is that all of the individuals were repe:tedly reporting
13 failures of equipment due to anchorage to such an extent that ‘

. 14 all of us after looking at the literature simply wound up withi

15 the impression that the equipment is very weak. It has been 7
16 an impression that has been totally wrong once you start looki#g
17 at the details of the reported failures and trying to explain

18 away what caused the failures,

19 MR. OKRENT: Well, Just to give an example, maybe
20 what I was alluding to before, you might have a major failure
21 of anchorage but there might be an internal failure of anchor-
age that is now disguised, okay?

You don't know about it but it is equally --well, |

24 there, so I hope you are getting the idea that we are in favor

. 25 of your --
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MR. HALL: Dave?

MR. OKRENT: -- trying to extract as much as you can

from experience with nonnuclear Systems, but one needs to

look at this information with a rather demanding point of

view and not hoping, as it were, that this is like that and

so forth, to make sure that indeed you have only covered part

of the story.

MR, YANEV: For the several thousand pieces of
equipment, this is indeed exactly what we tried to do.

MR. NOONAN: Dr. Okrent, may I speak to that point?

In A~46, we talk about anchorage. We will not
limit our conversations or writings to only the mountings of

the cabinets. We will talk about anchorage to make sure that |

circuit boards cannot slip out of their mountings, We will

Probably also talk about anchorage as having components inside
cabinets even down to small components,
MR. OKRENT: I Suspect anchorage has been identified

well enough that it will, except in very subtle cases, be

looked at but I am using it as an example- .

MR. HALL: Let me elaborate on what you are saying,
Dave.

MR. OKRENT: Go ahead, Paul and maybe Peter can
speak to this again.

MR. HARL: This is first-hand experience, At the

University of Illinois we are not a commercial testing lab
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affect the quality of some of this equipment so undoubtedly
nuch of the equipment had partial anchorage missing, I am
talking about the Components within the panels.

Now we didn't go to a survey to make sure that is
the case, but given the large number of pieces of equipment --
they ure on the order of 3000, in fact -- we probably looked
on the order of 10,000 pieces of equipment but not carefu:ly

enough but we have an idea of how the test was performed and

very much the impression is that the safety factors are large
and they certainly cover the acceleration levels we are con-
cerned with.

MR. HALL: The only other point I would make, we
have been involved in this rather heavily in some limited tests

On our test tables with computer equipment in the last 0 '

years, syster-wide as much as possible in which the computer

equipment has been energized to going up steady state, going
down unenergized with tremendous error programs involved, }
trying to look at these Systems in pretty severe shaking situ-
ations.

When I come back to this relay businesss, I mave

Some concerns in the sense that these were new relays. They

were not relays that were worn and had been in service for

10 years. They were not energized. They were not not under

this situation, so -- pyu¢ 1 cannot believe that these types

of people are not doing some of this type of examination too,
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MR. OKRENT: We will reconvene.

Gentlemen, will you please sit down and in any event

don't talk on your way to your chairs.

We have roughly an hour on the agenda before we

reach item B and I propose to use it for a discussion of what
some people call seismic hazards and the uncertainties therein
During the break, I have cornered a couple of

people and in a moment I will corner one more and ack them if
they would give five minute leadoff comments on how they view

this aspect of the problem, how well do we know the seismic

hazard? Where are the big hrles, et. cetera, et. cetera.
Robin McGuire is going to lead off, after which

we will hear from Paul Pomeroy and then I will ask the Staff

to choose a presentor, so Robin, then we will have open dis-

cussion, so please start and by the way, if you can't hear in

the back raise your hands or wave them so that the speaker

knows or at least I know and can tell him.

MR. MC GUIRE: Let me start out by showing this

slide which many »f you have seen many times, which illustrate

the three steps comprizin~ a seismic hazard analysis.

At the top left, we have to devide the areas con-

cerned into so-called seismic sources. At the top right for

each source, we describe the frequency of occurrence of earth-
quakes of different sizes with a probability distribution.

At the bottom right we have :n attenuation function

|

—tr—

4




earthgual
cnguaxe




A separate interpretation is one that says we are

1
very sure about what causes earthquakes and we are confident |

that where they have occurred and have not occurred in the pagt

is an indication of where they will occur, respectively, in

the future, so we can draw clearer zones representing the

seismic hazard of seismic occurrence.

(Slide.)

Illustrating uncertainty in ground motion is this
slide showing several, five in fact, available functions which
allows us to astimate ground motion as a magnitude of distance

As you can see at a given distance for a given magnitude, the

uncertainty in the mean estimate in ground motion for Fastern

U.S. earthquakes might by on the order of a factor of two or

three total range.

Now the way we handle these uncertainties is to
produce the seismic hazard results by applying the integration
process and the total probability theorum for all possible

combinations of all of those variables. That can be uncer--

tainty in Zone A, uncertainty in activity rates in the slope,

In the upper bound, all three of those, the last three, are

parts of the uncertainty in the frequency of occurrence of

earthcuakes, uncertainty in attenuation laws and perhaps

uncertainty in the errors associated with those attenuation

laws.

That leads us to many, many sets of hypotheses, in
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fact all possible combinations giving us many, many sets of

hazard curves.

ducing them, perhaps representing them with fractile hazard

#
Now we produced those and illustrate :hose by re- i
i
S |
curves, that is for given peak ground acceleration we can givq

1

you the median hazard curve and a fractile which you desire.

I will get now to the point of my making commente
on my experience and observations and having applied these

analyses in a dozen or 15 plants. |

That is, first, no one of those sets of uncertain-

ties governs the uncertainties in the results we have. It

seems that not one is governing but all are contributing, In

terms of the uncertainty in these results, if we produce ‘

maybe 100 hazard curves the total range is something like ga
factor of 100 in probability of excedence, that is for a given
ground accelaration from one extreme to another out of 100

curves might be a faector of 100 in the probability of excedence

To give more quantitative numbers, they range from

the 16th to the 84th fractile might be something like plus

or minus a factor of three from the median.

If our purpose is to pick a target, a risk level,

|
l
i
an acceptable risk level then the uncertainty shown by the
|

: : . i . |
top left distribution there is the appropriate one to look at{
and we should be looking at uncertainty in peak ground acceler+

ations.
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Given the target risk level, that uncertainty of

course is ruch smaller. It is not represented by plus or
minus a factor of three but maybe by plus or minus a factor
of 50 percent perhaps.

As I say, no one of those uncertainties in the
process governs that total uncertainty and we are in the mode
now of looking at the uncertainties and trying to represent

them, make sure that we represent them in an unbiased and

documentable fashion so that researchers and reviewers can
look at those and either ascribe to them or now and in the
proces of doing this repeated times, we can learn from it and
in our view produce better results the next time.

So, I think my perspective, number one, is that

that process of producing an unbiased set of uncertainties for
all of those input parameters is an important one that needs
to be looked at very carefully and second, a second important

point is we need to make sure that we have not rmade some

pathological error in one of the assumptions which would bias

our results one way or another.

There are several possible examples that come up.

One is are East~rn U.S. earthquakes fundamentally different
from California earthquakes in the ground motions they gener-

ate. 1If they are, this might produce a shift in this entire

set of curves let's say five ears from now when we have learnd
y Y

a lot more about those earthquakes from where those curves

bd




rgé

10

il

12

13

14

15

16

17

18

19

&8 ¥ B B

86

lie now.

Another example is, how do we interpret historical

intensities? The largest, by far the largest amount of data

in the Eastern U.S. is in the form of interpreted intensities

of earthquakes, historical earthquakes. How do we translate

those into a current quantification of earthquakes, for in-
stance magnitude? If we are making an error in that transla-
tion, that again in the future might if we correct that ~rror
might produce an entire shift in t!.ose curves.

So, I think my poin%'s conclusion would be (a) we
need to document and consider very carefully the range of

steps, the range of input parameters that are necessary for

these curves and second, we need to go through that entire

process very carefully to make sure we are not making some

biasing error in one of the steps of the procedure.
MR. OKRENT: Thank you.

I think what I am going to do is have the three

commentors and then we will have discussion.

MR. MC GUIRE: Sure.
MR. OKRENT: I will even hold my own questions.

MR. POMEROY: Since this is a somewhat srur of the

moment presentation, I will use Robin's slides, since I didn't

bring any.
I have just a few comments I would like to make

somewhat provocatively in order to stimulate the discussion.
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1 an event. Now one would say that is a rather easy thing to
2 plot for any given seismic zone but in fact that is not true.
3 In fact, there is great deal of argument about the few events
4 that in many cases control this slope (indicating) and those
5 few events which are critical to controlling that slope indeed
6 introduce a significant uncertainty into the later calculationr,
7 as Robin points out.
8 The uncertainties in the historic data base in my
9 mind are significant enough so that you have some real question
10 about this number. As Robin said also, our operating procedurf
11 has been simply to ask varying numbers of people what their
12 opinions are with regard to these slopes given the historic
13 data base and their interpretation of it and in general one
4 gets a value or a grouping of values that doesn't vary too
15 much from what most of us would say is a reasonable value.
|
16 Nevertheless, most of us have grown up in the same
17 miljeux and somehow we may have all talked to each other so
18 often that even that may be significantly in error,
19 U You also have to recognize that the historic data
20 base for some of the source zones are the data base itself
21 is very small and therefore you introduce an additional uncer-

tainty in that slope value simply by that particular problem.
Robin has alluded to the problem of the attenuation

and what we use for an attenuation, which is a critical input

&8 ® 8 B

factor to this whole process. In the Lawrence Livermore
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Studies that were done using an evaluation of expert opinion,
they had to essentially establish a separate panel of experts |

|
simply to evaluate what function was the appropriate function

to use. It is still not clear to many seismologists that

those are the appropriate functions for the €astern and Centrall
part of the United States.

Finally, as Robin said, I think the procedure here
is fairly well documented in the literature and fairly accepted

by most seismologists although the Acadeny of Sciences iu

currently talking about the initiation of a study -- inciden-

tally the study will be undertaken at the request of the NRC

to evaluate the use of PRA information in the evaluation of

seismic hazards. g

There is one other factor I have alluded to and thaf
is in t he eastern and central part of the country, depending E
upon your perception, we have at the most something like 400
years of historic data. Many seismologists in the country are
very uncomfortable usirg that data base and in reality that is

not a very complete data base except perhaps for the last 150

to 200 years. Anyway, using that daca base in evaluating

probabilities of excedence that are 107 ° and 1076 the PRAs

that I have reviewed, namely the Indian Pnint and Zion PRAs,
have in the seismic inputs all of these assumptions made on

the basis of either expert judgment, expert input of one or

two people and they are contained in Step A and in Step B and
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meaningful.

I guestion its meaningfulness in terms of the

decisionmaking Process and we could discuss relative versus

absolute stecs,

I have one other comment. Many of these calcula-

tions that I have Seen also involve the choice of an upper

Magnitude cutoff in terms of the maximum size of an event that
|
}

is assumed t: be capable of occurring in a givey source zone.

There are various arguments about that subject but
it is not at all clear that that Parameter is even a real i
|
parameter that comes into these discussions. There obviously

is some upper limit someplace in terms of the absolute capa-

bility of the rock to support a certain amount of stress, l
Nevertheless, wiether a given Source regicn has

a given upper magnitude cutoff does affect these final results

!
:
also and that parameter is also not well established. |

I think that PRAs are useful, extremely useful and

I would like to See more of them done in this mode but I think
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State the assumptions clearly the person who is evaluating

these PRAs has to be extremely careful in taking those assump-
tions into consideration when looking at the final produce. ,
MR. OKRENT: Okav, who is up for the Staff?
Mr. Reiter?
MR. REITER: Just a few brief comments.
I wanted to mentiun again what Paul said. The NRC

Staff has requested the Committee on Seismology of the National

Academy of Science to take a look at probabilistic seismic
hazards and as far as 1I understand the proceeding, I know

.

Allen is one of the members who is supposed to get together

with a group on that and I think we will hopefully get even-

tually some sort of statement, some sort of an evaluation of

the use of probabilistic estimates of seismic hazard.

l
|
One of the reasons is there is a diverse range of !

|
opinion about the usefulness of such estimates. On the one |

hand vou have people who have gone to court, to federal

agencies saying probability is worthless. On the other hand,
|
you have people writing requlations based tpon something like

10”8 =7
or 10 ', 4RC stands somewhere in between.

We think it would be worthwhile if the Commit+ee

with a group like the National Academy took a hopefully

detached look into this to get some general insight into the

process.

I want to mention a few things --



7rql2

i MR. SIESS: Leon, ycu say the NRC 1s somewhere in

3 ‘S between. Is that on the average? ,
3 (Laughter, )

4 , MR. REITER: Best estimate. |
5 | (Laughter. ) !
6 Now people on one side consider YS extremists

7 Depending upon which side you come from, we are having gquarrells
8 with two agencies at this point. One considers us extremists
9 slaves of probability, and the other considers us absolute

10 people who refuse to use it.

11 MR. THOMPSON: So we are probably jast about right.
12 MR. REITER: Yes, it is always nice to be criticized
13 from both sides. Tomorrow Jeff Kimball will make a presenta- |
14 tion of some of the initial results of Livermore but Robin

15 talked about the uncertainty and I want to show you some of

16 ;: the results we are coming up with These are very initial

17 results. These are for cne site. I don't really know which

18 site it is, |
19 This is an acceleration level (indicating) increas-|
20 ing this direction, this is 1 ¢ and these are levels of annual
21 chances of excedence. This is the 50th percentile (indicating)
22 and these are 15th and 85th, 15th and 95th and at least

23 according to this preliminary result You can see that there is
24 a wide range of uncertainty, several orders of magnitude and
25 what surprizes me is that this uncertainty is even rather





































104
enough to make a difference or not, so it has not been com-

Fletely forgotten and put away onithe side. People are lookin

at it but I don't know if anyone has come up with anything

better than that.

5 Just a short response on expert opinion. There f
6 really exist different ways to look at it. In one poll you 3
7 have people go out and get a bunch of experts and thay pick ;
8 one view or one particular representation and that is the way
9 they do the map.
10 On the other end, they go out and ask the experts
11 and include everything the experts would say and some were in
12 the middle, is where you have several peorle trying to estimate
. 13 what the experts might say and in some cases utilities have il
14 gone through literature to find various ways to do it. ‘
15 S0, there exist a whole range of ways of dealing {
16 with that expert opinion ard I think that may -- I know cer- é
17 tainly in the extremes -- account for some of the differencesf
18 in results and that may not be consistent from site to site, }
19 it may vary. l
20 MR. LEWIS: If I could just say one word on that. |
21 I never doubted you were on the side of truth and righteousnesp -
22 (Laughter.)
23 == and that people were in fact loocking at these
24 things. The trap that I worry about that can be so deeply
. 2 embedded in the methodology that people forget it is there
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the seismic hazard curves and in the fragility curves, over-

whelm the dispersions and +hey lead to conclusions that seismi¢

is a very contributor to risk.

MR. ANG: May I add to that?
MR. OKRENT: Sure.

MR. ANG: Let me be clear., I am not necessarily

|
|

in favor of that in fact in the early stages of its development

in civil engineering I was also against it. Nevertheless, it

seems to me it would get away from the dichotomy as far as
relative risks.

If you are going to use it as a relative measure of

risks, it seems to me you would get away from that problem of

having a conflict between low risk and high uncertainty and

\r}

high risk and low uncertainty and which figure to use. At '

least you wculd get away from that .onflict.
MR. OKRENT: I must say I feel a little uncomfortabl

at discarding the use of the mean when it gives you the answer
you don't like.

MR. SIESS: He didn't like either one.

MR. OKRENT: No, I'm sorry there are large uncer-

tainties which are contributing to this and in effect if you

say I will not take the mean calculated this way without justi-

fying a reduction in the uncertainties you are now lending

yourself a crutch that puts you subject to a third party sus-

picion of bias.

le
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components and how are the components contributing to this?
What I sort of feel is in-our information that we

are trying to convey from these PRA analyses, I think the

probability and frequency distribution in one sense is a

very needed item and is missing the..various attributes that

ought to go aloug with it.

Explaining how this came about and I think an in-
te-ligent decision-maker wants this and wants to be able to

understand so he can himself interject some judgment judging
whether the distribution he is dealing with is adequate in
making the decisions.

MR. OKRENT: Dr, Lewis?

MR, LEWIS: I just want to -- we have touched upon

some fairly important things here in the last couple of momentE

and I must say I agree completely with Dr. Kennedy that the

|
|
way to provide information to someone is to give them the |
|
full curve which contains in principle everything you know.

I am not sure that giving information saying it is between

.1 and .401 is the right way to do it because in .y experience

with decision-makers they focus on whichever end of that

distribution suits their purpose and carry only that number

around in their mind.

That's just a whimsical way of saying there are

two things we have to do. One is to understand the nature of

the risk and I agree with Dr. Reed, the ingredients of the
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risk and what they come from.

But in the end the other thing is to present it to
people who make regulatory decisions in such a way that they
make the correct regulatory decisions,

And the second one, which I have just alluded to
here may be much more difficult because the full information

really does contair all of the curves and encapsulating them

i single numbers whether they are incorrectly means or mediaﬁs

or incorrectly modes, may be the wrong way to do it. I don't

know an answer to “he last problem.

MR. OKRENT: Other comments?

Dr. Pomeroy?

MR. POMEROY: I would just like to make a brief

comment with regard to basically that,
In one PRA I have looked at, there were three
hypotheses considered and each one was assigned. They were

selected from a number of other hypotheses in the first place

and each was assigned a weight based upon expert judgment and
one of the sentences read roughly that other hypotheses could

have been chosen which would have made a final seismic hazard

but was much greater or much less, but these considered three
representatille sxamples in the PRA.

The point I think that I would like to make is
that is probably a result of a very limited input from the

seismic side to the total PRA effort.
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seismic activity are Stationary in time, at least on the

order of 40 /ears or 50 years or $0. Therefore, that inform-

ation gives us some predictive Capability,

Unfortunately, it doesn't always give us predictive

capability as perhaps in the case cf the New Brunswick earth-]

quakes.

I think the other information that is being develo

by the network, that is some of the information on the attenu

ation, some of the information on the source characterization

foreseeable future,

MR. OKRENT: Dr. Budnitz, diqd you want to comment,
sir?

MR. BUDNITZ: I had a comment about the use of
eéxpert opinion. 71t goes to whether the expert opinion is

somehow legitimized by the rest of the experts. Now that is
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the interaction effects may be very different depending on
that excitation but we have found that for high frequency
motions associated with low magnitude earthouakes and short
distances, interaction effects introduce a very large reduction
in response,

But we also have found that for some small magnitudg
earthauakes and for sations very close to the fault, inter-
action effects can increase the response by as much as 60
percent.

The effect of excluding kinematical interaction as
a modeling decision induccs an increase in response, an arti-
ficial increase in response which may range from a few tenths,
from say 10 percent to as much as 100 percent.

The effect of inclined waves for realistic estimated

of the apparent face velocity of these waves have smail 2ffect
on the base shear forces and overturning moments, small effectyd
on the translational response on the center line of the con-
tainment building but have some effects on the response of
the internal structure if some eccentricity exists, however
the effects of the inclined waves could be simulated by the
use of accidental eccentricity and typically we have found the
effects of inclined waves were not as large as we saw a few
years back.

There are sources of uncertainties introduced in

soil structure analysis. One is the method of analysis we
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MR. THOMPSON: Does the fact that nonlinear effect

are not utilized increase the degree of conservatism?

MR. LUCO: Yes. All of the results presented here
were for linear analysis. We have done a simple comparison
to indicate the effects of a soil nonlinearity,

A calculation was done for a peak acceleration of
5.25g.Consistent with that ground motion you have certain
Soil properties. The motion was increased. The peak acceler-
ation was increased by a factor of 2.5 and the soil properties
due to nonlinear effects changed.

When we looked at the interaction effects, consi-

dering the radiation in soil properties induced by these non-

linearities we see the response of the structure did not
increase by a factor of 2.5 but by a factor less than that

and in this calculation we assumed the structure remained
linear, so as the excitation increases by a certain factor,
the soil bhecomes softer, there is more energy dissipation in

the soil and the response of the structure does not increase

by the same factor.

So there is a source of conservatism there and
this was particularly important again for high-frequency
records.

MR. THOMPSON: Thank you.

MR. OKRENT: Mr. Siess?

MR. SIESS: Let me try something else. 1In looking
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i kinematic interaction?
2 MR. LUCO: Yes. I have not done a particular ’
a analysis to be able to substantiate that.
4 MR. OKRENT: Dr. Cornell?
5 MR. CORNELL: Addressing Dr. Siess's question, one
6 of the analyses you can do, Given the seismic hazard analysis,
7 is to in effect run it backwards and ask, given that we have
8 a .5g event in the East Coast, what would cause it? What is
9 likely to cause it and the conclusions of those studies are
10 inevitably that it will be a relatively close event and of
11 small magnitude.
12 The implications of that are two it seems to me,
. 13 with respect to conservatism. ;
14 One, in the moderate frequency, low frequency range|
15 meaning say two hertz or so, those are records which are typi-
16 !l cally very not rich vis-a-vis design spectrum.
17 At the other end, as Dr. Reiter suggested, there
18 is some indication there may be relatively rich, in the 10
19 to 20 hertz region vis-a-vis design spectra. On the other
20 hand, what you have just said, it s~ems to me, is that is
21 precisely where soil structure interaction will be the most
22 defective in reducing responses, that is the high freguency
23 end of high frequency earthquakes.
24 And secondly, in response to Dr. Thompson's questions,
‘ 25 that the nonlinear effects would also be more conservative in
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AFTERNOON SESSION !
(1:45 n.m.) ’
MR. OKRENT: I think our next speaker is here, so
let's reconvene. If vou make any major points in the first
few minutes --
MR. HALL: I am going to; that is whv I would iike

to stall for a few minutes.

MR. OKRENT: No, you can repeat them at the end of

your talk.

MR. HALL: I would rather cut two minutes off of
my talk.

(Pause)

MR. HALL: I will start off. The title of my |
talk is Engineering besign Evaluations. Dr. Okrent cave me ,
a free license, is the way I looked at it, anyway. }
MR. OKRENT: Right. ;
MR. HALL: This gave me latitude to do a number of
things, and I really put a lot of effort in this, as vou
will see.
In answer to your question, to start o“°f with --
How much do we know? -- my answer would bhe: quite a bit.
With regard to how much do we need to know, I would say: a :
lot more. And with regard to can we learn what we need to
know: yes, but it is going to take time and money.

So I am not going to answer the fourth.
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Anyway, I am known by most of you, 1 think, to be
an optimist about *these sorts of things, and all of us are in
this together, and I want to say at the beginning, don't tare
some of my remerks as criticism. This is meant to be
constructive criticism or introspective criticism because we
are operating at the forefront of some of these arcas we are
working with.

In order to put my thonghts in perspective, I
picked up about 50 of my NUREG reports that I thought had a
bearing on this subject, believe it or not == I'm sure the
NRC will be glad to hear that -- and a lot of the old revoorts

we worked on in the military field with regard to related

subjects, and put together some of my experience on major
projects and sat hack and but on my tinted, snow-colored i
filter ylasses to take che big look at this subject because f
it doesn't pertain just to this field. I am also involved in{
a similar problem in ancther field which I will relate in |
just a minute.

It is a great concern to me, franklv, that we are
not doing a better job in evaluating the margins as thev need

to be in connection with these nuclear projects, and you say,

margins of what, doing a better job of what? I would say
that of quantifying our position on margins in terms of our

understanding of what may occur and whyv it occurs.

So with that, let me start with the first slide.
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fragility curve that would indicate probably 101 or 1n?

cycles. You could expect the system to fail, shich would
be interesting.

I would like to touch on something that T believe
has value in fragility and is generally outside the scone of
a group such as this. I personally feel that cuite a lot of
data that could be relevant iz outside the seismic arena and
which could be used in the development of fragilitv curves,
gcnerally applicable more to systems than to specific compon-
ents.

Let me cite a few, I might mention -- and I am
not suggesting that these are valid as such, but there are
methods of analysis now thac have been used for faulted
loads, svecifically seismic, where they have been looking at
piping and actually have a place in the Code now dealing with
cracks that are as much as 50 percent through-wall, That is
a fairly good-sized crack. It can indicate what the life is
and the number of cycles.

There is another program, again directly relevant
to systems, where we have done an analysis on damping, again
on piping systems, which clearly indicates that by enhanced
damping value, of course, the probability cf failure of the
pipe changes dramdtically. For example, if one goes from 2
percent to 5 percent, the actual amnlitudes are dramatically

changed, and in fact, you see it two wavs, in removal of
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One area that hasn't been touched on toda, is the
business of the relationship between the hazard and the

fragility. We ha.e this thing called a ground motion

parameter, which has been defined in many different ways.,
I think most of us feel that, although we have done well!, it
1s not the most satisfactory wiy of going about this, and

I think this is an area of uncertainty that is floating

around that we need to try to tie down.

Now on this issue of interpretation of results,
a comment I made this morning, kind of also in response to
Dr. Okrent's question here, I feel left somewhat cold by

only dealing with probability of frequency distributions of !

things like core melt and so forth. I think whatis also

important and which I think is valuable information that

comes out of a PRA analysis is, what is it that contributes

to the recults from the hazard perspective? Which hazard

Curves are the dominant contributors to the, say, mean

frequency or other points on the probability distribution

from the -fragility side? What are the structures and

e R —

components? Not only that, but at what acceleration level
is this taking place, because I think that Ls important, too.
If you have a situation where the mean frequency

of core melt is dominated by an acceleration that is at

-3 G, that is much different than a situation where the
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mean frequency of core melt is dominated by an acceleration
which is 1.5, because if you think of it as an incremental
contribution to risk, to the background risk that is already
there, if you, in fact, have a truly 1.5 G earthquake in an
area, you are going to find that there is going to be a
large amount of destruction to facilities and the additional
effect of the nuclear power plant is much different than
the case where the nuclear power plant fails and the rest
of the environment around is sound.

SO0 I guess what I think needs to be done =-- and
in a sense, I don't know the answer to your gques:ion,
Dr. Okrent -- in many cases of how you even perform these
so-called relative analyses, but I suspect that what needs
to be done here is a better understanding of what you are
going to do, what is the meaning of the results that come
out? And I think it is more than just a probability of
frequency distribution. I think it also has to do with the
things that go into that. And along that line, what I would
like to see more of in PRAs is a bit more clear presentation
of results. I think a reviewer finds that when he gets a
PRA, he immediately wants to tear into the results and try
to find out what is contributing and also to try to perform
some sensitivity analyses to see what is sensitive and what
is not. And I think that sort of information needs to be

provided as part of PRAs.
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Now with that as a background, I will get into the
assigned topic of my presentation, and that is, What about
potential uses of PRA? And what I ‘have attempted tc do here
is list some different uses, some of which you are familiar

with, some of which you may not be, and some of the comments

I have made may also shed some light on the validity of |

each of these uses.

We have, of course, the full-blown seismic PRA.

This is what we are doing. From this, we can identify the

various seismic risk contributor;. Once you have a PRA,
you could use that as a basis, although maybe not absolutely |

clearly, but certainly in the sense of extremes, to try to

identify cost-effective modifications. Indian Point 2, I !
think, is a very good example. It didn't take very much mone;
to fix the situation between Unit 1 and Unit 2 control room
roofs. I think the PRA is not a static, once-performed
study. It is something which should be performed throughout
the life of a plant.

As we all know, as time goes on, safety issues
will arise, and the question is, what are the implications
of the safety issues? And by having a PRA sitting there
waiting, these issues can be incorporated and the analysis
rerun to find out what the implications are.

I think there is a potential use in making

relative risk comparisons between plants. A simple-minded
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mgc 21-9 1 l example is the list I showed you earlier. I see Milistone

. : ] being a very new plant, and I see a mean frequency of core
3 melt near 10'4, and my immediate reaction on seein that is,
s how come it is so high?
8 Well, that is a use in a relative sense of PRAs.
¢ The next example is total risk to all plants.
7 Here we are sort of leaning toward the mor- absolute use
s than a relative use. I think because of the fact that on
’ the East Coast we have plants that are very close to each
0 other, there will be dependencies, and the question is,
1 is, in fact, the risk independent or dependent, and what is
12 the risk of probabilities of core melt to one or more plants
13 or to several plants?

. 1 This could be done using a PRA.
16 The next example is using the PRA as a tool to
18 decide which components should be modified if a safety issue
b comes up concerning equipment or something. The question
18 is, should that equipment be modified? But first, a PRA
w could be used to determine whether, in fact, there are real
» serious safety implications. 1In a Sense, an example of
i that is the study that Lawrence Livermore has recently
n done on the low fracture toughness of steam generator
8 cooling pump supports.
e Anothtar use is to quantify conservatism in

‘ » regulatory requirements. You could very well take the PRA
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as a tool -- rot easily, but You could certainly try to
understand what conservatisms generically exist in the
current regulatory requirements, or the next item, guantify
changes in the requirements. If ycu decide to change the
requirements, what are the implications?

Again, a recent study by Lawrence Livermore
Labs, the A-40 value impact study, is an example of where
an attempt was used to make a PRA to try to understand the
implications.

I repeated the next one, which we've already
talked about.

The following one is a cost/benefit tcol for

earthquake preparedness. I see this as a use for the

utilities. I see in reality, in a Practical sense, a greater

problem with earthquakes =-- not from the big ones which cause

core melt, but‘from small earthquakes, earthquakes, say,
the size or larger than the OBE or less than the SSE, which
cause the plant to be shut down and mcney lost because of
the fact that the plant is shut down. The PRA could be
used as a way to identify critical locations or components

which to monitor immediately after an earthquake. The PRA

could be used as a way of determining where to put instruments

in a structure to deveiop an argument to restart the computer

immediately after the earthquake.
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There are certainly uses of PRA in load

combinations, very difficult to get a handle on load

combinations or make a deterministic viewpoint.

If you have an SSE with and SRV, should they be
combined absolutely in phase, or how should they be. A PRA
could be used to address that sort of question, !

And some of the little more general runs, such
as categorizing research needs, investigating risk
characteristics of alternate plant concepts, thinking of this
in terms of plants that have not been designed or are in
the process of being designed. Trying to decide wiiat are the

best configurations of components, PRA such as forr GESSAR

could help guide modifications, before in fact, the plants
are even made. Tlrioritize the safety issues, and finally,

the last one which I consider the weakest from my perspectivei

18 compare seismic PRA results to other risk contributors.
The idea of comparing the results from earthquakes with,
say, highway fatalities or airplane fatalities.

Thank you.

MR. OKRENT: I wonder if I could ask a question.
I think I have heard you thris time, and once before indicate
that you thought the uncertainty in the fragility was ot
a big contributor to the overall risk. That it was the
uncertainty in the seismic hazard and the median of the

fragility that were important.
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MR. REED: Yes.

MR. OKRENT: What I have in mind is, one of my
students did a few calculations taking Zion as an example,
And it seemed, from his calculations that in that particular
case the way the seismic hazard curve in the PRA and the !
fragility of the important components happened to fall, there
was very little overlap leading to a low total contribution
of seismic to core melt.

But in this case, an increase in the uncertainty

or for the more important components with regard to their

fragilities was a sensitive parameter. And he could calculatL

f

by postulating an arbitrary increase in the uncertainty, a I
l

very large increase in predicted core melt. !
Now, it was alsc clear, by taking a different |

hazard curve, the same effect did not occur by changing che |

uncertainty and the fragility.

MR. REED: 1Is he asing one hazard curve or a |

family of hazard curves?

MR. OKRENT: Well, no, I have to think now. T |
am not sure whethor --

(Pause.)

I am not sure whether he took a distribution on
the seismic hazard curve or a single curve.

MR. REED: I think that is the point. |

MR. OKRENT: That may be.
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MR. REED: For a single hazard curve you are
absolutely right. Bu* the point is ~=-

MR. OKRENT: I wil! have to check into that.

MR. REED: Looking back at this again, it is just

that Zion was similar. There is so much uncertainty, such
a spread that whether you have the Beta u, thinking of it

on a component level here, of being .4 or .6, it gets sort
of swamped.

MR. OKRENT: I have to check that. That may be
the aifference. Thank you.

MR. SIESS: You were going to tell me how you
thought we could get a handle on construction design
discrepancies.

MR. REED: Well, I think it is an extremely
difficult problem. One think that has been of curiosity to
me, though, it seems like it would be a worthwhile effort

to take a look at ordinary industrial or just buildings in

general, and study -- someone try to make a study. Because

we really do have a database there. we know how many
buildings have been built. And we know how many buildings
have fallen down.

MR. SIESS: But we don't know how many mistakes
have been made.

MR. REED: That's right.

MR. SIESS: But how about taking a plant that has
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undergone a fairly extensive independent design and

construction verification program, of which there i1s at least

one.
(Laughter.) 1
And there are two more, I believe, underway now.
How extensive they are -- and do a PRA before and after,

before the changes are made and after they are made. Would
that help?

MR. REED: But what the problem here is, whatever
you can idertify is no longer a discrepancy anymore.

MR. SIESS: I know, but let's assume this has
fewer residual discrepancies.

MR. REED: But you know what they are, right?

MR. SIESS: (Nods affirmatively.)

MR. REED: The problem is tryinc to get a handle.
Once ycu know what a discrepancy is you can incorporate it
into the analysis. The problem is, you want to somehow
account for discrepancies that you don't know what they are,
but you know they are there by virtue of human nature.

MR. SIESS: But if I take a plant that had not
undergone this program and had done a PRA on it and got a
certain answer, now I take a plant where I made a thorough
investigation and found several hundred design and
construction discrepancies, and T made changes to the plant.

Whether it's several hundred or not, I don't know.




269

MP. REED: You could run those through the analysig.
MR. SIESS: And if I don't get any difference 1

could forget about design.

be some design and construction discrepancies that are not -=-

There's another thing I didn't say that I wanted to put in

|
'MR. REED: That's one data point, but there may |
:
|

pPerspective here. We have QA programs, supposedly there are ;
not discrepancies.
MR. BUSH: wWhat's that?
MR. SIESS: No, no.

MR. REED: The goal.

MR. SIESS: I see the two statements but
are not connected.

' 14 | MR. BUSH: They are not valid statements. l
| !
15 | MR. LEWIS: He said supposedlv. j
16 MR. REED: The goal of the QA program is to try |
17 to eliminate as many errors as possibly can occur. Okay? %
|
18 Now, as far as the SSE is concerned, I think we are being E
19 very successful. But the problem is, when we are developing!
20 fragility data, we are way above the SSE level. And here f
|
21 a design and cor-~truction discrepancy, that might not be !
22 important for the =SE, because of the fact there is a large '
|
23 | design margin built into the design process. May become ;
24 important for developing a fragility value that is maybe E
. 25 two or three times the SSE value. ;
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MR. OKRENT: Dr. Tang?

MR. TANG: Dr. Reed, you are not implying that
for instance, the Indian Peint hazard curves are generally
of the same degree of uncertainty exists for other sites,
such as for instance, those in California.

MR. REED: For the east coast plants.

MR. ANG: For the east coast plants.

MR. REED: VYes.

MR. TANC: That would not be true for others.

MR. REED: I don't know. I cannot -- T really
have to just make that comment for the PRAs that have been
performed to date. And they have all been east coast plants.

MR. ANG: On the same point that Dr. Okrent
alluded to, the uncertainty in the fragility part, in view
of the fact that we have been extrapolating fragility way
beyond the range where we have calculated data. I would thin
the urcertainty there may also be very high.

MR. REED: It is hard to -- it is not that the
vncertainty for fragility is unimportant. What I am trying
to say is what is important is we get that median value right

MR. ANG: But that is the point.

MR. REED: The median value has a distribution
about it. Okay? wWe want to get that right. And we want
to spend the effort and time so that if we have a containment

if it is really 2.5 g, we don't want to call it 1.1 g. But

|
|
P
|
f

|
|
'f

|
}
|
|
|
{

v




22pb7

10

11

12

13

14

15

16

17

18

19

21

24

271

once we have it, no matter, it is still a median value, and

therefore, there in an uncertainty about that median value.

Now, if you look at the data that have been given
for components, say, range between something like .3 to maybe
. igh as .4 or 5, something like that. So, with those

values, it is not as important to spend a lot of time spending

your effort, trying to fine tune that data value.

It seemed to me, the effort ought to be spent
fine tuning where that median value is. And I understand
the two are not indeperdent of each other. That is the
problem. Bob?

MR. KENNEDY: I would like to make a couple of

comments. We've tried doing scme sensitivity studies. And
I do not agree that the median value is the most important

parameter for the fragility curve.

Based upon our sensitivity studies, the most
important portion of the fragility curve is in the 10 to J
20 percentile frequency of failure range. And that is the
Fortion of the fragility curve you would like to do best.

And that depends on both the median value and the |

uncertainty value.

Now, a couple of other points == I am not familiar'

personally with this containment problem that you are

mentioning because I wasn't -- I'm just not familiar with

it. But I am familiar with some similar problems, al*hough |
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that appears to be very extreme compared with the other
problems.

One of the things that happens in my cpinion in
fragility estimation is design engineers can feel comfortable
estimating fragility levels up to some kind of ground motion
level. When they get beyond that ground motion level, the
whole thing is a game. And frankly, I believe that ground |
motion level is somewhere, probably if I had to pick a number,
I would pick the number of about tkre ?% g range. And beycnd

that it doesn't make a lct of sense to be talking about

fragilities.

At least on projects I am familiar with, what is
often done is to look at those components in which there is
|
at least -- there is estimated to be at least a 5 percent ’
probability of failure, up to .7 g. To try to do a decent
job on those. f
|
And those where the 5 percent failure frequercy
or probability is at values above .7 g, not to do a very
careful job. That may be wrong,
That came about from the belief that earthquakes
beyond that level in the east were inciedible events. And
at least in some of the early PRAs, and therefore, really

were not going to have a big influence on the solution, on

the end results.

Now, sometime after the end results were found,
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they did have a big effect. Whenever they 5 have a big

effect, . have a total lack of credibility in the end results

You're containment, the containment problem you
mentioned there falls into that range. 1In my judgment, who l
cares whether its median is 2.9g or 1.1g? They are both
O high that I don't think various engineers would agree.
I don't think there is any possibility that at those kinds
of ground motion levels you come close to having an agreement‘
between engineers as to what the median was.

MR. REED: The problem is that this particular
containment was a major contributor to early release and

early fatalities. And going from the l.1g to the 2.9g,

literally eliminated seismic as a contributor to early

fatalities.

MR. KENNEDY: You are making too much out of the
analysis, then because we don't have a single earthquake
record up in that kind of range.

We are getting probabilities out of mathematics.

MR. REED: But this is the reality that is

existing.

MR. KENNEDY: 1In my judgment, once we start getting
to earthquake levels beyond 1g, we should cut our =-- I don't
know what we should do, but we should certainly asterisk any ‘

of our end results. Because our end results are highly

suspect if they are being governed by fragilities up in the




1.2g9, 29, 39 ground acceleration range. They don't have any
meaning anyway.
3 MR. REED: Take Limerick fcr example. There are |
4 roughly four or five electrical components that are dominatin
5 that result. And their median capacities are, I have forgotten
s now, but it's like 1.3 to 1.5. ;
7 MR. KENNEDY: They have big betas on them. All '
8 the ones on Limerick, because now you are in what I am very
9 familiar with, all of those have a big enough betas that they
10 have probabi1ities of failure greater then 5 percent below
11 the .7 to .89 range.
12 And therefore, they have a portion of their : :
13 fragility curve down in a region that, I think, we ought to ; |
| |

. 14 } be trying to estimate the fragility curves. And I think it r
15 is that portion and not the median that is really important.’
16 MR. REED: What would You say if the median was !
17 twice as big? i
18 MR. KENNEDY: I would say I don't care. 1If the !
19 median was twice ag big, they wouldn't domirate. ;
20 MR. REED: That's right, exactly. |
21 MR. KENNEDY: And I wouldn't have any idea what
22 their importance was.
23 MR. REED: That is the point I'm trying to make.
24 Are we .ure this thing we are calculating in the game we

. 25 are plsying is correct, or is it possibly twice as big.
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MR. KENNEDY: Well, that is a really difficult
problem. John, I have heard You a number of times say you
think the medians are too low, and the uncertainties are
too low. I personally agree with you. But I can list a
whole number of other people for whom I have a great deal

of respect who think just the opposite. They think the

medians are too high and the uncertainties are too high.

I think this is a battle that is between people
with a very strong probability background, yourself and myself,
and people with a very strong design background. And at this
stage, I don't know who is richt. I think the industry can

best say that probably the whole industry can do its best

job down there in about tke 5 percentile to maybe 20
percentile range of the tragility curve. I

And thank goodness, that is the region that appear#
to be the most impcrtant region. And what is happening is !
that those people who believe the uncertainty should be
bigger, want the medians higher, because raising the median,
raising the uncertainty still keeps this 5 to 20 percentile
region, generally about where it is.

I think that a fairly broad portion of the industry

will agree, in that portion cf the fragility curves. And

vhere will always be, at least at this time, very large

differences of opinions at the median levels and at the

beta levels.




22pbl2 1 And they all seem to go the same way, in my opiniob.
. 2 In my observations those people who like big betas, big |

3 uncertainties also like bigger medians. And you and I both |

|
|

4 || think the betas and medians ought to be raised some. And

5 others don't agree.
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MR. REED: Yes.

MR. KENNEDY: I don't know what we are going
to do about that portion of it. I think you're wrong. I
hope you're wrong about the importance of the medians,
because I don't think we're going to solve them.

MR. REED: What I see is the analysis being
extremely sensitive to the median, and what I see is the

values of the median jumping around a lot, depending on how

much effort you put into trying to determine what they really

are. And I really feel Very strongly that if we have to
spend more effort =-- and I think we should =-- we should be
trying to perform our seismic fragility analyses to try to
get as good an accuracy on that median value, and in t'e
process of doing that, the probablistic aspects of it
namely the degree of uncertainty should come down. The
more effort ycu spend, You would hope the uncertainty would
come down.

MK. KENNEDY: The more You learn about the
uncertainties, the higher up it goes,

MR. REED: I know.

MR. KENNEDY: Do you see that jumping around
in the med.ans' cases where the medians go below about 1 G,
because I haven't seen that. I have seen where various
people have scen that in different medians, that much, when

the medians are down in the range where they have some
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meaning.

MR. REED: I would have to agree with that.

MR. OKRENT: Dr. Bohn?

MR. BOHN: The question of medians and uncertainties
is tempered, I think, by the consideration of the correlation,
because if you have a correlation between failures or a lack
of correlation, you can have wider changes in probabilities
of failures of several components. An example would be the
Six service water pumps in Zion. For the commercial PRA,
they were assumed to be completely dependent, so that the
failure of one implied the failure of all. So the, responses
were fully correlated, but the fragilities were not necessaril
correlated. You have a one out of six success criteria,
and the service water pumps probably would have dropped out
of the analysis at any degree of correlation, and then ycu
would have gotten an entirely different number in the Zion
PRA.

MR. KENNEDY : That's a different problem. The
problem of correlation, that is a very tough problem.

Yes, a lot of the commercial PRAs have assumed
that in a seismic event, you loce the benefit of redundancy
because you have identical items of 2aquipment at identical
locations, and the assumption has been, they will be all

knocked out at approximately the same ground motion level.

That's really tought, to know whether that is a reasorable

)
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assumption or not. It is certainly a critical assumption, |

|

MR. REED: And it is a Critical assumption. I mean, |

Mike, you can carry the argument even to the crib house roof, I

the assumption that there will be the failure of the crib !

house roof means there will be the failure of all SixX pumps. i

MR. KENNEDY: That was also a major contributor at f

Zion. The failure of the crib house roof was assumed by !

,

the systems peconle to automatically mean failure of all of
the components.

MR. BOHN: We did a sensitivity study on that. We

Found it made about an order of magnitude difference if

you assumed the crib house failed, but didn't knock out all

service water pumps. S5 I think we bounded that effect.

MR. OKRENT: Mr. Reiter?

MR. REITER: Yes, John. I wonder if you, Bob, !
Mike or someone else would comment .n which Measure we should ;

|
use 1n our comparisons. Some people talk about core melt 5
frequencies. Some people talk about early fatalities. !
Sometimes you get different messages, depending on which

measurement You use.

I wonler if you or others would comment on that.

MR. REED: I think You would have to look at all
measures of importance. The nice thing about core melt was,
when the PRAs came out, they gave you nice plots of core

melt, and you had something there to work witn. The other
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release categories, there was nothing there to work wich,
That is the reason that everyone focused tn core melt.

But I agres, if other release categories are
important -- this is back to the thing I said about more
information being given in a PRA. I think in a PRA, not
only should the family of fragility curves for core melt
be given, but also the family of fragility curves for each
of the release categarles that are of importance.

MR. KENNEDY : Seismic is going to have more effect
On early fatalities. If seismic is important on core melt,
it will be even more important on early fatalities, because
again it is a common mode damage mechanism, =0 it has more
effe-t on fatalities than it has on core melt. But they
are both important measures.

MR. _KRENT: May I ask Drs. Reed and Kennedy
whether they think aging has been included in the current
estimates of fragility?

MR. KENNEDY: I don't think they have been very

well included, because I don't -- i1t is not clear to me

that we really know the effect of aging on seismic capability

of equipment. 1If you look at the experience data from past
earthquakes, you don's get the feeling, anyway from
experience data, that there is a major aging problem,
because some of thuat equipment has gone through earthquakes

in the .3 to .6 G range was twenty years old at the time

T i o e e,




231

l'
|
mgc 23-5 i it went through the earthquake, and it didn't seem to result ,
‘ 3 in failures. |
: Now I am not convinced that aging is a major
4 problem. 1In my opinion, it is not as big a problem as
§ design and construction discrepancies, but I don't think it
6 1s being verv adequately covered in fragility work. E
' MR. OKRENT: Questions? i
8 MR. SIESS: Can we come back tc that example you
9 gave with the containment?
10 What was being calculated?
i MR. REED: The fragility curve for failure of the ‘
12 containment.
13 MR. SIESS: What does "failure" mean? !
. " | MR. REED: Some sort of deformation that was beyond
" a ductility limit, beyond which --
16 MR. SIESS: But the concern was leakage, was it !
" not? 1
|
18 | MR. REED: Absolutely. .[
1 MR. SIESS: They didn't ask for that, did they? ;
» MR. REED: 1o.
a MR. SIESS: 1f they had asked for what they really
2 wanted, I would have been interested in seeing what the ;
8 spread would have been. That was a mistake.
» MR. REED: I would like to make one other comment
. ® On this question of median versus the uncertainty. It is '
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sort of a practical comment.

I guess one of the ways I look at this is, in this
benchmarking analyses is, I think benchmarking analyses
ought to be done to try to get that median, but I don't
think you have to do a whole bunch of benchmarking analyses
to get the uncertainty, that you can use the approximate
methods that have been evolved in the commercial PRAs to
go arfter the uncertainty part of the problem.

I certainly would not advocate throwing away the
uncertainty in the fragility. It is just that you do not
have to do a lot of sophisticated analyses to fine-tune what

the value is.

MR. SIESS: Could you tell me what you mean by
"commercial PRAs"?

MR. REED: PRAs that have been done for the plants,
as opposed to the SSMRP.

MR. SIESS: As opposed to SSMRP?

MR. REED: Right. !

MR. OKRENT: Dr. Tang?

MR. ANG: I would like to pursue this business
of uncertainty and fragility a little bit more.

Dr. Kennedy indicated that the main contributor
to risk is at the 10 to 20 percentile level. I would

agree, if we indeed have the margin of conservatism that is

designed. I think that is the basic assumption.
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MR. KENNEDY : Sure,

MR. ANG: In light of the fact that you indicate
tnere is uncertainty, an expert's opinion would differ as
far as the median resistance is concerned between the
designers and the people with a background in probability,
should that particular type of uncertainty or difference
in opinion be cranked in, just as you do in the hazard area?

(Pause.)

MR. KENNEDY: I would answer that I think -- well,
it's a hard one to answer. In the ideal world, it should
be cranked in. In other words, all of these fragility
curves should sort of have the same slope. You should have
a whole spread of them.

MR. ANG: Put it Just the way you did with the
hazard?

MR. KENNEDY: Just like on the hazard curve.

On the other hand, it has also been my
observation from sensitivity studies that in a typical
seismic PRA, the 90 percent bounds on core melt frequency
from the 5th percentile to the 95th percentile, or maybe
1s should say the 80 percent bourds from the 80th percentile
to the 90th percentile, the 80 rorcent bounds on core melt
frequency, are typically like four orders of magnitude,

which by sensitivity studies, three of those four orders

of magnitude are due to the hazard curve.

e e — - S————




When you use a knife-edge fragility curve, no
uncertainty whatsoever, you only lower that uncertainty
bound in your end results one order of magnitude.

It seems tc me that unless we can get a considerable
reduction in uncertainties in the hazard curves, I am not
too enthused about the idea of making more == I don't know

what the right word is =-- but more complexity to the

ffagility curves by having different slopes.

MR. TANG: Well, calculationally, I don't think

it would be any more complex than what you have already
done with the hazard curve.

But what concerns me, suppose you do a PRA, let
us say, for a site in California. So far all of them that
have been done have been in the East where I can understand
there would be considerable differences of opinion, expert
opinion, as far as hazard is concerned. But if you do it
for a site in California, probably the expert opinion will

have very little difference. The difference in opinion

on the fragility, in fact, may dominate.

MR. REED: 1Is that really true?

MR. JACKSON: No. The difference in hazards
calculations is worse on the West Coast than in the East.

MR. KENNEDY: One of my problems, Al, is, if we
are going to have a whole family of fragility curves with

different slopes, and we are almost at that stage, getting
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to uncertainties on uncertainties, i.e. to the next level].
It's not just a small additional effort. I believe to do
it rigbt, You would have to have many different people
generating the fragility curve for that one component. You
Ccouldn't have one pPerson generating the fragility curve

of the component and have him honestly accoun+ for all of
the diversity of opinions.

MR. ANG: But I think the game is no different
from that of the hazards side. After all, we are after
realism, and in the real world, there 18, in fact, a
considerable difference of opinion in fragility curves.

It seems to me, that should also be included.

MR. OKRENT: Dr. Bush?

MR. BUSH: My experience in PRAs tends to be in
other areas, so I would apologize in that respect. But i he
basic assumption in common mode failure redundancy, I dor't
think tends to be Supported in other PRAs. That assumption
here, it seems to me, has a tremendous impact on the vailues
You come up with.

MR. REED: Yes.

MR. BUSH: And I really wonder how valid they
are, quite frankly. 1 really think that is a weak link in
the assumptions.

MR. KENNEDY: I don't know how you would be able.

In the current State-of-the-art, it's very difficult how
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YOu would be able to really evaluate what the cross-
correlation on Capacity of two identical Components, two
identical Pumps mounted Side-by-side. They will beth see
the same input, i.e. there is a very high correlation on the
input. The industry is Struggling hard enough to come up

» And now
we have to Strugaie to come up with a Cross-correlation on
those fragility Curves. It is a tough question to answer,
and the PRAs that have been done to date have taken a
conservative view.

MR. BUSH: 1 agree that that would say, if 1 had
Components lined up and they weren't on the Same shock wave,
they would al} fail, and they don't do that.

MR. SIESS: They don't know the frequency.

MR. BUSH: 1 guess they don't. That may be the

problem.
MR. OKREN7"': Dr. Smith?

MR. SMITH: Paul Smith, Lawrence Livermore Labs.

I think the Point missed in this discussion of
how much effort should go into fragilities is, while it's
true, say, in getting the bottom line number -- and that's
almost a mistake sometimes -=- the fragilities aren't as
important as You might think.

Now if you come up with a decisin based on that,

Ou say, "I think that Plant needs to pe strengthenrad," that
Y

i e
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is a decision, okay? It somehow needs to be strengthened.

Now the fragilities become very important, because
you have stated your state of knowledge on fragility curves,
and advanced, as Dr. Bush has shown, but the reality may be
you are attempting to strengthen either a component that
is really strong or one that is weak, and your definition
in getting to the bottom line is not adequate for you to
distinguish between those two components. So in the decision
as to which components and how to strengthen the plant, now
fragility has become much more important than they are in
coming up with an estimate of core melt or things of that
sort, redeeming uncertainties.

MR. SMITF: You have an uncertainty. You say,
“I don't know my fragilities within a certain range, so they
are anywhere in there." Well, whera they are is very
important as to whether or not, if you strengthen ocne, it
will really reduce the risk. And in that context again,
for decisions on strengthening plants, whatever the hazard
curve is -- and we may not know what it is =-- it is the
same for everything at that plant, so for that type of
decision, the uncertainty and the hazard curve are not nearly
as important as it is in these others.

So these kinds of decisions as to where the
uncertainties enter in and where they den't have to be kept

Sseparate in what kind of decision You are trying to make.
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MR. JACKSON: I have one or two guestions,

dspending on how you split it up.

MR. REED: One at a time, please.

MK. JACKSON: I think it's one question.

The ACRS in its letters, I guess ovur the past two
years and on more recent OL reviews, has requested some sort
of margin analysis. That is a generalized comment. And
the observation you have made is, in newer plants your
expectation of the risk would be lower from seismic.

MR. REED: Right.

MR. JACKSON: Then what criteria, if we were to
implement a program of requiring more seismic PRAs, what
criteria would we go about using to select where we would
raquire that they be done?

MR. REED: Do you mean which plants?

MR. JACKSON: Yes. It seems from the inference
you were making, the plants we should be doing them on
were the older plants , the SEP plants.

MR. REED: Right.

MR. JACKSON: Not the newer ones. Yet the concern
seems to be generated, maybe out of necessity, on the newer
OL plants. So based upon the experience you have, what
kind of criteria would you go about using to select those
plants?

MR. REED: One of the problems is, my expectations
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haven't been realized. -“f Millst~ne is an example of a

newer plant and a very high risk, t° t certainly validates

what I was expecting.

I think PRAs should be done for all plants. That

is really ay feeling. I think it should be a living document:,

something like you have control room simulators to train
control room operators how to control the plant. I think in f
parallel there ought to be a PRA for a plant, because I
think you will find as you go down the road here, there will
be safety issues which will come up for the years to come,

and every time one comes UP, you want some basis to resolve

it. And I think trying to resolve it in a deterministic

manner 1is not fruitful.
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MR. KENEEDY: I think you have to be verv careful
when you compare results from different seismic PPAs. The
Millstone is a case in point. I don't want to make
comments misconstrued. I don't know which of the various Prag
18 corract,

(Laughter)

But I know there is a tremendous difference in
the methodology and details used on Millstone versus the
other three. and to that extent I would never make a compari-
son of the results of Millstone with anv of the other three.

Again, I huve no idea which is correct, but
the differences in end results come about because of the
differences in the way the results wcre calculated. And one
should not reach c7f to the conciusion that maybe newer nlants
have more risk than old rlants without going in and looking
at how the work was done.

MR. REED: I agree. The vote is not in yet,

MR. OKRENT: Well, I think we had better a0 to the
next agenda iter. I am ~ure we have not heard the last of the
subje:t of seismic PRAs.

MR. LEWIS: But we can hopoe.

(Laughter)

MR. OKRENT: There goes the tale of ACRS again.

MR, LEWIS: Hey.

(Laughter)

|
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24joy2 1 MR. OKRENT: Go ahead.
. 2 MR. LCAR: The next item on the agenda is the
3 last icem of the day. That is a requirement which was out
4 to us at the NRC to come up with a statement on the results
5 of existing studies, and I interpret that to mean results of
6 existing studies in the context of the designa margin determi-
7 nations that have occurred at the behest of the NRC over the
8 years, and in that regard, it is a rather open-ended topic,
9 8o I narrowed it, and we hav. heard that narrowing coing on
10 throughout the day in the areas of deterministic and also
11 probabilistic concepts on my area of licensing actions and
12 also on operating plants.
13 So to start out with, I have a slide which shows
. 1 plants which have had a seismic reanalysis over the vears, and
15 I have listed those which have shown to have had ar ana.vsis (
16 for the new site-specific response spectra that was determined‘
17 a few years back as a requirement on OL apolications. Also,
18 as you can see there, Summer has a unique requirement, not
19 necessarily site-specific response spectra but the fact there
20 was a Monticello reservoir nearby which caused induced
21 ” seismicity in the area and they had to reevaluate the seismic
22 H design from that point. Also some shallow embedment ef fects
23 that were stemming from that reservoir which changed the
24 spectrum.
‘ 25 So in that context, we had some seismic design
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‘ﬁoyB 1 | margin evaluations going on in a deterministi:> fashion. we

: all know about the occurrence of the Hosgri fault. That is

’ a typr there. That doesn't mean there was one. That's the

¢ first one, and second and third is anticipated. Hooefully,

§ || that ie it.

¢ Then we had all the seismic =--

L (Laughter)

¢ We hope the systematic evaluation nlans, of which

’ we have had ten over the past few years designed to early

10 criteria, some of which didn't include earthquake design,

|

0 we evaluated those against the qurrent criteria.

12 MR SIESS: Georae, on seismic reanalysis, do you
' " mean they went in and did a complete new dynamic analvsis,

14 or is this looking =-=-

1 MR. LEAR: Selective features, critical component

16 structures, systems.

" MR. SIESS: Because I have seen a sei=smic maroin

*» report recently. I think on one system in Midland.

» MR. LEAR: I have a further breakdown on this.

» MR. ZIESS: 1Is that something different than vou

n are talking about here?

= MR. LEAR: No, not really, in the sense that these

» are reevaluations based con a new s;-2ctra of selected systems.
' » MR. SIESS: And they looked at the margins against

» the same basis.

!l
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MR. LEAR: That brings um another question. The
definition we need to Put in that book you are talking about ;
is seismic design margin. I think there are probably
three or four definitions.

MR. SIESS: But only one good one.

MR. LEAR: I am looking at one particular one at

this moment in time, the seismic design margin, at this
instance being within the deterministic realm, i.e., the
earlier determination of stresses in a structure due to an
earlier concent on an earthquake input imotion. Sometime later
the seismic-gpecific response spectra came along, and we have

a new requirement for another stress calculation.

Comparing the two, we have a determination of a
seismic margin there.

MR. SIESS: oOkay.

MR. LEAR: So that's one definition.
As I said, I was going to run through a few of these nlants
that were under the seismic reevaluatiocn deterministically.

The first one is Clinton. This was the early CP stage

criteria for the seismic design. It was a neak acceleration,
.25 g, at the foundation level, the desion response spectrum
from the Reg Guide 1.60. They used deconvolution to the
bedrock and then to the foundation level of the nlant, and
also an FEM, finite element method, for the soils/structure

interaction solution.
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The next slide shows the reduction of seismic

input motion via deconvolution. The ‘@g Guide 1.60 svectra
is the solid line. It was deconvolved and we get a free
field foundation spectra which has this dip in it for
subsequent analysis. This is at the CP stace.

Along came our requlation for the criteria for

soil/structure interaction, and this slide shows the current
Pc¢sition that applied subseauently to Clinton.

Dr. Tan earlier mentioned that particular position,
i.e., that we have to do the finite element method Dlus the
elastic half Space analvsis to come up with Lwo spectra,
both of which are then enveloped in the first test, ard if

that isn't a succersfu. desired route, we fall back on one

of the second ones, which we consider the as-Huilt stresses,
and I believe Dr. Bush wag talking about this a little while
ago, where he said if you go to the mill strength of the rebsr

and such on the site'and run the site, you will find there

indeed is a higher as-built stress capacity than was originall

-

coniempated at the design stage. So if yYou have a comnonent
with a fundamental frequency lying within a band that has been

exceeded, you can go to that out, so to sneak, to find a

relief.
Thirdly, if vou do have a component that has ite
fundamental frequency within the bands of exceedance, vou

can perhaps analyze it in some other fashion to show it can
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withstand that load.

Next slide.

MR. LEWIS: What is "cdequate conservatism,"
George? What does adequate conservatism mean?

MR. LEAR: Th is anything above a safety factor

of 1.

MR. LEWIS: That is adequatn?

MR. LEAR: I can't give you a better one than
that.

R. LEWIS: That's not a Staff ovosition, I take
st

MR. LEAR: No, it isn't. 1 think you can prohably

define it as well as I can what conservatism means.
MR. SIESS: To hear you say that, I would say the
margin is zero.

MR. LEAR: ror that particular definition of

adequate conservatism, that would be correct, the maraein would

be zero.

MR. SIESS: 1I'm not sure that it is,

MR. LEAR: VYou're not sure that it is? Let's Jo
on and see what we got when we did these three analyses.,

The need for the seismic recvaluation, as we men-
tioned, is the fact that they used the deconvolution method,
and only one of the two selected methods, i.e., the finite

element method or the elastic half-space method. So they

;
e

|
|
|
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245¢y7 1 were required to go back as a result of these needs to do
. 2 L' the reanalysis. Also, there were no consideration for
3 soil property considerations, and I have mentioned the other
4 two already.
5 MP. SIESS: In each case you are checking the
6 plant against design conditions and factoring loads and so
7 forth. |
8 MR. LEAR: VYes.
9 MR. SICSS: So your margins are not zero when vou
10 are right on the nose. The only margin on desian basis,
11 margins against failure are built in to that.
12 MR. LEAR: Well, in the original desion in the
13 ear.y days =-- you know better, probably, than anyone here,
. 14 once the design was completed, it was compared again.t code |
15 allowables or something comparable to that, and there would '
16 alwas be a difforence between the two, and surely from that
17 7ou would get -- I am facetious in saying it's a safety
18 factor of 1.
19 MR. SIESS: When vou meet code allowables, it
20 H doesn't mean there's a prokability of 1 it will fail when
21 you get to the SSE.
22 MR. LEAR: That's right.
23 MR. SIESS: All right.
4 MR. LEAR: Then, as I said, there was a requirement
‘ 25 for reevaluation, and this was at the OL stage, a new magnitude




—

24j0y8

10
1
12
. 13
14
15
16
17
18

19

& ® B B

of 5.8 for the rthquake, with a Reg Guide 1.60 spectra

anchored at .2 g in the free field at the foundation level
specified, °nd also a soil/structure inceraction analysis,
including soil property oradation and no cdeconvolution to
evaluate the plant structures, the p.iping and equipment for
the new site-specific spectra.

The SRV was safety relief valve and LOCA loads
as well. This (indicating) shows the spectra which was used.
It was a consol.dated spectra, a response spectra for the
site, and it combines the site-rvecific response apart from
the Reg Cuide 1.60 curve and although the section which
was developed from the time history at taat location for use
in evaluating the structural response.

This shows a curve of the floor response at the
base mat, a snectra comparison between the original and
then the reanalysis. As we mentioned before, there was a
criteria established for determining whether or not the
structure or component would be acceptable under the new
spectra.

You se2 here the new spectra, which is the one
with the triangle, does fall below the original, so in that
area it was found to be a very low frequency and therefore not
of significance for the base mat.

The next one is comparable in that it is 100 feet

above the base mat, and I am showing, just to illustrate rathe

|




10

11

12

13

14

15

16

17

18

19

&8 ® 8 B

than do a de novo design for the plant, certain features

were picked. We will quickly flip through these, roting

this was 100 feet above the base mat. Again, the same

zsoncept of the reanalysis enveloping -- excuse me, the origina
still enveloping the reanalysis. It was still within a

sa.e margin.

And this, again, was floor response spectra in
the main building operatiag floor.

MR. HALL: Let me ask a question. This is
Clinton, which is 40 miles away? 1I'l1l have to admit I've
never been there. Why are these so broad?

MPR. LEAR: Why are the spectra so broad?

MR. HALL: Right.

MR. LEAR: Broad in this domain?

MR. HALL: Yes.

MR. LEAR: Well, I guess I would have to ask any
one of you who &re more familiar with the cemputer codes
and the range of variables with which that 1S input to give
a response to that question. It would appear to me simply a
matier of what your input data reads.

MR. LIN: 1Is it Fssible, because vou have two
different kinds of models, one is finite and one is a
spring-constant model?

MR. HENRIES: In the end these varving soil

Froperties also --




10

11

12

13

14

15

16

17

18

19

® £ 8 B

299

Okay, that explains it if vou're enveloping a bunch of soil
properties and different modeling,

MR. TANG: 2 alyses, a number of analyses, the
results of a number of analyses,

MR. KENNEDYt Thig is no single analysis,

MR. LEAR: The results of the stress evaluation
for shear all forces in KIPS as it is shown here, vyou will
notice the new stresses are show; here in the third column.
They are greater thar those developed originally in the
design and increased value. Ard here again, we see that the
results were evaluated taking into account what Dr. Bush
was saying earlier, that indeed the actual vield strength
at the test set site were much higher than those used for
their initial design. And from that available knowledge,
they were capable of stating that this was sufficient accep-
table.

Okay, this is a.so another indication of the
containment critical stress summary, wherein we have the new
loads and the stresses as shown with the allowables. And in
every instance except for the last, we find it to be within
the allowable on the last. The code calls it for 143 osi
for concrete tangential shear. That's at the Aome spring
line, A-53, whereas the allowable was 60 psi. That is for

the standard review Plan. And they calculate. 72 Dsi, but

MR. KENNEDY: Enveloping a bunch of sO1il properties

0"
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this was considered to be a relatively small difference. And {
in view of the conservatisms inherent in the desian itself, ’
this was acceptable. !
This next slide is g8ort of a summary of what I }
was saying throughout the last few moments, that the new ’
response spectra are higher than the desion basis in certain
portions of the frequency range; but as I mentioned before,
in the incidence of the base mat there is a low frequency
area of no significance, and to evaluate it they did a
thorough analysis on selected structures and some internal

Structures as well, and they are all within desian allowables

based upon the actual measured values at the site. wWe did

have a presentation with the ACRS, a.d I am sure you orobably

|
all remember that, and certainly you did write a letter on !
this. !
The next plant is that of PERMI-2. Acain, *here

was a site-specific response spectra required. The nlant ’

was founded on competent rock, so there was no soil/structure

interactionproblem. W went directly to the lump mass model.
The base mat is fixed base. The results are shown in the next
slide.

Next slide, please.

MR. OKRENT: Can you show that last granh again?

MR. LEAR: These are a comparison of the spectra.

Reg Guide 1.60, the site-dependent résponse spectra, FORMI-_,
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and the earlier existing FERMA-2 design snectra.
MR. OKRENT: The original design spectra preceded
Reg Guide 1.60; is that it?

MR. LEAR: 1 beljeve it did, yes. It would have

definitely, because I would assume if it did not, then we

wouldn't even be seeing that curve right there for FTERMI-2.

The point here is the site-specific response spectra is
beneath Reg Guide 1.60, which is shown there.

In taking the new spectra and inputting into the
codes, again, for the containment, a shear and moment diagram,

this being the shear and the moment diagram, and in the

brackets we see the ratios. Dr. Tan, do vou want to comment
about those ratios?

MR. TAN: This ratio is bhetwecr. the new value and
the old value. The old values are in the bracket. The

ratio is in the sguarz2 brackets.

MR. LEAR: And those are found to be within
acceptable ranges, are they not?

MR. TAN: We have to look at these stresses.

MR. LEAR: The next display is where they calculate
stresses within the steel containment.

MR. TAN: The maximum is trend E.

MR. LEAR: If vou look at this, vou see under the
new earthquake the value of 20,933, and the old one is 18,225

maximum.
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MR. LEAR: Are there any questions on that one?

(No response.)

MR. LEAR: Sequoya was another one that was
reevaluated based upon a site-specific response spectra,
and I won't pother to read those in detail, but the methods
and assumptions are as shown.

I guess the key point is Item 10, "Few locations
were evaluated as exceeding the code allowables by
approximately ten percent" -- excuse me -~ "five percent,"”
which was less than vield.

Surmer, as I mentioned before, was found to be
acceptable =-- Summer was reevaluated, based on reservoir-
induced seismicity and adjusted spectra and foundi to be
acceptable as well,

Okay, Slide 19, I guess it is, Midland. Midland,
the next one you have on there. And the one I have on
Midland =-- yes, that's all right =-- the ones we have
talked about until now have been completed, and we have
here a slide which pertains here to the Midland seismic
reevaluation.

In this instance, another site-specific
response spectra has been prepared and a certain category
of structures selected for reevaluation. It is not a
complete, one hundred percent redesign or reevaluation,

but unique Category structures were chosen for reevaluation,
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and the Applicant, Consumers Power Company, has submitted
a number of volumes for this seismic margins design study,
which I guess, Dr. Siess, Yyou were talking about earlier
on.

MR. SIESS: Yes. I have Volume 4. I would
like to get the others.

MR. LEAR: You ought to ask the gentleman who
wrote them. Perhaps he can get some for you. We will
see if we can get some otherwise, but there were probebly
sixty of those things sent in. I don't know where they went.
I had trouble getting one myself.

At any ratc, the first volume is the methodology
which Dr. Kennedy probably could elucidate on to scme
extent, and then each of the other volumes deals with
each of the structures. It is still in the process oi
review by th: Staff, and there are some plans for meetings
with the Applicant, and this is with the consultant as
well as the Applicant. So we have mentioned some of the
things we have done, suome of the things that are geing on
right now.

MR. OKRENT: Excuse me. When did the Midland
volumes come in?

MR. SIESS: On seismic margins?

MR. LEAR: It was in 1983, I know.

MR. SIESS: The one I got was in the last three
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weeks.,

MR. LEAR: I have February '83 on this copy. I
don't know when it was sent in.

MR. SIESS: What volume number?

MR. LEAR: Volume 1: Methodology and Criteria.

MR. SIESS: I got Volume 4 within the month.

MR. LEAR: Was that Borated Water Storage Tank?
I got that one.

MR. SIESS: It is a structure.

MR. LEAR: I will try to remember to get copies
to you.

MR. SIESS: 1It's part of the aux building,

MR. LEAR: 1If Dr. Savio will write that down =~

MR. SAVIO: I will remind you.

MR. LEAR: Okay.

I just wanted to mention in passing, since you
were talking about completed work or results of studies,
there have been over tte years a number of computer codes
developed, and the people who developed them are most likely
in this room and know a great deal more about them than 1
but I would like to at least mention, since that is a part
of this topic, for response to soils and embankments,
we know of SHAKE, which is a program for analyzing one-
dimensional seismic wave propogation through various

layers of material.
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We have FLUSH, a program for analyzing two-
dimensional wave propogation t: oSugh various finite elements
of a mass, representing soil, rock and embankment configur-
ations. You get nonlinear soil response considered, as is
done .a the case of SHAKE.

There is another one, QUAD-4, a finite element
program for two-dimensional wave propogation.

We have LUSH, which Dr. Luco mentioned this
morning, and I ~vas hoping to hear from kim a iittle more on
what code he was using for the incident waves, other than
vertically propogated waves. I, myself, have not yet heard
of a code specifically that treats that. Perhaps that 1is
what you were aiming at, further developmen:. of that
concept. I am r.ot sure.

And there are a couple in “he area of design of
slopes, SLOPE itself, and T-LUSH, a three-dimensional
program for seismic Aanalysis of earth dams.

In the work that Dr. Kennedy has been doing on

Midland, there are some codes mentioned in that procram.

There is STUF, which creates a synthetic time histories throug

an iterative process.

CLASSI, that came out cf the SSMRP programs. It
develops frequency dependent soil impedences, both real
and imaginary, for a structure.

Then we have SOIL ST, which computes composite

|

h
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modal dampening, using the Tsai apprcach and MOD SAP, which
I am not at all familiar with. But that is an updated version
of SAP used to develope the flexible base modes required
for the response spectra analysis.

I mention these only to indicate that these are
some of the many things that have been done in this field
over the years, so we would have a snapsh.t of what some
of cur seismic design studies have produced.

Now having gone through the deterministic approaches
rather ranidly, hitting the tips of the icebergs, we come
to PRA and how that influences another definition of seismic
design margin. We have accomplished a number of PRAs =--

incustry, contractors, consultants and the NRC itself --

and on this next slide we have a view of plants having PRA

evaluations as shownr here, and the seismic portion or cut

of the PRA was not accomplished up until we did Big kock
Point, Limerick and the rest. So we are having, at this
point in the development of a PRA, a focus in on the seismic
aspect as well as the internal PRA.

MR. OKRENT: Excuse me.

MR. LEAR: Yes?

MR. OKRENT: 1If I see a plant mentioned, does
that mean the PRA e:ists.

MR. LEAR: Let me slide this up. This was taken

from a PRA fundamentals course. I can only say that that
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is a guestion interpreted here. There must be a PRA,
from what I have bezn informed, althcugh I, myself, have
not seen these physically. |

MR. OKRENT: I see. Okay, thank you.

MR. MARK: What is the meaning of the EPRI for
Limerick?

MR. LEAR: EPRI for Limerick?

MR. TAN: Do you mean about the "No" and "Yes"?

MR. MARK: Yes.

MR. TAN: In the first study, they didn't include

the seismic. In the second study, they inciuded the seismic.

MR. LEAR: There were two branches. First was the
internals, and then second =-- right, okay.

Okay, the next slide gives a snapshot of the
results of the review of recent PRA. in Structural fragility.
The structural fragility area, after the very thorough
discussion by Dr. Reed, this is hardly worth spending too

much time at all on, because of the details ne provided,

but we did have published three reviews -- Zion, Indian

Point and Limerick. His presentation was more comprehensive.
Nevertheless, there were some findings that came

out of those that distilled these that I have shown here.

Seismic risks, dominant contributor and those various

features of each of the plants were identified as failures

potentially, and a very, very cryptic, short indicator of
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what we might use PRA for, hardly comparable to the extensive

list Dr. Reed had, but nevertheless, it would provide us

some insight into what we might expect beyond the SSE, in

the range of two to four SSE, and also identirication of
sensitive components risk, sensitive components.

This next slide is an attempt to state what we

are trying to do in some of our studies that are going on,
both as a technical assistance contract under NRR sponsorship,
the nuclear reacto regulation sponsorship, and also what
is going on elsewhere through the Office of Research.

The cryptic commerits here don't tell much of the

story, but at least it does give an indication that there

is something going on. It is not a quiescent area at all.
There are various levels of support for these programs. There
is certainly a need for more, based upon what I have been
hearing today and based upon what I, myself, think. Getting
attertion, getting resources, giving it a high priority
is another matter which neither I nor my compatriots here
can really address in any forum such as this, perhaps.

At any rate, we are not sitting back doing nothing.

I guess that's it for me. I will take any
questions if you have them.

Yes.

MR. HENRIES: Bill Henries, Yankee Atomic.

I didn't hear ycu mention the results from the SEP
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plants. Do you have any comparisons of the befores and
afters on it that you can talk about generally?

MR. LEAR: No, I do not.

Yes?

MR. LIN: C. W. Lin from Westinghouse. I 3just
want to make a comment.

Earlier, Dr. Tan from NRC mentioned that there
were two different types of models, the finite model and
the elastic model, that the results are more conservative,
but if you look at the Trenton results, you will find that
the response spectra has an extremely wide pipe, which
means for the piping system, there is no way to get away
from the pipe, and youw'will haveto allow more support than
usual, and by adding more supports in the piping system,
you will wind up with a more rigid syetem, which may not
be more reliable. And in fact, in the normal operation,
when the temperature becomes more of a problem, you will
encounter more problems than usual, and I don't think that's
going to increase the reliability or safety at all, and
I think it is on the contrary.

I also want to> comment that NRC, =-- I think
Dr. Bush is involved in having a task force looking at
different issues, but I don't think this is one of the
issues. Maybe you should include this as one of the issues,

to look at whether you should decouple the different models




mge 25-9

19

11

12

13

14

15

16

17

18

19

R D s

3N

and not include all the models in the one analysis and
try to force the Pipe and equipment design to have a much
more rigid design?

MR. BUSH: I can comment that I think the change
in the damping factors, which will be in the appropriate
range of hertz, takes care of the problem, because it
essentially says that vyou don't have to put the extra
Supports there if you use it. But unfortunately there is
a difference between a practical application and the
necessary approach, because YOu have to amend the documents,
and that is a very lengthy, painful process. It can be done,
but it inay not be done. In other words, the easy answer
might be to put the extra supports there -- not the safe
answer; the easy answer.

MR. LIN: But the damping issue and this response
spectra issue are two different issues.

MR. BUSH: Yes.

MR. LEAR: Yes?

MR. TANG: Dave Tang from Westinghouse. I want to
follow up a little bhit more on what C.W. Lin just mentioned.

In another area, in equipment qualification, for
example, the wide band response spectra you just presented
really creates a tremendous burden as far as a laboratory's

facilities are concerned. Laboratories usually cannot handle

that kind of response spectra, Finally they enforce various
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changes, what we call a test response spectra, that may
not be that realistic at all.

If you look into the subject carefully, you will
find the philosophy of performing that many analyses to
develop 1s such that the requirement cannot be that
realistic and may not be that easy to enforce.

That is my comment.

MR. OKRENT: Excuse me. Let's assume for the
moment that what you are saying is correct, that this wide
band spectrum produces some undesired effects.

Have the various groups in the industry provided
a sufficiently good defense for a proposed method of analysis
such that it can stand up under scrutiny and not be subject
to really major reservations and be one that gives what
you would call a more realistic prediction, because if you
try to be realistic but you miss it, you are in trouble,
and you are not doing, if I understand it correctly, tests
in situ to check all of your frequencies and sc forth to
find out where the calculations were wrong.

Do you see what I am trying to say?

MR. TANG: Yes.

MR. OKRENT: If the industry would come in with a
good solid position, it seem to me you woulZ? have a better
basis for getting a change in whatever the Staff is

requiring now.
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MP. LIN: Dr. Okrent, one of the ways that can be
used to remove this problem here would be to go through the
kind of analysis, ASME analysis, is recommending vou don't
do an malysis based upon the entire response spectrum. Rather,
chop it into pieces and say under certain conditions your
spectrum will come within a certain band and you will do one
analysis on that, an' in another conditior your response
spectra will come in another band, and do another analysis,
but each one actually satisfies one reality, but you don't
have to cover all of the realities.

MR. OKRENT: 1If there exists a really defersible
position, then you should put it forward and be orepared to
defend it thoroughly and arque for the change, is what I am
saying.

MR. TANG: The ITEE 344 commentees are looking
to this problem, but as far as I can see, vou micht analyze
your test response spectrum and your iob is done. What
that amounts to as far as eauipment performance or adequacy,
seismic adequacy. That is still an open gquestion.

MR. SIESS: I think Dr. Reed pointed out we didn't
really have any good physical evidence on what the floor
response spectra looked like, so I don't know how we can
test any of these theoretical methods, the Staff's or anvone
else's. 1I'm not convinced that the Staff's method of

calculating soil/structure interaction, putting in a range,
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gives a good answer. They think it does and that is their
basis for licensing.

What Dr. Okrent has said, come in with a cood
argument, actually, if someone had good data, they could
probably convince us.

MR. TANG: As Dr. Lin just pointed out on the

frequency band by frequency band basis ycu really have a

case. Well, that is subject to further
MR. SILSS: But that is just more calculations.
We haven't labeled it reality.
MR. LIN: I would say not more calculations.
In terms of software it may cast you a little bit more, but
in terms of reliability and safety, I think it will improve
the situation.
MR. SIESS: You can't prove it unless vou have
physical evidence to show you are getting a better answer.
MR. LIN: Maybe not, but I would suggest in reality
you will not come up with any response motion to do any
earthquakes with that kind of broad band. I have not seen any
evidence.
MR. SIESS: That's not the problem. The nroblenmn is
to get the equipment that will resist the earthquake.
MR. LIN: If I can show you my equipment will
withstand an earthquake corresponding to the assumption that

the finite model represents the situation. On the other

|
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hand, using a semi-permanent I can also show that I will
satisfy the model with a stick model, which means T can
satisfy all of the assumptions vou have made on a piece-wise
basis, on one sinagle model basis, not on every model at the
same time. There is no need for it.

Just like if vou assume I have a case of a near-
field fault, I have a high frequency content, and in the
meantime I assume the earthquake comes from far field, which
has a low frequency content with equal magnitude, they come
at the same time, you can assume that each will come
independently and analyze the situation independently.

MR. SIESS: It sounds reasonable, bhut that doesn't
make it right.

(Laughter)

MR. OKRENT: Are there other questions, comments
or jokes?

(Laughter)

(No response)

MR. OKRENT: If not, I will recess this meetina
until tomorrow morning at 8:30, and I hope the nanel is all
set to give us a stimulating time.

(Whereupon, at 6:20 p.m., the meeting was recessed,

to reconvene the following day at 8:30 a.m.)
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. Reguiatory Prospective on the Quantification

of Seismic Design Margins and

a Summary of Ongoing Programs

You have requested that we provide this subcommittee with some incight
as to what is likely to ccme about or what is e¢xpected in the future by
the NRC staff in the area of the Quantification of Seismic Design
Margins. As you are aware, we have discussed this issue with you 2
number of times during 1982 and as a result the ACRS forwarded a letter
on this topic to the commissioners in January of this year. We viewed
.2is letter as 2 call for a consolidation and possibly rcthinking of NRC
programs to allow us to gain better confidence in the capability of
nuclear power plants to withstand earthquakes greater than their design
‘is. We also viewed the request as & call for continued emphasis on a
multiple approach including both deterministic analysis of seismic
margins and a call for increased attention to seismic probabi’‘stic risk

assassments.

We forwarded our general response to the ACRS request in an April 4,
1983 letter to Commissioner Ahearne in which we indicated that we
concurred in principle with the committee's recommendation but also
indicated that extensive discussions would be needed to define specific
programs that are feasible considering the availability of data and
resources. We are here at this meeting in this spirit not only to
contribute to the discussion but to hear suggestions from the
qbcomittee. your consultants, and other participants as to how we

ould e proceeding.
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Qe have available here for the discussions members of the NRC staff
prepared to diccuss the variety of topics that you have requested and
each of these individuals will be providing either summaries or specific
insights that they have gained in their specific area of expertise. As

you are aware, Ted Algermissen and Jim Devine of the USGS are not able
—————————

to attend due to the press of activities in that agency and they offer
their apologies and will look forward to future meetings. The USGS has

asked Greg Gohn to provide us with an overview of future programs.

Since forwarding our April 4th letter we have made some progress in
responding to your request but due to the press of other activities we
have not advanced as much as we would have liked. As we previously
.dicated, it was our intent to proceed on this question within existing

programs and staff and resource availability. This is still our intent.

1. We have made substartial progress in the area of how to deal with
external events in PRA. A working group prepared a substantial
report which made seven specific recommendations in the external

events area including:
o External events should be included in PRAs

o A short term program to develop external event PRA procedures,
guidelines, and acceptance triteria.
(This activity has been incorporated into the current operating
‘ plan)



I1.

o The need for research activities and the call for an assessment
of a simplified external events PRA methodology as well as

several other recommandations.

I might also add that one of the research recommendations indicate
that it is necessary to make an assessment of where the SSMRP fits
into the program and how to improve the prioritizatior of related

PRA issues.

We have also made considerable progress in estab’ ishing the seismic
hazard for plants in the eastern U.S. as a result of the Charleston
earthguake issue. This program by Lawrence Liver:ore Laboratories
is proceeding and we have some preliminary results to share with
you. Mr. Kimball and Mr. Reiter will provide a presentation
tomorrow. We have also had a number of meetings with AIF and EPRI
and the owner's group to provide further encouragement for their
extensive new program on seismic hazard. We have had the USGS
survey through the Office of Research working on the effect on the
seismic hazard of assuming certain tectonic models for the eastern
U.S. Based on these programs and our more deterministic geologic
and seismologic research effort we feel quite strongly that we are
making excellent progress in improving our capability of
characterizing the seismic hazard for a given site. We look

forward to some very interesting results in the next year or so.
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III. As we mentioned in the April letter, the Seismic Qualification

IV,

Utilities Group had held a number of meetings. Additional meetings
have been ield and Vince Noonan, Chief of the Equipment
Qualification Branch will relay the findings to date of this group

and what it means to the staff for the future.

We are currently actively involved in the review of several PRAs
which include seismic considerations. We have recently completed
our review of the Limerick PRA and we will be discussing these
results with you in the next few months. In addition, we have
initiatad our review of the Millstone PRA and GESSAR PRA. These
reviews are now including a‘substantial involvement of in-house NRC
staff especially in the seismic area. In our reviews we are
finding that we must specify that the seismic aspects be considered
in a relative rather than absolute manner. The primary problem
that persist are the substantial reli2nce on subjective judgement
‘o develop the seismic ris“. The primary reasons for the existence
of large uncertainties continues to be the lack of a data base for

both fragility and hazard.

We have recently formed an inhcuse Seismic Lesign Margins Working
Group to assist in establishing our future directions with regard
to the need for new work or the modification of existing programs
in the seismic area. The overall approach of the group will be to
work in the coming year to assess our progress in different areas,

for example, assessing what the seismic PRAs have really



taught us. The Office of Research will play an active role in this
;roup with one end in mind to help in identifying how FY 85
resources will be expended to address current problems. Dan Guzy
and Andy Murphy are present to address the research activities. We
will be working as a group to try to formulate a meaningful and

responsive program to address this ACRS issue.

One issue that continues to present a significant problem, as we
have indicated previously and as was also raised by Dr. Remick at
the recent Commission meeting, is our ability to implement
additional requirements on utilities to address the seismic design
margins question. This issue is not resolved. The NRC staff does
not perceive the seismic design margins issue to be an Unresolved
Safety Issue based on the general understanding of the inherent

seismic capacity of nuclear power plants that has been obtained

through the extensive programs conducted to date.

In summation, we are proceeding with a program to assess the
directions we should be goingiwith regard to the seismic design
margins issue. This effort will necessarily require extensive
interaction with the Office of Research and the utilities. In
addition, we feel it important to assess what we learned in the
current seismic PRA effort before proceeding with any significant

new programs.,



