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PUBLIC NOTICE BY THE

UNITED STATES NUCLEAR REGULATORY COMMISSIONERS'

() ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
J

THURSDAY, MARCH 21, 1985

The contents of this stenographic transcript of the

proceedings of'the United States Nuclear Regulatory

i Commission's Advisory Committee on Reactor Safeguards

(ACRS), as reported herein, is an uncorrected record of

the discussions recorded at the meeting held on the above

date.

No member of the ACRS Staff and no participant at

O '
'

this meeting accepts any responsibility for errors or>

i inaccuracies of statement or data contained in this

transcript.

,

(-

'

!

.

4

-nw . , , . - - _ _ , . ,



4

*
1 _P _R _O _C _E _E _D _I_ _N _G _Sy

2 8:35 A.M.

p 3 CO-CHAIRMAN SIESS: The meeting will come

4 to order. This is an open of two ACRS subcommittees, the

5 subcommittee on Extreme Ex tc I. na l Phenomena and the

6 subcommittee on the Diablo Canyon plant.

7 I am Chester Siess. I am Chairman of the

8 subcommittee on Diablo Canyon. And sitting on my left

9 is David Okrent, the Chairman of the subcommittee on

10 Extreme External Phenomena.

11 By agreement or negotiation I will chair

12 most of the sessions today and tomorrow. If I poop out

13 Dave will take over.

14 We have .a number of other members of the

15 ACRS present. Starting down on my left we have Max Carbon,

16 Bob Axtmann; on my right we have Dave Ward, Paul Shewmon,

17 and Harold Etherington. Did I miss anybody?

18 (No response)

19 We also have a number of consultants to the

20 ACRS: Enrico Luco, John Maxwell, Ben Page, Paul Pomeroy,

21 Scavuzzo, George Thompson, and Mike Trifunac. I guess

22 that is about everybody.

23 We have two divisions of the agenda. First

) 24 we are going to discuss the status of the NRC staff's

25 program on seismic design margins, and then beginning about

G

. . _ .
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j 1 2:30, I think, according to our agenda, 2:30 or 3:30, that

2 is 3:30, we will discuss the current status of Pacific

; ') 3 Gas and Electric's program plan for the long-term seismic~

v
4 re-evaluation of the seismicity at the Diablo Canyon site.

5 The assigned ACRS staff member for this

6 ti.eeting 4.s Mr. E. G. Igne, who. is sitting at the -- well

7 he is standing up now.

8 As you may have noted we are keeping a

9 transcript of the meeting. And it is important that each

10 speaker first identify himself or herself, and then speak

11 with sufficient clarity and volume so that the remarks

12 can be on the record. I think there are microphones at

13 a couple of places, but the room is small enough that if

'O ~

b 14 you speak loudly I think you can be recorded.

15 We have received no written statements from

16 members of the public. We have received no requests for

17 time to make oral statements from members of the public.

18 We have an agenda before us. As you will

19 note we are going to meet today until about 9:30 p.m.

20 There will be a recess for lunch of about one hour, and

21 there will be a recess for dinner between 6:30 and 7:30

22 for about one hour.

23 Arrangements' are being made for a buffet
7-(- 24 dinner whic! will enable us to eat and get back in about

25 an hour.

O

.
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]) 1 We will then continue tomorrow beginning

2 at 8:00 o' clock, rather than 8:30, and we expect to

3 conclude the meeting by about 10:00 o' clock so thatq
%.i

4 certain people that have to be somewhere else can get

5 there.

6 The first order for the meeting is to go

7 to the seismic margins concerning us for Diablo Canyon.

8 Are there any questions from anybody about the proposed

9 agenda?

10 Hearing none, we will proceed then with the

3y discussion on the seismic margin program. I will call

12 on -- who is speaking for the staff?

13 (Discussion off the record. )
8
bs). CO-CHAIRMAN SIESS: Jim Knight will be our14

15 first speaker.
(Slide)

16 MR. KNIGHT: By way of a very brief intro-

17 duction today the first item of the agenda spoke to a

18 history and status of seismic margins in the licensing

19 arena. And going back into 1977, which is the first ACRS

20 letter I find which specifically spoke toward mission for

21 the staff in terms of seismic margins on North Anna plant,

22 as events developed there were questions of improper use

23 of deconvolution.

O 24 ^=a there eeet= the co itte eavi ea thee

25 the staff look into the margins available to assure that

e
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'

I the design -- wh a t I would call the design basis of the
. . -

2 plant -- was adequate on Davis Besse.

3 3 On Sequoyah there was the question of the
v

4 spectra that was employed in original design as compared

5 to what would be considered a more appropriate spectra

6 in light of knowledge at that time.

7 And pretty much as you move down the list

and those that I have indicated with an (MS) being a8 --

9 margins study. And all of these margin studies down

10 through at least Midland were aimed as assessing the

11 margins that were available to make up for at least a

12 perceived deficiency in the design that is design--

13 methodologies such as deconvolution of the ground motion
,,

.. ;

O '' 14 that was used for design.

*

15 At some point, and I cannot define it

16 looking back, I think interest began to shif t more towards

17 questions related to earthquakes in excess of the SSE.

13 CO-CHAIRMAN OKRENT: Excuse me. I do not

19 think that is a fair representation of the ACRS interest.

20 It may have been that ACRS letters began being worded

21 differently, but anyone who has been looking at seismic

i 22 safety over the years I assume must have been thinking

23 about the possibility that there could be earthquakes
o

, L_) 24 larger than the SSE.

25 MR. KNIGHT: Oh, unquestionably.
1

J
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; 1 CO-CHAIRMAN OKRENT: All right.
,

2 MR. KNIGHT: But again, it is a matter of

I do not think I am being overly parochial but as the3
'

Nq
--

J
4 regulators is involved representing the body of the

5 regulating authority that is licensing the plants, there

6 was I think a first interest in was, in fact, the--

7 design basis that was established for the plant met? And

8 those were the --

9 CO-CHAIRMAN SIESS: The regulations did not

to require you to look beyond the SSE.

11 MR. KNIGHT: That is right.

12 CO-CHAIRMAN SIESS: And in some people's

13 minds, I guess, the regulations did not permit you to look
g.f\
Ul 14 beyond the SSE.

15 MR. KNIGHT: One, I think, could argue then

16 that were the staff to have placed some requirement

17 beyond the SSE we would be in jeopardy of losing the

| 18 battle, as it were.
:
!

19 Like we all know well you can go back to

| 20 the general design criteria and the specific criteria and

21 extrapolate from there as to what the requirements might

I
b' t certainly there was a specific requirement forj 22 be, u

,

| 23 the SSE; it was the design basis for the plant. And that

(q,

) 24 was our first-line interest.
|

| 25 CO-CHAIRMAN SIESS: If you went back to the
|

I

O

!
:
L
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{{I I GDC all that would permit you to do -- and I am speaking

2 bureaucratically would be to change the value .of the--

3 SSE. Once you had an SSE there really was not anything^

4 that said to look beyond it.

-5 MR. KNIGHT: That is true. And that is --

6 in that context, that is certainly true, yes.

7 CO-CHAIRMAN OKRENT: Historically then the

8 wording of the letters from the ACRS changed around the

9 Clinch River area.

10 MR. KNIGHT: In going back and looking at

33 it, yes. And, as I say, I think there was a rapidly

12 developing capability to and an interest in looking--

, 33 at methods such as probabilistic risk assessment methods
,F ,

* 14 and seeing what could be gained.

15 And through a process that was a combination

16 of what one would call regulatory requirements and common

17 interests in both the industry and from the regulatory

is body we started seeing risk assessments performed,

19 specifically in this interest seismic risk assessments

20 or at least a seismic risk assessment as part of an over-

21 all PRA program.

22 These have been arranged chronologically

23 with regard to the ACRS letters. And as we move down
-ps
j 24 there are a couple of acceptances even later in the game.

25 We have Virgil Summer, that was a very

(Jq
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- 1 specific again problem related to reservoir seismicity,

2 but still the work there gave us a lot of insight into

3 the margins that are available.

4 And the same is very much to a somewhat

5 lesser extent in Shearon Harris. There are a number of

6 other elements, a number of other situations, one might

7 say, in the licensing arena that I have not displayed here

a but, -I think, also gave us a good deal of insight into

9 the margins that might be available.

10 There was a systematic evaluation program.

I1 The basis used there was, in fact, a somewhat reduced

many of the elements of the programs12 spectra but the --

13 that you will see discussed later today such as the walk-

~~ V
14 down of the plant, the examination of rather specific

15 elements of the plant design, all evolved during that

16 systematic evaluation program.

17 The culmination, I suppose one might say,

18 of their activity to date I would -- characterized in the

19 Millstone 3 PRA, althought as you will hear later today

20 there are a number of other PRA's that are not published

21 that were not specifically requirements from the regulatory

22 body but rather have been entered into by the utility of

23 their own interest or by a joint utility / industry group

O such'as EPRI (phonetic) .U 24

25 In terms of status for each of the plants

O :

)
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,) I shown here, with the exception of Perry, from the staff's
,

2 point of view the regulatory requirements have been

O 3 fulfilled for that-plant.
O

4 In each of these instances the requirement

5 that some specific margin be shown for some specific

6 requirement, be it the reservoir and due seismicity of

7 Virgil Summer or going all the way back to the questions

a that evolved at Davis Besse because of the result of

9 deconvolution have been answered satisfactorily for the

10 operation of the plant.

31 That is not to say that the question of

12 seismic margin may have been explored as deeply as we may

13 at some later time perceive it necessary, but for the
dOW 14 present time we consider these tasks cone.

15 CO-CHAIRMAN *OKRENT: Can I ask a question

16 about these other PRA's, those that have not appeared at

17 the ACRS office, although I do not know whether the ACRS

18 staff has seen them?

19 If I try to think of an analogy in some

20 other regulatory body like EPA or FDA with some

21 manufacturer that is testing out some chemical, it is my

22 impression that if he finds adverse results or potentially

23 adverse results he has some obligation to notify the

A)\ _. 24 responsible agency of the area, even though this is some-

25 thing he has been doing in an exploratory way and he may

h

I
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[ 1 never sell the product and so forth.

2 When a licensee does some kind of a full

A 3 PRA or a seismic PRA or even some other kind of study is
C/

4 there some kind of a threshold which says if you find

5 something that is beyond this threshold, whatever it is,

6 that is potentially a safety issue or whatever, that

7 places some obligation on them to advise the NRC or not,

3 and if so, what is the threshold when you are talking about

9 a seismic PRA?

10 MR. KNIGHT: I, and without any desire at

11 all to be flippant in response, that is the kind of

12 question I suspect I could contact three attorneys within

13 the staff and have a long discussion and get three
-

h'- '

14 separate answers.
.

15 Clearly if there anything in that study that

16 impacts upon the design basis of the plant where the

17 perception, if you will, that exists of the adequacy of

18 the plant with regard, in this case, to the SSE or to not

19 meeting code under that loading or something of this type,

20 clearly there is no question.

21 CO-CHAIRMAN OKRENT: But that is the part

22 we a r'e probably not likely to be interested in, unless

23 they did a terrible, terrible job.

24 MR. KNIGHT: Well that is what I mean. But

25 still, I mean these things do happen from time to time.

O
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, 1 You discover that , in fact, a design error was found.

2 And these things have, of course, occurred.

3 CO-CHAIRMAN OKRENT: All right. But how

4 about the --

5 MR. KNIGHT: Beyond that, as I say, I would,

6 as somebody who has been in the regulatory business for

7 some time, I do not know any clear cut answer. Certainly

I think you could argue reasonably8 I would, as I say --

9 that a conscientious, if you will, utility and a

10 conscientious licensee would make that information

13 available, if you will, would inform the NRC in some way

the place where I would halt in my12 or another, but I --

13 discussion here is any willingness to say he was under

C9 '

14 a strict obligation to do so.

15 CO-CHAIRMAN OKRENT: It seems to me it is

16 something that the NRC ought to think about in the same

17 way that you have certain criteria for construction

is deficiencies, for example, or for LER's.

19 I do not see why some class of information

20 that is relevant to safety even though it may be more

21 significant than nine out of ten or 99 out of 100

22 construction deficiencies is still not reportable.

23 MR. KNIGHT: As I say, in order to give you
m

24 a very , direct answer I would want to seek counsel, but

25 oven there I think there would be some debate. Certainly

Cd%
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{' 1 in principle I cannot debate with what you are saying.

2 And it may well be something that ought to be reflected

3 upon.c

'

CO-CHAIRMAN OKRENT: A1, why don't you4

5 reflect on it and remind me at the next meeting?

6 MR. IGNE: All right.

7 CO-CHAIRMAN SIESS: Jim, could you remind

8 me why Perry has no annotation?

9 MR. KNIGHT: Certainly. At the present time

10 we are talking with the utility responsible for Perry with

33 regard to a seismic margin effort being included in the

12 Mark III owner's group studies.

13 They are looking at a broad question of

14 dynamic loading. When the original, ACRS letter came out

15 we sat down with the utility and they were of fering that.

16 Since seismic is another part of their overall dynamic

17 loading problem, if you will, they would prefer to do it

13 in one unified study.

19 That has not matured at this time, so that

20 is the reason it is blank there.

21 I have some other areas that, I think, have

22 given us useful information.

23 CO-CHAIRMAN OKRENT: Excuse me. By the way,
m

24 you did not say yes or no. Have you seen these other

25 seismic PRA's that are not released?

O
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1 MR. KNIGHT: We, the staff, have not seen.)
later on I think some of the2 many of the - there are --

-

3 people that are doing this work will characterize the
,

4 number which is, I do not know, a half-dozen or more that

5 are unfinished.

6 CO-CHAIRMAN Siess: Well in your expert

7 panel report they say that there are seven seismic PRA's

8 performed so far that have been published in the open

9 literature and about a dozen others that are still

10 unpublished or are in the process of being reviewed and

ti published.

12 And I think we might want to ask Mr. Budnitz

13 or Mr. Kennedy to expand on O.a t later when they come to

3'4 their presentation.

15 CO-CHAIRMAN OKRENT: I expect to. *

16 CO-CHAIRMAN SIESS: Fine.
*

17 CO-CHAIRMAN OKRENT: Bun is it my impression

18 that they have seen --

19 CO-CHAIRMAN SIESS: But the staff has not.

most if not all of20 CO-CHAIRMAN OKRENT: --

3
-

21 the s e . And I sort of find it interesting that the staff '

22 has not.

23 MR. KNIGHT: But keep in mind that a number

o)
,

24 of these are still in process, if you will . And there;

.

25 is an understandable reluctance for any utility to present

' O.;.
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*h I the staff with an incompleted piece of work.

2 CO-CHAIRMAN SIESS: When it says, "in the
|

|3 process of being reviewed" I assume that does not mean
!

(3 4 being reviewed by the staff.L.)
,

5 MR. KNIGHT: That is right. That is being

6 reviewed either by the people doing the work still or the

7 sponsor.

3 CO-CHAIRMAN SIESS: Yes, all right.

9 MR. ETHERINGTON: All of the PRA's that I

10 have seen, I think, contain quote PRA material. It seems

11 to me in the PRA there should be some probalistic assess-

12 ment of cracks or other defects which we know to be

13 present.
-

,'s 14 In the pressure vesse] problems that they**

( )
15 have looked at they have always done this. Do you have

16 any comment on that?

17 MR. KNIGHT: I do not. Is there Bob or

18 someone in the group that would care to comment on that?

19 MR. KENNEDY: Bob, Kennedy, SMA. Faults

20 such as cracks, et cetera, have been considered in

21 estimating the fragilities and have been considered in
.

22 a probalistic fashion in estimating the fragilities of

23 piping.

24 They have been considered in estimating the

25 fragilities of pressure vessels where it is judged that'

'

C



_ _ _ _ _ _ _ _

x . . . a . . . .

17

9' I those really enter into the fragilities.
v

2 Now in most cases for pressure vessels the
/ \

3 fragility is governed by the anchorage. The kinds of

4 errors which do not, are not considered in seismic PRA's

5 are those due to potential gross undiscovered design and

6 construction errors.

7 Currently seismic PRA's do not consider the

a potential for gross undiscovered design and construction
'

, errors. Errors of the type of completely incorrect heat

on the anchor bolts such that the anchor bolts are brittleto

and if you have not discovered that, but it could13
--

12 potentially exist, that has not been considered.

A) 13 MR. ETHERINGTON: I only mentioned the!

14 pressure vessel as an example of'what is done in another

15 area. On a deterministic analysis you would use Appendix

16 G of Section 3; you would assume there is a crack a

17 quarter of the thickness of the wall. On a probalistic

13 analysis I would have thought that it would be appropriate

19 to do something like what was done in the pressure vessel

20 cool down studies. And I think the Marshal ~e (phonetic)

21 report also has a crack distribution expected on the

22 probalistic basis in the vessel.

23 We know that pipes are not crack-free. We

(G)
24 are not talking about a gross error. I am talking about

25 some kind of a statistical distribution of cracks. And

C

t
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}; I apparently that has not been considered; is that right?

2 MR. KENNEDY: No, sir. Where the failure

3 mode is judged to be in the pressure boundary regicns such
x-

4 as in piping or in the pressure vessels there have been

5 included a probability distribution on the presence of

6 significant cracks; in fact, including cracks at least

7 up to a quarter of the wall thickness have been provided

8 with probability distributions.

9 In most of the failure modes in seismic

to events the failure mode that appreared to be most credible

33 for pressure vessels was not in the vessel, itself, but

12 was in the support.

33 MR. ETHERINGTON: I did not want the vessel

-OU 14 injected in'to the --

15 MR. KENNEDY: But in the pipes definitely

16 cracks are included in the fragility estimate for piping.

17 MR. ETHERINGTON: Well there are many people

18 making PRA's. Are all of them doing this consistently;

19 do you know?

20 MR. KENNEDY: No, sir, I do not know that.
.Y

21 CO-Cl! AIRMAN OKRENT: I think there is a

22 degree of consistency. They all tend to use the same set

23 of fragilities except where the structures are unique,

24 so whether they should be is an issue.

25 But could I ask Dr. Kennedy is there a report

O
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] 1 which fully documents where and how laws and other defects

2 were included into which fragility estimates and where

-

3 they were not and why?

4 MR. KENNEDY: The various fragility reports

5 in the SSMRP program probably provide as good a document-

6 ation on that as any of the others. There is quite an

7 extensive discussion on how the fragility curves for

i iP P ng systems are generated.8

9 That same discussion in a somewhat condensed

to form is in all of the seismic PRA's that we have had

33 anything to do with. Flaws -- the most clear place that

12 flaws are included is in the piping. Flaws have not been

13 included in the supports of equipment.
'

i:Q .

it was14 Sensitivity studies were done. And'
-

15 determined from sensitivity studies now there is a--

16 sensitivity report out under EPRI cover that does

17 demonstrate that you have to have major errors to

18 significantly influence the fragility.

19 It has been judged that statistical flaws

20 in the supports do not fall into that category. What does

21 fall into that category is severe, undiscovered errors.

22 And PRA's are certainly seismic PRA's are certainly--

23 deficient in not including undiscovered errors, simply
,

;) 24 have not been able to come up with a -- in our judgment,

25 a really rational way of including them.

O

t
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h 1
The more recent seismic PRA's make that very

2 clear. The earlier seismic PRA's did not make that clear,

(] 3 but they all suffer from the fact that severe, undiscovered
v

4 errors are not included. Flaws are mostly included in

5 the piping because the pressure vessels simply I am--

6 not aware of a pressure vessel boundary ever having been

7 reported as the dominant failure link in a seismic event.

3 CO-CHAIRMAN OKRENT: Well I guess Mr.

9 Etherington did not want his question focused only on the

lo vessel or the pressure vessel.

11 MR. ETHERINGTON: But you are saying they

12 are taken care of in the pipes?

13 MR. KENNEDY: Yes, sir.

4 14 MR. KNIGHT: All right. Just very , quickly

15 some other activities that are on going, that give us --

16 either are directly part of our seismic margins activities

17 or at least have given us some further insights are as

la follows:

19 (Slide)

20 The seismic Qualification Utility Group has

21 been gathering both experiential and test data on the

22 performance of particularly electrical equipment. And

23 the information flowing from that study has become an

24 intrical part and perhaps a pivotal part of the informa-

25 tion available for doing some of the seismic margins work

O
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Q 1 that is now ongoing.
.

2 We have the Eastern U. S. Seismicity Program

3 at Lawrence Livermore. The genetis of that, of course,

( ) 4 was the U. S. G. S. letter on Charleston (phonetic).

5 Flowing from that may well be a requirement to re-look

6 at some of the plants in the eastern U. S. and ia fact,

7 as you will see later today, some of the work being done

- 3 under the Seismic Margins Program is oriented towards --

9 I do not want to call it that expectation, but I will say

to that contingency.

11 And last we have the NRC Piping Review

12 Committee which has just about completed its work. One

13 volume of that work speaks to seismic margin in piping.

9J 'i 14 Although perhaps not directly related to the question of
c \
'%,)

15 seismic margin the recommendation is coming out of that

16 committee that that committee speak to the adequacy at

17 least and probably to some people's way of thinking

13 over-conservatism has been utilized in seismic design of

19 piping.

20 And, in fact, one of those instances we are

21 seeing more of lately where true safety margin, if you

22 will,'may best achieved by reducing some of that conserva-

25 tism, that is gaining assurance that you have greater

24 flexibility in your piping system, that merely meeting

(\ 25 code allowables by throwing in excessive numbers of

rs
v
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sh 1 supports.
,

2 Those numbers may, in fact, be detrimental

3 to, if you will, a safety margin. I have left of this

! 4 the obvious which is the Seismic Margins Program that we

5 are talking today.

6 MR. ETHERINGTON: What kind of liaison is

7 there between the office, the 1061, and others working

3 in the same area?

9 MR. KNIGHT: I am not sure I totally

10 understand your question as far as --.

13 MR. ETHERINGTON: Are there a different

12 group of people, a piping review group, or do they have

, y, some of the same people --

14 MR. KNIGHT: They have some of the same
,

V
15 people, yes.

16 MR. ETHERINGTON: That answers the question.

17 MR. KNIGHT: Yes.

13 CO-CHAIRMAN OKRENT: Well let me ask a

19 related question. Have you gone into a deep technical

20 discussion with the Japanese and found that they agree

21 with you or that they do not agree with your why they do

22 not agree with you on the --

23 MR. KNIGHT: On the piping?

24 CO-CHAIRMAN OKRENT: -- trend of the
(3
V findings of the piping committee?25

$)
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.[i 1 MR. KNIGHT: I would not characterize it
.

2 as a deep technical discussion. I think the --

3 UNIDENTIFIED SPEAKER: I will be talking
g w)
is

4 more about that.

5 MR. KNIGHT: Tim (phonetic) is going to be

6 talking more about the relationship with the Japanese

7 since it is primarily through our research on them.

3 CO-CHAIRMAN SIESS: Does that finish your

9 presentation, Jim?

Io MR. KNIGHT: Yes, it does.

33 CO-CHAIRMAN SIESS: Are there any other

12 questions for Jim?

13 (:No response)
(3 0 .

sa / 14 Think you. Which items did you cover on

15 the agency, Jim, A and B?

16 MR. KNIGHT: I am told that the answer is

17 yes. I have not looked at the agenda.

13 *** INSERT ***

19 ///

20

21

12

2S

() 24

25

eC',
a
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() 1 CO-CHAIRMAN SIESS: Who is next on the

2- agenda?

n 3 MR. KNIGHT: Jim Richardson from NRC

- _)(
4 Research will take the next item.

5 MR. RICHARDSON: Good morning. My name is

6 Jim Richardson, member of the NRC staff representing the

7 office of Research.

3 What I would like to do today is give you

9 a very brief overview of our Seismic Research Program so

10 that you may put into perspective where the element of

13 seismic margins fits in that overall program and how it

12 is integrated into that overall program and how there is

13 a very deep interrelationship between what we are doing

WOJ 14 specifically on seismic design margins and what is

15 occurring in some of our other research programs in the

16 seismic area.

17 (Slide)

la I thought I would start off by giving you

19 a schematic, if you will, of what our research program

20 in the seismic area looks like.

21 (Slide)

22 And it consists of several elements, of

23 course starting with the seismic input, closely coupled

O 24 with ene re ter= sei icier tuar u#aer the eu vice- or
25 Leon Barratan (phonetic) and Leon Reiter in NRR.

1

O

i

I
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h 1 I will not talk further about that because

2 that really is a program in itself in a different division

,e 3 in Research but it is closely interrelated to our research
(

4 in that it supplies to us the input to any analysis that

5 we might perform.

6 Another important element of our program

7 is the development and validation of our methods used to

3 calculate a seismic response. As I am sure you are aware

9 over the past seven years we had been spending a great

to deal of money on developing the seismic safety margins

11 research program at Lawrence Livermove. That program is

12 coming to an end this year. The PWR side of it is

33 essentially done with the completion of the design risk

34 study and developing s'implified rethods then from what.

'

15 we learned at Zion (phonetic).

16 We then are taking that simplified

17 methodology and modifying it to look at a BWR plant, and

13 that will be completed this year. That will then complete

19 our method development side of the research.

20 But of course an important part of developing

21 a method is having some confidence that what the methods

22 are telling you are correct, so we have undertaken a~

23 rather extensive validation program, which I will touch

O 24 oa 11 tete 1 ter.

25 And I would just remark at this point we

O
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S
1 are not validating just SSMRP; we are validating any

2 methods that we see as targets of opportunity that might

3 be useful in quantifying seismic margins.--

4 And of course another element that is an

5 integrate part of any seismic probabilistic program and

6 margins program is the fragility or failure aspect of

7 components that make up the systems.

3 And within our fragility and response

9 portion of our program are included our Category I

10 Structures Program, which will give us insights on the

33 fragility of sheerwalls; our Component Fragility Program,

12 which I will speaking a little bit later about which will

13 be examining and determining fragilities of critical
..,'') .

U 14 compoonents; and finally our Pipe Capacity and Reliability

15 Program, where we will be looking at the fragility failure

16 level of piping.

17 All of this, these three elements, the

13 seismic input, the methods in the validation, the seismic

the fragility data base, then feed into and supply19 --

20 methods and data to perform seismic margins analyses, which

21 you see in the applications block.

22 And then of course tied with that very

23 closely is our association with the Electric Power Research

) 24 Institute and their seismic program. I cannot speak too

25 much to that program today because EPRI is in the midst

?.
Y
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1 of issuing a request for proposal for competitive bid,,

2 and I have been specifically asked by EPRI not to talk

gm 3 too much to that program other than to say that it is a
N)

4 program along the same lines as our Seismic Design Margins

5 Program with slightly different objectives, of course,

6 but there is a lot of commonality.

7 Yes, Dr. Shewmon?

8 DR. SHEWMON: A couple of years ago they

9 had a program that had to do with ground structures

10 interactions and setting off charges and how much that

ti got filtered out.

32 MR. RICHARDSON: Yes.

33 DR. SHEWMON: That got filtered out.

14 MR. RICHARDSON: Yes.

15 DR. SHEWMON: That is completed, I" presume,

16 by now.

17 MR. RICHARDSON: That portion of it which

18 was the SIMQUAKE (phonetic) series of tests that were run

19 in New Mexico and a portion of it up in New York State

20 has been completed but they have another on going program

21 which I will speak to as part of our validation program.

22 And we are cooperating with EPRI, and I would like to get

23 back to that.
,.
' ) 24 We and EPRI have mutually determined that

25 it would be to the benefit of both EPRI and the NRC to

4
!
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1 very closely cooperate in the planning and execution of
-

2 our respective seismic programs. And to that end we have

3 set up a series of at least semi-annual workshops, if you
(m)~

4 will, where we will gather together our respective

5 contractors, review each other's programs, have opportuni-

6 ties to comment, and even more importantly we have agreed

7 to exchange planning documents and planning thoughts in

8 our programs in the very early stages so that we will have

9 an opportunity to influence each other's programs to the

10 extent that we can avoid unnecessary duplication and

jg identify those areas where duplication, in fact, is

desirable.12

So I think there is an opportunity for a13

14 synergistic effect between the EPRI Program and the NRC

15 Research Program, recognizing that there are some diversity

16 in our objectives and there will be some places where,

17 of course, we cannot cooperate merely from the conflict

18 of interest of our basic objectives.

19 But there is nonetheless a lot of common

20 ground that we can cover together.

21 If I can go to the next slide and give you --

22 DR. CARBON: Excuse me. I'have not kept up on

23 your work but you speak of common ground with the industry.,

, , , ,
' () 24 Could you say very briefly how much you cooperate with

25 other nations in this area, if at all?

b)
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[ 1 MR. RICHARDSON: Yes. I will bring that
'

2 up in more detail in the validation area where we think

3 the biggest opportunity to cooperate in the foreign arena
,

i

4 is presently. And I will speak a little more to that when

5 I get to my validation slide.

6 (Slide)

7 Just to give you a handle on the magnitude

8 of our Seismic Research Program I have put up this view-

9 graph that again repeats those elements that you saw on

10 the previous slide that make up our basic Seismic Research

it Program and the budget that we are currently operating

12 in 1985 and our anticipated budget with the strong caveat

13 of course that depends on the actions of Congress this
~

14 summer.

15 But we are anticipating about 5.8 million

16 dollars for next year.

17 CO-CHAIRMAN SIESS: Jim, just for perspective

18 have you got any idea how much money EPRI expects to be

19 spending?

20 MR. RICHARDSON: Yes. It is about the same

21 amount of money, somewhere in the order of four to five

22 million dollars per year.

23 CC-CHAIRMAN OKRENT: And margin studies

( 24 covers what in this?
,

25 MR. RICHARDSON: Margin studies, as I have

O
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1 put there on the budget, is confined right now to the

2 activity that you are going to hear today. The remainder

- 3 of the margin study, which will involve a lot of data
,3

u/
4 gathering, would fall into the component fragilities area

5 and plant reviews of trial plant reviews may come out of

6 the validation of methods where we might want to validate

7 a procedure that would be developed under seismic margins.

8 It seems to be a somewhat low budget in

9 comparison with some of the other items, and that right

10 now is just my best guess. I would want to put a strong

33 caveat in meeting the flexibility of transferring funds

12 from one element of this program to another as needs shift.

13 CO-CHAIRMAN OKRENT: Well if that is all

14 spent thinking and you have bright people it is probably ,

15 enough money; you do not want to overpay them.

16 (Laughter)

17 But I was just curious.

18 (Slide)

19 MR. RICHARDSON: Now let me talk just very

20 briefly about each of those elements and just speak very

21 briefly to it.

22 The first of those areas was the validation

23 of seismic methods. As I said previously, we are bringing

i ) 24 to an end the development of those methods so our work

25 for the remainder of this year and into the next couple

b
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ij 1 of years is going to be in the validation of not only the

2 methods that were developed under the Seismic Safety

3 Margins Research Program but other methods that have come-
s

4 to our attention and we are looking for that need to be

5 validated to provide confidence in an arsenal of tools

6 that we can use to calculate seismic margins.

7 We have developed a validation plan in

8 conjunction with Argonne National Laboratory and a panel

9 of experts that helped us or advised us in putting that

P an together including -- sitting on that panel werel10

33 representatives from industry, the Atomic Industrial Form

12 and EPRI.

13 So we tried to get a wide diversity of views

14 in developing that validation plan. And out of that plan

15 we identified what needs to be validated and how one would

16 go about it.

17 And as a result of that we identified three

18 principal directions for validation. And basically what

19 we are looking for are experiments, domestic or foreign,

20 that might be suitable for challenging these codes to gain

21 the necessary confidence.

22 We have no intention nor can we afford to

23 develop car cwn test facilities and unique tests to do

() 24 our validations, so we are then bound to look for suitable

25 tests that we can piggyback.

!O
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) 1 We think we have found and identified some

2 good candidates and have entered into some cooperative

3 agreements. Among those are cooperation with the Federal

%'')
4 Republic of Germany at the HDR facility in Kohl,(phonetic)

5 West Germany which the HDR is the highstump (phonetic)

6 reactor and a decommissioned reactor that is now being

7 used in a series of tests that have been under tests since

8 the mid-1970's including vibration tests.

9 And the phase two of that test series will

10 begin in 1986 where a large eccentric vibrator will be

gi placed on the operating floor. And, hopefully, the

12 internal structures will be driven to a high level. And

13 we anticipate that selected piping systems will go

A_./ 34 ine la s tic *. And we may, hopefully, expe'rience faildre.

15 That is an intention and an objective of

16 the program. We are cooperating with KFK in that endeavor.

17 We have also --

18 CO-CHAIRMAN OKRENT: Excuse me. Could I

19 ask a question there?

20 MR. RICHARDSON: Yes, sir.

21 CO-CHAIRMAN OKRENT: I have seen some of

22 the prior results from the earlier HDR tests --

23 MR. RICHARDSON: Yes.

I 24 CO-CHAIRMAN OKRENT: where sometimes--

25 theory and experiment differed by a factor of three.
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1 MR. RICHARDSON: Some as an order ofg
2 magnitude.

3 CO-CHAIRMAN OKRENT: Yes. It was never

4 clear to me what was done with this difference between

5 experiment and theory.

6 MR. RICHARDSON: We were quite concerned

7 when that difference first was identified. And those were

8 at relatively low vibration levels, low amplitude vibration

9 tests.

10 And it concerned us because the analytical

it predictions did not seem to be consistent. They were not

12 consistently under-predicting or consistently over-

13 predicting. They seemed to wander.

14 We finally satisfied ourselves by expending-

15 a considerable amount of money and analysis and re-analysis

16 of those tests that we had over-simplified the system in

17 the analysis.

18 What we really missed was the non-linearities

19 of the gaps in the pipe system. And when we took account

20 of that we did a much better job. But it did point out

21 to us that the -- and the analysis that we made we felt

22 was fairly typical of what industry might do in a case

23 of a nuclear power plant.

! ) 24 We used the models similar to what they

25 would have used. I think it did bring to our attention

O
O
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L()
i

I that using those simple models that do not account for

2 gaps, linear models that really do not have gaps in them,

,'~; 3 do not do a very good job and that you must probably
'

-

4 assume that you have missed the response perhaps by a

5 factor of two or three. And that is --

6 CO-CHAIRMAN OKRENT: What kind of gap is

7 this? Give me a --

8 MR. RICHARDSON: These are really measured

9 in milimeters. Ten milimeters or something would be a

10 typical gap. But again, these were low amplitude

11 vibration tests, so --

12 DR. SHEWMON: These are gaps not in logic

13 but gaps between pipe and wall; is that right?

U 14 MR. RICHARDSON: Yes, geometric gaps in

15 supports.

16 DR. SHEWMON: Snub a dead band --

17 MR. RICHARDSON: As I recall I do not think

18 they used --

19 DR. SHEWMON: They did not have snubbers.

20 MR. RICHARDSON: They do not have snubbers

21 but they did have some peculiar load hangers that we do

22 not have in the United States.

23 But we have satisfied ourselves that that

(m
wJ 24 is at least the source of the problem. I do not think

25 we have completely resolved that that does not occur here

G
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[] 1 in the United States. I am convinced that it does and

2 that the same order of error can well occur in any results

(.
3 that we might have here.

|
'

4 MR. SCAVUZZO: I am an ACRS consultant.

5 The question I have for you is what was measured? I mean

6 do you have differences between theory and experiment?

7 MR. RICHARDSON: Yes.

8 MR. SCAVUZZO: What responses were measured

9 then? .

10 MR. RICHARDSON: In general it was accelera-

ij tion.

12 MR. SCAVUZZO: Acceleration responses from

13 vibration inputs to --

*

14 MR. RICHARDSON: Yes.

15 MR. SCAVUZZO: -- the floormat of the system?

16 MR. RICHARDSON: No. They were local shaker

17 tests and there was a series of inground explosive tests

|
18 which were very low. We got extremely low response from

19 that. And we did have some local shakers attached to the

20 pipe and a much lower level eccentric shaker similar to

21 the tests that we will be conducting in 1986 but on a much

22 lower' level.

23 So there were various forms of input coming

~

| ) 24 from the structure, fromo the ground and localized shaking
,

w/

25 of the pipe, itself.

G
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]' 1 CO-CHAIRMAN SIESS: Do your more refined

2 analyses tell you anything about the effects of neglecting

3 the gaps when you get up to excitations large enough to-

|_)
4 fail the pipe?

5 MR. RICHARDSON: No, we have not. But you

6 will see in the next couple of slides where we will be

7 looking at that.

8 Another area that we have seen as a possible

9 area of cooperation is with the Japanese. We have been

10 engaged in dialogue with the Ministry of Internal Trade

31 and Industry and their technical contractor, the Nuclear

12 Power Engineering Test Center, better known as NUPEC, over

13 the last two and a half to three years trying to arrive
,,

O )
Vd 14 at a mutually beneficial exchange program. *

15 We think we are very near culminating an

16 agreement with the Ministry of Internal Trade and Industry

17 for exchange of information and the possibility of

18 cooperative testing.

19 As many of you know the NUPEC has constructed

20 and owns the largest shake table in the world located at

21 Tadotsu on the island of Shikoku. This is a 15 by 15

22 meter ' table capable of vibrating masses up to 300 ton to

23 about 2.5g.

I 24 Over the next three years starting and--

25 the program got started last year -- they are testing six

O
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i 3 1 scale specimens representing different elements of PWR's

2 and BWR's.

3 3 We had initially approached the Japanese(J
4 about extending some of those tests at least to the limits

5 of the table, and found resistance in Japan for doing that

6 sort of thing since the initial objective was to

7 demonstrate the ability of the specimens to withstand

8 their design basis earthquake and that is all.

9 And it was, in fact, a public relations type

10 test, not research. And so consequently they were very

11 reluctant to get on with researching type tests. But in

12 the ensuing two years that we have had talks with the

,- m 13 people from MITI (phonetic) and their senior advisors,

rb'V 14 such as Dr. Shibata (phoneti'c) and Dr. Watabi (phonetic)

15 of the Building Research Institute, they have changed

16 their minds somewhat.

17 They are now starting to think about the

18 benefits of looking at response beyond design basis and'

19 that there is worth in knowing how structures and

20 components really fail and that that adds to their

21 collective knowledge and gives them higher confidence in

22 the designs.

23 And they are starting to think along those
(3
V 24 lines. And consequently they approached us about six

25 months ago with the proposition that they may, in fact,

O

_ _-_ _ - . . . . ..
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1 be interested in taking some of these specimens up to the

2 limits of the table.

) 3 We have just completed an analysis of two

4 of those specimens to see if, in fact, they are interesting.

5 It turns out they are not very interesting for various

6 reasons.

7 And I am not -- we have not made the final

8 decision yet but within the next two weeks we will made

9 the decision of whether we want to, in fact, cooperate

10 on this experiment at Tadotsu.

11 I would say right now the likelihood is

12 getting dimmer. But there are many other interesting

13 things going on in Japan. They have had some very

4'' 14 interesting tests on sheerwalls. They are doing some high

15 level pipe vibration tests. They have some soil structure

16 interaction tests where they have built a very large base

17 mat with a large structure on it in a high earthquake zone

18 and will be waiting for an earthquake to validate soil

19 structure interaction codes.

20 Those look very promising. And we have

21 proposed to the Ministry a series of exchange packages

22 which they have expressed a great deal of interest in.

23 And it does look like we will go forward with cooperation
_

,

IJ 24 in those areas.

25 DR. SHEWMON: Jim, in the mean time of

O
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.]) I arrival, how long do you expect to have to wait?

2 MR. RICHARDSON: Your guess is as good as

3 mine. I do not know.
s

4 DR. SHEWMON: Yours should be better.

5 MR. RICHARDSON: No.

6 DR. SHEWMON: You must have some idea.

7 MR. RICHARDSON: I have heard things like

8 probably within the next five years we will get a

enough earthquakes to find something9 substantial --

10 interesting.

11 CO-CHAIRMAN SIESS: Jim, I think you may

12 have forced your way into my question, but when you were

13 talking about cooperation with EPRI you mentioned different

cO(S' 14 objectives, that they had somewhat different objectives

15 than NRC did.

16 Have you considered the same problem in

17 connection with MIDPI (phonetic) ?

18 MR. RICHARDSON: Oh yes. Oh my yes. And

19 that, of course, is one of the problems. MITI is primarily

although daey are a licensing agency, they are not20 --

21 chartered to do basic safety research.

12 Their research is confined to research to

23 support their licensing efforts, somewhat similar to our
r

V 24 charter but I think it is more in line with public

25 relations than it is basic to research.

O
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) 1 But I think that is changing within thev

2 Ministry. We see a very definite change. And I think

( ~ 3 they will be getting more into some of the more interesting.

V
4 aspects of research that are more along the lines that

5 we are interested in.

6 We are cooperating with EPRI in a similar

7 experiment on soil structure interaction that is being

8 built in Taiwan. And that facility is being built as I

9 speak. And, in fact, we have a team going over to Taiwan

to next week to do some low level vibrations tests to

13 calibrate the facility.

12 And again, it will be instrumented and wait

13 for an earthquake to happen. So that, I think with those
tc
k

; experiments in Taiwan and Japan we have the opportunity

15 over the next few years of the possibilty for the first

16 time of maybe really getting the chance to validate some

17 of these soil structure interaction codes.

18 DR. AXTMANN: Has the staff had any

19 conversations with the Department of Scientific and

23 Industrial Research in New Zealand on the matter of soil

21 structure interaction --

22 MR. RICHARDSON: Not to my knowledge.

or fragilities of equip-23 DR. AXTMANN: --

77
v' 24 ment?

25 MR. RICHARDSON: Not to my knowledge.

O
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]) 1 DR. AXTMANN: They have a really

2 extraordinary group there. It is small. And it has no

(~N 3 nuclear reactors to worry about, but it does have equip-
V

4 ment problems and structural problems.

5 MR. RICHARDSON: I would very much like to

6 follow up on that, if you could give perhaps I could--

7 contact you later and you could give me the start of a

8 contact there.

9 DR. AXTMANN: Yes.

10 MR. RICHARDSON: But I do not think we have

33 any contact there now.

12 (Slide)

13 Let me just very briefly talk about our

ceU 14 Component Fragilities Program. There we want to engage

15 in the test program to obtain some real fragilities. But

16 as has been the usual case in research our funds are very

17 limited.

18 Fragility tests can, of course, be very

19 expensive so we want to be very careful how we spend that

20 limited dollar to obtain fragility data.

21 And so we first engaged in a phase one of

22 the program. And that was a small contract to Lawrence

23 Livermore to prioritize and set importance figures to what
,7

O 24 pieces of equipment should we, in fact, be obtaining

25 fragility data for and to develop a fragility test

O
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@ 1 procedure.

2 We also in conjunction with that program

] 3 gave a moderate contract to Brookhaven National Laboratory

4 to scour the world for existing fragility data. And both

5 of those contracts are underway and will be completed in

6 1985.

7 CO-CHAIRMAN OKRENT: Is there a lot of

a travel money with that one?

9 MR. RICHARDSON: Well interestingly we are

to centered primarily in the United States. We are finding

11 that most of the foreign data is with equipment that we

12 would not be particularly intersted in.
,

n 13 So, as it turned out, most of our fragility

&>J
'

% 14 data gathering is centered in the United States. And we

15 are, incidentally, if I can put a plug in, we are

16 conducting a fragilities workshop at Brookhaven in June.

17 And I would certainly invite any in the audience that

is might be interested in participating.

19 CO-CHAIRMAN SIESS: You will have to limit

20 that invitation. It coincides with the June ACRS meeting.

21 MR. RICHARDSON: Oh rats.

22 CO-CHAIRMAN OKRENT: That is not the first

23 workshop that had that coincidence.

Os/ 24 CO-CHAIRMAN SIESS: No. I seem to recall

25 one --

O
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[* 1 MR. RICHARDSON: My apologies on that.

2 CO-CHAIRMAN SIESS: -- on containments that

c ) 3 did too, but --
'j

_

4 MR. RICHARDSON: We think coupled with the

5 study of determining what should be tested along with the

6 existing fragilities that we can find will intercept each

7 other and we, from that, can define what is left to be
'

8 tested.

9 And then starting in 1986 we anticipate

10 embarking on a fragilities test program. We are finding,

it of course, as you would surmise, we anticipate a lot of

12 that fragility work is going to be centered in the

13 electric equipment area..

20G 14 . Relays, equipment cabinets, motor control

15 centers, we suspect that is where a lot of our testing

16 is going to take place, in the electrical equipment area.

17 CO-CHAIRMAN OKRENT: Are you going to make

18 any effort to have your fragilities people talk to your

19 aging research people?

20 MR. RICHARDSON: Absolutely. They are very
|

21 , tightly tied together. And, in fact, the project manager
I

22 | sit within 50 feet of each other and have been
23 communicating.

24 CO-CHAIRMAN OKRENT: By the way, you

25 mentioned an Argonne report concerning methodology of

'

t

|
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; 1 elevations.

2 MR. RICHARDSON: With elevation limits.

f 3 3 CO-CHAIRMAN OKRENT: Is that something I

U
4 should have seen?

5 MR. RICHARDSON: I assume that you should

6 have, but you may not have.

7 CO-CHAIRMAN OKRENT: All right.

8 MR. RICHARDSON: I would be glad to follow

9 up and make sure that you do get a copy, but --

10 CO-CHAIRMAN OKRENT: I just do not remember

11 each and every report. I was just curious.

12 MR. RICHARDSON: Time is slipping by. And

13 I do not want to dwell too much on this because we are

L 14 centered on seismic margins.

15 (Slide)

16 Our Category I Structures Program I think

17 many of you are familiar with. It is being carried but

18 at the Los Alamos National Laboratory where we are

19 providing analytical and experimental data to assess how

20 parameter.= used in the design of equipment and structures

21 are affected by earthquakes beyond the design level.

22 We are in the midst of that program. We

23 have already tested some 20 specimons, concrete specimens,

24 about 18, I guess, so far. We will be testing more this

25 year. And in 1987 we anticipate that program to come to

e.
1
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[} 1 an end.
a

2 (Slide)

~') 3 Our Piping Program is -- we hope to determine
(Q

4 failure levels, failure modes and provide a greater

5 balance in safety between operation and accident

6 conditions.

7 There are several elements that make up the

3 Piping Program. We have just arrived at an agreement with

9 EPRI to cooperate with them in a very large pipe test

to program being carried out principally at General Electric.

11 But there are other aspects of it that we

12 are going to sponsor including a systems test at the brand

13 new vibration facility at ETEC (phonetic).-m

M}j *

% 14 DR. SHEWMON: Would any of that Piping

15 Program have cast fittings in it?*

16 MR. RICHARDSON: It will have fittings --

17 I cannot answer the question whether it will be cast

18 fittings or not. That, I just have to plead ignorance.

19 There may be -- there are going to be component -- piping

20 component tests. Whether they include cast fittings, I

21 do not know.

22 DR. SHEWMON: Welded cast fittings which

23 occur in all such systems, I would urge that you at least
p
d 24 consider the possibility so you are not just looking at

25 what many people would say are the strongest component --

m
D
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] 1 MR. RICHARDSON: Yes. And I suspect they

2 are, but I would be -- I hesitate to affirm that because

3 I really do not know.

4 CO-CHAIRMAN OKRENT: Does he mean old ones?

5 DR. SHEWMON: Old ones would be better, but

6 welds are bad enough, I think.

7 MR. RICHARDSON: Of course we have had for

8 several years the ongoing -- our load combinations program

9 which is coming to an end this year where we have looked

10 at the primary system of PWR's and BWR's.

ti And as the result of that successful

12 research we are in the process of revising the general

13 design criteria for 10 CFR which will effectively allow

sec
14 for the elimination of pipe restraints in the primary

15 system cf PWR's and some, perhaps, in BWR's. That study

16 is not yet done.

17 And this allows a mechanism, at least, for

18 applicants to start looking at the elimination of pipe

19 restraints even in the secondary system.

20 CO-CHAIRMAN OKRENT: I have a question.

21 The studies that have been done by your Livermore

22 contractor, and I suppose similar studies by groups like

23 Westinghouse, suggest that an earthquake, even a severe

24 earthquake, is unlikely to lead to rupture of Class I

25 piping.

O
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h 1 And they may argue that is unlikely to lead

2 to the rupture of any ductile piping -- I do not know --

3 unless there are special conditions or unless the steam
L /~'-d
t

4 generator falls over or so forth.

5 MR. RICHARDSON: Yes.

6 CO-CHAIRMAN OKRENT: It seems like the

7 program that you are describing is tending to look at what

a people are estimating now is really very unlikely. And

9 I am not sure whether your program has in it somewhere

10 a look at the things that these reports say could be the

ij more likely, however unlikely, modes of failure that could

12 lead indirectly, let's say, possibly to piping rupture.

13 MR. RICHARDSON: Such as a steam generator
f

'

''
14 tipping over; is that what you mean?

15 CO-CHAIRMAN OKRENT: That is one example,

16 but there are others.

17 MR. RICHARDSON: There is some of that that

13 we will be looking at, those sorts of things, in fact,

19 in the Seismic Margin Study. There are things like

20 supports that are an integral part that you will be

21 hearing later on how well components are supported.

22 We have no specific program ongoing right

23 now in the load combinations program to carry that further

24 along the lines that you talk about, but I think that'

25 indirectly we are looking at that sort of thing.

O
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T.3 1 We are not pursuing further the load
v

2 combinations because we think we have gone far enough.

O 3 We think that we achieved a milestone in eliminating the
G

4 pipe restraints in the primary system.

5 We feel now that the burden really lays with

6 industry, that if they want to pick up the ball and we

7 have provided a demonstration of a technique for getting

8 there, if they want to then carry out that analysis and

9 provide the data that would satisfy the staff that you

10 can start eliminating pipe restraints beyond the primary

11 system.

12 We feel that is a burden that really belongs

13 with industry and not the NRC.
6O . 14 MR. WARD: My impression is that you cannot

15 get them out of the primary yet. They have been asking

16 for it, but the lawyers do not like doing it until we get-

17 some other --

18 MR. RICHARDSON: Well I think probably Jim

19 and I ought to address that.

20 CO-CHAIRMAN SIESS: Did you bring a lawyer,

21 Jim?

22 MR. KNIGHT: I am sorry?

23 CO-CHAIRMAN SIESS: Did you bring a lawyer?

24 MR. KNIGHT: I did not bring a lawyer, so

25 -- well, at great risk, I will try it on my own.

6
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hi 1 MR. WARD: Jim, let me ask you first, maybe

2 put it in a little broader context, because there is the

3 GDC, the GDC IV; there is a couple of reg. guides, 146

4 and 148, that I guess are related to that.

5 MR. RICHARDSON: Which have just been

6 w''hdrawn.

7 MR. WARD: I would like to find out what

8 that means, I guess. And then there is the -- Chet tells

9 me this is not the place -- there is the standard review

10 plan. But could you tell us a little bit how you are

11 approaching that sort of integrated thing?

12 MR. RICHARDSON: All right, perhaps just

13 briefly.

14 CO-CHAIRMAN SIESS: If it cannot be brief

15 I would like to rule it out of order. I am planning to

16 take up the question of the withdrawn reg. guides and the

17 standard review plan at the next meeting of the Regulatory

13 Activity Subcommittee. And some of the other will

19 probably get taken up in the meeting we are going to have

20 on the piping review committee work.

21 And I think most of this is sufficiently

22 off the perimeter of what we are doing that I would like

23 to postpont it.

24 Jim, to follow up what Dave was asking, if
,

25 you really believe that the piping was probably the last

m
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)- 1 thing that was going to fail how much would you do on those

2 last four bullets?

r~ 3 3 MR. RICHARDSON: I think that it is worth-
,V

4 while pursuing them because not so much from a--

5 fragilities point of view and not so much from a seismic

6 design margins point of view but from a point of view that

7 our current criteria, our current requirements are very

8 conservative and that it gives us an opportunity, I think,

9 to become more realistic within the context of the

10 regulations we have on the books now.

11 You may be asking an applicant to -- or you

12 may be asking questions about seismic design margins but

13 the licensee still has to design pipes within the
m

R .*' 14 regulations that exist today.

15 Those include the ASME code and the standard

16 review plan and r'egulatory guides. We think there is a

17 lot of unnecessary conservatism in many of those require-

18 ments and that this research will be pointed toward more

19 realism with an appropriate amount of conservatism that

20 we think will result in permitting more flexible pipe to

21 be installed in plants.

22 It might permit the removal, starting to

23 permit the removal of snubbers, which have historically
7m
() 24 proved to be unreliable to an alarming extent, and provide

25 a better balance between the operating and the accident
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Q: 1 conditions.

2 So it is not so much a margin question as

3 it is getting toward a better balance.
)

4 CO-CHAIRMAN SIESS: Would it improve safety?

5 MR. RICHARDSON: I think it has that

6 potential of improving safety. And from a couple of

7 aspects it could improve safety in that it has a potential

8 of reducing worker exposure in inspection. That, I think,

9 has a legitimate place in the safety issue.
,

10 I guess one could debate whether you are

ti substantially changing risk or safety by making these pipe

12 more flexible. What we are finding is that we are not

13 making it unsafe by .doing it and that we are improving

14 worker radiatian exposure. ~
~

15 CO-CHAIRMAN SIESS: All right. I really

16 think that we could discuss this when we do the piping

17 review.

18 MR. RICHARDSON: Surely.

19 CO-CHAIRMAN SIESS: I do not think it is

20 related much to the margins right now.

21 MR. RICHARDSON: Yes.

22 CO-CHAIRMAN OKRENT: I have a set of related

23 questions. Again this gets me back to how well does the

24 staff know what the Japanese do and why. And I find it

25 somewhat surprising, I guess, if the staff does not know

k
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'N 1 in detail what they are doing and why.W
2 MR. RICHARDSON: Do you mean what the

3 Japanese are doing?
,

L
4 CO-CHAIRMAN OKRENT: Yes, with regard to

5 piping design.

6 MR. RICHARDSON: In general the Japanese

7 philospohy of pipe design, as far as I know, it remains

8 today as the stiffer the better.

9 CO-CHAIRMAN OKRENT: Well the question, I

10 said, is why since we are --

11 CO-CHAIRMAN SIESS: That is a different

12 magnitude question.

13 CO-CHAIRMAN OKRENT: -- since we are going
p; )
Q~> 14 the other way. And I think _it is worth noting. Now you

15 remind me of something else when you mention snubbers.

16 The Japanese, I believe, will tell one that at the plant

17 snubber failure is not common in Japanese plants.

18 MR. RICHARDSON: Yes, that is correct.

19 CO-CHAIRMAN OKRENT: It seems to me the NRC

20 might, in fact, again try to understand why this

21 discrepancy and take aggressive steps to change our

22 situatilon to look more like the Japanese one.

23 I, for one, do not see why there should be

() 24 a continuing large disparity in this area. And at

25 sometime, not today, I would like to hear why it is okay

0
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] 1 to be the way it is unless, in fact, you are doing

2 something along those lines.

3 It is not, again, clear to me why industry.s

'w)
4 might not -- EPRI, for example -- might not pick up this

5 part of your program if they want to justify the things.

6 But my last comment, which in my mind is

7 the most important, I have not heard yet of some integrated

8 study of how one could compare the relative performance

9 of the flexible system, let's say, versus the Japanese

10 approach in the overall perspective, not just of the

11 piping behavior but of the overall plant behavior under

12 the SSE and earthquakes more severe than the SSE.

13 It would seem to me that it is in that

'

14 perspective that one might be able to see clearly -- you

15 prefer the flexible one or you have certain questions,

16 or if you go flexible there are certain things that go

17 with going flexible, which I am sure there are.

18 And to do it piecemeal bothers me. And what

19 I see is a piecemeal effort.

| 20 MR. RICHARDSON: In the next to the last

21 bullet entitled " Seismic Design Analyses" is a continuing

22 program that we have at Lawrence Livermore. It is a

23 program that we call Stiff versus Flexible. And it is
,.

) 24 looking into that very aspect of what is the overall'

25 effect on allowing more flexible piping; are you improving

hh
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[ 1 the risk situation; are you diminishing it; is it staying

2 the same; what are --

q 3 We are trying to put it into that context.,

b
4 CO-CHAIRMAN OKRENT: Well I have to see that

5 program because I could envisage a focus program that,

6 in fact, did not include some kind of integrated look that

7 would give you interesting information but was very much

8 related to things specific to the piping, itself.

9 MR. RICHARDSON: Yes.

10 CO-CHAIRMAN OKRENT: One way or the other.

11 MR. RICHARDSON: Yes.

12 CO-CHAIRMAN OKRENT: And it would be the

13 easier program to do. The one you could do in more detail

*

14 and so forth --v-

15 MR. RICHARDSON: Well I would like very much

16 to sit down sometime with you and give you an overview

17 of what we are doing in that --

18 CO-CHAIRMAN SIESS: I assume we are going

19 to hear something about that at one of our meetings on

20 the piping review.

21 CO-CHAIRMAN OKRENT: But you see it is not

22 a piping review subject alone.

23 MR. RICHARDSON: Yes, you are right.

() 24 CO-CHAIRMAN OKRENT: The point I am trying

25 to make is I am afraid it is being looked at as a piping

n
Y)
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o% i review question.

2 MR. RICHARDSON: Yes. I understand your

q 3 point.
,)

4 CO-CHAIRMAN OKRENT: You know, I would like

maybe the flexible way is really the way to go.5 to --

6 Then we should make the comprehensive case for it, is what

7 I am saying.

8 MR. RICHARDSON: Yes. I understand.

9 (Slide)

10 I am not going to dwell on this slide

11 because it really is the rest of the day if we are going

12 to concentrate on that, but as we have set as an objective

13 to provide the technical . recommendations, data and

14 procedures to quantify seismic design margins. That is

15 a very simplistic statement certainly.

16 We have completed the plan to do that. We

17 are currently, as you will hear later today, reviewing

18 and assessing PRA's, margin studies, earthquake experience

19 data, fragility tests.

20 We are developing preliminary conclusions

21 seismic margins this year. We will.at the latter part

22 of this year and perhaps into early next year be developing

23 some screening guidelines.

) 24 We will develop a set of procedures for

25 determining seismic margins and try those procedures out

b
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) 1 on a couple of trial plant reviews, hopefully in 1986.

2 And to do this we are maintaining a panel of experts.

3 Now as a direct result of the ACRS letter

4 to EDO in January of 1984 we set up an NRC seismic design

5 margins working group that crosses office lines.

6 (Slide)

7 And it is co-chaired by Jim Knight and

8 myself and represents, as you see, people from both the

9 licensing and research side to give an integrated and
~

10 diverse view of this program and its direction.

11 (Slide)

12 And the program has been initially carried

13 out. And you will hear for the rest of the day then today

C' 14 what our seismic expert consultants have done along these .

15 lines.

16 And we have put together this panel of

17 experts chaired by Bob Budnitz with Paul Amico, Allin

18 Cornell, Bill Hall, Bob Kennedy, John Reed and Professor

19 Shinozuka.

20 The Lawrence Livermore National Laboratory

21 under Bob Murry, whose name I have spelled wrong. My

22 apologies, Bob. They are carrying out the contractor

23 , support side of this.
n
( ) 24 And it is with that then I think leads into

25 what this panel has been doing. And we have received a

b
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,

1 very rough preliminary draft that we thought would be

2 beneficial for you to see prior to this meeting to better,

3 focus the discussion. lnv 4 It is by no means anywhere near a final

5 report nor does it at .this point in any way represent any

6 views of the NRC staff. It is a panel report at this

7 point.

8 And with that I think it would be the proper
'

9 time to bring Bob Budnitz on.

10 CO-CHAIRMAN SIESS: No.

11 MR. RICHARDSON: No?

12 CO-CHAIRMAN SIESS: It is the proper time

13 for a break, which is not on the agenda. We will take

O '4 e' ut te"- 1"=te breex e=a 'e becx e 11ttie etter 1o=oo-

15 And then we will hear Mr. Budnitz.

16 (Brief recess)

17
' ~t 'i M * * *'

18 ///

19
,

20
'.3

21

22

23
.

24
- (Q)

25

' '
l

1
1
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9 1 CO-CHAIRMAN SIESS: The meeting will comev

2 to order.

, 3 Mr. Budnitz, you have the microphone.,q
'V

4 MR. BUDNITZ: Do I have to talk into the

5 microph'one?

6 CO-CHAIRMAN SIESS: I can hear you.

7 MR. BUDNITZ: Do I have to talk into the

8 mike?

9 (No audible response)

10 Well, all right. Everybody on that list

it is in the room. The expert panel was assembled about June

12 of last year. We have been meeting about once a month

13 ever since. The names are there.

14 (Slide) '

15 I will read them again, although Jim

16 Richardson read them: Paul Amico, Allin Cornell, Bill

17 Hall, Bob Kennedy, John Reed, Professor Shinozuka.

18 Our Livermore liaison -- we all work under

19 Livermore contract, and our Livermore liaison started out

20 in the very beginning with Paul Smith, who is not at

21 Livermore any more: Garth Cummings and Bob Murray.

22 Pete Prassinos is working with us. Actually

23 there is a whole group of people supporting us at Livermore

Ii 24 in a number of ways. We have had support from SMA. Jim'

v

25 Johnson has been attending the panel meetings from the

G
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h I beginning. And Robby Ravindra had done an important piece

2 of background work that has helped us to understand and

3 compile various things.g
V

4 DR. SHEWMON: What is SMA?

5 MR. BUDNITZ: That is Structural Mechanics

6 Associates. That is a company that Bob Kennedy founded,

7 I' guess. s

a Is that accurate, founded? I should say

9 Kennedy's company, but they sold it to somebody recently.

10 You will have to ask him.

11 LLNL is a large national laboratory in

'

12 eastern Alameda County.

13 And our NRC liaison is Jim Richardson and
g
sk 14 Jim Knight,*as you heard. But actually there is a ,wholb

15 working group of seven or eight people that was on the

16 Previous slide.
so that is who we17 Now the notion here --

and the notion here has been to assemble a groupis are --

19 that can give advice and do some work on a variety of

20 seismic margins issues.

'f 21 (Slide)
i

22 And by the way, it is hot in this joint.

23 My thermometer over there said it is 75, and it is hotter

24 here.*

25 CO-CHAIRMAN SIESS: We are working on it.

O
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j 1 Next time we will meet in Chicago.

2 (Laughter)

3 MR. BUDNITZ: Anybody that wants to meet

hf~'
4 in Berkeley, I would be delighted. All right. The

5 objective here as it. is written is much too general, but

6 that is the objective that is in our charter.

7 In fact, we have been working almost

s entirely on one issue, which is written there, the dominant

9 issue that has been identified for us, and that is that

10 it was expressed to us by the staff that there is a need

it
within the staff to understand how much margin exists.

12 So then, okay, people say, "What do you mean

13 by margin?" We have defined margin there for our

QA/ 14 purposes. It may not be what you think margin is but that

15 does not matter. It is what we are using as the definition

16 of margin.

17 Of course, that is ambiguous too, but at

13 least it has a well defined thought to it which is that

19 it is defined in terms of the size earthquake or the size

20 of ground motion or tne size of a locomotion, whatever

21 one thinks.

22 But anyway, it has to do with the size of

23 an earthquake. And that is very different than talking

,O 24 about how much capacity exists at an earthquake like the

25 SSE. I mean, it is just completely different. It has

G
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[} 1 nothing to do with code margin in that sense.

2 And what we are doing is trying to under-

3 stand how much margin exists for the plants that we have.
(\

4 Now we started out saying to ourselves that that was too

5 broad, and so we have narrowed it in several ways in the

t. intervening time.

7 The most important narrowing that we did

3 was to narrow it to eastern plants. Eastern means, I

9 guess you would say west of the Sierra east of the--

10 Sierra or east of the Rockies or whatever. Since there

33 are not any plants between the Sierra and the Rockies that

12 is aobut the same.

33 But without arguing quite what an eastern

14 plant is I know one when I see one. And Diablo is not

15 one. We also narrowed -- so we are talking about eastern

16 plants.

17 Now the fun is we are talking about plants

is whose design criteria and whose design basis was in the

19 range below or about .2, .25g. That is what we mean by

20 the plants that we have narrowed it to.

21 And that was perhaps the most important

22 narrowing that we had to do. The other narrowing has to
~

23 do with the fact that we are not really working on

O 24 aeriet#9 thet eertaa"exe- the eerta "exe taet tita

i 25 compromise the plants, but in fact trying to bound it

O

L



62

1 in a way that I will come to as we come to the end of thisg

2 short introduction.

3 Now we began with a set of assumptions which

('''
4 are our working assumptions. If they had turned out to

5 be false as we got into this we would have to back up and

6 decide what to do, but we believe they have turned out

7 to be usefully true, that is true enough to be an

8 operational basis for the work.

9 (Slide)

10 The first assumption is that plants and

31 systems and components can be grouped usefully. And what

12 we mean by that is that you can learn lessons from

is analyzing some that you can then apply to a group, a

. .-()) *R 34 generic class, usefully.

15 Of course we are not sure that that then

16 becomes. universal, that is you cannot study 11 of something

17 and then say that it applies to all 100 others, but you

13 can make some usef11 generalizations.

19 The second assumption we made is that both

20 deterministic and probablistic methods are going to be

21 used in our analysis.

22 We believe that neither can stand alone in

23 this, that you need both deterministic and probabilistic

O 24 approaches in order to arrive at what we wanted to arrive

25 at.

h
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j 1 The third is that if the only way that we
,

2 could find to assertain the margin of a plant that had

p 3 not been studied yet was to a full scope PRA, seismic PRA, s

O
4 if that was the only way we could find then we would have

5 felt that we had failed.

6 That is not that is certainly a way to--

7 ascertain the margin on a plant not yet studied. But we

3 were searching for and we believe we have found approaches

9 to studying margin without doing a full scope seismic PRA,

10 you know, the whole job.

11 CO-CHAIRMAN OKRENT: Excuse me. You are

12 going to tell us what this is --

13 MR. BUDNITZ: Yes.
R3(OJ sometim*e during14 CO-CHAIRMAN OKRENT: -- --

15 MR. BUDNITZ: Yes. Yes, sir, both I and

16 then of course the people that are following me.

17 But that is crucial. That is, we were

is searching for a way to screen plants or analyze them or

19 to study them short of a full PRA but based on the

20 knowledge we have from the PRA's we have got plus other

21 analyses.
'

22 CO-CHAIRMAN SIESS: What you are saying,

23 Bob, is that --

( 24 MR. BUDNITZ: That would be useful. Okay?
'

25 CO-CHAIRMAN SIESS: I think what you are

G
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[j) I saying is that if a full scope PRA is the only way to do

2 it then there is no need for this expert panel.

3 MR. BUDNITZ: Then our machine would have
,

4 failed. We are searching for something short of that that

5 we think would be beneficial and useful, provide insights,

6 and that was valid enough so that people would think,

7 "Yes. Gee, that is valid."

8 Now another important assumption is number

9 four. This is a systems assumption, and that is an

10 assumption that we can identify accidents and classes of

11 accidents in a generic way or in a grouping way, accident

12 sequences, so that the actual accidents that compromise

13 these plants are not so specific or so special or

PO'W 14 idiosyncratic that no generalization of that kind could

15 be made.

16 Now that assumption turns out, we believe,

17 to be true as we have been going through it. That does

18 not mean that idiosyncratic things do not exist. For

19 example, when you have the Jacassi Dam at Aconi (phonetic)

20 that is no other place that like.

21 You have to look at those. And the existance

22 of that thing or the existance of some weak structure or

23 building or component in a particular plant must always

() 24 be sought and analyzed separately from anything that will

25 tell you.

b
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j 1 But we believe we have identified classes

2 of accident sequences and groupings of them for screening

3 purposes that are generic enough to be of use for ourg-)
V

4 purposes.

5 And therefore we think that that assumption

6 which we started out with nine months ago has been

7 validated so far.

3 CO-CHAIRMAN OKRENT: Well it says "the

9 principal," not some of the --

to MR. BUDNITZ: That is fair. I agree

It absolutely.

12 CO-CHAIRMAN OKRENT: It does not say some

13 of the accidents --
.-70. ,

Uv# 14 MR. BUDNITZ: I absolutely agree.

15 CO-CHAIRMAN OKRENT: It says " applicable

16 to some of the plants --

17 MR. BUDNITZ: All true. That is sloppy.

Is I concede, plead guilty.

19 CO-CHAIRMAN OKRENT: Well but you have not

20 given the alternative that and furthermore you said--

21 four is true. I heard you say it with no qualification.

22 MR. BUDNITZ: I am sorry. I have misunder-

23 stood.

t 24 CO-CHAIRMAN OKRENT: Would you mind --

25 MR. BUDNITZ: Well, first --

:~::,
a



u -

.

66

h 1 CO-CHAIRMAN OKRENT: -- as written --

2 MR. BUDNITZ: Well I withdraw "as written."

) 3 Enough said. I plead guilty. I mean that is an

4 approximation of what we really mean. And the report has

5 it in more detail. The thought here --

6 But I ought to say this is an assumption

7 that we made nine months ago. I am listing the assump-

3 tions that we made.

9 CO-CHAIRMAN OKRENT: I know.

10 MR. BUDNITZ: And what we found is --

11 CO-CHAIRMAN OKRENT: What you found --

12 MR. BUDNITZ: Let me finish. What we found

n 13 is that that assumption is not completely true, but we

C)'u' 14 found that there are elements of it that.are true enough

15 for use in this screening exercise; that is I guess we

16 always knew when we wrote this down nine months ago that

17 there would be things like the Jacassi Dam at Aconi that

18, could not be generic. I mean, you know, we knew that.

19 But we felt, nevertheless, that this assump-

20 tion as a working hypothesis was going to lead us along

21 the right path. And what we have found is that it has.

22 CO-CHAIRMAN OKRENT: In fact --

23 MR. BUDNITZ: And we are going to tell you

10
V 24 why.

the mention of25 CO-CHAIRMAN OKRENT: --

pnu
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{; I design and construction errors --

2 MR. BUDNITZ: Yes. That was --

p 3 CO-CHAIRMAN OKRENT: And that is another
G

4 way in which you can fall flat on your face.

5 MR. BUDNITZ: Absolutely. And we are going

6 to -- I will come to that.

7 CO-CHAIRMAN OKRENT: All right.

3 MR. BUDNITZ: Now we assumed that guidelines

9 would be required for the plant reviews. That is number

10 five here. But of course I have not even introduced the

li plant review concept yet so that is a little premature

12 in this presentation.

33 And there is another important assumption
,

FJW) 14 which is number six. And that is we are using 'the PRA's

15 in our literature, both those published and available to

16 all and -- a very large number are not published yet.

17 The number of seismic PRA's in various

13 stages of completion are in some cases just -- will never

19 be completed -- is about 20; thinking, for example, about

20 the earliest one at Oyster Creek that probably is never

11 going to be completed or published. But I mean, you know,

22 a lot of us know about that one. And that is not

23 published. And there are a set of, I guess, seven that

24 are out in public.

25 And we have used those as an important input

f14s
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{} 1 to our thinking, published or not, accessible or not.

2 The fact that I know something about a PRA that is not

O 3 Published is a trouble to those who have to review it but
4 it does not decrease it, in fact, increases my--

5 experience in bringing my experience to this exercise.

6 Now we had a problem, and that is there are

7 things in those PRA's that all of us know are assumptions

8 not yet validated by either experiment, data, analysis,

9 experience and the like.

10 There is a list of those which I will come

it to and which others after me are going to talk about too.

12 We have started by assuming the validity of some of those

13 things even though we know that work needs to be done to

r& '

v 14 confirm those or perhaps find that they are not general,

15 say what those are, but at least we started that way.

16 And perhaps the obvious example is the one,

17 Dave, that you just raised about design and construction

13 errors. If serious undiscovered design and construction

19 errors do exist some of the conclusions arrived at in

20 these PRA's are -- if they exist, would be invalidated.

21 Others would be nonetheless valid even

22 though those errors did exist. Some of the conclusions

23 and insights would still be valid, and so that is the sort

and there is a list of others which I will24 of thing --

25 come to.

fva
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Q 1 Now as I said about nine months ago we

2 started with this list of assumptions. And what we have

(G7
3 found is that our work has validated, some of them totally,

4 some of them in part, some of them we just do not know

5 yet and the like, but that was sort of the working set

6 of hypotheses.

7 Now the work of this effort has been done

a to date mostly by the panel. That is very important.

9 We have not been a panel overseeing other's work. In the

10 last few months there has been important work by SMA, that

ij is Robby Ravindra and two or three of his colleagues in

12 support of our panel.

33 And there has also been some work by the
,_

6~ )v 14 Livermore people supporting our panel, gathering informa-

15 tion, analyzing it, digesting it and trying to present

16 it in certain ways.

17 But this has been a panel activity. And

13 the work and the documents and so on are the panel's work.

19 CO-CHAIRMAN OKRENT: By the way, can I ask*

20 about six? I suppose first one needs to know what you

21 mean that the validity will be established sufficiently

22 to permit confidence. In the interest of are you--

23 willing to define confidence?

O
V 24 MR. BUDNITZ r Well I can have a different

25 level of confidence in the same data than you could have

CD
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1 even though we both have the same knowledge and so on,
,

2 so I guess it is in the eye of the beholder. The sort

; 3 of confidence that we have we will come to discuss is'

4 confidence that others might have, you know, less or more

5 confidence in. I guess that is the best thing to say.

6 So that when we say, for example, that we

7 have high confidence in our panel in a conclusion the most

8 we can do is present the basis for our statement and let

9 someone else judge whether he or she also has the same

10 confidence.

11 CO-CHAIRMAN OKRENT: No.

12 MR. BUDNITZ: That is what we mean,

m 13 CO-CHAIRMAN OKRENT: The recson --
r :

' *
V 14 MR. BUDNITZ: I do not want to duck that.

15 It is just that confidence is in the eye of any beholder.

16 CO-CHAIRMAN OKRENT: I have a couple of

17 reasons for --

18 MR. EUDNITZ: Unless it is mathematical,

19 which is --

20 CO-CHAIRMAN OKRENT: -- raising the question.

21 I think currently the position of the regulatory staff

22 at the NRC is that the seismic contribution to risk is

23 difficult to ascertain with sufficient confidence. Maybe

24 those are not the words they used, but I think that is

25 the sense that they used when they are either examining

W)
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]) 1 a plant or examining some specific issue and so forth.

2 I am trying to understand whether you think

(] 3 you will be able to give them confidence or what.

4 MR. BUDNITZ: That is not the sort of --

5 CO-CHAIRMAN OKRENT: It is a non-trivial

6 question.

7 MR. BUDNITZ: Yes, of course. And that is

a not the sort of thing that we have been looking at. What

9 we are talking about here is the confidence we have in

10 some of the assumptions or bases that go into the PRA.

13 For example, the PRA's assume certain

12 operator behavior or not. We do not know today whether

A 13 that assumption validly represents what operators would
,n) *

d' 14 do after an earthquake.

15 We think it is right. Otherwise we would

16 have assumed something different in the analysis. The

17 analyut that did it thought it was right. Now there is

is work that needs to be done to affirm that assumption or

19 find that it is not true.

20 That is what we mean by to establish

21 sufficiently the confidence in' the conclusions of the
.

22 PRA's. The conclusions of the PRA's rest fundamentally

23 on a set of assumptions. I will even come to some of
O
V 24 them in a couple of slides from now. And that is what

25 we mean.

O
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; I Now we are not talking in this context about

2 the confidence we have in the bottom line risk numbers.

3 Okay? Or, in the confidence we have in a comparison

4 between those and the risk numbers from large LOCA,

5 another initiating event whose true frequency is not

6 really well known, you know.

7 So there is a whole mix of comparison

a questions that we really have not dealt with.

9 CO-CHAIRMAN OKRENT: You may want to reword

to that assumption because it could be read a different way.

It MR. BUDNITZ: Fair. Okay.

(Slide)'12

13 So we started out trying to understand the
,

ey .

&,
14 objective that I put on this earlier viewgraph, that is

15 this dominant issue number one. And that is we started

16 to understand how much margin exists in the plants that

17 have been studied and whether we could develop three new

13 guidelines for the plants that we had not studied.

19 And in order to embark on that we wrote a

20 plan, a program plan. We called it the Seismic besign

21 Margins Program Plan. And it was written in the fall,

22 I guess October or so.

23 It is an LLNL document. And I will just

O
\m/ 24 talk over here (walking away from microphone) and if the

25 speaker does not get me --

O
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[ ] (Whereupon the reported interrupted the

2 proceedings.)

'

3 MR. BUDNITZ: Okay. I will go back.

4 The program plan outlines two phases of

5 activity.

6 CO-CHAIRMAN OKRENT: Excuse me. You could

7 have someone else handle the viewgraphs.

8 MR. BUDNITZ : Yes. But I only have a couple

9 more.

10 CO-CHAIRMAN OKRENT: You need the exercise.

33 MR. BUDNITZ: Yes. I am having fun.

12 The program plan outlines two phases of

13 activity, one of which the panel is undertaking and is

'4 .

14 shown, the other of which on the next slide is to be

15 undertaken outside of the panel.

16 (Slide)

17 Together we think these two phases of

la activity will lead to the appropriate level of confidence

19 in the screening guidelines and how much margin there is

20 and so on.

21 And so what we are doing is we are marching

12 down these tasks in a kind of a staccasic way, but anyway

23 that ir what we are doing. And we are now at the stage

24 where we have completed the first three of these tasks

25 here.
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1 Even that completion of the first three
_

2 tasks is only in draft. We are still seeking comment from

3 people like yourselves and others to whom we have

4 circulated the report. And we are going to issue it soon.

5 And it will get circulated more widely.

6 But we have come to task three and we are

7 now complete enough in our minds to be seeking that level

3 of comment about it.

9 The first thing that we did was we assessed

10 all the existing information. And that is easy to say.

It And I will not even describe what that means. It is just

12 the sort of thing one must do.

13 The main effort that we have had to do has
- -

. . .

v 14 been to try to estimate existing margins. Now in the

15 course of trying to estimate existing margins what we

16 found was that it was much more difficult to estimate the

17 true margin to failure, however failure is defined, than

la estimate nomething short of that where we had high

19 confidence that there was a low probability of failure.

20 And I will come back to that in the next

21 slide, or a couple of slides from now. So we went through

22 and tried to estimate existing margins for components,

23 equipment, structures, and the like.
,

and then secondly we24 And then we tried --

25 tried to estimate the chief vulnerabilities of functions

O
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hj 1 and systems and like in the systems context, that is

2. finding those functions and systems that we thought were

2 vulnerable or potentially more vulnerable than others that

4 we felt were less vulnerable, all of which we will come

5 to later.

6 We are now at the stage where we have a

7 draft report which has been circulated to the ACRS and

a consultants in which we describe how we went about -- and

, that is what this whole next two or three hours is going '

10 to be about -- described how we went about estimating the

11 existing margins or the high confidence levels and also

12 those generic attributes of those generic system or

13 function characteristics that we have identified. .

'

14 Now task four is not a task that the panel

15 can do. It is not for us. I mean, I am an individual

is who works for myself. It is not for me, but for the staff

17 and the commissioners to tell everybody else what is

13 adequate. That is the staff's work.

19 However, it is important to --

20 MR. WARD: Excuse me?

21 MR. BUDNITZ: Yes.

22 MR. WARD: Will you say a little bit more

23 about that, or maybe you will later, but this part of the
O
O so as not to compromise the24 definition of margin is --

25 cafety of the plan --

O
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{ g MR. BUDNITZ: Well we are going to --

2 MR WARD: Are you going to --

3 MR. BUDNITZ: Yes.

4 MR. WARD: Well the draft report does not

5 talk about that, exactly what you mean by how you--

g define that phrase " compromise the safety of the plant." '

7 MR. BUDNITZ: Actually I thought it did,

a but in any event I am going to come to that right away.

9 MR. WARD: Oh, all right. Well I will wait

10 then.

gg MR. BUDNITZ: Anyway, our next job after

12 the draft work that you have in front of you that when

33 we complete it is going to be to establish some screening

bad guidelines. And the purpose of those screening34

15 guidelines will be to have -- and these are interim, not

the purpose of the screening16 completely comprehensive --

17 guidelines will be, once they are found to be adequate,

13 would be so that you can go to a plant that has not been

19 studied yet, Plant X, but it is an eastern plant, and use

20 the screening guidelines to determine what the margin is

21 or what a bound is on the margin or where you have

22 confidence that the margin is based on the guidelines that

23 are then themselves based on plants that have been studied
n() 24 in detail.

25 Some plants have been studied but a hell

O
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1 of a lot of plants have not been studied. And in orderg

2 to make those screening guidelines work well we need some

Q 3 trial plant reviews. And that is what task six is.
V

4 We are going to develop some interim ideas.

5 We are going to go and try them on a couple of plants.

6 We are going to come back and see what we learned. And

7 then we are going to iterate. And so that is the plan.

3 And I want to insist that people bear in

9 mind what the goal is here. The goal is to develop guide-

to lines that can be used at a plant not studied by a full

gi scope PRA, full scope seismic PRA.

12 To take these guidelines, go to a plant and

13 use the guidelines to screen that plant; what screening
,.

C'- -)
m

14 means is that these guidelines are going to f. ell you you

15 ought to pay attention to this, this, this, this and this

16 and this, this, this, this and this is really, we think,

17 less important to pay attention to. And we are going to

13 tell you why.

19 And then based on those screening activities

20 we believe you can get a handle on the margin that is as

21 defined in terms of the earthquake size, that we believe

c'uld say that there is high confidence that that22 one o

23 plant has a low probability of failure at that level.

(m) 24 CO-CHAIRMAN OKRENT: If I can ask --

25 MR. BUDNITZ: That is the thought.

>
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1 CO-CHAIRMAN OKRENT: -- the, a question --
~.

2 MR. BUDNITZ: You can ask any question you

3 want.
,.

4 CO-CHAIRMAN OKRENT: There was a program

5 called the accident sequence evaluation program.

6 MR. BUDNITZ: You mean the --

which was looking7 CO-CHAIRMAN OKRENT: --

8 at internal events, primarily.

9 MR. BUDNITZ: Yes.

10 CO-CHAIRMAN OKRENT: In a sense you could

11 say one of its objectives was not different than or--

12 at least one of its hopes --

13 MR. BUDNITZ: Sure.

U- 14 CO-CHAIRMAN OKRENT: that you could*
--

15 develop screening guidelines.

16 MR. BUDNITZ: That is absolutely right.

17 I mean --

18 CO-CHAIRMAN OKRENT: Now I think their

19 conclusion is that the plants end up being so different

20 that the original objective is achievable sort of if you

21 do plant specific PRA's.

22 MR. BUDNITZ : Well I agree. And we believe

23 that that conclusion, that the Sandia conclusion in ASEP
-

I 24 (phonetic) is true for internal initiators, but we believe

25 that for seismic initiators the conclusions we have

O
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'] I arrived at have a chance, although we are not sure yet,

2 we need some work, have a chance of being general enough

3 to be of use.
.:

4 CO-CHAIRMAN OKRENT: All right. Are your

5 trial plart reviews going to be deep enough --

6 MR. BUDNITZ: We have not got to that yet,

7 but we hope so, but we cannot tell you.

8 CO-CHAIRMAN OKRENT: Well, in fact, can --

9 MR. BUDNITZ: Well they can't be, Dave.

10 They can't be.

11 CO-CHAIRMAN OKRENT: Exactly.

MR. BUDNITZ: I mean they can't be --
12

33 CO-CHAIRMAN OKRENT: In fact, no matter how
.?

14 deep they are --
-

15 MR. BUDNITZ: They can't be.

there are still16 CO-CHAIRMAN OKRENT: --

17 these other plants --

18 MR. BUDNITZ: You will never know about the

19 whole hundred plants unless you review them all. Okay?

20 CO-CHAIRMAN OKRENT: Okay.

21 MR. BUDNITZ: All right. On the other hand,

22 you know, there are some general things one can say. I

23 am just thinking about disease, you know. If I have a

n he is! 24 physician and I walk in not feeling well I
' ----

at me -- thinking25 not going to start by looking to me --

. r;;
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]- 1 in mind of certain parasitic diseases one only finds in

2 Africa. I might have it, but he would not start that way.

m 3 He would start with the sort of diseases
V

4 that people like me have in the United States. So the

5 screening guidelines are in that way they are intended--

6 to focus one's energy and activities on the things that

7 in other plants have, we believe, been found to be the

3 most useful places to look.

9 'So in a sense they can't be. They can't

10 be.

11 CO-CHAIRMAN OKRENT: Yes. I guess I would

12 use the screening guidelines in another analogy, getting

13 back to your person who goes to the doctor's office. He

G( '

14 will have screening guidelines of, well, what are the most

15 common things that people are sick from.

16 MR. BUDNITZ: Yes.

17 CO-CHAIRMAN OKRENT: And then now what are

18 the most common things that your claimed symptoms --

19 MR. BUDNITZ : Yes. What is bothering you?

might be tied to.20 CO-CHAIRMAN OKRENT: --

21 MR. BUDNITZ: Right.

22 CO-CHAIRMAN OKRENT: But if he is really

23 going to do it thoroughly he may have to worry about --

/~'\

U- 24 he will have to worry about things that are not on --

25 MR. BUDNITZ: Oh, I agree.

I'?:-
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1 CC-CHAIRMAN OKRENT: -- the lists --
. _ -

2 MR. BUDNITZ: I agree.

(] 3 CO-CHAIRMAN OKRENT: Yes. Your screening
LJ

4 guidelines will find weak spots.

5 MR. BUDNITZ: Yes, sir. They may not find

6 every vulnerability; in fact, they cannot by their

7 character find those. We accept that. We nevertheless

a think they are useful. We would like to know whether you

9 people think they are useful.

10 No. Before we go on I want to tell you

11 about the technical basis for this. I think it is crucial

12' for you to understand that the technical basis includes

13 the whole PRA literature we have and that the acentral

[M 14 piece of that is the SSMRP.

15 I have to say that because in fact what the

16 SSMRP told us, or not speaking for the others told me,

17 was in a crucial way that the PRA's done by the commercial

is people that do them were validated; that is, the SSMRP's

19 more detailed analysis of things that others had not

20 analyzed in detail found that the other analyses were

21 adequate for learning the things that we wanted to learn.

22 That is a very important conclusion. In

23 that sense the SSMRP is a central basis in a technical

24 sense for the activities that we are building on.

25 Secondly, we are building on that body of

h
1
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1 PRA literature, not just fragilities analysis but also

2 the systems analysis and the interaction between the two,

r] 3 that exists numbering as we had said in the systems area
v

4 perhaps about ten plants and in the fragilities side

5 perhaps twice as many all together.

6 Thirdly, we are building on the knowledge

7 we have and that the community has of what are known as

8 deterministic analysis. I do not really like that word,

9 but the knowledge we have about how things behave when

10 motion occurs, structures and all the design information

11 and the codes and all that stuff.

12 So there is a body of information we are

13 building on here which is both deterministic, however that

14 is defined, and also part of the probalistic literature.

15 CO-CHAIRMAN OKRENT: Is there a task five*

16 and a half or two and a half which tries to say in what

17 ways the SSMRP did not validate the others and also

13 identifies the things which the SSMRP did not manage to

19 cover differently or adequately?

20 MR. BUDNITZ: Well not explicitly, but some

21 of the work that we have done takes into account that we,

22 the phnel, have about what the SSMRP and the other things

23 learned and what things they did not learn. Okay?

C)V 24 So that sort of interplay is present but

25 not explicitly. There is not a task to examine what you

G
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;[j i said, per se. Okay?

2 CO-CHAIRMAN OKRENT: Should there be?

- 3 MR. BUDNITZ: Well in a real sense there

4 ought to be work -- in fact, let me just put up the next

5 slide.

6 MR. RICHARDSON: Bob, while you are putting

7 up that slide, if I could say that Livermore has written

g a little letter of report. And I believe it has already

9 been sent to you within the last few days. That starts

10 to address this issue of what the SSMRP did not do and

33 what its limitations are.

12 We have taken a cut of that. And I would

33 be anxious to hear your comments on that when you receive
m,3
(M' 34 it. It is a letter going to you that does talk to this

15 issue.

16 (Slide)

17 MR. BUDNITZ: Some of the things are on this

13 slide. I had said a few minutes ago that there was a two-

19 part or a two-phase plan that we issued in October about

20 what to do, things one needed to do, and that we were

21 marching down those six tasks in what we called Phase I.

22 Phase II is a set of tasks that we wrote

23 down that we are not doing which we believe require doing

24 by somebody before we have the fuller confidence that we

25 believe we would like to have and that that is not going

G
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:.g 1 to happen, you know, now.

2 These tasks involve additional research in

3 order to fill in the places where in our judgment the
(

4 technical basis is not yet strong enough but where we

5 think it could be stronger and therefore make our

6 conclusions more comprehensive.

7 For example, there is new failure data

of arenas. By the way, there8 coming along in a variety,

9 is also called developed new failure data but then there

10 is also assessing it.

I am not quite sure what numberI1 There is --

12 two means so you should ignore it. But there is the

13 relationship of the relays and circuit breakers question

14 to this whole arena. And there there is still some

15 research underway and a lot more to do before we really

16 have a handle on that.

17 There is the question about operator

18 performance after earthquakes that I mentioned before.

19 We simply do not have a model, a human failure model, that

20 is adequate for that.

21 We make assumptions. There have been a

22 number of sensitivity studies about those assumptions.

23 We kind of have a feeling about what the range of risk

OV 24 outcomes is, but we just do not have a human factor as

25 model of the kind that we would like to have.

,c
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1 There is the design and construction error

2 issue that has already been discussed. And I know that

e 3 3 Bob Kennedy will come back to that again later. There
(./

4 is all of the knowledge and wisdom that one gets from

5 design code assessment, what we call code margin assess-

6 ments.

7 Some of that we know about. And there is

8 a lot of stuff there that we would like to dig into

9 because there is some insight that could be gained

to additionally there.

11 There is what is called the -- the seventh

12 one has to do with possibility of making changes, backfits,

13 and then askin.g how much margin benefit there is for
,

14 making a certain backfit.
.

15 Let me just describe an example. Suppose

16 I found a backfit that could reduce the seismic contribu-
/

17 tion to risk by a factor of N after having done the PRA?

18' I might find that that backfit would reduce the calculated

19 risk by a factor of N and not change our confidence in

20 the margin at a'11. '

21 In fact, we have an example. I can also

22 think ~ of things that would increase my confidence,in how

23 much margin there is and not change the risk number at

24 all. So the relationship between the margin as a figure

25 of merit, however defined in the minds of whoever is

g:
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] making the decisions, and the risk numbers or core melt

2 numbers from PRA's, however they enter into decisions,

(~') 3 is a complex one.
x.;

4 And it needs more work.

5 CO-CHAIRMAN OKRENT: By the way, I am

6 interested in your two simple examples, if you are willing
.

7 to --

8 MR. BUDNITZ: Do you want me to say that

9 or should we leave it for Bob?

10 CO-CHAIRMAN OKRENT: All right. If someone

ij else is going to I will wait.

12 MR. BUDNITZ: Bob, do you want to --

13 It is Bob Kennedy's work.re
b- 14 CO-CHAIRMAN OKRENT: All right. Well let

15 him, if he is going to do it.

16 MR. BUDNITZ: Do you want to do it later

17 or mention it now?

18 MR. KENNEDY: Of your two examples I only

19 kr;ow of one of them.

20 MR. BUDNITZ: We only have the one. But

21 it is easy to concoct another one that is not yet found

22 in a real plant.

23 (Laughter)
(y

'U/ 14 CO-CHAIRMAN OKRENT: Just the one then that

25 you do have, which is the real one.

c7
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1 MR. KENedEDY: Basically there is a difficulty

2 between marking margin statements which are what level

'n 3 of an ear.thquake can this plant withstand and making risk
')~

4 statements.

5 And the problem comes about because of the

6 very shallow slope of a lot of the seismic hazard curves.

7 And so that with certain modifications in a plant you

8 might drive this high confidence / low probability seismic

9 margin number up from something in the .25g range to

10 something in the .35g range.

11 And to deterministic engineers, design

12 engineers and a lot of regulators and to engineers like

13 myself that is very valuable.

14 or saying it another way, you might drive

15 the median capacity up from .6 g to .9 g. That appears

16 very valuable. But when you include those with an

17 integration with a hazard curve in a seismic risk study

18 you find that because of the very shallow nature of these

19 hazard curves and the uncertainties in the hazard curves

20 that driving the margin -- the high confidence margin from

21 . 2 5 to .3g or the median from .6 to .9 changes the seismic

22 risk numbers by only about a factor of two or maybe even

23 somewhat less.

!g And so that at the seismic risk level whereJ 24

25 we have such large uncertainty in the risk numbers in the

b

.
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I first place changing the seismic risk numbers a factor,

,,

2 of two does not appear to be that big of a benefit,

3 particularly if those risk numbers are relatively low to

4 start with.

5 And so you -- there is the danger that

6 margin-type reviews could reach one conclusion and risk-

7 type reviews could reach an opposite conclusion.

8 And right now I think a number of us are

9 not sure which are the more valid conclusions.

10 MR. BUDNITZ: And it is easy to concoct an

11 example which undoubtedly there in some plant or other

12 of our hundred plants that would come out the opposite

, 13 where you could make a -- a backfit might make a

14 substantial reduct' ion in the risk and not effect the level
-

15 at which we have high confidence for the earthquake low

16 probability of failure up very much at all.

17 You just have to think about the combinations

18 and the way the failures come about and whether you might

19 throw out a double and be left with a triple at about the

20 same earthquake level.

21 It does not change that much, but it might

22 change the risk number quite a bit, so the different

23 figures and merits have different value to decision makers
n
U. 24 and regulatory decision makers. And the realtionship has

25 to be explored more fully.

,

,

i
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1 CO-CHAIRMAN OKRENT: Your viewgraph brings

2 to mind a' pair of questions, and I guess one is to

l'~T 3 Richardson and one is to Knight.
V ,

4 Since they have been assessing failure data

5 and looking at lots of PRA's and so forth I was wondering

6 if a list has been prepared of things that stood out in
1

7 the existing seismic PRA's, sort of a check list that one

a would then use in looking at any other plant?

9 MR. BUDNITZ: That is just what our report

10 contains in preliminary form.

11 CO-CHAIRMAN OKRENT: But I am asking --

12 MR. BUDNITZ: Go ahead.

whether the regula-e 13 CO-CHAIRMAN OKRENT: --

e]''' 14 tory staff have developed some kind of check list of this

15 sort that they use in looking at either for existing

16 plants or proposed new plants. That is one kind of a

17 question. That would be one output, early output.

18 MR. KNIGHT: Yes. And as a matter of fact

19 yesterday in commenting on the and then acting as an--

20 agent for the synthesis of our staff comments on the

21 draft report that is one of the very valuable and first

22 importance, of first importance, if you will, items that

23 we see coming out of this work.

O
V 24 That is a synthesis of all of this informa-

25 tion. There is a great deal of it out there. And then

G
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O 1 a direct answer to your question, no there had not been
v

2 some sort of listing previously developed. There were

(] 3 people on the staff who had gained various elements of

4 experience and were using that in their day to day work,

5 but there was not any rigorous review of all of this work.

6 As a matter of fact, as we will see later,
.

7 a great deal of the information was not really available

3 to us.

9 CO-CHAIRMAN OKRENT: All right. I cannot

10 tell whether you expect in the near future to begin trying

11 to take advantage of such information, but let me let that

12 go for the moment.

r3 13 Whenever we meet on some plant again I can
..xj ,

V 14 repeat the question. I have a question also for the
1

15 research end. Number five, which says design and construcl

16 tion errors, to my limited knowledge I am aware of only

17 one small subcontract from Livermore to some professor

| 18 to begin looking at the question of seismic design and
|

19 construction errors.
|

| 20 (Laughter)

21 Have I missed something?
!
i 22 MR. BUDNITZ : No.
|

| 23 MR. RICHARDSON: No, you have not. In fact,

() 24 there is only one small, not so small contract on number'

.

25 three to a certain speaker who is talking now about number

O

<



,r
- . _ , _ __ _. . _ . _ . _ _

-

'

91

(]J 1 three. There is only just what you are doing and what

2 I am doing on those two things.

( '; 3 (Laughter)

4 And we all know --

5 CO-CHAIRMAN OKRENT: I am sorry. What I

6 am ta lking about is something that George Apostilotis

7 (phonetic) did for Livermore.

8 MR. RICHARDSON: Oh, yes. I apologise.

9 MR. BUDNITZ: That is fair.

10 CO-CHAIRMAN OKRENT: The work I am doing

11 is unsupported.

12 (Laughter)

13 MR. BUDNITZ: I did not know about itsce ' '

D 14 support, but anyway there is not enough in either of those

15 and that is for sure. And we know that.

16 MR. RICHARDSON: Yes. And I would add to

17 that that as this study matures even this year we

18 certainly have the flexibility in research to change

19 directions and redefine research programs. Right now on

20 the design and construction errors I do not have a good

| 21 idea how to go about doing it.

22 MR. BUDNITZ: No, neither do I.

23 CO-CHAIRMAN OKRENT: Excuse me. You know,
,.

O 24 we are talking about one or two million dollars on pipes --

25 MR. RICHARDSON: Yes, I understand.

|
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1 CO-CHAIRMAN OKRENT: And I do not think
..

2 there has been 100,000 spent on the --

(u~')%
3 MR. BUDNITZ: No, no. Our contracts my--

4 contracts, Dave, were 250 so that is really --

5 CO-CHAIRMAN OKRENT: Oh, really?

6 MR. BUDNITZ : That is right. So at least

7 it is not chicken feed but we are not going to be able

a to do the whole job by any means. Okay? On the other

9 hand, the other one --

10 But you see, it is easier to see what one

33 would do to start on the relays and stuff. The other one

12 is really hard. We have not got a concept of what one

13 would do. That is a hard one'.-
,

f
14 All right. Now I just h5ve one mor topic.

15 and then I am going to turn it over to --

16 CO-CHAIRMAN SIESS: The other one being

17 design and construction?

13 MR. BUDNITZ : Yes. And then the other one

19 is the operators. And that is the third one. There it
!
' 20 is clear what one could de but human factors crowd do not

21 have a common view about --

22 CO-CHAIRMAN OKRENT: I should note the ACRS

23 gave a very strong recommendation to that particular one

24 two or three years ago. And we are still looking to see --

25 MR. BUDNITZ: All right. So now I just have

g.,

0Y
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1 one more topic. And you notice I have ducked all the meat
-

2 (phonetic). This is really nice being first. But, I mean

/'l 3 'nobody out there who does not know what we are doing would
V

-4 have ever learned what we are doing from me, in terms of

5 the meat.

6 But there is one other topic and this is

7 central to the whole thing, that I want to talk about,

-s and that is really what we have done with margins, how

9 we have defined the margins. Let me introduce the thought.

10 You see we started out with the notion --

11 we did not really start with this, but we started proposing

12 the notion that, gee, maybe we could ascertain the margin

13 in terms of the definition we gave; that is, what is thec
d I '

14 earthquake level, you know, defined in terms -- well, we

15 have used mean PGA but you could find some other way --

16 what is the earthquake level to compromise these plants

17 in a screening sense, or could we find a screening method

13 that could find that?

19 I guess we quickly realized, or perhaps all

20 of us knew when we started that that really was not some-

21 thing we could do in terms of the median or something like

22 that.

23 So instead what we have done is we have
-,s

24 found what we think is a useful screening tool that we

25 have called the high confidence point where there is low

m
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. I 1 probability of failure; that is, if the median failure
-

2 point for plant X might be, let's say, ig, that is where

(J~, 3 if you had a thousand earthquakes, you know, half of them
'

u

4 or something.

5 htat interests us from a regulatory or a

6 screening viewpoint is to find a g level at which we

7 believe we could state that there is high confidence that

8 there is a low probability of failure at that plant at

9 that point.

10 Now that is a conservatively lower number

11 than the median by a good deal. And we believe that we

12 can find screening guidelines that can identify that point

13 for systems, components, functions and then for the plant

v 14 as'a whole.

15 Certain of these stuff aside, I mean design *

16 and construction errors aside, for example, that would

17 be useful. And that is the central notion, the central

18 concept that everybody that listens to the rest of this

19 has got to understand or else the rest of it is not going

20 to fit into the context properly.

21 Now it is a tricky business to come to that.

22 And you need to understand how it was done. And so I will

!3 try to describe this in three different ways.

O :.4 You see, imagine different pieces of equip-

25 ment, structures, components, you know, different things
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I 1 in the plant. For some of them the only way that we were'

2 able to arrive at the high confidence / low probability

(') 3 number, value, was using expert judgment based on data
v

4 that we have in hand, both experience data and testing

5 data, but without any what I would call engineering

6 analysis of it.

7 And that is a perfectly valid way f o r-

8 arriving at the point where you have high confidence if

9 there is experience data, test data. Experience data is

10 the jargon we use for there have been earthquakes and we

it have -- go out and look. They may not be on nuclear plants

12 but at least there are of similar equipment, structures

13 and components.
V,W- 14 I believe 'that is a perfectly valid way for*

15 arriving at the point where we believe we have high

16 confidence for those things where the data exists and is

17 applicable.

18 There are other classes of equipment,

19 structures, components and the like for which we believe
!

20 using a combination of the data and analysis we can arrive

we can arrive at a highengineering analysis21 at ----

22 confidence / low probability value.

23 And that analysis is then more sophisticated

24 and has more technical input than what I would call just

25 looking at data and making judgments. It is more detailed.

O
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1 There is a third class of equipment,

2 structures, components and the like where we believe there

3 is some basis for actually calculating, analyzing, calcu-
V(~T

4 lating a median fragility and then using the median

5 fragility and some understanding about what, in the jargon

6 of fragility trait are called the Betas, the uncertainties

7 and the randum uncertainties in the Beta R's and the Beta

8 U's in the jargon, that then one can use those to arrive

9 at the point where there is high confidence of low

10 probability of failure.

13 Just to show that in graphical form now you

l'2 just turn to the last line in the handout.

13 (Slide)
f5,), ,

d 14 Many of you have probably seen these, this

15 sort of presentation. It is in the fragility literature.

16 Bob Kennedy's own work and those of his colleagues have

17 developed the notation, et cetera.

Is By the way, there is a log scale going

19 across to the right. You have to be careful. That is

20 a log scale. And this is some stylized curve, so at this

the median is right there21 some fragility (indicating) --

22 in the middle. It is often called AHAD (phonetic).

23 And the point I am making is that there is

(O) 24 some group of equipment structures and components and:

25 the like for which we believe it is possible to calculate

O
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] 1 the median and then understanding the random, the Beta

2 U's and the Beta R's, one can then get a handle on that

3 point B which is in the lower left down there which is
,

4 some point at which we think there is a high confidence

5 of a low probability of failure.

6 Now we have used jargon that the confidence

7 is about 95 percent confidence of about 5 percent

8 probability of failure but none of us knows whether that

9 95 and 5 are really numerically correct. We do not have

10 any basis for that sort of numerical precision, but it

11 is at about that level.

12 We insist that there are other pieces of

13 equipment, structures and components where you arrive atm
,.a )
C'~' 14 point B on its own and you do not really arrive at it by

15 thinking about the median at all.

16 You arrive at it either through the data

17 base or through analysis or through some combination

18 thereof. And in the work that we have done we have used

19 all three of those as appropriate.

20 And it is also fair to say that there are

21 some pieces where we just do not have a good handle. That

22 will probably not surprise you.

23 And so what we have done is to try to
zm
C 24 identify something that is like point B down there. We

25 call it the high confidence point where there is low

n
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1 probability of failure for a component or structure.

2 And having identified it we are then going

t 3 to write it down and then see whether or not we canb'
4 generalize from for example a bunch of pumps or a bunch

5 of structures or a bunch of -- a berry tank or the like.

6 And that is what the important body of the work is.

7 I put this up because this mathematically

8 derived set of curves is really, although it is imbedded

9 in people's minds, is not really used in its precise form

10 in the way that mathematicians -- that it would lend

yi itself to if you just multiplied numbers together. It

there is nothing mathematically precise12 is just not --

13_ about this in the way that leads you to two significant
-s

14 figure determinations. *

15 And then just to repeat and conclude much

16 of the work has been to try to find that point B for the

17 various aspects of the plant. We call that we came--

18 up with a jargon for it. We call it the HICLIP (phonetic)

19 point, H-C-L-P-F; that is high confidence low probability

20 of failure. That is our jargon.

21 We talk about that ourselves in the meeting.

22 We are not sure that little bit of jargon ought to say

23 become imbedded in everybody's literature, but anyway,
/m() 24 that is the point that we have tried to find for the

25 various elements.

O
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1 And then if we can find that we can believe
..

if we believe it -- that that is a useful guideline2 --

~

3 for screening plant components, structures and equipment.
3

L ,i

4 Paul?

5 DR. SHEWMON: One of the things that came

6 out of the Livermore studies was a pipe crack fatigue

7 group was that fatigue cracks probably would not grow much

8 but steam generators had a larger probability of falling

9 off, and once they came off their base that it raised hell

10 with the piping.

it Ones that also asked about other situations

12 in which a big piece of pipe moved around and knocked out

13 some other piping that was taken care of or that --
,

CD -

14 MR. BUDNITz: yes.

15 DR. SHEWMON: So if you ask only what happens

16 if relays fail that were pumps or valves, primary items

17 that would not pick these us.

18 MR. BUDNITZ: That is right.

19 DR. SHEWMON: Do you feel that by walk

20 throughs or other techniques that are being used to review

21 have used the secondary factors are now taken care of

22 prett well?

23 MR. BUDNITZ: In the draft report we believe
,n
E,/ 24 we have identified what we think are the important ones

25 of that regard. For example, we have identified the fact

Ov
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1 that piping runs between buildings have to be examined

2 as piping runs between buildings rather than just pipe.

( 3 That is an example.

4 We have identified that not only qualitatively

5 but then given guidance as to what one would do when you

6 encounter one of those. You know, you have to look at

7 it specially to make sure that the fragility of the pipe

a is not used if, in fact, it has far less capacity because

9 of the inner-building effect.

10 Whether we have identified all of them or

11 the crucial ones is subject to review by our peers. That

12 is part of what we need to know. We have tried to do that

13 as best we can.

14 Max?

15 DR. CARBON: Would you summarize again, Bob,

16 why you are trying to develope guidelines, what they will

17 gain for you?

18 MR. BUDNITZ: Well there are several

19 motivations, but in fact the simplest one has to do with

| 20 trying to ascertain what the margin is or in this case

21 it would be a bound on the margin, not a true mathematical

22 bound ' but a point where there is high confidence for use

i 23 by regulators and by the industry owners for a variety

O\v 24 of applications.

25 Let me just give you an example. My favorite

$.

1

|
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) 1 one is the Midland, which as I understand it had an SSE

2 of .12g. And somebody decided somewhere along the way

]/ 3 that, darn it, it should have been .14g or they wished

4 it had been.

5 And Midland went and spent a zillion dollars

I do not know what the zillion is, a lot of money --6 --

7 going through a code review to show that .14 was still

3 okay for what they had done with .12.

9 Now suppose we had a method of going through

to that plant and ascertaining that, in fact, the margin was

11 so big that that plant had a high confidence of a low

12 probability of failure at .25g for all but a few items

n 13 that then you did have to look at?
,1 :-

O' 14 It might have provided a vehicle for not

15 having to spend those zillion dollars on doing a whole

16 darned code review over again or maybe not doing it --

17 then you have to ask was it a legal requirement. I do

13 not know about that. I am just talking about

19 intellectually.

20 But focusing one's attention where it

21 mattered and noticing that .12 and .14g are not really

22 very different if there is no cliff between them. That

23 is the sort of-thing that one has in mind.

24 DR. CARBON: Well the thing that has troubled

25 me is the fact that as you have said before you are not

b
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I going to know all the answers from any general guidelines'

-

2 like these. And it just is not clear to me that on the

(] 3 Midland plant if you had had these guidelines that it

4 still would have allowed you to do what you are saying.

5 MR. BUDNITZ: It is not clear that it would

6 have but we believe that it could have helped a lot in

7 focusing attention on where it is more likely to matter

a and not so much on stuff that does not matter.

9 DR. CARBON: Well it would help you focus

10 attention but is that enough to warrant what you are doing

31 here to focus attention? It mean it seems like you

12 already can focus attention.

g3 13 MR. BUDNITZ: Well we think so, but then
-q]
C 14 of course that is in the eye of each decision maker and

15 the use he wants to put it to. I will give you another

16 example which is fairly obvious to me.

17 And that is that I want to suppose that

13 ultimately someone is going to sit down and take seriously

what the19 developing operator procedures in the event --

20 operator does after the earthquake. Some plants -- a few

21 plants have them.

22 Most do not have specific procedures to tell

the regulators23 an operator what to do. And I am not --

24 are not requiring this, as I understand it. I am not sure'

.

25 what the regulations are now but, in fact, whether they

f?
|W
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1 require them or not, they are not there at a lot of plants.

2 Now suppose some plant on its own decides

(~; 3 they want to sit down and do that. We believe that what
v

4 we have done will enable them to focus on the important

5 issues. And I think that that is of value.

6 CO-CHAIRMAN SIESS: Bob, speaking only to

7 what I think you call Phase I, screening criteria --

8 MR. BUDNITZ: Yes.

9 CO-CHAIRMAN SIESS: -- am I correct that

10 assuming we have a data base which you are assuming in

11 your screening criteria --

we have what12 MR. BUDNITZ: Well it is --

13 we have.

14 CO-CHAIRMAN SIESS: Yes. You have to assume'

15 it. One way of determing seismic margins for all of the

16 plants is to do a PRA on all of the plants.

17 MR. BUDNITZ: Yes, sir.

18 CO-CHAIRMAN SIESS: Now the objective of

19 your Phase I is to see if there is an alternative to a

'
20 full scale PRA; am I correct?

21 MR. BUDNITZ: Yes, sir.

22 CO-CHAIRMAN SIESS: So that is really the

23 objective.

24 MR. BUDNITZ: That will provide much of the

25 insight. Of course you cannot get it all without doing

%s
~
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;) 1 it all.

2 CO-CHAIRMAN SIESS: I think the other set,
~

( ") 3 issue --
a

4 MR. BUDNITZ: That is quite true, correct.

5 CO-CHAIRMAN SIESS: -- mentioned which

6 relates to current licensing criteria which did not go

7 beyond the SSE is equally valid, .02 increase --

8 MR. BUDNITZ: Well you can show --

9 CO-CHAIRMAN SIESS: -- a complete

10 deterministic re-analysis was absurd.

11 MR. BUDNITZ: Well maybe, but, Chet, as you

12 know --

7-- 13 CO-CHAIRMAN SIESS: It is the law --

L ~}
r

2

14 MR. BUDNITZ: No, no, not worrying about

15 the law. As you know there is a valid question to ask.

16 Okay. Midland was designed for .12g. The question that

17 is -- an intellectual question to ask is is there a cliff?

18 CO-CHAIRMAN SIESS: Oh, sure.

19 MR. BUDNITZ: You know, however one defines

20 it.

21 CO-CHAIRMAN SIESS: Sure.
.

22 MR. BUDNITZ : Is the plant going to fall

23 over at .13 and all of a sudden it is .14 -- you know,

24 I mean that is question. We do not think so. We think

25 that there is enough evidence now to tell us that that

c .,
.
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fQ. 1 is probably not so, but that is a question.

2 CO-CHAIRMAN SIESS: But that is a use of

(' 3 your screening criteria.

4 - MR. BUDNITZ: I think so.

5 CO-CHAIRMAN SIESS: That is not really the

6 reason they are being developed. I think the other is

7 a better statement of the reason, is it not, that you are

8 looking for an alternative to a full scale PRA?

9 MR. BUDNITZ : No. No. And I cannot speak

10 for the staff. I cannot even speak for the other

it panelists. I can only speak for myself. No, I do not

12 think so.

13 You see we also do not believe that doing
- 0
h. 7:

' full scope PRA's -- I 'should not say we -- I -- but I know14

15 for a fact I speak for many of the other panelists here --

16 I do not believe that iloing a full scope PRA on every

17 plant out there would be a valid useful cost effective

18 expenditure of money to ay.

19 CO-CHAIRMAN SIESS: I did not say that.

20 I said it would be a way of determining the seismic

21 margins.

22 MR. BUDNITZ: It may not be very much more

23 useful than the things we are developing here. And the

A
V 24 reason is because if you want to go and spend "N" million

25 dollars times a hundred more plants what you are going

O
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; I to do is you are going to imbed in those new analyses the

2 uncertainties that are already present in the ones we have

f]
~

got.3

4 You are going to if there are errors,--

5 assumptions that are invalid, data that are imperfect,

6 they are going to be used again and again and again and

7 again and again.

8 All you are going to find is a hundred

9 things that have those same problems. That is probably

10 not what you want to do.

13 CO-CHAIRMAN SIESS: All right. So your

12 screen criteria in addition to developing a method that

,fm 13 is a. potential substitute for a PRA will also focus on

- _) -

>
. 34 those deficiencies in the data base or in our knowledge

15 that could be improved.

16 MR. BUDNITZ: Some of them, not all of them,

17 but we believe that this can provide much of the insight

18 you would get from one of those expensive PRA's without

19 having to do it.

20 And of course in this we are also repeating

21 those same errors, if any, because they are our data bases

22 -- if'you know what I mean --

23 CO-CHAIRMAN SIESS: Yes.
,A
' but we do not have to go24 MR. BUDNITZ: --

25 and spend all that money. And we think we can get much

p.)
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1 of _ the insight And so I think that is the motivation..

2 DR. CARBON: I would like to go back --

O 3 excuse me. I did not mean to cut you off.
G

4 MR. BUDNITZ : No, no, I am done.

5 DR. CARBON: I would like to go back to the

6 last Midland example that you gave me wherein the screening

7 here would help you decide whether you are on the edge

8 of some cliff and whether making some change is worthwhile

9 or not.

jo The screening criteria will give you some

ij view of what the actual situation perhaps is. By the same

12 token when six or seven full scale, full scope PRA's have

-
.s 13 been run you will also get some good feeling for what the

14 typical problems are likely to be on any plant.

15 Ilow much more is your screening effort, how

16 much more are your screening guidelines, how much more

17 confidence are they going to give you really than you

18 would already have from the seven PRA's that have been

19 done?

20 MR. BUDNITZ: In fact what they are is

21 pulling together the lessons of our -- whatever those PRA's

22 are for application. In other words, if we had not done

23 our work and you wanted to go and study the, say seven.

tv' 24 There are actually more, but say seven.

25 If you want to go and study the seven PRA's

:fD,
. ~ . -
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1 and then apply them to say Midland, we have to now pretend

2 Midland did not have a seismic PRA so it would be a plant

D 3 that did not have one, you would have to go through the
d

4 logic process we have gone through in order to extract

5 the lessons to apply.

6 That is what we have done. Okay?

7 DR. CARBON: Yes. I guess it seems quite

a apparent that if you went back and examined those seven

9 PRA's and tried to apply them to Midland you would have

to to go you would have to sit down and think through a--

11 logic process.

12 I guess it is not clear to me off hand that

I do not see how you are going to greatly sharpen by13 --
,..

Rj
# 14 this effort what you would come up with with some lesser

15 effort. It is perhaps there. I just do not see it.

16 MR. BUDNITZ: All right. I think that the

17 best way to address that concern is to address it after

18 we have had the other presentations and you get a chance

19 to discuss what we have done and its limitations.

20 MR. TRIFUNAC: I do not know whether you

| 21 can answer the question or. perhaps somebody later could

22 comme 6t on this but basically you have PRA's, PRA's are

23 your data --

O)(_ 24 MR. BUDNITZ: That is not all of it. That

25 is part of it.

[,?.:.
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1 MR. TRIFUNAC: Of course. Based on that

I do not know how to pronounce2 data you come to your --

3 it, HCLP point. Now invariably there are differences in
[]

4 assumptions in various PRA's.

5 MR. BUDNITZ : Yes, sir.

6 MR. TRIFUNAC: Consequently when you put

7 all of this into sequence the confidence or sigma about

g HCLP points gets broader and broader with more difused

9 definition of these assumptions and so forth.

10 The question to you and to the other

ii speakers is this, if your screening procedure is to be

12 useful you should find yourself or whoever applies your

13 screening procedure in the situation where the distcnce
p O' .

. .

@ 14 between say Midland 1.12 and the range which comes out-.

15 of your HCLP point is such that there is a significant

16 difference between the two where you have confidence that

17 the point is not part of the interval that you are looking

18 at.

I 19 MR. BUDNITZ: That is quite true.
|

| 20 MR. TRIFUNAC: And so I think it would be

21 very helpful, at least for me, if you or somebody else

22 could' comment on this.

I 23 MR. BUDNITZ: Yes.

24 MR. TRIFUNAC: Because it seems to me that

25 as I look at some of the things in your preliminary report

G
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] 1 and so forth the width of your numbers is substantial
'

2 deflecting the situation, but for those numbers to be

3 useful they ought to be sufficiently far away from some[']
4 other points that they have to be compared to for the

5 significant differences of the point relative to the

6 distribution of the problem we are looking at.

7 MR. SC2H"'::: Ouite true. That is an

8 excellent observation. The usefulness depends on the

9 spread that we are able to think honestly reflects what

10 we do not know about point B, the HCLPF point, and what

il you are comparing it against. I quite agree.

12 We believe that that is a substantial gap

13 or margin, substantial in the sense that much money has

14 been spent over the years arguing about smaller gaps or

15 margins like the Midland case I just mentioned.

16 Just to give an example, we believe there

17 are major pieces of equipment, components and structures
;

i 18 where we have high confidence that there is low probability
|

I 19 of failure at about .3g mean PGA.
|
| 20 We do not know whether it is .30 or .25 or
|

21 .35, but it is about .3, and therefore if you believe what

|

| 22 we believe you will not spend a lot of money screwing
i

23 around with an analysis of that when you go from .12 to

/lI

(e 24 .14. You would not.

| 25 On the other hand there are also some items

O

I
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gi 1 where we believe we do not have the confidence and you

2 have to analyze. And what we have done is tried to tell

. (o) 3 you which ones are which. We also believe there are some
,

4 structures and equipment and components where have high

5 confidence that even at .5g mean PGA.

6 And then you certainly would not screw

7 around spending a lot of money when you change from .12

8 to .14. That would be a waste of money, we believe. I

9 mean you might have to do it for some because the legal

10 people told you that you had to, regulatory, but you would

11 not do it on an intellectual basis. It would not be the

12 sort of thing you would waste money on.

,e) 13 Now you may disagree with our conclusions.
/

14 And if you do it might be based on the fact that there

u'ncertainty15 is in your judgment more range or error or

16 in these values than we thought. But I think that is the

17 level at which the discussion ought to take place, is to

18 look at them and see.

19 CO-CHAIRMAN OKRENT: If the reason for your

20 research or study or whatever it is you are doing is to

21 try to judge the value of a relatively complete

22 re-ana' lysis of a plant like Midland from .12 to .14g --

23 MR. BUDNITZ: That is only just a funny

('l 24 example.

then I would say,25 CO-CHAIRMAN OKRENT: --

G
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{{) 1 "Go away." I think it is a straw man kind of issue and j

2 it should have nothing, really if the staff required--

3 it, it is too bad. Maybe they legally had to. I do not'^
1

a
4 know.

5 But it is really not part it seems to--

6 me in the important suite of questions relative to what

7 is the contribution of seismic to risk and is --

8 MR. BUDNITZ : Well yes, but you know these

9 are real issues. Let me give you another real issue.

10 I was on the staff in 1979 in January when the staff and

11 the Commission together agreed that they were going to

12 shut down six plants because Stone .and Webster had made

13 a code error in some computer about adding vectors with
'

14 absolute values and. arithmetic.~

15 Do you remember that?

16 CO-CHAIRMAN OKRENT: I remember that.

17 MR. BUDNITZ : If we had this we think the

18 staff might have told the Commission -- recommended

19 something different. Now that cost --

20 CO-CHAIRMAN OKRENT: Well excuse me --

300 million dollars. And21 MR. BUDNITZ: --

22 I think that was a waste of money, myself. And I was on

23 the staff at the time and said so. Of course, I was

24 overruled by various other people. Now I think that is

25 valuable.

O



~

113

1 CO-CHAIRMAN OKRENT: What I recall hearing,.

2 some of the staff saying or writing or so forth, that we

( 3 cannot tell --

4 MR. BUDNITZ: Yes.

from the existing5 CO-CHAIRMAN OKRENT: --

6 analysis not only do you meet code but whether in fact

7 you exceed failure points.

8 MR. B UDNITZ : Yes. But now we believe there

9 is enough information, some of which is presented in our

10 report and others of which is not published yet but which

11 we are relying on in part, to tell us that we think there

12 is high confidence that those piping systems are not in

m. 13 trouble at the SSE's -- like at Main Yankee (phonetic),
f-( )

d' 14 what was the SSE at Main Yankee?

15 CO-CHAIRMAN OKRENT: .12.

16 MR. BUDNITZ: Yes. Whatever it was, I cannot

17 remember it, but it was something like that. We think

18 that this approach would have been a valuable alternative

19 to the Commissioners if it had been available in 1979 to

20 shutting Main Yankee down for seven months or whatever

21 it was at some very high costs.

22 And we think that is of value to the

23 Commissioners and to the staff.

24 CO-CHAIRMAN OKRENT: Well I do not care --

25 MR. BUDNITZ: And by the way that may or

(-)~e
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]) 1 may not be a safety question, but it sure as hell was a

2 300 million dollar decision.

Ih 3 CO-CHAIRMAN OKRENT: I think one has -- I

4 am not trying to defend or attack the decision then.

5 MR. BUDNITZ: I should not say we. I am

6 talking about I.

7 CO-CHAIRMAN OKRENT: One has to look at it

3 in the light of the information that existed at that time

9 and also whatever the legal requirements were.

10 MR. BUDNITZ: Yes. I mean without revisiting

11 that I am saying if it came up again and we had this I

12 could imagine it being of value. That is what I am saying.

p 13 I think that the doubts in 1979 were genuine

%) -

c/ 14 at the time. People had doubts. If they knew what we .

15 know they would not have those doubts now, we think, or
,

16 not as extensively. And they might have focused the

17 analysis on only certain things and the like, as an

18 example.

19 And there are other examples. I do not even

20 know all of them in detail, but I know about quite a lot

21 of them.

22 CO-CHAIRMAN OKRENT: But the examples you

23 are giving are things to help the regulatory staff not

O' '
24 make requirements for analyses where the pool of knowledge''

25 available at the time says they are unnecessary.

O
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D I Well I think that is certainly a useful
a,

2 kind of knowledge to have, but it is hardly the reason

O 3 for the program which was, I thought, intended to try to
LJ

4 assess whether the risk of seismic was in the right ball

5 park.

6 MR. BUDNITZ: Wait, wait, wait. I mean I

7 may be -- I, of course, might misunderstand what motivation

3 the ACRS had when it was writing all those letters. I

9 am not on the ACRS so I do not know.

10 But I thought the question that was asked

yi time and again was based on the following concern, that

12 there might be something like a cliff. I am not sure what

7 33 that means, but you know there might be a seismic

EV)
p(

34 vulnerability not Ver.y far above the design basis of Plant

15 X, presuming the plant you wrote the letter on, each one.

16 And without knowing whether or not there

17 was, that you had a concern. That is what I was reading

18 when I read that thing in every one of those letters.

19 Thank God for word processors; it was the same thing every

20 time.

21 CO-CHAIRMAN OKRENT: It was not the same --

22 MR. BUDNITZ: Maybe not.

23 CO-CHAIRMAN OKRENT: And you really ought

24 to --

25 MR. BUDNITZ: No, it was not quite the same.

O
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e[h 1 I cannot speak for you --

2 CO-CHAIRMAN OKRENT: You should read the

T'T 3 very --
Q

but that is what I have4 MR. BUDNITZ: --

5 seen.

Sperry or Clinch6 CO-CHAIRMAN OKRENT: --

7 River (phonetic) letters.

3 MR. BUDNITZ: Well I remember the Clinch
b

9 River letter.

10 CO-CHAIRMAN OKRENT: All right. That was

it a general --

12 MR. BUDNITZ : Yes. But you know what I was

13 hearing you express, the committee, only some of you aren
fr i

O# 14 here and of course only some of you were' not even on the

15 committee at the time, was a concern that there might be

16 a safety problem just above where the design was, and you

17 wanted to know how much margin there was so as to know

13 whether that was so.

19 Well that is just what we are telling you.

20 I mean now how much, but a bound on it or a confidence

21 level of something. Now we are not telling you about all

22 the -- we have all this other stuff, design and construc-

23 tion errors and operators and relays.

(3>

'O 24 We told you that that is not part of this

25 yet, but we think we have got a big step here in helping

,
,

|
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$ 1 know where there is a lot of margin and why and why not.

2 CO-CHAIRMAN SIESS: But, Bob, the Perry

C') 3 and Clinch River --
V

4 MR. BUDNITZ : I do not remembe the Perry.

5 I just remember the Clinch River.

they introduced a6 CO-CHAIRMAN SIESS: --

7 phrase that was not in the previous ones, and that was

a " acceptably low contribution to the overall risk." And

9 I think one of your earlier statements is that you are

to sort of ruling that out.

13 MR. BUDNITZ: No, we are not ruling it out.

12 We are just saying that it is outside of our ability to --

13 CO-CHAIRMAN SIESS: Outside of your *

Gh
'

%> 14 experiment to this date. .

15 MR. BUDNITZ: Right.

16 CO-CHAIRMAN SIESS: All right.

17 MR. BUDNITZ: But let me say what ruling

18 it out means and what it does not mean. You see, suppose

19 we find a method where you can go to Plant X -- the plant

20 has not been looked at yet -- and screen it and conclude

21 that you have high confidence that there is a low

22 probability of failure, about .39, excluding the design

23 contstruction errors with these exceptions. Okay?
n
(b 24 Then the staff is going to have to sit down

25 and decide whether the recurrance interval for a .3g

ct
D
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] 1 earthquake is dangerous or not. I mean is it over a

2 million years or is it every thousand years? That is for

[} 3 somebody else to worry about. You know, maybe the SSE

4 was somewhere about .12 or something like that. I mean

5 that is for somebody else to worry about.

6 All we can do is what I said. Now when you

7 talked about' an accetably low level that acceptably has

8 to do with the recurrance intervals in those earthquakes.

9 And that is certainly outside not only of our scope as

10 a panel but outside of my personal expertise, both

11 personal in terms,of I do not know anything about hazard

12 and personal in the sense that although I have views about

13 what is acceptably safe I am not a Commissioner.
r4
c/ 14 So that is a real bind that I do not think

15 we can be -- that our panel cannot be in.

16 DR. CARBON: Bob, is it a fair way to think

17 of what you are doing as ultimately you will come out

18 perhaps with an added factor of maybe 25 of assurance or

19 something in terms of probability?

20 MR. BUDNITZ: Max, we are not thinking about

21 it in that way.

22 DR. CARBON: But is that what it is going

23 to amount to? You are going to come out with a guideline
: \

24 that you are pretty confident, you are pretty sure it is"

25 going to work, you are pretty sure you can apply it to

@
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] 1 this other plant --

2 MR. BUDNITZ: To some elements --

''

) 3 DR. CARBON: -- but you know you really

4 cannot --

5 MR. BUDNITZ: Well not completely but --

but assuming you are going6 DR. CARBON: --

7 to have some added assurance, some added probability if

8 you had 100 plants maybe two or three of them perhaps it

9 will not apply to so maybe you have got a factor of 35

10 or some such thing.

11 MR. BUDNITZ: I have not thought about it

12 that way. By the way, there are some plants we know --

13 DR. CARBON: Is that a reasonable way to

14 think --

*

it does not apply to, or15 MR. BUDNITZ: --

16 not fully.

17 I guess. I mean, if you want to think about

18 it that way. I was thinking about it more in a plant by

19 plant basis. There is a bunch of plants we know it

20 applies to, a bunch of plants we are not sure, and some

21 we know it does not, if you know what I mean, or aspects

22 of the plants.

23 And by the way, there is another point which
q

24 I think is very important to make which Kennedy, I assume,'
-

25 Will elaborate on, and that is that in our screening

(l)
..
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[j 1 guidelines we have found a large class of items, equipment,

2 structures, components and the like, where the margin

G 3 cannot be expressed as a multiple of some SSE's. It isV
4 not twice the SSE or two and a half times the SSE or

5 whatever, because the capacity of the thing is not

6 dependent on what the SSE was when it was built.

7 It has intrinsic qualities or it was not

8 designed in that way or it was bought off of some shelf

9 or whatever. And that is another important thing about

to thinking about what margin means, if you see what I mean.

11 I am done, if you want to go on and talk

12 to the other guys.

fs 13 CO-CHAIRMAN OKRENT: Well I guess in a sense

V)n
14 some of this probing is not to question the interest in-

15 seeing how far you can get along the path you think you

16 would like to try --

17 MR. BUDNITZ: Yes. I understand that.

but to see do we18 CO-CHAIRMAN OKRENT: --

19 need to have another path thought about early on since

20 there may be reasons why this path will only have limited

21 areas of application.

22 MR. BUDNITZ: I understand that completely.

23 And in fact I think that is a very valuable thing, a role

24 that the ACRS can play that is useful; that is, we will

25 tell you those places where we have limitations, where

h
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%,' I we know we cannot accomplish the objective we would like

2 to accomplish.

(3 3 And if you think that it is technically
%)

4 feasible to accomplish it in some other way, that is for

5 the staff to decide ultimately and you can advise them

6 on what to do.

7 CO-CHAIRMAN OKRENT: What bothers me a little

a bit is if I just think back to some of the plants whose

9 CP reviews are -- well reviews I remember --

10 MR. BUDNITZ: That is all of them; right?

11 CO-CHAIRMAN OKRENT: No. But I have little

12 doubt that they have their own idiosynchracies that end

I will bet Turkey Point has13 up having a seismic --

IO
'

14 so[nething that has to be looked at on its own, for example.'
'

15 MR. BUDNITZ: Yes. By the way, I would be

but a lot of the plants did not have16 surprised if --

17 things that are idiosynchratic which we know you cannot

is find using our screening guidelines.,

19 CO-CHAIRMAN OKRENT: Yes. But that --
;

20 MR. BUDNITZ: Our screening guidelines cannot

21 locate the fact that Cody (phonetic) has got that dam up

22 there.

23 CO-CHAIRMAN OKRENT: And furthermore, if

(G) 24 I recall what you read, I think you say you have limited:

; 25 information now on certain classes of structures.

;o
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] 1 MR. BUDNITZ: That is fair.

2 CO-CHAIRMAN OKRENT: htich again poses a

3 problem because I do not know --''

4 MR. BUDNITZ: On certain equipment, equip-

5 ment of certain kinds, correct.

6 CO-CHAIRMAN OKRENT: -- when you are going

7 to get that information gap filled sufficienty as part

8 of what you are doing or it is going to -- I do not think

9 you said, did you, that that was going to be filled in

10 what you showed?

11 MR. BUDNITZ: Well the Phase II tasks, which

12 are not part of our panel's ef fort but which we developed

13 and recommended for the staff's support, would fill what

O
14 we thought we the important gaps.

15 CO-CHAIRMAN OKRENT: I see. All right.

16 So we are going to hear that?

17 MR. BUDNITZ: About the Phase II stuff?

'

18 No.

19 CO-CHAIRMAN SIESS: A validation-type --

20 MR. BUDNITZ: No.

proposed, needed| 21 CO-CHAIRMAN SIISS: --

22 research --

23 MR. BUDNITZ: No.
; ,

24 CO-CHAIRMAN SIESS: We are not going to hear'

25 about that today?
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(]) 1 MR. BUDNITZ: No.

2 CO-CHAIRMAN SIESS: But that is a part of
.

1 3 your job.

4 MR. B UDNITZ : Well, it is -- what the , pan,e l
.

5 did was in October recommended in the plan that ynu have,

6 I guess, what we thought were the gaps. Now we are going

7 to revisit that, I guess, soon because we have had six

8 months of work and we now have identified some more things.

9 CO-CHAIRMAN SIESS: Are we talking about

10 relay chatter operator --

11 CO-CHAIRMAN OKRENT: No, no. There are

12 other things.

13 MR. BUDNITZ: No. We are talking about

14 fragility data on things that we already know about that

15 we do not --

16 CO-CHAIRMAN SIESS: Fragility data --

17 MR. BUDNITZ: For example, that is, you know

18 --

19 CO-CHAIRMAN OKRENT: But there are classes

20 of containment where they say they do not have the benefit

21 of sufficient study.

12 MR. BUDNITZ: Right.

23 CO-CHAIRMAN OKRENT: And I did not hear --

p,

J 24 MR. BUDNITZ: The ice condensor, for example.

25 CO-CHAIRMAN SIESS: Well you practically

m
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..
I left out BWR.

2 MR. BUDNITZ: For sure.

,O 3 CO-CHAIRMAN OKRENT: I did not hear
V

4 Richardson say --

a large category5 CO-CHAIRMAN SIESS: -- --

that there was in6 CO-CHAIRMAN OKRENT: --

7 that research program a program to get the information

a that would satisfy that need.

9 MR. RICHARDSON: Because it is too early

to in this program to start research. I think as this study

11 matures and we get confidence that, in fact, that is a

12 gap and it is serious enough we would undertake a research

,q 13 program to fill that gap. But I do not think we are at

PV ,

L' 14 that point yet.

15 MR. BUDNITZ: And, Chet, something that

16 is very important too that you said we left out BWR's.

17 If you wanted to understand that capacity of a BWR contain-

18 ment or of an ice condensor containment, we say we do not

19 have enough analysis like we have for the large dry PWR

20 containments to do that.

21 But buried tankage in a BWR ought to be

22 screened the way buried tankage is at any plant. And most

23 of the equipment and, you know, compact valves and the

U 24 like, most equipment is of that character. It is not --

25 sure, that is important, the containment building. I

tr%
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I agree, but most of the activity can be screened in thisg.

2 other way, even with BWR.

() 3 The other thing we do not have in the BWR
Q/

4 is enough systems analysis to be able to come to the

5 conclusions that we had from six or seven systems analyses

6 of the pressurized water reactor.

7 CO-CHAIRMAN SIESS: Let me make a comment

3 addressed to Jim Richardson.

9 MR. BUDNITZ: All right.

10 CO-CHAIRMAN SIESS: One thing you can learn

11 from this is where research is needed.

12 MR. RICHARDSON: Absolutely.

e 13 MR. BUDNITZ: Yes, sir.

O'u, 14 CO-CHAIRMAN SIESS: Another thing you can

15 learn i*s where research is not needed.

16 MR. RICHARDSON: Exactly. Yes, we are

17 looking at that. And it is a big help.

18 CO-CHAIRMAN SIESS: And the second is likely

19 to be most important because --

20 CO-CHAIRMAN OKRENT: Well if they do the

21 first. Yes. I would like to pursue still this question

22 of these areas where I think this panel has stated that

23 there are relatively large gaps of information.
G

24 And ice condensor and some of the BWR's

25 certainly falls --

e
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1 MR. BUDNITZ: And the systems stuff in the

2 BWR's --

and the systems(~ 3 CO-CHAIRMAN OKRENT: --

(

4 stuff --

5 MR. BUDNITZ: You can say that in terms of

6 the systems stuff.

certainly falls7 CO-CHAIRMAN OKRENT: --

a within that area. I must say it is not clear to me why

9 a program to get a first handle on such information has

10 to await anything that this panel is doing in view of what

33 I see they are proposing to do. I do not see the

12 connection.

g 13 MR. BUDNITZ: Oh, I do. You see, we are

14 developing what we can interim screening guidelines. And

15 one of the things we want to do is take that out and

16 screen a couple of plants.

17 CO-CHAIRMAN OKRENT: Are you going to screen

la an ice condensor?

19 MR. BUDNITZ: We have not decided, but I

20 could imagine it being of value to screen a BWR as well

21 as a PWR and see what one can learn.

22 In other words, there are things we have

23 not discussed and have not decided yet in which you--

O
(J 24 know, which could go to addressing some of that.

25 CO-CHAIRMAN OKRENT: I have an ice condensor

(i;')
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1 in mind that sits on one of the highest seismic hazard

2 curves estimated by the panel --

3 MR. BUDNITZ: Do you have the same one in

4 mind that I have in mind?

5 (Laughter)

6 CO-CHAIRMAN OKRENT: Now, I do not know

7 where that leaves us all. I do not think the staff can

8 ignore that information indefinitely. It is not in what

9 you are doing, as far as I can tell. It is not in what

10 Richardson showed.

11 CO-CHAIRMAN SIESS: All right. The agenda

12 for this meeting unfortunately did --

13 MR. BUDNITZ: We are right on schedule.

O
.

not provide space14 CO-CHAIRMAN SIESS:' --

15 to address a research program, a physical research program.

16 And I guess we need some other form at some other time

17 to look at his and discuss with the staff potentially what

18 research ought to be done in connection with seismic

19 margins.

20 We have some meetings scheduled with the

21 staff on the so-called Base Program, a long-range program.

22 I do not know whether they would be prepared to discuss

_
23 it at that time or not, but we might end up doing it.

24 So I am warning you.

25 But our agenda here focused pretty much on

QU
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1 the expert panel's phase of the work. And there are other

2 things that need to be looked at in view of this.
,x

) 3 Does that conclude your presentation, Bob?
m-

4 MR. BUDNITZ: I was done a while ago.

5 CO-CHAIRMAN SIESS: Oh no, you were not,

6 not until we get through with you.

7 (Laughter)

8 MR. BUDNITZ: I know that, Chet.

9 CO-CHAIRMAN SIESS: All right.

-
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1 CO-CHAIRMAN SIESS: Now, who is next?

2 MR. BUDNITZ : Bob Kennedy is next. I

(3 3 suppose that all of you know Bob Kennedy from SMA
LJ

4 structural -- he is next.

5 MR. KENNEDY: What I am going to talk about

6 this morning is the panel's preliminary assessments --

7 CO-CHAIRMAN SIESS: You will probably also

3 be talking this afternoon because --

,
9 MR. KENNEDY: All right. But I will be

10 talking about this morning and probably this afternoon

11 some of the panel's preliminary assessments of the seismic

12 margin of a number of items of equipment, structures,

13 components of representative nuclear power plants as,3,

.C: '-''y'

14 judged by the panel from the available capacity data base.

15 (Slide) *

16 We used several sources of information for

17 this assessment by a number of members of the panel. The

la sources were the results of seismic PRA's that could be

19 made available to the panel.

20 (Slide)
'

21 Those were seven published PRA's as well

22 as also made available to the panel were six unpublished
:

23 PRA's. Information from all 13 of those PRA's will be

(3t) 24 in the final panel report.'

25 There is a major appendix still missing from

G
|
i
I
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, I the panel report simply because at this time it is not

2 well written yet. It has got the data in it but it is

3 very confusing at this time. And the panel is basically
{

4 still working on that major appendix.

5 But all of the data will be in the panel

6 report. So we have the data from the seismic PRA's to

7 help the panel in its assessment. We have, equally

a important at least in the panel's minds, equally important

9 data from how have structures and equipment similar to

10 that in nuclear power plants performed in past historical

11 earthquakes?

12 In particular the panel paid a great deal

13 of attention to the seismic qualification utility group's

14 data that hds been made available in the last few years

15 from that group. And, in fact, in many people's opinion

16 on the panel this is better data than data in some of the

17 older seismic PRA's.

Is Particularly the panel looked carefully at

19 how this equipment has performed in the past on fossil

20 fuel plants and heavy industrial facilities, a large

21 number of equipment available on those plants; how it

22 performed when subjected to earthquakes with ground

23 motions up to .5g.
g
V 24 And its performance in these earthquakes

15 up to .59 played a very large part in the panel's

b
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] 1 recommendations for this high confidence of low probability

2 capacity number, at least an equal part with the past

3 seismic PRA's.
m

4 Other things the panel had available, it

5 certainly had available the senior view and advisory

6 panel's report and conclusions and recommendations

7 concerning the squg (phonetic) work.

8 It also had available to it knowledge

9 concerning a substantial amount of research currently

10 being undertaken by EPRI primarily, but by others on

11 trying to document generic qualification test data on

12 items of equipment and components that are common to a

13 large number of plants.

14 And lastly the panel had available to it

15 the individual experience and observations of each of the

16 individual panel members.

17 (Slide)

18 CO-CHAIRMAN OKRENT: Before you get into

19 that next viewgraph --

20 MR. KENNEDY: Yes.

just a point of21 CO-CHAIRMAN OKRENT: --

22 information; the .5g as you use it, is that a- peak or --

23 MR. KENNEDY: That is a peak .. It is what

24 we call mean peak ground acceleration. It is from earth-

25 quakes in the squg program. It is from earthquakes in

O
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( ) this magnitude. ]

2 Well in the squg program only earthquake |

'

3 ground motions, at least the data that was emphasized by

4 the ESRA (phonetic) panel, all was from earthquakes with

5 ground motions with earthquake magnitudes in excess of

6 magnitude six.

7 It was all from conditions other than

8 possibly some of Colinga and some of Morgan Hill, it was

9 all from conditions where in that panel's opinion and,

10 I believe, in this panel's opinion -- we talked about it

11 and I believe it is correct in this panel's opinion --

12 the general opinion is that the effective ground motion

acceleration are the13 and the mean peak ground motion --

99 -

14 same thing. .

15 There are certain types of ground motion

16 where I think there is a large number of us who feel

17 effective and mean peak are not the same number, but there

18 is also a very large amount of ground motion in which the

19 general feeling is that they are the same number.

20 And so frankly in these reviews we really

21 concentrated on ground motion types where we think those

22 two motions are essentially the same number. So that is

_

23 why I hesitated answering whether it is effective or

24 whether it is mean peak. In many cases they are the same'

25 number.

O
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h i Now the panel focused almost exclusively

2 on eastern U. S. plants designed for -- why don't you put

(]>
/ 3 the next one up, Robby? I am sorry.

4 (Slide)

5 I would rather be doing my own, but then

6 I would have to be moving back and forth.

7 The panel focused essentially exclusively

3 on eastern plants that had SSE designs in the .1 to .25g

9 range. What that really means is that our recommendations

10 are simply too conservative for plants that have SSE's

13 greater than .39

12 So we are recommending that seismic margin

q 13 reviews maybe need to be performed, we are really talking

(c '^~) 34 about being' performed on plants that have SSE levels
,

15 between .1 and .25g.

16 Our recommendations for seismic margin are

17 heavily concentrated on our thinking about earthquakes

Is with magnitudes in the five and a half to six and a half

19 range.

20 We have tended to use mean peak acceleration

21 as a measure of the ground motion against which we

22 describe margin. And yet every member of the panel feels

23 that you cannot use a single parameter as a measure of
,

V,G the ground motion against which to describe margin.
'

24

25 And to accommodate that problem we said,

b
|
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1 "All right, we are also going to say certain things about

2 the ground motion beyond just mean peak acceleration."

' ~') 3 And we concentrated on magnitudes in the;

J
4 five and a half to six and a half range. We strongly

5 believe that .3g ground motion, ground acceleration from

6 a magnitude eight event is substantially different than

7 a .3g ground acceleration from a magnitude six event;

8 furthermore a .3g from a magnitude six event is

9 substantially different than .3g from a magnitude four

10 event.

11 So you need to keep in mind when you look

12 at our recommendations they tend to be centered on this

13 magnitude five and a half to six and a half range, and

" 14 as a result the recommendations . tend to be . somewhat on.

15 the unconservative side for magnitudes greater than about

16 six and a half.

17 And also, in general, the panc?. considers

18 that its recommendations are conservative, in some cases

19 maybe substantially conservative, if we are talking about

20 tr e high frequency, high acceleration, low magnitude

21 e\ents such as New Brunswick.

22 Now, of course, there is exceptions to that

23 st.itement of excessive conservatism for those events.

77
24 The question of relay chatter, particular for relays'

25 mounted in equipment that might be mounted near the base

|O

I
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]. I of the structure.

2 A .5g ground acceleration from a New

(J) 3 Brunswick event might do roughly the same thing in that

4 case as a .5g ground motion from some higher magnitude

5 event. But if you take the question of relay chatter and

other very acceleration6 set it aside or some very --

7 sensitive failure modes with rather brittle equipment or

a equipment that does not demonstrate large ductility, even

9 small ductilities, with those aside we believe our

10 recommendations are more -- should not be compared number

11 by number with ground motions from these kind of events,

12 that they would be too conservative.

n, 13 (Slide) ,

>~)r
14 Now we have used as a measure of the ground

15 motion against which we tried to describe these margins,

16 we used as this measure the mean horizontal peak ground

17 acceleration, i.e., the average of the two horizontal

18 components. But you do need to keep in mind the caveats

19 that were on the previous viewgraph since a single

20 parameter of the ground motion is not a very complete

21 descriptor.

22 (Slide)

23 We concentrated on this high confidence low

kl 24 probability of failure capacity. The primary reason we

25 concentrated on that capacity, we, in fact, believe that

O
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) I the engineering community can more accurately, more

2 comfortably and more confidently estimate that capacity

/ 3 than it can in most cases estimate the median.

4 We believe, in fact, that there is less

5 uncertainty band on that capacity than there is on the
z

6 median. And as a result we feel that more uniform margin

7 reviews cou.ld be made in terms of this high confidence

8 low probability capacity than could be made in terms of

9 a complete fragility curve description or a median

10 capacity.

11 MR. WARD: Bob?

12 MR. KENNEDY: Yes.

13 MR. WARD: Could I ask you a question about

"' 14 that? You conclude the 95.5 because the median is better,

15 more satisfactory, really because certain bodies of data

16 or certain analytical methods lend themselves to that or

17 is it --

18 MR. KENNEDY: Yes.

19 MR. WARD: -- because it is based on expert

20 opinion and expert opinions lend themselves to that?

21 MR. KENNEDY: Well I am extremely uncomfort-

22 able with the word 95 percent confidence of 5 percent

23 frequency of failure.
,1

24 I am much more comfortable with the words-

25 high confidence / low probability or low frequency or low

()
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[ 1 fractile of failure.

2 I am absolutely sure the panel would never

3 be able to agree that our numbers are at the 95th

4 percentile, 95 percent confidence of 5 percent frequency

5 failure.

6 We do feel our numbers are such that we,

7 as a panel, have high confidence that there is very little

a probability of earthquake damage to those components at

9 that ground motion level.

10 The 95/5 simply comes in as a subterfuge

11 of how to back the number back out of PRA's. And it gets

12 us down in the range where we also have experience data.

13 We feel that, you know, if we have seen this kind of

14 equipment go through earthquakes in the past we do have

15 high confidence of a low probability of failure at that

16 ground motion level.

17 That does not say that we are on the

18 threshold of failure. In fact, we do not know where the

19 threshold of failure is in many cases. But we do have

20 high confidence that there is a low probability at that

21 level.i

22 That is the primary emphasis. Now the down-

23 fall of using a high confidence low probability of failure
/^T
V 24 number is that it appears to have a lot of attractiveness

25 if we are making margin statements of the type: What kind

O
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1 of ground motion do we believe that this plant is safe,

2 for which we believe this plant is safe?

) 3 We believe this kind of a number has very

4 good very much attractiveness for those kind of--

5 statements. If we want to make margins statements of the

6 type: What is the seismic risk of this plant, this

7 approach is probably a pretty poor approach.

8 Coming up with a high confidence low

9 probability number does not do a very good job of

to describing the seismic risk. The seismic risk is

11 dominated by a range of the fragility curve ranging from

12 about this number up to about the median.

13 And in actual fact the median fragility is

14 a more interesting number in a ris'k study than this number

15 is where the whole range has to be described. We

16 concentrated on it because we believed that the panel

17 could more easily reach some consensus conclusions on this

18 number than it would be able to reach on median numbers.

19 CO-CHAIRMAN OKRENT: Bob?

20 MR. KENNEDY: Yes.

21 CO-CHAIRMAN OKRENT: Does the vertical

22 acceleration have to be considered or do you find no

23 matter what it is you do not expect it to introduce any

/ 24 significant failures or just where does that all stand?

25 MR. KENNEDY: I am not sure I can speak for

O
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h I the entire panel on that. I will speak for myself. And

2 if I say something that other panel members disagree with

'

<) 3 I hope they would make their statement as well.
.

4 In my judgment damage of equipment and

5 certainly of civil structures is predominantly due to the

6 horizontal component. The vertical component does have

7 to be considered, but I think the damage is more

8 predominantly described by the horizontal component.

9 Now I think the panel probably had in mind

I know certainly I had in mind that the vertical10 --

11 component on ground motion would be in the range of 50

12 percent to 100 percent of the horizontal component.

13 And for those kinds of components that might

14 be susceptible to vertical, our estimates of the margin

15 might be too high estimates if the vertical component was,

16 for instance, one and a half times the horizontal

17 component. And so you would have to keep that a little

18 bit in mind.

19 I do not know whether there is any of the
!

| 20 other members that would disagree with those statements.

21 CO-CHAIRMAN SIESS: Nobody is volunteering.

22 CO-CHAIRMAN OKRENT: There is a hand.

23 MR. SCAVUZZO: Bob?
,.

24 MR. KENNEDY: Yes.i

25 MR. SCAVUZZO: Could I ask a c:uestion about

in
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; I failure? Just, I mean, could you give some specific

2 criteria that have been used in some components to define

f'!i 3 failure?
Q,s

4 MR. KENNEDY: All right.

5 MR. SCAVUZZO: I mean, are you going to the

6 yield strength?

7 MR. KENNEDY: No, no.

8 MR. SCAVUZZO: Twice the yield strength?

9 The ultimate moment? Three times the ultimate moment?

10 What are you using?

11 MR. KENNEDY: In the panel members failure

12 of civil structures in our debates in this panel has been

13 defined pretty similarly as to how it has been defined
'

:C- 14 in past seismic PRA's. Failure of civil structures has

15 been defined by the onset of significant strength

16 degradation of the civil structure.

17 That is not failure, but that is well beyond

18 the elastic range. And also for most civil structures

| 19 that is well short of failure. Now why is that number

20 true? Why did we concentrate on the onset of significant

21 strength degradation?

22 Two major reasons; one, there is equipment

23 in these civil structures. If we start getting major
n
'S 24 cracking up of the concrete and potential spalling because

'

into the range where25 we are actually beyond the range --

|@dl
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1 1 in each additional
-

cycle we are going to have significant
..

2 strength degradation we cannot be sure whether tha t

(~'3 3 equipment will remain anchored or not.
w/

4 We are also talking, when we get to that

5 range we are talking about a fairly significant -- the

6 onset of significant increases of story drift ductility,

7 story drifts.

8 And some of these items of equipment pass

9 between more than one, more than two stories so that

10 relative deformations could start causing problems.

13 And I think the more imporant reason is that

12 once you get to this range of the onset of significant

-w 13 strength degradation different structures behave radically

-
~~'

34 different from each other.

15 You would really have to dig into the very

16 fine tuned details of the structure to know how the

17 structure is going to behave beyond that point. We do

18 not want to say this is collapse.

19 CO-CHAIRMAN SIESS: I do not know what you

20 mean by strength degradation. You mean if the deformation

21 continued the increase as long as the load carrying

22 capacity increased it was all right?

23 MR. KENNEDY: What I mean by it, and again
g
is 24 I will give my definition, and I am not 100 percent sure

25 that the entire panel would agree with this definition,

/'.,

1
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) 1 my definition is -- let's give it as an example:

2 For sheer-wall-type structures out to a

'

3 certain deformation you can undergo a reasonable number
( ;

v
4 of cycles of deformation where in each subsequent cycle

5 you may go to further drift because it is a tendency of

6 pinching and there is a tendency to increase the lateral

7 drift per cycle, but each further cycle does go to about

8 the same strength capacity.

9 You do not have a rapid degradation of the

P ateau strength at which you start going inelastic untill10

11 you get out to very large lateral drifts. It is at that

12 stage where you start reaching a level that each subsequent

13 cycle of non-linear deformation, the structure is not

c6 14 capable of going to the same force level, that would be

15 the onset of significant strength degratation.*

16 CO-CHAIRMAN SIESS: What you are really

17 using as a criterion is some level of deformation.

18 MR. KENNEDY: Yes.

19 CO-CHAIRMAN SIESS: And you are expressing

20 it in terms of strength.

21 MR. KENNEDY: We are expressing it in --

22 CO-CHAIRMAN SIESS: Because really what you

23 are concerned with is --

./ 24 MR. KENNEDY: -- terms of a ground motion

25 capacity.

4]
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1 CO-CHAIRMAN SIESS: But you call it strength

2 degradation.

(,,-) 3 MR. KENNEDY: All right, yes.

4 CO-CHAIRMAN SIESS: But you do not really

5 care about the strength of the stress; it is how much it

6 deforms.

7 MR. KENNEDY: That is right, but what you --

8 CO-CHAIRMAN SIESS: If it does not move you

9 do not care what the strength of stress is.

10 MR. KENNEDY: Once you go beyond a certain

11 deformation limit your ability to take another strong

12 cycle of ground motion because that next strong cycle of

13 ground motion is likely to send you very substantially

14 out --

15 CO-CHAIRMAN SIESS: But you are really

16 thinking you are thinking deformations but you are--

17 trying to define it in terms of those curves.

18 MR. KENNEDY: Yes.

19 CO-CHAIRMAN SIESS: All right.

20 MR. KENNEDY: In my mind that is what we

21 are doing, yes.

22 MR. SCAVUZZO: But may I ask another

23 question?
,

( )
' ~ ' ' 24 MR. KENNEDY: Yes.

25 MR. SCAVUZZO: You talked about the civil

O
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1 structures. Are they the limiting structures or the

2 mechanical systems inside the plant?

3 MR. KENNEDY: I think the panel's general

4 opinion is that the seismic margin for equipment is likely

5 to be lower than the seismic margin for most of the civil

6 structures.

7 In past PRA's that has not shown up

8 explicitly clear. And I think there are some differences

9 of opinion on the panel on the subject.

10 In seismic PRA's generally the capacities

33 of civil structures have been higher than that of a fair

12 amount of the mechanical equipment, but in the PRA it has

13 been assumed that as soon as you reach this so-called

14 fragility or capacity of the civil structure you have"

15 failed every item of equipment in the structure; thus,

16 you have bypassed all benefits of redundancy, you have

17 damaged very large numbers of systems.

18 So that because of that assumption in many

19 of the past PRA's civil structures have dominated the

20 risk. I am not convinced the panel believes that. I

21 certainly do not believe that, that they dominate the

22 risk.

23 I think it has come about because we do not
O

24 know how to handle this -- it comes about because of this

25 definition of failure. The civil structure is not really

0
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1 collapsing, but it has gone so far that we do not really

2 know what is going to happen to the equipment so we do

(~') 3 not know how to predict how much of the equipment will
v

4 survive or not.

5 And so in the PRA it is assumed none of it

6 survives. And that leads to a tendency to emphasize maybe

7 too much the civil structures.

8 Yes?

9 MR. TRIFUNAC: A philosophical comment or

10 question, as I hear you talk I am wondering should it be

11 better to abandon the word margin and perhaps call it a

12 limit of our knowledge because if you look at your

13 probabilit curves here -- this.is one of the graphs that

14 is coming -- the knowledge we have about the structure

15 response is sort of inversely proportional with the slope.

16 MR. KENNEDY: Yes.

17 MR. TRIFUNAC: And your HCLP point is sort

18 of a common opinion judgre t of how far we understand

19 things.
'

.

20 MR. KENNEDY: Yes. All right.

21 MR. TRIFUNAC: So it is like a limit of how

22 far we can go into unknown and still know a little bit

23 about it. But the margin is something that we would like
g
O 24 to talk about the expected value, the most probable value

25 'of the paper.

m

i



,
. .

146

[ 1 So are we not really stretching out

2 Permissibility of using that word margin?

(] 3 MR. KENNEDY: Well margin has I mean--

4 margin by itself, I am not sure what it says. There is

5 many margins. There is a code margin. That is the earth-
,

6 quake level at which you meet all the code criteria.

7 I think that you can call a high confidence

8 low Probability number a margin. It is the margin at

9 which you have high confidence of a low probability of

10 failure, but it certain does not represent the median.

11 If you want to talk about margin as the

12 ground motion level at which you have a 50 percent

f 13 fractile of failure that is more of a median margin. And-

v
14 that is certainly not this high confidence low probability.- '

15 This margin (indicating) , there is going
.

16 to be great controversy over and great uncertainty over,

17 so you are right, to some extent we are saying this tends

18 to be a threshold below which we would not expect failures

19 in the absence of undiscovered design and construction

20 errors.

21 We would not expect failures below that

22 number. And above that number failures might start to

23 begin, but their probability is low.

k , 24 So maybe threshold is a better word. You

25 may be right that margin may be a misleading word. I

n
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[' I think we need to talk about that some in our panel.

2 CO-CHAIRMAN SIESS: Again it is a threshold

(' ) 3 related to a certain level of confidence.
v

4 MR. KENNEDY: Yes, as long as we say high

5 confidence without putting a specific number on it.

6 Confidence here is confidence gained by judgment and

7 experience and not by statistical data and so it is a --

8 CO-CHAIRMAN SIESS: But the threshold value

9 I might use for reinforced concrete structure would be

10 somewhat higher than the one Dave Okrent might use, which

33 to my knowledge and his knowledge of behavior of reinforced

12 concrete structures of earthquakes.

13 MR. KENNEDY: Yes. And the number is in

'
' *

14 our report, are those on which the members of the panel

15 could agree that we all had high confidence of low .

16 probability of failure.

17 Some of the panel members may have preferred

18 somewhat higher numbers.

19 CO-CHAIRMAN SIESS: So it is the collective

20 confidence of this panel which is fairly expert.

21 MR. KENNEDY: It is a collective confidence

22 of the panel, is the best way to put it. That does not

-
23 say that somebody who is not on the panel will necessarily

C/ 24 agree with the panel so that it does not represent --

25 CO-CHAIRMAN SIESS: These experts --
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,[ ] MR. KENNEDY: -- of everybody.

2 -MR. WARD: Well it seems to me you are

(3 3 talking about a margin. All along it has been a margin
w)

4 above the SSE that is of interest, but it is that margin

5 to some threshold --

6 MR. KENNEDY: Yes.

7 MR. WARD: -- before you define that

8 threshold that is --

9 MR. KENNEDY: As I get further into this

10 you will see that we are no longer talking about a margin

11 as a multiple of the SSE.

12 MR. WARD: No.

f3 13 MR. KENNEDY: We started out that way and

C ) '

14 finally concluded that for a long of the mechanical equip-

15 ment that was really not the way to go, that this

16 mechanical equipment looked the same to us in a point

17 designed for .25g as it looked to us in a plant designed

is. for .lg so it was not a multiple, you know, so that it

19 did -- we were very -- we became rather rapidly

20 uncomfortable with thinking as a multiple of the SSE, which.

21 may be another misleading statement as to margin because

22 margin in many people's minds is a multiplier on something.

23 And in our mind it is not.

's 24 CO-CHAIRMAN SIESS: That is a factor, yes.

25 MR. KENNEDY: All right.

O
.
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1 MR. WARD: You have made a point of that

2 .but it is a margin that exists in the plant --

(']-)
3 MR. KENNEDY: Yes.

%

4 MR. WARD: -- that has not been credited

5 recently.

6 MR. KENNEDY: Yes. It is earthquake levels

7 that we believe this plant can go up to and still have

8 high confidence of a low probability of seismic damage.

9 And it is a number of significantly above

10 the SSE in a number of cases.

Il MR. WARD: But not always.

12 MR. KENNEDY: But not always, you are right.

em 13 DR. SHEWMON: How does that compare with

R) '

14 the level which is assumed in the PRA's that you referred

-

15 to?

16 MR. KENNEDY: The margins in our study are

17 based upon experience data plus the PRA's. In certain

18 cases when we had good experience data and the PRA's were

19 indicating where you could -- a lot of these PRA's never

20 reported what we are calling a HCLPF number.

21 They concentrated on the medians and Beta's.

22 And we back-calculated these HCLPF numbers in order to

23 have them to look at.
p

'b 24 CO-CHAIRMAN SIESS: But the PRA was used --*

.

25 MR. KENNEDY: Sometimes those numbers were

O
.
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i so low relative to what we had good experience on, we

2 decided that the PRA was wrong. In those cases we used

O 3 the experience data.
LJ

4 CO-CHAIRMAN SIESS: The PRA's used the

5 median and then put --

6 MR. KENNEDY: Basically. The PRA

7 concentrates on the median because for a risk study the
d

8 median number is the more interesting number.

9 CO-CHAIRMAN SIESS: Is it often that they

10 were more conservative than what they were coming up with?

]] MR. KENNEDY: I did not say in a lot of

12 cases. I said in some cases. I would say to put a

q 13 quantitative number on it, I would say maybe 20 percent
WyO 14 of the cases the PRA numbers were substantially more

15 conservative than the number we came up with.

16 MR. WARD: Were they ever substantially less

17 conservative?

18 MR. KENNEDY: Were they ever substantially

19 less conservative? Was the HCLPF number from the PRA

20 higher than the numbers we came up with? Yes. But the

21 problem is we were trying to come up with generic numbers.

22 The PRA tries to look at a number of

23 specific valves in a plant. There may be a few of those

O
V 24 valves that have relatively no numbers.

25 If there were a few valves that had

v@
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: I relatively low numbers and we believed that those numbers

2 were realistic we used that part of the PRA because we

(v~') because we wanted margins beyond3 had to use margin --

4 which we feel the plant needs to do a margin review.

5 Below our numbers we do not think you should

6 do a margin review. Above our numbers we think you do.

7 And so there is some conservatism introduced. And so I

8 would say in every single PRA, every single plant, there

9 is considerable HCLPF numbers beyond the numbers that we

to have in our draft report.

11 But typically there is one or two in that

12 PRA that are down at our numbers.

O 13 (Slide)

d-
v .

14 CO-CHAIRMAN OKRENT: Can I get back to the

15 vertical --
-

16 MR. KENNEDY: Yes.

17 CO-CHAIRMAN OKRENT: -- for a minute? Is

is it your opinion that the vertical aspect of seismic motion

19 has been included thoroughly in the existing PRA's?

20 MR. KENNEDY: Well the existing PRA's have

21 concentrated on the horizontal ground motion just like

22 our review has and have been based on the assumption that

23 the vertical ground motion would be on the order of 50

(9N> 24 percent to 100 percent of the horizontal of the average

25 of the two horizontal components.

8
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1 I do continue to believe that is a reasonable )
2 description of the problem. I continue to believe that

/3 3 the vertical component of ground motion is nct. as damaging
V

4 as the horizontal component.

5 I do not believe that the vertical component

6 is always limited to 100 percent of the horizontal. It

7 is very clear that close to some of these faults the

8 vertical component could be substantially more than 100

9 percent of the horizontal.

10 PRA's really have not carefully addressed

it that problem, I do not believe.

32 CO-CHAIRMAN OKRENT: Are there any

13 components that come to mind as being maybe vulnerable<s

C")n
'

14 to the vertical componen't?

15 MR. KENNEDY: Oh, yes. I mean as an example

16 if I have a horizontal cantilevered member, now that could

17 be a portion of a component or it could be a civil

la structure, if I have a horizontal cantilevered member that

19 has a substantial vertical load on it that member is more

20 vulnerable to the vertical component of the earthquake

21 than it is to the horizontal component of the earthquake.

22 The vertical component of the earthquake

23 causes large inertial forces in that member where the

(~')h\_ 24 horizontal, out of the plane of the member inertial force

25 is where the horizontal component predominantly causes

60v ,
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1 implaned inertial forces on the member which will be less
%..

2 damaging.

O > so earthias that -- ear xt=a or e co vo#e=t
4 that had a critical element in it that looked like a

5 horizontal cantilevered member, the vertical co1ponent

6 would be important.

7 CO-CHAIRMAN OKRENT: Anything in the

8 electrical area that comes to mind?

9 MR. KENNEDY: Yes, I think there are. There

10 is a lot of I am not a systems engineer so I will--

33 probably use the wrong name for them -- there is a lot

of recording devices, enunciators, instruments in the12

.gm 33 control panels that tend to cantilever a long ways out
n] '

* *

b' 34 from the control panels.

15 If any of those are important, and I do not

16 know whether they are from a systems standpoint, but if

17 any of them are those would be somewhat vulnerable to the

33 vertical component of the input shaking.

19 MR. TRIFUNAC: Excuse me. Talking about

20 damage I think you were saying that vertical is probably

21 not as damaging as horizontal.

22 MR. KENNEDY: That is my opinion.

23 MR. TRIFUNAC: -- to put it very imprecisely,

24 but I guess if we are talking about damage we are talking

25 about drift. Could we have --

O
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1 MR. KENNEDY: For civil structures we are
v

2 talking about drift. For most items of equipment we are

3 talking about failure of the anchorage so that the equip-

4 ment, I guess you could say, drifts.

5 But it drifts because it is no longer

6 attached to the civil structure.

7 MR. TRIFUNAC: Well say those structures

8 alone, if we do get damage we do get drift; right?

9 MR. KENNEDY: Yes.

10 MR. TRIFUNAC: But if we do get the drift

11 then! the verticals may be extremely important.

12 MR. KENNEDY: Because of what, P-Delta

13 facture (phonetic)?n

D(')
'

14 MR. TRIFUNAC: Yes.
._.

15 MR. KENNEDY: If you have drifted substan-

16 tially to where you have got significant lateral drifts

17 the vertical could be important in flexible civil

18 structures. I do not really think that that is a problem

19 in nuclear power plant structures with predominant sheer-

20 walls in them.

21 What we are talking; about in nuclear power

22 plants, we are talking about in nuclear power plants drift

23 numbers that are being judged to be associated with these
m
(d 24 fragility curves.

25 Drift numbers in the range of probably

G
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3) I two-tenths to five-tenths of the height of the member,

2 two-tenths of one percent. I should not have said two-

[ - 3 tenths.

4 (Laughter)

5 I mean two-tenths of one percent to five-

6 tenths of one percent of the height of the member. And

7 in most of the studies the number have been based on

8 numbers in the two-tenths range, which in my judgement

9 introduces substantial conservatism in those studies

10 because in most of the real data there are more in the

gi five-tenths of one percent range.

12 So if you are talking about a member that

q 13 has a story height of 20 feet we are talking very small
e

C 34 lateral drifts, sufficiently small that I do not think

15 that the P-Delta factor is an at all important effect.

16 I think it is in high-rise buildings. And

17 if we had very flexible structures in nuclear power plants

13 it certainly would be important on those.

19 Can I go back to the viewgraphs?

20 MR. SCAVUZZO: Bob, I would like to ask one

21 more question as long as we are off the topics here. How
.

22 about the anchorage? How much effort is being made to

23 look at the anchoring between the civil structures and

O(/ 24 the mechanical systems?

25 MR. KENNEDY: In most of the seismic PRA's

@u
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; i and I believe in all of the panel members anchorage between

2 the mechanical equipment and the civil structures, if you

f]; 3 had to chose the most likely generic failure mode for
u

4 mechanical equipment that it is.

5 In other words, if you only got to look at

6 one item of failure, that is the one you ought to chose

7 to look. Now that would be a mistake only to look at one

8 item of potential failure, but if you were restricted to

9 one that is the one to look at.

10 I guess another way to say it is that one

it never should be ignored. And it has not been.

MR. SCAVUZZO: How are these analyses being12

n 13 performed? I mean that is a very complicated situation

n) .

14 in my mind. .

15 MR. KENNEDY: Yes, it is a very complicated

16 situation. How they are typically performed is to take

17 the linear elastic analysis of the piece of equipment that

18 has been performed at the SSE level, obtain forces in the

19 anchorage from that elastic analysis, scale forces in

20 those members upward proportional to ground motion, scale

21 them downward if you believe that the response analysis

22 of the civil structure was performed conservatively, ie.,

23 and generally that is believed, and then to try to estimate
/ s

b the inelastic energy absorption capacity of the anchorage.24

25 In most cases it is estimated that these

@Q
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1 anchorages have at least a reasonable probability of

2 failure at an inelastic energy absorption capacity of 1.0,

(G'T 3 1.e. that there is a reasonable probability of failure

4 without taking credit for ductility in the anchorage.

5 If you can really find that the anchor is

6 ductile, I mean has good design detail in it, then credit

7 for ductility is taken into account.

3 Example: if you have got anchor bolts that

9 come up out of the conrete a reasonable distance attach

to them to the tank through a chair that is above the

13 concrete, and if you can demonstrate that the yield

12 capacity of the bolt is less than the pull out capacity

p 13 between the bolt andn the concrete ductility is taken

b'~ 14 credit for.

15 If you feel the failure mode tends to be

16 related to the pull out of the bolt out of the concrete

17 the typical cases have been to take essentially no credit

is for ductility, which may be a little too conservative.

19 But I think it is an area where there needs

20 to be a lot more research to really know how much beyond

21 the strength capacity we can go, just because this is a

22 dynamic event.

23 CO-CHAIRMAN OKRENT: Do you look hard at
/

O 24 motor control centers and this sort of thing with regard
'

25 to how well they are anchored?

(:]
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1 MR. KENNEDY: Yes. As to how well they are
~,

2 anchored, yes. Experience data has told us that for motor

(] 3 control centers, motor control centers that are properly

4 anchored have suffered no structural failures and have

5 suffered no failure -- functionality failures after the

6 earthquake has ended up to ground motions of at least .5g.

7 And so our HCLPF value tends to be in the

8 neighborhood of .5g for motor control centers so long as

9 they are adequately anchored; the exception being that

10 motor control center do contain relays and circuit breakers

jy and this panel is certainly not prepared to make statements

12 as to the margin of relays and circuit breakers.

g3 CO-CHAIRMAN OKRENT: Is this something that

V~).
C.

14 is designed back at the Design Office or is there some

15 kind of welding procedure implemented in the field piece

16 by piece?

17 MR. KENNEDY: I think the practice in the

13 nuclear industry has varied very ::ubstantially in that

19 regard.

20 CO-CHAIRMAN OKRENT: I am wondering how you --

21 MR. KENNEDY: And so it is hard to categorize

! 22 it.

get a generic23 CO-CHAIRMAN OKRENT: --

Oi b evaluation?'

24

25 MR. KENNEDY: By selecting a rather low

O
|

l



159

1 number. (Laughing)

2 If I can get on to the rest of the view-

(3 3 graphs maybe I can c<.:ne to that.
N.J

4 CO-CHAIRMAN SIESS: Go ahead, Bob.

5 MR. KENNEDY: Basically what we are saying

6 is below certain numbers we do not believe that seismic

7 margin review is really necessary. Beyond those numbers

8 we think it ought to be performed.

9 And we suggest that anchorage of this equip-

10 ment is one of the most productive things that ought to

ti be looked at. That is how we got around it is we simply

12 dumped it back into the lap of the NRC and the utilities,

13 I guess, and said that if you are worried about earth-

C j,,ci
-

14 quakes beyond the SSE anchorage ought to be looked at.*

15 Well I want to go back to the previous view-

I do not want to spend16 graph just to make sure that --

17 a lot of time on these points.

13 (Previous slide)

19 But the point is where this HCLPF number

20 -- when we use the existing PRA's to help us estimate this

21 HCLPF number we did chose to represent this HCLPF number

22 as being at about the 95 percent confidence of not

23 exceeding about a 5 percent fractile of failure.
OO 24 However in the panel's actual judgment and

'

25 where we used experience data and our own judgment this

G
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: 1 number does to represent a lower estimate. I do not like

2 to use the word bound, but a lower estimate on the

O 3 capacity below which in our judgment it is extremely
V

4 unlikely that failure will occur.

5 We do not really want to get where we are

6 putting a confidence number or a probability number on

7 it.

8 (Slide)

9 You have seen viewgraphs like this one a

10 number of times before. We just wanted to show where for

13 typical structure or this is also typical of equipment,

12 where the HCLPF lies relative to where the median is

13 likely to lie and also where is lies relative to where,gmVy *

14 the SSE lies.

15 Some comments that I should make that are

16 in that viewgraph package, but I decided not to put up

17 here, are in the panel's judgment the median capacity is
!

18 at least a factor of two higher than the HCLPP.

19 We simply find no cases where we would judge

20 that the median would be less than a factor of two. In

21 many cases it might be a lot more than a factor of two.

22 What we are trying to say by that is we do not believe

23 that there is a cliff beyond the HCLPF value.

(V 24 There is one potential exception to that.

25 And that potential exception might be soil liquifaction.

O
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1 Liquification is a case where failure may progress rather;

2 rapidly and where with a detailed study you may know

3 pretty accurately where that ground motion level is.3

(O
4 But for most of the civil structures and

5 the items of equipment we think there is tremendous

6 uncertainties. And we covered that by using a number that

7 we have high confidence in rather than a best estimate.

8 And we think that there is a slope to these

9 failure pairs so that there is no abrupt cliff. The HCLPF

10 number represents a number above design and represents

11 a number which you are not going to say the plant meets

12 the standard review plan or the reg. guide requirements

g 13 or its FSAR requirements.

Q)'v 14 We did not feel that was necessary. It

is often does not relate directly to design because many of

16 these items of equipment simply have an inherent rugged-

17 ness.

Is And we think the HCLPF number is better
'

19 described by a performance in past earthquakes for similar

20 items of equipment rather than by what was the design

21 value for that plant.

22 (Slide)

23 Before actually going into some of the high
.A
U 24 confidence low probability values the panel wanted to be

25 sure that we made some general points.

A
V
i
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i Point number one is we took the components

2 and structures and we divided them into three categories,

(] 3 three fairly broad categories.

4 Category one was those that we put into the

5 category less than .3g peak ground acceleration.

6 Components that made it into this category were those for

7 which we do not have high confidence of a low probability

8 of failure for ground motions up to at least .39

9 In other words components that we put into

10 that category are those components which we believe that

3; if you want to do a seismic margin review or if you want

to have confidence of being able to take an earthquake12

<- 13 bigger than the SSE, want to have high confidence of being

14 able to take an earthquake bigger than the SSE but less'~

15 than .39, this earthquake between the SSE and .3 , these9

16 are the components that we believe that it would be

17 prudent for siesmic margin review to be performed on.

18 Another way to say that for any earthquake

i 19 level, these are the components which we think you would

20 get the most value, the most improved understanding of

! 21 seismic safety if seismic margin reviews were conducted
i

22 on.'

23 I guess another way of saying it is this
i (3

V 24 is out hit list of components that we think might deserve
,

i

25 review for earthquakes bigger than the SSE.

I

b
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() 1 Then we had another set of components for

2 which we truly had high confidence of low probability of

] 3 failure for ground motions up to at least .3g, and thus

4 we judged that if the Commissioners' margin concerns where

5 the ACRS's margins concerns were really described by

6 earthquakes less than .3g but higher than the SSE.

7 These are components that we really do not

8 think margin review is warranted. On the other hand if

9 your. concerns are for earthquakes greater than a half-g

to these components also fall into the list of components

11 for which we think margin reviews are warranted.

12 Then we have the third list which is

<- 13 essentially everything else, and simply say that in a
O
V 14 generic ~ basis it is very difficult for us to have high

15 confidence of low probability of failure on a generic

16 basis for ground motion in excess of .5g if the plant was

17 only designed for .1 to .25g.

18 And therefore if you have to have high
,

'

19 confidence of low probability of failures for these higher

20 ground motion you are going to have to do very extensive

. 21 margin review.
|

| 22 Now by putting a component into a category

23 of .3g and less it does not mean that we think that!

A
V 24 component is likely to fail as you start going above .3g.

25 It means that we simply think there is

O
|
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h 1 likely to be enough variability from one plant to another

2 that we think the plant would have to establish its own

() 3 high confidence low probability number.

4 It likely could establish one much higher

5 but it would require an actual review of the actual

6 component in the actual plant.

7 (Slide)

8 This simply tabulates the list of components

9 and structures for which the panel decided to make seismic

10 margin recommendations at the high confidence low

33 probability level.

12 Now everybody in the room needs to keep in

Q 13 mind these are tentative recommendations. This is a draft
CJ
tc' 34 report. The panel does reserve the right to change any-

15 thing and everything.

16 It would be inappropriate to quote these

17 numbers at this time in future reports. We have a whole

18 series of tables in Chapter IV of our report which the

19 ACRS members have copies of and their consultants have

20 copies of.

21 We have a very long table 4.1 that occupies

22 a number of pages. I do not intend to go through every

23 one of those pages in this presentation. I think we would
j..

24 just bog down if I tried to.
.

25 I thought it would be better to go through
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', 1 just two of those pages to illustrate examples. If you

2 want us to discuss other parts of that table we are

I ', 3 prepared to.

4 But as an example -- see if you can get as

5 much of that on as you possibly can; it is awfully wide --

6 containmens; the panel broke containments down into

7 pre-stressed and reinforced concrete containments versus

8 steel containments.

9 We did make a separate little caveat for

10 ice condensor containments. The panel's concern was not

13 with the containment, ie. the pre-stressed and reinforced |

12 concrete containment category covers those as well for

r'3 13 the containment itself.

14 Our concern w'a s that none of the panel

15 members had done a detailed review of the support structure

16 for the ice condensor and so we did not feel comfortable

17 with making margin statements about the support structure

18 for the ice condensor.

. 19 But we did feel comfortable with the

20 containment itself. The panel's judgment is based on

21 deterministic analysis of these containments based upon

based upon review of thethat we have all done12 ----

23 previous seismic PRA's and PDEnd upon how thick-walled,

24 heavily and reinforced sbes: .1 structures have performed

25 in past earthquakes.

O
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]; 1 Obviously containments themselves have not

2 been subjected to any significant past earthquakes so they

O 3 do not have experience on contaiments themselves, but on

4 sheer-walls we have a lot of experience.

5 The panel's judgment was that containments
1

6 themself are held for stout (phonetic) and they are

7 basically so thick-walled and have so high of reinforce-

3 ment because they are designed for LOCA that in our

9 judgment for the containment itself margin reviews are

10 not warranted for ground motions less than .8g.

11 This is the one exception to our .5g number.

12 We carried this one up to .89 but we did have caveats.

13 Our caveats were that beyond .39 it was our judgment that

b 14 the major penetrations had to be looked at.

15 We do not have the confidence level in the

16 major penetrations that we do in the basic containment

17 itself. And beyond .5g we felt the minor penetrations

18 also had to be looked at.

19 CO-CHAIRMAN SIESS: Bob, you mentioned one

20 reason why they are held for stout is that they are

21 designed 'for LOCA.

22 MR. KENNEDY: That is one of the reasons,

23 yes.

24 CO-CHAIRMAN SIESS: But the ice condensors' s''

25 are designed for a much smaller LOCA pressure than the --

|O

!
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() 1 MR. KENNEDY: Yes, but they still are thick
,

2 compared with normal civil structures. They still have

3 more steel in them than normal civil structures.
^s

(Q 4 CO-CHAIRMAN SIESS: But you have not looked

5 at them to see --

6 MR. KENNEDY: Yes.

7 CO-CHAIRMAN SIESS: You do not think there

8 is that much --

9 MR. KENNEDY: No.

10 CO-CHAIRMAN SIESS: -- difference. All right.

ij MR. KENNEDY: Not in the containment itself.

32 But in the ice condensor supports --

13 CO-CHAIRMAN SIESS: Oh, yes.
,

| .n
none of the panel members34 MR. KENNEDY:1 --

! 15 looked at that. It tends to -- we believe that a margin
,

16 review would have to look at that because we did not have
,

17 the experience on our panel -- it may be a deficiency of

13 the panel members, but the panel members have not looked

|

| 19 enough at supports of ice condensors that we were prepared

20 to make any statement.
i

| 21 The same thing goes with steel containments.

!

22 It is not that we believe that they have a low margin.'

23 We do not believe they have a low margin, but the fact
,

! 24 is we do not feel we have enough data to make any real

.O' -
'

-

''
25 margin statements.

O
|
|
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1 And so somebody else is going to have to
,

2 do some studies of steel containment before we would be

() 3 prepared to make a margin statement.

4 I guess the same is true at reactor internals

5 for ground motions less than about .3g. The panel members

6 feel that reactor internals are designed by the NSSS
.

7 vendors, that we have a certain amount of information but

8 that information is very difficult to get a lot of details

9 from.

10 And so we were not prepared to make a margin

13 statement. We feel fairly sure the margin is well above

12 .3g but we just do not feel that there is enough data.

' ') 13 On the other hands on things -- the ether^

b, -?E
14 part of this to look at is on things like NSSS supperts,

15 control rod drive mechanisms.

16 After looking at a large number of these

17 items of equipment the panel was very comfortable that

18 these do not really warrant margin reviews if you are

19 talking about earthquakes less than .3g.

20 But as you get beyond about .3g they do

21 warrant margin reviews.

22 Now the previous viewgraph, and I for(lot

23 to say it at the time so I will say it now, when we t|ay,- 3

''- ' 24 .3g that means in the panel's mind something in the

25 neighborhood between about .25 and .35g.

O
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h 1 We would hate to have somebody think that

2 we think there is a difference between .299 and .31g.

-(9 3 Nothing we have done has got that leve.1 of precision.
v

4 CO-CHAIRMAN SIESS: Did you consider using

5 Roman Numerals?

6 MR. KENNEDY: Almost.

7 (Laughter)

8 Similarly .5g in our mind means somewhere

9 bettnen .45 and .55. And it does not mean any more

10 pre 61sion, ie. there is one significant figure accuracy

11 in this.

12 (Slide)

13 This is another example table. And it

c

14 covers some points the first one did not. Valves; the/

15 panel members after reviewing the experience data on

16 valves, reviewing qual. test data on valves, reviewing

17 analyses on valves, reviewing the PRA data on valves, the

18 panel members have concluded that valves are very rugged.

19 Valves of all types that are in nuclear

20 power plants are very rugged. And it is not the place'

21 to spend your money doing margin reviews unless you are

22 worried about earthquakes exceeding .5g.

23 CO-CHAIRMAN OKRENT: Does that include the

O>! \- 24 actuators also?
!

25 MR. KENNEDY: Yes. The only exceptions to

|

O
i
|

'

,
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.[) I the statement are that there are relays in control panels

: 2 that may cause the valve to either -- to cause the valve

( 3 to. change state and it does not include the relays that
'

4 are in those control panels, but it does include the

5 actuator on the valve.

6 We have data collected by EPRI, collected

7 by ANCO for EPRI as part of their program. We have very

8 good generic data that shows the standard actuators in

9 valves have substantial seismic ruggedness.

to Spectral accelerations associated with the

13 onset of some potential problems tend to be in excess of

12 4g spectral acceleration. And furthermore there really

.P 13 is an indication of problems. It is just that the qual.
,

14 test data starts to reduce down in quantity when you get

15 to that level.

16 MR. WARD: What about operability of the

17 valves during the period of the vibration?

13 MR. KENNEDY: We have reviewed and the

19 seismic PRA's have reviewed the experience data of earth-

20 quakes up to .5 -- I mean, there has been lots of valves

21 with operators on them that have gone through earthquakes

-22 up to .5g.

23 MR. WARD: Yes, but my point --

.O
24 MR. KENNEDY: These operators do not appear

25 to bind up at those kind of earthquake levels. They do

O

,
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h I not appear -- the big thing is -you do not see indications

2 of permanent inelastic deformation of the housing or the

(] 3 operator supports, the yoke that is basically supporting,
v

4 and that unless you get beyond this region of inelastic

5 deformation we do not really expect that the operator

6 ought to bind up.

7 I think the evidence there is weaker than

8 in some of the other places. But we see no proof that

9 such valves would bind up until that yoke went inelastic.

10 And we do not see any evidence that the yoke is going

11 inelastic in earthquakes for which we have experience data.

12 We also are aware that the yokes on valves

c 13 in these industrial plants tend, if anything, to be weaker

$,
14 on nuclear power plants. They have not had .to be"

15 seismically qualified.

16 There is not a big difference, but if any-

17 thing the tendency is that they are weaker. We do not

18 see valve problems. Now experience data -- they have not

19 had to operate during the shaking element so that is --

20 MR. WARD: Yes, right.

so that is a problem area.21 MR. KENNEDY: --

22 The evidence is weak whether they -- concerning the issue

23 of Operability during the shaking but not concerning
n
U 24 operability after the shaking has ended.

25 CO-CHAIRMAN SIESS: What do PRA's tell you

O
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h I about the contribution to risk from a valve that does

2 not operate during the 30 seconds of shaking?

3 MR. KENNEDY: I, to the best of my knowledge

(] PRA's, to my knowledge, have not studied that issue.4 --

5 So I do not think they tell you anything on that issue.

6 Maybe one of the systems people would object

7 to my statement, but --

8 CO-CHAIRMAN SIESS: Are you objecting, Bob?

9 MR. BUDNITZ : I do not remember a sequence

10 that had that in it one-way or the other in a;.y of the

11 systems analyses I have seen. It just has not been tested.

Paul -- anybody else?12 Anybody else here --

*

13 (No response)

(hf-" 14 MR. WARD: Well I guess the sort of thing
(>

15 I am thinking of is I understand that some, for example,

16 containment isolation valves are designed to or are--

17 not necessarily qualified to close against full contain-

18 ment pressure --

19 MR. KENNEDY: That is right.

because it is assumed that20 MR. WARD: --

21 they will operate and close before the pressure builds

i 22 up. So that is all kind of deep design basis stuff rather

23 than realistic stuff. But it still might be a concern.

24 MR. KENNEDY: Operability during the strong

I}-\ 25 shaking is an area where the evidence is weak. So maybe'

m
V

*
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} j we should, you know -- again, I cannot speak for the other

2 par:el members; I will speak for myself -- I think you have

~

3 a valid point, that we probably should have some kind ofv)
4 turther discussion on our panel on that point.

5 CO-CHAIRMAN OKRENT: If I can raise a

6 question to Richardson, it seems to me that if you could

7 get the Japanese to review these estimates in the light

8 of what they have learned on their big shaker and just

9 offer what I would call semi-quantitative comments they

10 might be willing to do this and not feel they were giving

ti away detailed commercial information,

j2 And it would be interesting to ascertain

13 whether they found things that confirm this or are
,

14 different than this.'

15 MR. RICHARDSON: And, in fact, that very

16 thing is one of our packages that we have proposed and

17 asked them to look at.'

.

18 CO-CHAIRMAN OKRENT: That is fine. On

39 batteries and racks since Jesse Ebersole (phonetic) he

20 sometimes asks whether the attachment of the bus to the

21 battery may not exert a force on the battery case because

22 in fact one or two of these cases have failed without the

23 earthquake.

24 MR. KENNEDY: I am going to get to

25 battery and then -- well I will go to it right now since

O
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^'
1

it was raised and then will come back to heat exchanger.
L. -

2 CO-CHAIRMAN SIF^.S: Bob, we have got to

3 break for lunch. And I think there is no convenient spot

IDV 4 so how about breaking between valves and batteries?

5 MR. KENNEDY: All right.

6 CO-CHAIRMAN SIESS: Be back in an hour.

7 MR. KENNEDY: So I have an hour to prepare

8 the answer?

9 CO-CHAIRMAN SIESS: Yes.

10 (Whereupon, at the hour of 12 : 35 p.m. , the

11 meeting was adjourned for the noon recess to reconvene

12 at the hour of 1:35 p.m.)
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("> 1 AFTERNOON SESSION

2 1:35 p.m. !

3 CO-CHAIRMAN SIESS: Proceed, Bob.

('T 4 MR. KEdNEDY: Okay. Before we broke, John Reed
\-)

5 reminded me that I made one incorrect statement before

6 the break, and that was when I said that we had good,

7 strong qualification test data up to four G's spectral

8 acceleration. I was only off by a factor of ten. We

9 have good data up to forty G's spectral acceleration that

10 helps us justify that clearly we have ruggedness on these

yy valves up to hit values of .5 G ground acceleration.

12 CO-CHAIRMAN: You're forgiven.

y3 MR. KENNEDY: We were also talking about batteries

14 in the racks. Now, the panel's opinion on batteries in

'"#
15 the racks are that for ground motion of any level above

16 the SSE, we believe that batteries in the rack have to

17 have a certain level of seismic margin review. And the

gg level that we believe they have to have is you must have

19 review. And we think it can be done through a walk-through,

20 a careful look at the batteries, and it doesn ' t require

21 much in the way of analysis. You've got to be sure the

22 batteries are both. laterally and longitudinally supported,

23 supported such that they cannot move relative to each

24 other. That means spacers between the batteries. It

25 means some shams, and it means adequate lateral battens

(J:

,

* * ' '
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(]) I holding the batteries in place. It also means a properly ;

2 seismically braced battery rack, and it means an anchored

3 battery rack.

() 4 If the batteries are held properly, there is

5 substantial data also being collected by APRE, and also

6 being collected by ANCO for APRE, that we have reviewed

7 that shows that when batteries are properly supported,

a there is not a problem of these rigid buss bars resulting

9 in damage to the battery casing, that the damage comes

10 about due to relative movement between the batteries.

11 Now, that -- you know, logic would tell that

12 also -- that if the batteries move relative to each other

13 and you have a rigid buss bar, the rigid bar is not going

14 to be the thing that gives. And it's also not the path
J

,

15 to hold the batteries together.

16 So our position is that below .5 G we don't

17 think there is a margin issue with the batteries themselves,

18 but there is a margin issue of being sure they're properly

19 supported.

20 Above .5 G, we simply, again, are not willing

21 to make margin statements and do think that it would be-

22 necess'ary to have a planned specific margin review on-

23 the batteries themselves and not just on how they're

24 supported.

O 15 Active electrical equipment.

,;

\
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(h/ 1 CO-CHAIRMAN SIESS: Bob, do you intend to go

2 through all of these items?

3 MR. KENNEDY: No. Active electrical is the last~

(3
i) 4 one I intend to go through.s

5 CO-CHAIRMAN SIESS: Okay; fine.

6 MR. KENNEDY: Unless somebody asks me on one

7 of the others.

8 CO-CHAIRMAN SIESSc I'll take care of that.

9 MR. KENNEDY: Okay. Active electrical equipment,

to basically we 're trying to say that we believe there is

11 substantial margin for structural failure modes and for

12 failure to operate after the earthquake, but that this s

'

13 whole question of relay chatter and breaker trip needs -

h} 14 more addressing for any earthq0ake larger than the SSE -

15 or the design earthquake; that the level of margin review

16 of the supports of these active electrical equipment differs

17 with different levels of earthquake, that if you're really

18 talking about earthquakes less than .3 G, and based upon

19 having reviewed this. kind of equipment in heavy industrial

e 20 facilities and fossil fuel plants, plus reviewed analyses

21 in nuclear plants, it's our judgment that the anchorage of-

>: 22 this k'ind of equipment for earthquakes less than .3 G

23 can be basically -- mhrgin review would simply consist of

24 a detailed walkdown and looking at the anchorage, that

Oi

25 experienced engineers should essentially in most cases

:

A

:

i
!
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_ (]) I be able to judge the margin to at least .3 G from -- if

2 they can look at the anchorage in suf ficient detail to

3 decide exactly what it is. Now, that's easier done than

f~) 4 said because sometimes it's hard to get in and look at
~

5 this anchorage, and it may mean looking'at the drawing.

6 It may be very difficult actually to look at die anchorage

7 in the field. But any kind of anchorage that has any

g level of strength to it has demonstrated ability to take

9 earthquake up to that level.

go Beyond that level, the margin review, between

gj the .3 and the .5 G, again it's basically a review of

12 the anchorage and the attachment of the equipment in the

13 cabinet, to the cabinet. Above that level, probably the

14 review would require some evaluation. Above .5 G, again,a
15 we're not prepared to make margin statements for the

16 cabinets itself.

17 11R. ETHERINGTON: Is Navy testing of -- shock

is testing for rotary equipment and so on of any value to

19 you?

20 MR. KENNEDY: I believe that the Corps of

- 21 Engineer testing that was done on safeguards, which was

22 vibratory testing, but rather short durations, is of?.

23 substantial value. The questions are -- because it was

24 true fragility testing.

iQ'
25 The problems of the testing are it's hard to''

(/ |

i
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([2 1 know exactly what equipment they tested. They show very

2 high fragilities, but it's hard to know exactly -- it's

3 not documented well enough to know exactly in all the
, '

4 details what equipment was tested.
_

5 MR. WARD: High fragility, you mean.

6 MR. KENNEDY: I should say "high capacities."

7 I keep being criticized by that. I am merely saying

a "high capacities." I tend to misuse the word " fragilities."

9 I wish we had chosen a different word. The ability to

10 withstand large ground motion. " Low fragility" is really

11 the better way to say it.

12 CO-CHAIRMAN SIESS: It's confusing.

13 MR. KENNEDY: These questions arise because of.<

14 the very short duration of the Corps of Eng'incer testin'g..

15 You maybe should factor their results down by a factor

16 of between one and two. ' But even if you factor down by

17 two, it would justify high ruggedness, and so then we'd

18 need to get more detailed on what the tests were.

19 Now, the Navy has done a lot of impact testing.

20 Impact testing, I think, is less valuable for judging

'' 21 earthquake resistant capability. Work at the Nevada

22 test s'ite has shown that some items of equipment may have-

23 on the order of ten times, or even sometimes higher than

_ 24 that, capability under an impact load of what it has under
! /'' 25 a vibratory load. So any kind of Navy impact testing

n.
s
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() I would provide upper bounds, I suspect, on the fragility,

2 but would not provide very good lower bounds. And it's

3 hard to judge that conversion f actor between impact test
,3() 4 data and vibratory data.

5 There is an awful lot of Navy fragility data

6 from impact tests, and it's certainly an area that further

7 look should be made at.

8 Next Viewgraph.

9 (Slide)

10 In these assessmment of capacities, there were

11 certain things that the panel felt were absolutely essential

12 to do beyond our tables. The panel felt very strongly

13 that in any kind of a seismic margin review for earthquake

14 beyond' the SSE, a detailed and. complete plant walkdown-

15 was probably the most valuable and most productive aspect

16 of any margin review, that a margin review that did not

17 include that probably was worthless, that a margin review

18 that did include that and done in great detail would have

19 great benefit and, in our judgment, a lot more benefit

20 than just doing more re-analysis.

- 21 It's questionable whether there is a great deal

:. 22 of benefit out of just analyzing these plants over again

23 for a big earthquake. And a walkdown is an awful lot

24 cheaper than re-analysis.,_
? >

]
25 MR. WARD: liow many engineers are there in the

'

.,

w

w --
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($) I country who are qualified to do that?

2 MR. KENNEDY: Oh, I think there's a large number.

3 What that number is, is hard to say. But it's certainly

() 4 -- it's certainly over a hundred. I doubt'if it's over

5 a thousand.

6 What it does require, though, are engineers who

7 are experienced in earthquake engineering, that ought to
8 have at least looked at the damage that an earthquake can

9 cause before doing one of these reviews.

10 CO-CHAIRMAN SIESS: Out of the hundred to a ,

11 thousand, how many are on the NRC staff?

12 MR. KENNEDY: Can I take the Fifth Amendment?

13 There are some. There are definitely some, and very

O
t i T4 competent ones. My biased judgment is maybe there's not
.LJ

15 enough.

16 MR. SCAVUZZO: Bob, don't you think there should

17 be some analysis along with a walkdown? I have an awful

18 lot of structure, and just by looking at it, have a diffi-

19 cult time saying it's going to break.

20 MR. KENNEDY: Oh, certainly, there has to be

t 21 analysis as well as the walkdown. But it should be focused,

22 analys'is --

23 MR. SCAVUZZO: I agree widt that.

24 MR. KENNEDY: -- not a complete re-evaluation of
O

25 the plant. For instance, piping systems running between

(

- -. - . _ .. . _ _ - . - .-
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()) I two buildings with anchorages in one building close to

2 the other building and an anchor in the other building

3 close to each other, there has to be an analysis to judge

7f 4 whether there's adequate flexibility in the piping loop

5 between those two anchors to accommodate whatever relative
6 displacement you would expect. That is going to require

7 some analysis. There has to be analysis of lightly

8 reinforced block walls. I mean, you can't just do it

9 by staring at the wall.

10 CO-OfAIRMAN SIESS: Or leaning against it.

11 MR. KENNEDY: No, that's not enough, either.

12 Maybe if all of the earthquake engineers or a large number

13 of them are fairly heavy.

14 CO-QIAIRMAN SIESS: !!ow about a large number

15 of them leaning against it?

16 MR. KENNEDY: I think if you put enough of them

17 leaning.

18 Anyway, it needs to be familiar with how equipment

19 and structures have performed in past earthquakes. And

20 they need to look at failure mechanisms.

21 The level of walkdown and inspection requirements-

22 differ. They are larger -- For margin reviews in the .34 .-

23 to .5 G, they are more rigorous than those in the -- for

, - -s 24 margin reviews less than .3 G. For margin reviews greater

25 than .5 G, there would be a further need for rigor.

(
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([) 1 Things that absolutely require further investiga-
2 tion and research that the panel is not prepdred to' make

3 much in the way of statements on, other than the statement
n
() 4 that there is more research needed. Design and construction

5 errors; this whole question of recoverability from relay

6 chatters; circuit breaker trip; and system and operator

7 interaction.

8 (Slide)
9 I want to make a few brief statements on each

10 of those. Design and construction errors -- Earlier in

11 answer to a question, I said some of this. But, basically,

12 there is discovered design and construction errors and

13 undiscovered design and construction errors.
. . .

14 Discovered design and construction errors are

15 either corrected or they are evaluated to determine their

16 importance . And they are definitely considered in seismic

17 PRA's.

18 The undiscovered errors have not been system-

19 atically considered. Sensitivity studies indicate that

20 they would have to be major errors to significantly change

21 the risk.

< . < - 22 The panel's opinion is that if these undiscovered-

,

13 design and construction errors could be included, the

24 seismic risk from this cause alone, would increase or7y
!

25 may te counterbalance any conservatisms in the seismic

b
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{}, 1 PRA's that fragilities may be too conservatively defined

2 in some cases.

() 3 But if you only look at this cause alone, the

4 risk is going to increase. So from this cause alone,

5 the risk -- the seismic PRA's underestimate the risk.

6 The panel's judgment -- now, this is a weakly

7 held judgment and we've talked about it a lot. I don't

3 know how to categorize it. Maybe the best thing is to

9 say is "the panel's gut feeling" because it is weakly

to held. The judgment is that if you could include these

11 undiscovered errors, the amount of increase in risk wou1d
,,

12 not be so great that you can't get a reasonable approxiqa-
13 tion of the risk by ignoring them. Categorizing that,

( 14 what that probably means is that on the average undiscovered
,

15 design and construction errors might increase the r'isk .

16 something on the order of a factor of two to five.
,

17 But the panel really feels this whole subject

18 of how to treat undiscovered design and construction errors

19 in seismic risk studies has to have more research.

20 Now, whether it's important in seismic margin

21 studies is not as clear. The panel does feel that if

22 you ha've an undiscovered design and construction error,-

23 it 's -- the way to take care of it is not to require

( 24 greater margin-for everything else. You know, if you don't

25 have an error and you're willing to live with high

D
i

,

a
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e

b 1 competence, low probability failure on a .3 G carthquake,

2 you don't have to all of a sudden go to a .5 G earthquake

3 because of fear that there may be some undiscovered error.

O 4 the war ee eake cere of ie -- ehe reat wey to

5 care of it is better QA and QC during the construction

6 phase. That's too late maybe in some cases -- well, once
;

7 it's built. :I mean, you've had your chance,. basically,

8 to take care of it. And there's very hard to find undis-
'

9 covered errors. Some of them can be found, but there's

10 a category of undiscovered errors, if they exist, that

11 would be very hard to find. And probably the first time

12 we will find them is when a major earthquake occurs. Now,

13 that may not cause failure, but it would likely cause
'

14 distress. So, of course, after a major earthquake, we'd

15 like to be looking for signs of distress. .-

16 MR. WARD: Well, has there been, in the fossil

17 plants and chemical plants and so forth that have been

18 examined after earthquakes, has there been anything

19 attributed to design and construction error?

20 MR. KENNEDY: Yes. I'll say a statement that I

21 think that John Reed and Bill liall agree -- but if they

22 do n' t, they probably should make their own statements,

25 too, on that subject.

24 I think what we feel, based upon experienceg
'' 25 from fossil-fuel plants and industrial plants, if a

(i
-
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([[ 1 nuclear power plant is ever severely damaged by an earth-

2 quake, if it is -- so you already know that it's been

3 damaged -- now we're making conditional probability

() 4 s tate nen ts , conditional that it was damaged -- we would

5 bet on the side that the damage was due to an undiscovered

6 design and construction error rather than on the side that

7 it was due to anything being considered in the seismic

8 PRA, but not substantially so, you know, that it would be

9 a close to an even bet. But I think it would probably

10 weigh towards the design and construction errors being

11 the cause if there is severe damage in a future earthquake.

12 DR. OKRENT: I think that's what history tells

13 us.
'

($' ) -

14 MR. KENNEDY: That's what history tells us. Of
(v)

15 course, history is on plants that don't have the QA and

16 the QC that the nuclear power industry has.

17 DR. OKRENT: I'm talking about history on nuclear

18 power plants.

19 MR. KENNEDY: Well, we don't have seismic damage*

20 on nuclear power plants.

21 DR. OKRENT: No, but we've found errors.

22 MR. KENNEDY: Yes, we've found errors. And

23 history in these other plants in earthquakes definitely

24 points to design and construction errors being a signifi-

O
25 cant contributor to the damage.

:

,
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h I (Slide)
2 MR. KENNEDY: I don't know. Do you want to add

3 anything to that, John, or did I --

O 4 MR. REED: 2 hse s e feir seaeemene.
5 DR. OKRENT: I think the San Fernando and El

6 Centro last earthquake gives the same clue; don't they?

7 MR. KENNEDY: Yes.

8 DR. CARBON: I guess your gut feeling is based

9 just simply on the belief that there is a fair amount of

10 conservatism in the designs and a belief in the defense

11 in depth that we 've got. .

12 MR. KENNEDY: It's based on a belief in the

13 defense in depth. I don't think -- Conservatism in the,

.O
i 14 design, in my opinion, does not give me a warm feeling

15 over undiscovered design and construction errors. But

16 defense in depth and the QA and QC programs does.

17 Nuclear power plants have had errors found, but

18 not at the same rates as in other kinds of facilities.

19 So I think there is a feeling the prevalence of such

20 errors is less and that there is defense in depth and

21 there is redundancy. And it requires a major error.'
.

' ! 22 MR. RICHARDSON: Excuse me. I wonder if I could

23 recouch Dave Ward's question. In the examination of

24 industrial facilities that have experienced earthquakes,

-

25 has there been evidence that design and construction errors

O
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(] ; contributed to failure?

2 MR. KENNEDY: In the failures that I sa'w at

r 3 Coalinga, most of those failures of structures and equipment
* \ )3

4 that were subjected to -- that vere designed to something

5 like the Uniform Building Code -- those failures are

6 in the category that I would judge to have been caused

7 mostly by design and construction errors.

8 Things like olive View Hospital, I would judge

9 to have been mostly a design and construction error, but

10 that's not a facility like a nuclear power plant and it's

3; not a heavy industrial facility.

12 The problem is heavy industrial facilities have

g3 not shown very many failures. And --
, ,

()-) 34 MR. RICHARDSON: Isn't that an indication that.

15 -- We know that there were undoubtedly some design and

16 construction errors in those facilities, and in fact

17 they didn't surface as a contributor to the failure. And

33 in those cases where there were failure attributed to

19 design and construction errors, is it fair to say that a

20 lot of them were in the support and anchorage area?

21 MR. KENNEDY: Yes. I mean, the only valve that'

'

22 we have documented evidence in an industrial facility that''

23 failed, failed from what I would call either a design or

() 24 a construction error. It was on a very flexible pipe

i 25 right next to a civil structural column, and nobody worried

b
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() I about the gap between the valve and the column or what that

2 pipe might be doing in the earthquake. And the valve was

3 thrown against the column enough times that the valve

I 4 got tired of it and failed.t_/

5 MR. ETIIERINGTON : Would you say it was fragility

6 based on loss of function or material damage?

7 MR. KENNEDY: Fragility is supposed to be based

8 on loss of function. The attempt is to base it on loss

9 of function.

10 MR. ETl!ERINGTON : So the structural support

11 should be made to allow the shape and --

12 MR. KENNEDY: Yes , but -- Yes , theoretically,

13 yes. In practice, if the structural support has undergone
' '

14 substantial deformation, that's judged to be failure.

15 CO-Cl! AIRMAN SIESS: To put it another way --

16 MR. KENNEDY: If anchors are judged to fail,

17 that's judged to be failure to operate.

18 CO-CHAIRMAN SIESS: Put it another way, if you don't

19 know how to compute how much it deflects, you assume
*

20 it's failed?

21 MR. KENNEDY: If it has gone beyond your ability

12 to compute, you've assumed it's failed.

23 CO-CliAIRMAN SIESS : Yes.

24 MR. SCAVUZZO: Bob, just a c;uestion about that7sd'

25 valve that failed. Wasn' t it made of cast iron, as I

,~.
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i
I re nember? Or are you thinking of the same one I am, wherej(y
2 the flange area broke?

,

3 MR. KENNEDY: The yoke is what failed. I'm()
4 trying to refresh my memory. I think you're right, but

5 I'm not sure of that at all.
6 MR. SCAVUZZO: This leads to another question.

7 Has the panel looked at the use of brittle materials,

8 cast aluminums or cast iron, in the nuclear power plant,

9 and are concerned about --

10 MR. KENNEDY: Has this panel --

11 MR. SCAVUZZO: Yes. Has anyone done that?

12 MR. KENNEDY: I don't believe this panel has

13 discussed it. The Senior Seismic Review and Advisory'

V 14 Panel made -- you know, on the 846 issue, made very clear

15 recommendations that the experienced data would support

16 the lack of f ailure of yokes on motor operated valves

17 so long as the yoke was not brittle.

18 MR. S CAVUZZO.: Okay.

19 MR. KENNEDY : That if the yoke was brittle, they

20 were not willing to make such recommendations.

21 Yes, John?

* 22 MR. REED: This is John Reed. One of the things

23 that we have discussed is the possible presence of cast

24 iron piping. And one of the things that we have included
-

25 as part of our screening guidelines for piping during the

0
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{) 1 walkdown this is one of the things that ought to be looked

! 2 f o r. And if cast iron piping is found, then a margin
f

;3 3 evaluation of some form needs to be conducted.'~

,x_J
4 MR. KENNEDY: Yes. Our chapter clearly indicates

I
i 5 -- Oh, I guess, you know, to expand upon that, cast iron

6 at the pressure boundary, we 're not going to make margin

7 statements on. Cast iron in the yoke is not as bad as

8 being cast iron on the pressure valve.

9 MR. SCAVUZZO: Just another comment on the use

to of cast materials because I've had a lot of experience

11 with naval shock. And failures are normally associated

12 with either the use of cast aluminums or cast iron. And

13 it happens over and over again; people don't seem to learn.

14 I think one should try to steer people away
I

15 from the use of those materials. v

16 MR. KENNEDY : I think that's a very good point.

17 I think we probably should strengthen that in our chapter

18 four.

19 DR. SHEWMON: Let me ask a mettalurgist's question.

20 There is such a product as ductile cast iron. Does anybody

21 ever use it for that kind of application?

22 MR. SCAVUZZO: Yes, they have used the ductile

23 cast irons, and they have been subjected to a high naval

(n,! 24 impact. We're talking about electric motor housings.

25 And they have successfully passed it. So as long as you

(
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h.) I have ductility, it's all right.

2 I'm talking about grey cast iron with low --
,

3 with effectively a brittle material.

(]) 4 DR. SHEWMON: Well, flaked cast iron as opposed

5 to a nodule.

6 MR. SCAVUZZO: That's right.

7 MR. KENNEDY: All right. The subject of circuit

8 breaker trip due to relay chatter.

9 (Slide) ,

10 Sensitivity studies indicate that this could be

11 a major contributor to seismic risk if it were included

12 in the seismic PRA's.

13 Our concerns deal with the capacities of relays
o
/4 14 lea, ding to breaker trip. Now, you can have relay chatter
'

O
15 on a certain level that doesn't lead to breaker trip.

16 But it's the level of relay chatter that would lead to

17 breaker trip.

18 And the second part of that issue is can the

19 operator reset the breakers in time?

20 CO-CHAIRMAN SIESS: Does he know he has to?
|

21 MR. KENNEDY: Well, I guess that's also part of
-

i

22 it. Does he know he has to? And if he knows he has to,

23 can he?

24 Our concern is primarily dirscted to those --,

|
' 25 that circuitry that contains locked-in, locked-out, and

i

.

1 (5)
i
,
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(['; 1 even more important, seal-out circuitry. And we know much

2 circuitry does exist.

'
3

j Now, I think the panel feels that that's really

4 going to have to -- other than the capacity part of it,

5 the rest of it is going to really have to be addressed

6 by really very detailed review of circuitry. And a number

I7 some members of the panel are experts in that area.--

S Some of the rest of us are not. But more research needs

9 to be done. And we have not addressed that issue.

10 Co-CHAIRMAN SILSS: have you looked at the

11 extent to which that might vary significantly among designs?
.

12 MR. KENNEDY: I don't know how to answer -- no,

13 I don't. I believe the question being asked there, you

CO 14 know, have we looked -- These relay chatter, if they cannot
*

15 be recovered from, definitely and significantly increase

16 the risk.

17 The question is, can you recover or not? Most

18 PRA's have assumed you can.

19 Now, your question was, do we notice differences?

20 CO-CHAIRMAN: Yes. How generic is this? How

- 21 generically can it be treated?

22 MR. KENNEDY: I don't think it -- Oh, I'm sure

23 we can answer that it canr.ot be generically treated in a
,

_ 24 complete sense. I mean, there are definitely dif ferences

25 between plants with the same d Triple S system in some of

O
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<g 1 their detailed circuitry.

2 I think that the real question is probably most

3 of these circuit breaker trips, the operator would have

() 4 time to recover from. And so what you need to do is narrow

5 down the list, and that hasn't been done yet. And then

6 that narrower list, you have to 'look at the type of relays

7 that exist in those circuitry, and probably you could

8 generate generic fragility data on certain types of relays.

9 The problem is right now there are so many types

10 of relays, and unless the list gets narrowed down, it would

31 be a very major program to get generic fragility data for

12 re lays because there are just so many different types.

33 CO-CHAIR!iAN SIESS: I was thinking more of the .

14 circuitry..
1 -

\v'
15 IIR . KENNEDY: I think the general feeling of

16 the panel is that it's plant specific, and very substantially

17 plant specific.

13 The last thing I want to mention is system

19 interaction.

20 (Slide)

21 We believe that any systematic study of seismic

12 margin' for earthquakes bigger than the SSE must include

23 system interaction, absolutely must. Looking at systems

24 interaction only up to the SSE and then doing some kind of
(3(_) 25 a margin for only seismic category one equipment beyond

!

b
!
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() I the SSE would be a mistake, that if we're going to worry
2 about carthquakes beyond the SSE, we must worry about systems
3 interaction.

() 4 The particular areas of concern to the panel

5 menbers are in the area of the battery rack, the battery

6 room,, where we are concerned about failure of very lightly

7 reinforced or unreinforced block walls that have been
8 re-evaluated and shown to be capable of withstanding the

9 SSE, but much of the margin was taken out of the evaluation

10 just to get them up to the SSE. And now, if we're going

11 to worry about earthquakes beyond the SSE, they have to

12 be re-evaluated again for this large an earthquake.

13 Light fixtures in the battery room, space heaters,

14 similar kinds of things associated with the diesel generator
*

15 area, and hung ceilings in the control room. And our

16 concern is really f ailures of these kinds of things impacting

17 on the safety-related equipment and resulting in failures

18 of the safety-related equipment.

19 Our belief is that a detailed walk-through is

20 the best way to address these systems interaction questions..

21 Look for the places where you have safety equipment that'sa

potent' ally vulnerable, and then determine which non-safetyi12

23 equipment has to be evaluated.

- 24 Our liCLP numbers in Table 4-1 are based upon
'

' 25 no systems interaction problems causing failures of the''

/~
'
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m
I safety system. Those !!CLP numbers do not include systems(,

2 interaction.

(') 3 The bottom line to all of this presentation is
~

v
4 -- what we've tried to do is we've tried to put together

I 5 what we think are the most critical seismic margin issues

6 at various earthquake levels so that we could minimize

" 7 the amount of time and dollars spent on further seismic

8 margin reviews, and also cause these further seismic margin
4

eviews to focus on at least what we think are the real

iss'es rather than spending millions of dollars reanalyzing10 u

11 civil structures, regenerating floor spectra, and many..

.
12 of the same kinds of things that we've done in the design. . ,

,_
13 process. Those things are necessary for design, but I

y
,

think most of our categories for margin reviews can be14

15 treated in a little bit different way.. . , .
.,-

16 CO-CHAIRMAN SIESS: Bob, when you talked about

';-
17 undiscovered design and construction errors, does design

18 include analysis?

19 MR. KENNEDY: Yes, I think so.

20 CO-CHAIRMAN SIESS: Okay.

21 MR. KENNEDY: Certainly; yes. Otherwise, I'

22 should'have said " design, analysis and construction errors."

23 DR. AXTMANN: In your full list of items, which

24 you didn't go through, the HVAC items were listed but not

25 discussed very much. So I'd like to ask what I'll call the

O
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kh) 1 "Dade Moeller Memorial Question." On control room habita-

2 bility and seismic margins in HVAC systems --
3 MR. KENNEDY: Could you maybe put the Viewgraph

4 up on HVAC, to refresh my memory more than theirs.

5 (Previous Slide)
6 In past earthquakes, HVAC ducting has generally

7 come through earthquakes reasonably well until the ground

8 motion gets pretty large, and that's because of its very

9 light weight and because of its ductility. Our major

10 concern in HVAC has been -- we have a fair amount of
Il concern for fans and coolers and some of these kinds of

12 things that are very often mounted on shock isolation

13 systems. If they're mounted on shock isolation systems

'A} 14 in a nuclear plant, we are not going to make a margin

! 15 statement other than that at earthquake bigger than the

16 SSE, they ought to be looked at, because equipment mounted

17 on these shock isolation systems -- these isolation

18 systems tend to isolate them vertically, but provide no

19 lateral restraint, if they're poorly designed. Now,

20 people can design proper ones. But they have to be looked

21 at. So we would worry about that.

22 At earthquake levels in .3 to .5 G range, we

23 are also concerned about anchorage of even that equipment

24 which is not shock isolated. Below .3, I think our concern

25 is only with the shock isolated equipment. And we're
I

1

._
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() I concerned about ducting that has to pass between buildings
1

2 such that it could be subjected to relative displacement. l

3 The habitability of control rooms is a systems

() 4 engineering question that I don't want to answer. I would
:

5 rather have a systems engineer answer that.

6 CO-CHAIRMAN SIESS: He's next. We'll let him

7 address it.

8 MR. KENNEDY: All right. I'm not a systems

9 engineer, and so I really don't want to attack systems

10 engineering questions.

11 CO-CHAIRMAN: Well, somewhere the assumption is

12 made that failure of ducting between buildings can lead

13 to something worse; right?

14 MR. KENNEDY: If you need to have that HVAC --

15 I mean, I'm not sure that very many of these HVAC systems

16 actually have to operate after an earthquake. If they

17 have to operate, ducting that passes between buildings is

18 more vulnerable than ducting that stays within the same

19 building.

20 CO-CHAIRMAN: And the question of whether at

21 Category A or B is going to be taken up by the next speaker.

22 MR. KENNEDY: Yes. That concludes that I had

23 to present.

24 CO-CHAIRMAN SIESS: Anything else? Okay.s

b
2s . w .: .a

0
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n 5
(j 1 CO-CHAIMUW SIESS : Nc .: we're going to get into

2 systems analysis. Paul? ,Q

just wbnt to introduce Mr. Paul3 MR. BUDNITZ: I.

() 4 Amico, who is going to present this part of it.

5 MR. AMICO: I don't have an introduction slide

6 with the names of the panel members on it. I hope you

7 can remember them, and we 'll just get right into it.

8 (Slide)
9 Basically, the screening criteria that we've

10 developed from the -- developed for the panel is based

11 on the seismic PRA results of six out of the seven PRA's

12 that were publicly available. And the reason it's six

13 is these are the six PWR's. There was only one BWR, and
#3.

\-C 14 we really didn't feel we could say anything based on that.

Ib
i 15 What we have up here for each of those -- each
1
i
'

16 of the plants is the dominant plant damage states. Now,

17 plant damage states basically defines and characterizes

18 the core melt condition. And just to kind of go over them;

19 really quickly and see what kind of plant damage states

20 are dominating earthquake seismic risks -- SE is a smalli
!

21 LOCA, core melt occurs at high pressure, early melt, no

22 containment functions available.

23 Okay. AE is similar for the large -- it's the
,

( 24 large LOCA case.

(s- 25 The ones up there that you see, Z, and for|
,

!
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(h) 1 Mi llstone 3, V3, that's essentially the same as the large

2 LOCA, no containment. Those are containment failures,

3 either -- some kind of structural failure of containment. I
l

() 4 TE is very similar to SE. It's a transient

5 case rather than a small LOCA case.
6 The one for Indian Point 3, TEF, represents a

7 case where, again, we have the early melt and transient

8 co nditions, but a containment system is available. In

9 this case, it's the fan cooler system.

10 Now, when we get to the last two there, Seabrook

11 and Oconee, they use a slightly dif ferent nomenclature.

12 DR. AXTMANN: What was Z?

13 MR. AMICO: Z was a containment failure. For .

,~s

h-4 14 Indian Point, it was some kind of a structural failure.
U

15 I think it had to do with backfill for that particular

16 plant. So in that case, the assumption is that the

17 containment doesn't exist.

18 Yes?

19 CO-CHAIRMAN OKRENT: Are these small LOCA's

20 that are caused by a rupture in the pipe or some other

21 source?

22 MR. AMICO: Due to slightly differing assumptions

; 23 in different PRA's, it turns out that the small LOCA's

i 24 in Zion and Indian Point are due to station black-out.
,

( .

25 It's a reactor cooler pump seal LOCA from a loss of cooling.

'

'

O
|
,

!

|
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( )i 1 Millstone, for other reasons, put those in

2 Category TE. And so their SE actually represents a pipe

3 break, a small break.
p
(_) 4 Now, as we get down to the other ones which are,

5 again, we're talking -- there's some similarity. Seabrook

6 used a slightly different nomenclature, but 3FP is very-

7 similar to that Millstone TE. It's generally the same

8 thing. What the FP represents, however, is the fact that

9 they made an assumption in Seabrook -- and I don't know

to exactly why -- but they did make the assumption, apparently

11 for certain earthquake levels, simply that containment

12 isolation didn't work. So what the FP represents in this

13 case is that there is a -- in addition to none of the

G 14 containment systems working, there is a small hole, lessjg
V

15 than three-inch hole in the containment due to a failure

16 of isolation. And that was with a probability of one.

17 They said that's the way it is, and I'm not exactly sure

18 of the basis of that.

19 7FP, again, that's a similar sequence, but a

20 late melt in this case.

21 For Oconee --
.

22 CO-CHAIRMAN OKRENT: Excuse me. Do you know

23 why it is that only Millstone predicted a small LOCA

24 due to pipe break, and none of the others? What is unique
, ,,()'

25 about Millstone?'

'

,

W

|

|
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I[) 1 MR. AMICO: I don ' t think there 's anything really

2 unique about Millstone. I'm not exactly sure what those

3 frsgilities are based on, and perhaps someone could fill

([) 4 that in. But I believe that they used the same fragility

5 for the small and large pipe breaks.

6 The other plants, basically, it could very well

7 be that there are pipe breaks in those SE plant damage

8 states, but that they did not dominate. Once you put

9 the small LOCA's from the station black-out into SE, then

10 those are the dominant contributors to SE. And if there

11 are any pipe breaks, they're just not in that dominant

12 list.

13 For Oconee, again, they use a slightly different

14 nomenclature. But IC, IIIC and VC are essentially, again,

15 SE, TE, and AE. They just used a dif ferent nomenclature.

16 The one in the middle, IIC, is a late melt

17 transient, which is kind of interesting. I'll talk about

18 that a little bit later.

19 Now, those HCLP values are the same -- philosophi-

20 cally the same as the HCLP values we've been talking about

21 for inds.vidual components, except in this case there are

22 logica'l expressions for each of those plant damage states,

23 expressions that represent the different failure combinations

24 that can lead to a plant damage state. And the HCLP for
,

i )
25 the plant damage state is developed mathematically using''"
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. (]) I those expressions and the HCLP's for the individual com-

2 ponents, Okay.

3 And, as you can see, what we',re looking at over

() 4 the values over here is in general what they are for those

5 different plant damage states.

6 Now, I want to point out one thing. Oconee,

7 as you notice, is much lower than the other ones. It's

8 the opinion of the panel that those are exceedingly low,
,

9 overly conservative. And that's based on the judgment

to of the fragility experts on the panel, that the fragilities

11 for the individual components generated for those PRA's:

12 were very conservative.

13 Looking at the other ones, what you tend to see,
* *

fe3'

k"4 14 the trend here is that for the small LOCA's and transients,
U

15 the HCLP's run around .3g; large LOCA's, where you're

16 talking about failures of large piping mostly due to

17 support failures, reactor pressure vessel supports, those

is are in the .5g range; and that things like these V3 's,

19 these punch a hole in the containment type thing or

20 containment failure things, they run high. .6 is the-

21 Millstone V3. Indian Point 2 and 3 there are into .8

and ab've g range.22 o

23 CO-CHAIRMAN OKRENT: After you remove a problem --

24 MR. AMICO: After we remove design and construction

25 errors.

O

--- _
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h 1 CO-CHAIRMAN OKRENT: At Indian Point 27

2 MR. AMICO: No. Maybe Bob Kennedy can answer

3 that. I didn't develop the fragilities.

() 4 CO-CHAIRMAN OKRENT: I mean, they had one sequence

5 that occurred at less than a HCLP of .34g, which they

6 fixed.

7 MR. KENNEDY: Bob Kennedy, SMA. On Indian Point

8 2, there was an outlying dominant contributor to seismic

9 risk core melt, but it was not a dominant contributor to

10 containment failure. Dominating core melt, and it was

11 impact between two different buildings, one of the two

12 buildings bein g the control room, being the building

13 that housed the control room, And there was great concern

b:r~ 14 that that would damage equipment in that building. And
(
s

15 that caused a fix to be done on Indian Point 2.

16 That impact between buildings is considered in

17 Table 4-1 as part of the margin review items.

18 CO-CHAIRMAN SIESS: Are these numbers after the

19 fix or before the fix?

20 MR. KENNEDY: This is after the fix.

21 CO-CHAIRMAN SIESS: At what HCLP did that occur?

12 MR. KENNEDY: I don't believe we ever calculated

23 that , but it would have been pretty low.

.

24 MR. AMICO: It would have been the dominant --

25 in this case, with the control building impact, we're

O

- --
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,g

.h3) I talking damage state SE, and that would have dominated.

. 2 MR. KENNEDY: Probably around .2g'or maybe even

3 less, probably down between .5 and .15g. It was never

- 4 calculated.

5 (Slide)
, ,

'

6 MR. AMICO: All right. So, based on the results,

i 7 what we tend -- just to get an overview of these results,

8 we can make this statement. In general, the dominant

9 seismic core melt plant damage states involve early melt

to with loss of consequence mitigating functions.

11 (Slide)

12 And trying to put this into the PRA context

13 of what are plant functions, when you have a PRA what
,

, (53'

14 are you looking at as far as the plant safety functions?

| 15 These are generally what most PRA's consider

16 from'a functional standpoint. Reactor subcriticality is). .

17 shutting down the chain reaction. Normal shutdown function

18 is the function of being able to bring the plant tx)

19 shutdown, removing heat by using the secondary cycle,

20 the main steam condensate, the feed water system..-

21 Emergency core cooling -- in this case, emergency-

t' 12 core: cooling (early), that -- in the PWR case we 're talking

23 abou t, that is the injection phase of an accident. Also

24 includes -- the auxiliary feed water system is generally

. ( ).|
25 included under emergency core cooling, PRA definition of it. *

|()
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(]1 1 The late cooling, then, as we ' re talking -- the

2 later phases of the accident, recirculation, if that's

3 required. .

() 4 Containment heat removal, then, is removing to

5 the ultimate heat sink, the heat that's building up in

6 the containment either in a sump, the sump water.

7 And then we have the two containment overpressure

8 protection functions, early and late, having to do with

9 keeping the pressure and containment down so that you

10 won't get a rupture. And this early and late is a little
'

11 bit different than the core melt early and late in this

12 particular case. We 're still ta] Ring in general about

13 injection and recirculation. But these functions are not

14 needed until later. You don't nehd the containment
x_)

'

15 overpressure protection function unless you're into a

i 16 core melt scenario.

17 MR. ETHERINGTON: In your work, are you looking

18 for or finding any systems that should be category one,

|

19 and are not?

20 MR. AMICO: I wouldn ' t -- I couldn' t answer that
i

j 21 q ues tion. I don't know if anyone else can. Should be

12 category one? I don't believe so. Bob?

23 MR. ETHERINGTON: If you don't know the answer --

l 24 CO-CHAIRMAN SIESS: I don't think it enters

(
25 because I believe they assume the same fragilities whether<

i

(

-

1

I
|

|
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([) I a component is category one or not.

2 MR. BUDNITZ: Oh, I understand ~the question now.

3 One of the conclusions that others might reach from this
t'

' _)s\ 4 work is you cou 3d imagine them finding systems that are

5 lower capacity that you would want to upgrade. I could

6 imagine that. In which case, you might want to change

7 that categorization. But we looked at them as they are

8 and just as they come, as I understand it.

9 CO-CHAIRMAN OKRENT: Did you look at seismic

10 as a cause of fire in any of your looking?

11 MR. BUDNITZ: I don' t think any of the PRA's

12 have looked at that.

13 CO-CHAIRMAN OKRENT: _ ell, I'm asking the panel.W

b'_)le 14 MR. AMICO: No. We only took -- What we -

\

15 evaluated was in the PRA's.

16 MR. BUDNITZ: Does anybody in the room know of

17 any looking at that?

18 (No response)

19 I didn't think so.

20 MR. AMICO: In the PRA's , they did generally

21 consider seismic events leading to internal and external

j 22 flooding, but not fire.

23 MR. DUDNITZ: Yes, I know about the flooding.

24 MR. AMICO: All right.

25 MR. BUDNITZ: Dave, it's important to point out

. i

. -. . - . __ __ _ ___ _ -
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() I to those that aren't aware that a reasonable seismic

2 vulnerability exists in many plants because of fire walls.

3 CO-CHAIRMAN OKRENT: Yes, I'm aware of that.

10 4 MR. BUDNITZ: You put up a fire wall, and it'ss_/

5 a seismic problem. That's a common thing.

6 CO-CHAIRMAN OKRENT: Yes.

7 MR. BUDNITZ: It's certainly something you'd

8 want to screen for.

9 CO-CHAIRMAN: But there are hydrogen lines and

10 other lines and --

11 MR. BUDNITZ: Yes, I understand the question.

12 CO-CHAIRMAN: And I just haven't seen or heard

13 it mentioned. .

a
-

14 MR. BUDNITZ': No one has looked, as far as-I know.

15 CO-CHAIRMAN: Or the fragility estimated.

16 MR. AMICO: Anyway, considering the results,

17 we took a look at, again, the results of the PRA's, and

18 it led us to this grouping of the two different sets of

19 functions.

20 And basically, when you look at it this way,

21 there are two ways that you can get a core melt, at some.

22 conbination of functional failures in Group A which leads.

23 you in general to an early core melt, relative core melt,

24 or some combination of failures in Group B which will tend

O 25 to lead you to a late core melt.

(!
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fj) 1 (Slide)

2 So, when we looked at the PRA results from the

3 stand point of those groupings, we -- it appears that in

{' 4 general we can make the following statements.

5 okay. What the first equation there says,

6 basically, is that the probability of functional failures

7 -- the f ailure of the Group B functions, okay, given that

8 there is an earthquake and a failure of the Group A

9 function, is one. If you get failure in A, you're going

10 to get failure in B.

Il CO-CHAIRMAN SIESS: From the earthquake?

12 MR. AMICO: From the earthquake.

13 The next equation states that -- what we 're -
A

14 saying is that the probability of B failing, giving an

15 earthquake, and that A succeeds -- so you had a success

16 of function A and you get failure of B -- is approximately

17 eq tal to that conditional probability of B failing given

13 A success if there 's no earthquake. So that what -- we're

19 saying that function B is only affected by the earthquake

20 to the extent that function A, or that -- the final

. 21 statement there, they are very closely linked during

22 seismi'c events.

23 Now, this is based, again, just simply in looking

24 at wh'at kind of results we 're getting from these seismic

25 PRA's.

o

.
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(]) 1 Now, we could go again and look back one more

2 time at that --

3 CO-CHAIRMAN SIESS: Put that back.

-( ) 4 MR. AMICO: Could you put that back on?
!

5 CO-CHAIRMAN SIESS: I want to be sure I understand. 1

6 MR. AMICO: Okay.

7 CO-CHAIRFmN SIESS : In the first equation, that

8 A is really A, given an earthquake; right?

9 MR. AMICO: Yes.

10 CO-CHAIRMAN SIESS: 'And it's'also in the second

11 equation? That's A not failing in an earthquake?

12 MR. AMICO: A not failing in an earthquake. And,

13 then, the second part of that is not failing when there 's-x
,

P' 14 no earthquake.'

15 CO-CHAIRMAN SIESS : Right.

16 MR. AMICO: Okay. Now, there were a couple of --

17 CO-CHAIRMAN OKRENT: Excuse me.

18 MR. AMICO: Yes?

19 CO-CHAIRMAN OKRENT: Could you maybe help me

20 to understand why, if a lose emergency core cooling, which

21 is in Group A, I have a probability of one of losing

12 contai'nment heat removal?

23 MR. AMICO: Because -- and this is the thing

24 that the PRA's are leading to and what this whole discussion

O 25 is really about as I go further into it -- but because

(;



211

(h)i 1 the things that dominate seismic core melt risks tie A and

2 B together. There are certainly things in the plants that

3 exist that don't, but those don't dominate.

() 4 CO-CHAIRMAN OKRENT: So there is implicit in

5 there, then, the idea that whatever caused A to fail would

6 cause B to fail directly?

7 MR. AMICO: Corre ct.

8 CO-CHAIRMAN OKRENT: Like loss of power?

9 MR. AMICO: Right. Okay.

10 (Slide)

11 Now, we did have a couple of cases in that list

12 where we did get late melts. So then we had to go back

13 and look at those and see if those really -- if those --

s 14 you know, if those contradicted what we were saying.-

V.
15 Well, in the Seabrook damage state 7FP, which

16 is a late melt, the late melt has to do with assumptions

17 regarding reactor cooler pump LOCA during station black-out

18 in that they assumed that the LOCA starts very slowly

19 and is a very slowly, extended period of time, so that

20 you don 't need your safety injection systems.

21 However, the core melt is still caused by

'

22 functional failures in Group A. It's just that Group A

23 i sn't required for a longer period of time, so it's called
|

24 a late melt because it happens more than three hours after

25 the initiating event.

AM
/

I
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@}j 1 In the case of Oconee IIC, this is the failure

2 of the Jacassi Dam. It's an interesting site specific

3 effect. And what happens to make this a late melt, again,

() 4 is not only the functional B failures occur and function A

5 do esn ' t, but that's there's a timing thing assumption in

6 the PRA that it takes a certain amount of time af ter the

7 dam fails for the water to get down to the plant and flood

8 the aquipment. By that time, you're now in a late melt.

9 But it does tend to indicate, as Bob Kennedy

10 talked about before, you're always going to have to look

11 around for certain special cases, unusual things, and

12 to evaluate them separately from the screening criteria.

13 (Slide) y

14 So now -- what we have now'is an initial screening

15 concept. It says that we can evaluate the margin, we

16 can get a reasonable estimate of that margin by concentrating

17 virtually all the effort on the systems which provide those

18 functions in Group A.

19 (Slide)

c.: 20 And when you do this, there is the possibility

21 for two different types of errors. We call them Type I'. -

12 and Type II errors.

23 If -- In Type I errors, what we're saying is

24 if there exists sequences of a high likelihood which

f.
N 25 re sult in core melt from a cusscess of A and a f ailure of B,

Qi

_
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{} 1 then you're not going to find them. They are going to be

2 missed.

3 Now, the Type II f ailure is the opposite case.

( ) 4 What we're saying, if there are sequences that involve

5 failures in these Group A functions, resulting in an

6 early melt -- okay? -- but the containment protection

7 functions succeed, then what would happen in that case is

8 we're saying diat we 're assigning these to the wrong plant

9 damage states, that we 're saying these are core melt with

10 no containment cooling when they really should be core

11 melt with containment cooling. We're not missing.any

12 coza melts, but we're just saying they're more serious

13 than they really are.
' *

14 (Slide')

15 Now, we did -- we went back again to the PRA's

16 and now started looking at them in more detail and. to the

17 individual sequences of five of the PWR PRA's. Now, five

18 of them because at the time we didn't have the detailed

19 results of the Oconee PRA.

20 Of those sixteen, in our judgment, they all would

21 have been identifidd using this screening concept that we

12 came up with, that we would not have missed any of those

23 core melt sequences.

24 But of those sixteen, only fifteen of them, again,
,s

( )'''' 25 would have been properly assigned to a plant damage state.

.,
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(b 1 In one case, we would have had -- there was one sequence

2 th at involved a f ailure, an early failure of the functions

3 in Group A and the success of containment function, so that
/'

x,) 4 we would have said that was a dif ferent plant damage state.

5 What's important, though, is that for these

6 things which we call Type II errors, is only important

7 if we're dealing in risk because if all -- if what we're

8 talking about, and what we have mostly been talking about

9 is margin in the form of margin to some core melt, the

10 danger of core melt, then it doesn't matter what plant

11 damage state or how we categorize the core melt sequence

12 so long as we find it.

13 Now, we just finally got a copy of the detailed

g analysis from Oconee, which has been gone over. And with14.

15 the exception of that dam failure, Jacassi Dam failure,

16 the first glance, the first look those results in'dicates
17 that they also fit into this criteria that we 've developed.

18 (Slide)
19 Now, there 's a lot of other limitations and

20 things that are involved in this. As I said, if you're only

21 interested in core melt margin, margin to core melt, then'

22 Type I'I errors don't matter. We're not concerned with*

23 those. We're only concerned with the Type I errors, which

24 is a core melt, a late core melt due to failures -- to
7,

( )
25 late functional failures because those would be missed.'~'

.
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([) 1 Now, again, a plant walkdown is going to be

2 required to look for unique plant features. Now, we're

3 talking about very unique plant features, such as the

() 4 dam, such as the building interaction at Indian Point

5 with the control building, but not things such as the

6 number of trains in particular safety systems, how those

7 systems are tied in with support systems, because the

8 plants that we 've seen and we 've looked at have dif ferent

9 types of arrangements and that doesn't seem to 'af fect the

10 final conclusion of the dominant core melt sequences.

11 Again, we do have the problem of this is based

12 on a small sample of PRA's. We only have six published

13 PWR PRA's that we could look at and come to these conclu-

h('"\ 14 sions. And it's not at all applicable to BWR's, and a
s)

15 lot more investigation has to be done into . that.

16 Now, there are a number of PRA's in the pipe.

17 We're going to try to get access to some of that information.

18 It's going to be provided to us, and we're going to be

19 able to see then if they also fit into these same screening

20 criteria.

~

21 CO-CH AIRMAN SIESS : How do you recognize a

"

22 dnique feature? Are you making a catalogue? I me an ,

23 everytime somebody mentions -- and they mention the Jacassi

24 Dam, Indian Point ceiling, would suggest that we onlyg_,
25 know the unique a posteriori.

(<
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1 MR. AMICO: Well, no. Someone who went through,

.

2 the plant recognized initally, when they were initially

-( ) 3 doing the study -- someone during a walk-through said,

4 " Hey, this looks like a problem. We'd better include it

5 in the analysis. " And for these types of things, in the

6 PRA context or in any context at all, in any kind of

7 margins context at all, you cannot -- you can't have a

8 category that 's going to say, "I've covered every possible

9 unique feature." And I don't care whether you're doing

10 it in the PRA context or if you're just looking for things

.11 that may compromise the plant margins, someone is going

12 to have to recognize that this is something that doesn't

13 look right.

14 There is something that Bob' Kennedy mentioned,>

15 the systems interactions. That's mostly what these things

16 are, is the systems interactions thing.

17 CO-CHAIRMAN SIESS: They have to know what looks

18 ri ght .

19 MR. AMICO: They have to know what looks right;

20 exactly.j

21 CO-CHAIRMAN SIESS: It has to be somebody that's

22 f amiliar with the PRA's that have been done and what's
;

23 been included in them, and here they see something that

O 24 just doesn't fit.

25 MR. AMICO: More than people involved in the

!G
!

,
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(h) 1 PRA's, I think it's more the experts that Bob Kennedy was

2 talking about, that have to be able to find things that

3 have a low capacity, just to identify the things that are

) 4 unusual wit h low capacities, and then to consider where

5 they would fit in the PRA. But I wouldn't say people who

6 understand the PRA's. That would be something that would

7 have to be done by people who are specifically looking for

8 unusual items of low fragility -- low -- yes, low capacity.

9 CO-CHAIRMAN SIESS: Don't worry.
1

10 (Slide)

11 Anyway, this is basically in the same type of

12 format as the tables that Bob Kennedy showed you, the

13 screening criteria that we've developed.

- 14 Now, what we 're saying is that F represents

I 15 something which is assumed failed. And, again, I'm saying

16 assumed failed for earthquakes above the SSE but below

17 .3g. And those are offsite power and these normal main

18 steam, main feed water systems, shutdown systems.

19 For other items, there are different categories

20 where they start to come into play. The major feature of

21 this particular table is the things in functional Group B
^

22 which are labeled A, and that's that assumption that we

23 made back, that A is linked to B and we're going to just

24 assume that those things fail, if you get a core melt

.O
25 due to functional failures of Group A and they're going

(/
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t{} } to succeed if you get a core melt due to functional failures

2 in Group A.

3 DR. SHEWMON: What is normal shutdown? I have

() 4 visions that anytime there's an earthquake, the control

5 rods don't move.

6 MR. AMICO: Yes. This normal shutdown function

7 in a PRA sense, what we defined as normal shutdown is

8 shutdown using the normal power conversi6n system, the

9 secondary site of the plant. So we 're talking about not

to the shutdown of the reaction, but cool down -- I guess

jg we could call it " normal cool down" -- using the main

feed water, the main steam system, the condensor and the12

13 circulati rg water system.

14 And die reason we say "a'ssumed f ailed" in this-

,

15 case is because I do not know of any plants in which those

16 systems can function in the absence of offsite power. And

17 we 're assuming that that will f ail at earthquakes above

18 the SSE.

19 CO-CHAIRMAN OKRENT: Where is the emergency.,

; 20 shutdown heat removal on your list of Group A and B.-

21 Did I miss that?

|
- 12 MR. AMICO: Well, emergency core cooling,

23 emergency -- auxiliary feed water is considered, in --t

24 again', in the PRA sense, it's emergency core cooling
,

25 system.

!
I

|
,
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() 1 CO-CHAIRMAN OKRENT: It is?

2 MR. AMICO: Functionally; functionally.

3 CO-CHAIRMAN: Okay. So the auxiliary feed water

() 4 system.is under your item three; you're saying?
5 MR. AMICO: Right.

~6 Now, the steps in the analysis that we're talking
7 about performing is we're talking now -- now what you have
8 to develop is --

9
_

CO-CHAIRMAN OKRENT: Excuse me. What is X, again?

10 MR. AMICO: X means you have to review it for

11 margin -- for earthquakes in that range.
12 CO-CHAIRMAN OKRENT: Okay; thank you.

13 MR. AMICO: In the steps in the analysis we 're

k 14 talking about now, it simplifies the type of analysis thatu.)
15 has to be performed. We're talking about early or Group A
16 core melt event trees.What we 're talking about, then,-is you
17 can develop a list of generic sequences, functionally
18 speaking, but then for each plant they have to be plant
19 specific because the systems differ. You can develop

20 these event trees,and all you're concerned about is whether
21 you get core melt from failures in functional Group A.
22 Once you have determined you either do or you don't, then
23 you stop at that point.

14 So those where you do, now you are going to takeO 25 these systems that are lef t in the analysis, the systems

Gb
v
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hh) I that perform these functions, and you're going to do

2 simplified fault trees. And by simplified fault trees,
'

3 they are going to be fault trees of those systems that

() 4 we still have in the analysis, but not including those

5 components that, based on the fragility insights we talked

6 about before -- the equipment and structural fragility

7 in sights -- those will not be included. The ones that

8 are screened out will not be included. Only those ones

9 left in through the fragility screening will be included

10 in the trees for those systems.

11 Now, we talk about -- I mention -- here, again,

12 we mention relay chatter, nonrecoverable relay chatter,
, .

| 13 walkdown insights. At this point, then, you have to
'

,1w

14 augment the Boolean expressions, the logical expressions

15 for these core melt sequences that you've looked at. You

16 have to augment them with these insights. And that's

17 so nething, again, that you just can't get around. S till,
|

18 it's the way it's done now, even in the detailed PRA's

19 that are done. You have to isolate and find these insights

20 an d then say, "Oh, this should be added to the equation.

21 The next -- Then, the final step is that you,,

. 12 evaluate them. You evaluate them -- now, we get into the

23 important point we have to make about HCLP's. And that's

24 if you're -- you can use these HCLP's for the individual
(~%

! \_/
L 25 basic events, for the equipment and the structures, if

I
n
v

|
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'm
,gt I all you're interested in is the margin to the core melt,

2 in other words, developing another HCLP value, the core

3 melt HCLP, the point -- and this is -- this is the point

|( ) 4 at which the plant may be beginning to be compromised

5 by an earthquake. And that's what you can get -- you know,

6 that 's what you get. You get the HCLP.

7 Now, if -- it does not say anything about risk.

8 Trying to use HCLP, these HCLP values in order to do anything

9 with risk would be very misleading. . If you wanted to

10 ma ke a risk estimate, you would need to get frequencies

11 that you could integrate with hazard curves and with

12 consequence curves so that now you would have to start

13 getting into that uncertain regime that we talked about
4

14 which would use -- would have to use the median values

15 for the components.

16 However, in general, we do believe that the

17 Boolean expressions that we would develop from this

18 screening criteria would be sufficient to do that. You
i

19 could plug the medians into these Booleans that we've'

20 developed and get a reasonable estimate, probably on the

. 21 conservative . side based on the one type of error problem

.
22 that you run into.-

|

| 23 CO-CHAIRMAN OKRENT: How early is "early"?
|-

| 24 MR. AMICO : Okay. In this case -- in the case
.(

25 of consequence enalysis, that's why --

C

L

!
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(,)) 1 CO-CHAIRMAN OKRENT: No; no. For core melt.

2 MR. AMICO: Okay. For core melt, in the case

3 of early, what we 're talking about here is core melts

() 4 due to failures in that functional Group A. And the

_
5 reason we have to say that is because it turns out that

6 there were a couple of occasions where there were unusual

7 things which said -- which what you really had was injection

8 failures - and auxiliary feed water f ailure and that type

9 of thing, station black-out, but because of certain plant

to sp ecific conditions, that that core melt did not occur

11 until af ter the magical three-hour time period where they

12 say that's -- for the consequence standpoint, that's the -

13 difference between early and late.

Q 14 CO-CHAIRMAN OKRENT: Excuse me. I still don't*
-

15 understand. When you talk about emergency -- a failure

16 in Group A of emergency cooling, and it says "early,"

17 is that an early failure of the emergency core cooling?

18 MR. AMICO: That is a failure in the early phases

'19 of the accident, which are generally considered to be

20 injection --

21 CO-CHAIRMAN OKRENT: Ten minutes? I'm trying tot

i 12 get a' feel for -- what, an hour?

23 MR. AMICO: It is within --

24 CO-CHAIRMAN OKRENT: Before you go to recircula-

)
|

25 tion? I'm trying to get a --

()
:
|

|
,
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(;! 1 MR. AMICO: It would be -- The time, for example,

2 for a LOCA -- the time is usually assumed to be that you.

3 need injection within a half-hour. If you have a transient

() 4 without a LOCA, then you're talking about boil-dry time

5 on the steam generators and you're talking about you need

6 to have the auxiliary feed water on before you get a

7 boil-dry.

8 So it's that -- the time period is somewhat

9 flexible based on the particular -- the phenomenology of

10 the particular sequences shich you are trying to evaluate.

11 CO-CHAIRMAN OKRENT: I guess you've told me

12 when you needed to start the cooling. But I'm not sure

13 _ when you defined " late cooling" would begin. Did I.miss
m
bI 14 it?

*

d
15 MR. AMICO: No. Late cooling is recirculation.

16 But that exact time is, again, somewhat flexible. If

17 it's a large LOCA, it's much sooner. For a small LOCA,

18 it's further down the pipe, timewise.

19 CO-CHAIRMAN OKRENT: What is late cooling so far.

20 as just shutdown heat removal? I'm just trying to understand,

21 what you mean.

: 12 MR. AMICO: Late cooling is -- When you say

23 " shutdown heat removal," you mean normal RHR cooling? Is

24 that --
b
'~

25 CO-CHAIRMAN OKRENT: Well, look. We don't have

>
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(5) I to have a LOCA. We can have --

2 MR. AMICO: A transient.

3 CO-CHAIRMAN OKRENT: Yes. And let.'s say we

() 4 scram, and now we have to go to the auxiliary feed water

5 system.

6 MR. AMICO: And in that case --

7 CO-CHAIRMAN OKRENT: When is early and when is

8 late?

9 MR. AMICO: Okay; fine. In that case, for the

10 transient case, simply late is usually defined as after

11 a certain number of hours. That, again, is based on the

12 phenomenology of when you would get the core melt. So

13 usually when they analyze -- for example, when they analyze
p
\si 14 an auxiliary feed water system, there's a start and initial
0

15 run analysis up to a certain point in time. And if it

16 fails within that point in time, they. call it early. And

17 then they do a fail to continue to run analysis for that

18 time to the end of the analysis, and they state that is

19 to be the late failure of auxiliary feed water.

20 CO-CHAIRMAN OKRENT: And there's something that

21 Einstein told us, or whatever, that tells us when the time

22 is tha't ends early and --

23 MR. AMICO: They just do a thermalhydraulic

24 analysis to determine what time frames are important for

25 the consequence analysis. There's a --

O
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() 1 CO-CHAIRMAN OKRENT: So it's tied to the conse-,

2 quence?

3 MR. AMICO: In that case, it's tied to the

() 4 consequence analysis. And that is what -- It's unfortunate

5 that we had to get -- to a certain extent, to get into

6 plant damage states, because plant damage states are

7 defined for the consequence analysis. And what we're

8 looking at right now, more important to us is trying to

9 get these functional systemic insights as to what generic

to sequences we have to look at as being important to seismic

11 core melt. "

12 CO-CHAIRMAN OKRLNT: So implicit in this'is

-

your assumption that an earthquake is unlikely to provide13

ru. i .'' 14 a problem to recirculation in the absence of a loss of

15 powe r?

16 MR. AMICO: No. It is unlikely to result in a

17 loss of recirculation in the absence of a loss of injection,

18 in the absence of an early failure.

19 I can certainly postulate ways that that can

20 happen. But they -- I can postulate, for example, that

21 there is a separate recirculation system for a particular

22 plant. Millstone 3 has one. And I could postulate thatn

23 fo r some unusual reason the fragility of the pumps in that

24 system, or the capacity of the pumps in that system, is

O 25 very, very low, and therefore that would be the dominant

G

I

|
-
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() I contributor to core melt.

2 Well, the point is that we're not saying that

3 it is not at all possible to postulate these things. But

(_) 4 simply based on the fragilities of the different components,

- 5 based on the results you get of the seismic PRA's, those

6 aren't the combinat:.ons that are dominating. The combina-

7 tions that are domit:ating are things that failed both.

8 CO-CHAIRKMT OKRENT: I'm a little worried about

9 a common mode error in the PRA's, if you know what I mean.

10 MR. AMICO: Well, okay, I can understand that.

11 But when we reviewed the PRA's , one of the things that

12 we wanted to make absolutely sure is that they weren 't

13 making this assumption in the doing of their PRA's, that

( 14 they weren't just analyzing these plant damage statesg .

15 and ignoring the other ones .

16 And we are comfortable in saying that they have

17 not done that, that they have tried to do these analyses,

18 including all the plant damage states, have made a good

19 effort to include all the components and to, you know,

20 perform the analysis in such a way that if there were these

21 combinations, that they would have shown up.

22 CO-CHAIRMAN OKRENTS: I guess one of my other

23 fears here is that the NRC staff will look at this and

: 24 say, " Gee, all we have to do is look at things related,s

-

25 to Group A when we're trying to review seismic aspects."

s

| 'Y
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7
1 On th e other hand, they are keenly interested in all thismj

2 work that says that if the containment heat removal and

3{} clean-up systems work, it helps on the source -- you see
4 what I mean?

5 MR. AMICO: And I understand that, again, we

6 do have to make that very important distinction between

7 what we are considering to be margin. If all these

8 systems are doing is changing the source term, then if

9 we're looking at:.this, trying to find this HCLP margin,
10 then that dbesn ' t matter, because we're talking about a

11 margin to a core melt. *

'

12 CO-CHAIRMAN OKRENT: You are?

13 MR. AMICO: Right. Right; we are.
'

\s' 14 CO-CHAIR $AN OKRENT: The_ paragraph referred to
-

15 risk.

16 MR. AMICO: And I can say that we can get a2

17 conservative risk estimate, but that you are absolutely

18 correct, that we can get this conservative risk estimate

19 based on the -- based on the fact that we're going to

20 have certain -- we may have certain types of errors which

21 will -- where we 're assuming that these containment

12 functions are not available, where in reality we should
.

23 think they are available. And, therefore, we 're going

n)(_ 24 to have plant damage state frequencies that are somewhat

highbr for certain plant damage states.25

O
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). 1 All right. That's all I have.
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(]) 1 MR. BUDNITZ: What I want to say is, briefly, where

2 we are going from here, not that we haven't already said it.

3 The next thing we want to do is, and we are going

i.,_)j
r

4 to be starting this at our next meeting, is develop from

5 this information proposals for what we are calling interim

6 screening criteria. And they will be screening criteria

7 that we would propose the staff to use on one or two plants,

8 plants that haven't had a seismal PRA.

9 Now, we haven't picked a plant yet, either. We

10 are not lying when we say we haven't picked them. It is

3; not as if we have some in mind that we are just not telling

12 anybody. We really haven't talked about it.

13 The plants we would like to find would be plants
A
7^*) 14 where' an ongoing, internal initiator's PRA is ongoing but
's /

15 where we don't have the seismic stuff so that we have some

16 event tree / fault tree information developed. That would

17 be an ideal plant to find.

13 And then it should be clear to everybody what we
|

| 19 are going to do. We are going to establish these criteria,

20 the screening guidelines. We are going to try them; we are

21 going to see what we learned.

22 We are, obviously, going to have to ask a lot of

6 23 questions, in the first-round screening, that go at the

24 uncertainty we still have ourselves in these things, so as--

/ \
~

25 to find out how -- you used the word " robust". I don't like

n
U
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({} y that word much, but to really find out how robust they are.

2 I, frankly, doubt that one or two plants is enough

3 to make these conclusions as strong as we would like,.but

(''s; 4 we are going to do what we are going to do and then we are

5 going to sit back and see. And we will, probably, come and

6 tell you.

7 CO-CHAIRMAN SIESS: Do these trial plants have

8 to be plants for which there is no PRA?

MR. BUDNITZ: We would like to have a plant for'9

10 which there is no seismic PRA. Because, if there is a

yy seismic PRA, the odds are that members of our panel know

about it.12

13 CO-CHAIRMAN SIESS: That is what I was getting

14 at. -*

15 MR. BUDNITZ: And we are worried that that would

16 not be objective.

17 CO-CHAIRMAN SIESS: You couldn't find a few

18 ignorant people out of that 100 to 1000 that --

19 It seems to me that that would be a better test.

20 MR. BUDNITZ: Well maybe, Chet, but, you see, there

21 is a problem. Any PRA or any analysis you do on a plant

22 involve the people that own or run the plant, if they know

23 about it, and we are not sure how objective that could really

24 be.

|x/ 25 So, we haven't talked about this; we are coming

O
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1 to it. But I am expressing what I think we are going to{'j
2 come to and we have talked about it enough so we kind of

9 3 feel that.
'.)

4 And then we are going to try these out and we are

5 going to learn what we learn.

6 CO-CHAIRMAN SIESS: Are you going to do this on

7 what I call reasonably recent plants?

8 MR. BUDNITZ: We haven't decided that yet, either.

9 CO-CHAIRMAN SIESS: Not back at the SEP; is it?

10 MR. BUDNITZ: No, I would say it would be a

ti mistake to go back to, let's say, to the half-dozen oldest

12 plants and pick one of them. I don't think that would be

''

33 typicall enough for a --

14 CO-CHAIRMAN OKRENT: Why don't you take Jesse*

15 Point (phonetic). .

16 MR. BUDNITZ: Well, that is r.ne of the hundred.

17 CO-CHAIRMAN SIESS: Rancho Seco, that's close.

18 MR. BUDNITZ: We have a hundred plants to pick

19 from.

20 CO-CHAIRMAN SIESS: We are just trying to pick

21 decent locations.

22 MR. BUDNITZ: I live in California; I want to pick

23 one nearby but, obviously, it has got to be in the east.

() 24 I mean, it only works in the east.

25 MR. WARD: Have you looked at the screening that

)

:
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(?) y was done for this Task 845 of the --
%.

2 MR. BUDNITZ: We are on top of that and, of course,

3 as you saw in one of the other viewgraphs, the 846 stuff

n 4 is stuff that is incorporated in our thinking.
U

5 We could, probably, benefit from some adivca of

6 anybody here who has a plant or -- not necessarily the name

7 of a plant, but a system or a function or something that

8 we ought to be thinking about looking at. That is, if

9 somebody knows of a particular system or a function at a

10 place that wouldn't fit this, that we can test it out on,

yy we might want to try that. We are wide open. I think that

12 is the best thing to say.

33 Is that a fair -- I mean, all the members of the

14 panel nodded. We just haven't come,to that yet..

o'
15 Now, before we do that, we sure could use inputv

16 from anybody, any technical input that we can get about the

17 validity of. what we are thinking and its limitations so that

33 we can take the next step as fruitfully as we can. And that

19 is a lot of why we are here.

20 And that means not only the people in the room

21 but, you know, there are PRA -- there are seismic PRA

22 analysts, some in the room and some not in the room, that

23 we are going to have to bounce this off of, too. There

24 aren't that many of them. A lot of them are on our panel.

25 But, we are going to have to try that on them, too. And we

O
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([h' I will.

2 CO-CHAIRMAN SIESS: Bob, the panel has made some

3 fairly specific recommendations for research.

( ~),
.

, , 4 MR. BUDNITZ: Yes, sir.

5 CO-CHAIRMAN SIESS: Do you plan to make any more?

6 MR. BUDNITZ: I am sure we will.

7 CO-CHAIRMAN SIESS: As a result of your --

3 MR. BUDNITZ: We haven't taked about it yet but

9 I am sure, as a result of what we have learned, there are a

10 few research topics that we would be suggesting that are

it worth going after; you bet.

12 Now, that initial list; I put it up earlier.

13 CO-CHAIRMAN SIESS: Yes.

14 MR. BUDNITZ: I won't say it is obvious but it
g

15 sort of -- they are kind of broad topics, the question of

16 operators, questions about electrical systems --

17 CO-CHAIRMAN SIESS: Well, that is what I was going

18 to ask you.

,
19 Do you intend to define those any more precisely?

|
'

20 MR. BUDNITZ: We might, perhaps. And, also, there
i

21 are some topics not amongst those that we might find worth
|

l 22 defining. That is, we may want to suggest that a certain

23 class of information be pursued, either systems information

24 or fragility information. It may be going to the ten or
,f-

'

! 25 so PRA seismal theories that are not published yet.and just"

1
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. (() 1 kind of culling them through to see certain correlations

2 or trends or the like.

3 The next stage is -- well, this isn't done yet,

(')T
4 the next stage; we are wrestling with it as a panel. I think

u

5 that is a fair thing to say.

6 And, we have got all the boilers to do. We don't

7 have any boiler information, to speak of.

3 CO-CHAIRMAN SIESS: Some of the things you have

9 recommended are things that you don't know but you think

10 it might be nice to know. Like, you don't know whether you

11 need to know it or not until you find out what it is.

12 MR. BUDNITZ: Nicely spoken.

13 CO-CHAIRMAN SIESS: How about things that you don't

14 know and you are sure you need to know it?

Is MR. BUDNITZ: There are only three of those and

16 those are on our list. Those were the design construction --

17 the undiscovered major --

18 CO-CHAIRMAN SIESS: Those are the three.

19 MR. BUDNITZ: And, then, there is the question

20 about the operators. And, then, the electrical system stuff.

21 Those are three things that we know we want to know.

12 CO-CHAIRMAN SIESS: You know you need.

23 MR. BUDNITZ: Yes, you bet. We know we need them.

24 CO-CHAIRMAN SIESS: Okay.

25 MR. BUDNITZ: That we are urging effort to be spent

G
,
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F' i on them, that it is, probably, going to come -- none of thats_;

2 is going to come in in the next three or six months, you

br^<
3 know, but which is --

4 CO-CHAIRMAN SIESS: I thought you were going to

5 say years.

6 MR. BUDNITZ: Well, even a year or two. I mean,

7 these things are difficult and we know that they are

3 potential flaws or vulnerabilities in what we are

9 approaching.

10 There isn't an -- unless any of the panelists wants

yy to add anything, there isn't anything else I can think of

12 that is really as generic as that.

33 CO-CHAIRMAN SIESS: Or in the second category.
O.
/' j4 You need to know it but you are not sure how badly you need-

15 to know it, or it might be nice to know.

16 MR. BUDNITZ: There is a lot of stuff it would

17 be nice to know.

13 CO-CHAIRMAN SIESS: Oh, well, yes.

19 MR. BUDNITZ: I mean, it is hard to --

20 CO-CHAIRMAN SIESS: You can get along without it.

21 MR. BUDNITZ: Well, no. I mean, it is hard to

22 say, you see. Let me just give an example. And hs e, again,

23 we are just talking about the PWR's. If I wanted to go into

24 the BWR's, I could make you a list as long my arm of things

25 I would like to know, that we will have to get into.

p
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[]) 1 In the PWR's, I remain uncertain about whether

2 there are PWR's with the tendencies between the Group A's

('') 3 and the Group B's that are of a different character than
'm )

4 the ones we found in the six or the seven plants -- the six

5 plants we looked at, and, at which those Type II errors,

6 although they are not, as Paul said, important for the core

7 melt business, they could seriously -- that is, the damage

a state could be very badly miscategorized, rather than just

9 the difference between PE and FE isn't that big a deal.

10 I can dream up some of those. I don't have any -

11 idea how probably they are. You know, you can dream up

12 systems failure combinations that may or may not be

13 troublesome. I would sure like to know that.
EM
b' '. 14 CO-CHAIRMAN SIESS: Well, we might ask the members

15 of the subcommittees if they have any ideas on things that

16 they think we ought to know, that is, subjects for.research.

17 CO-CHAIRMAN OKRENT: I have a question before

13 people ask that.

19 It is not clear, to me, whether there was a

20 distinct recommendation on what to do about seismic systems

21 interactions.

22 MR. BUDNITZ: Well, Bob Kennedy's last slide

23 pointed out that, you know, a seismic systems interaction,

( 24 what I conjur up is something falling out of something.

.
25' There may be others but that is what I conjur up.

!

|
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i[E 1 CO-CHAIRMAN OKRENT: But, obviously, there are
t

2 others.

~

3 MR. BUDNITZ: Yes,

s

4 CO-CHAIRMAN SIESS: Relay chatter is one, but you

5 have already --

6 MR. BUDNITZ: Well, no. Well, I don't know whether

7 that is part of systems interactions or not. I mean, the

8 questions is what you mean by that.

9 What I was thinking about with systems

10 interactions was, those two words, in the seismic context,

11 mean sometr.ing falls on something.

12 I guess, what we were recommending, and he said

13 it, was that, in any plant study, you have got to walk around

(9 -

14 and you have got to look for them. That is simply said as
I

15 just saying the ten words. It is more complex to do, but,

16 I mean, that is what we mean, I think.

17 CO-CHAIRMAN SIESS: But you don't see a research

18 component for that?

19 MR. BUDNITZ: Is there a research component to

20 that? I don't think so, except if one could walk around

21 and do a bunch of these and then somebody ought to sit down

22 and tabulate them and look at them and see whether there

23 is a trend so that you can key somebody.

L 24 CO-CHAIRMAN SIESS: That isn't research.

25 MR. BUDNITZ: I would not call it research, myself.

)
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(; 1 CO-CHAIRMAN SIESS: Desirable, but it is not

2 research.

3 CO-CHAIRMAN OKRENT: It is not clear to me that --

4 MR. BUDNITZ: I mean, I would not think so.

5 CO-CHAIRMAN OKRENT: -- all of the important

6 interactions are those that would be visible --

7 MR. BUDNITZ: Oh, I agree. That is absolutely

a right.

9 CO-CHAIRMAN OKRENT: -- the seismic engineering

to group that does this walkdown.

11 MR. BUDNITZ: Well, yeah, in effect. To the make

12 the comment more explicit, it is clear to me that electrical

13 interactions could be, I mean, again, that is easy to say,

(]~ 14 not easy to figure out' how you would find those, except like*
v

ks
15 the other, you have got to go and look. It is a looking

16 and finding thing. It is not something where you can --

17 it is not something where it is easy to write a systematic

la guideline how to do it.

19 CO-CHAIRMAN SIESS: If you belive the circuit

20 diagrams, you can look at them.'

21 MR. BUDNITZ: For a lot of it, you can, actually.

22 I am involved in a project, now, that -- one

23 project that is going into this relay stuff is my project.

24 We are looking at the circuit diagrams for things

)(
'- 25 like the load sequence, their size.

G
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-r[j 1 And you learn interesting stuff but, you know,

2 we have got to go -- having done all that, now we have got

3 to go look at the thing which, by the way, we have done once;

{} 4 we have got to go try again. You do have to go and look.

5 CO-CHAIRMAN SIESS: But, if an instrument cabinet

6 falls over and does not hit anything, that is still an

7 interaction.

g MR. BUDNITZ: Yes.

9 CO-CHAIRMAN SIESS: But you figure you have got

10 that covered under anchorage?

yj MR. BUDNITZ: Yes. You are asking hard questions.

12 And we know; that is right.

13 And we have these funny things like, if you say,

'h 14 like at Indian Point, the ceiling f' alls down. Well, I don't

k,
15 believe you have a core melt every time that ceiling gets

16 in trouble but that was the assumption made and I don't know

17 what other assumption to make either. And one does a little

is analysis. I have even seen an additional -- I mean, if an

19 additional analysis is done. But it is hard to really know

20 what to do, there.

21 CO-CHAIRMAN SIESS: Well, let's see. The rules
i

! 22 now say that all the operators have to be in the control

23 room, so --

24 MR. BUDNITZ: Anyway, just briefly, what we are

25 going to do is what I said. We are looking for feedback'

O
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h I because we may have left some things out.

2 CO-CHAIRMAN SIESS: When do you expect to do the

3 trial reviews?

4 MR. BUDNITZ: Well, I will tell you what our,

5 schedule is. We expect to have our report available in,
~

6 perhaps, a month -- less than two months. That is, the thinc

7 that you in graph, we are still noodling on it. We had a

g meeting yesterday; we are having more.

9 I think we are, probably, a month or two away from

10 having written down the guidelines for the trial-plant

;i reviews, that is the interim screening guidelines, in a way

that we are comfortable with. And, then, those trial-plant
12

33 reviews are, probably, in the autumn or later. It depends

14 on identifying the plants and then identifying and getting.

U
15 the money and the team and so on to do that.

16 CO-CHAIRMAN SIESS: Are they being done under the

17 Livermore contract?

13 MR. RICHARDSON: The trial reviews?

19 CO-CHAIRMAN SIESS: Will the trial reviews be --

20 MR. RICHARDSON: That is not decided yet.

21 CJ-CHAIRMAN SIESS: But it may have to be another

22 funding f( r that?

23 4R. RICHARDSON: Yes. The funding is available.

24 I would point out that the report that the panel

(
25 is cominJ out with in one or two months, I think is_ going-'-

{ ,
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Gfj 1 to have to have some pretty close scrutiny, then, with the

2 NRC staff and I not sure, at that point, we will have had

3 a real set of screening guidelines..

(h 4 I think -- I could see that it may take some more

5 work, at that point, to develop detailed-enough procedures

6 and guidelines to start a plant trial.

7 MR. BUDNITZ: I agree. In effect, what we are

a liable to have is something that is, then, is the basis for

9 the detail. But we will, at least, have it blocked out.

10 At least I think that is where our panel is heading.

gy MR. RICHARDSON: Well, it is my --

12 MR. BUDNITZ: I don't know how long that is going

13 to be.

14 MR. RICHARDSON: I am kind of targeted to hope

15 to start trial plant reviews early in FY '86 and that is

16 about all I can say.

17 CO-CHAIRMAN SIESS: All right.

13 Do you think you will have results of two trial

19 plant reviews by this time next year?

20 MR. RICHARDSON: I would hope so, provided -- there

21 is a big caveat and that is that we get the cooperation of
the utilities and that is not at all clear that we are going22

25 to have that. We haven't attacked that yet.

24 MR. BUDNITZ: Nor have we talked, at all, about
g

'# 25 who is to do these.

h
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) 1 MR. RICHARDSON: Yes.

2 MR. BUDNITZ: Whether there is some benefit in

'N 3 their being done quite independently of the panel or whether

4 they ought to be done by the panelists. I mean, we just

5 haven't talked about that at all.

6 CO-CHAIRMAN SIESS: What about having EPRI do it?

7 MR. RICHARDSON: It is, certainly, an option that

8 we ought to consider.

9 CO-CHAIRMAN SIESS: You said you were working

10 closely with them and they have got about as much money as

11 you have and they would have less trouble getting the

12 cooperation of the utilities.

13 MR. BUDNITZ: That is not what EPRI told me-

'

14 yesterday.

15 MR. RICHARDSON: That is not what they told'us;

16 right.

17 MR. BUDNITZ: They feel that we will, probably,

18 have a better chance of getting cooperation.

19 CO-CHAIRMAN SIESS: You might not but Jim could.

20 MR. KNIGHT: Yes. Well, I want to throw in a

21 couple of cents here.

22 ; I think that is a caveat that we all ought to

23 recognize. To the best of my knowledge, there isn't a direct
n

> 24 regulatory basis, at this time, to go out there and require<

.

25 anyone to do this. And it, probably, is not a good.way to
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() I go about it anyway.

My own view would be that it would have to have2 .

3 the guidelines and the format down pretty well before we

(') 4 would open discussions with prospective utilities, from a'

v

5 couple of standpoints. One is so that we know who we want

6 and everything -- or as close to the ideal as possible.

7 I would want the people who, possibly, had already, either

8 undertaken or had underway, an internal PRA where there was

9 not an external PRA. I am sure a number of other things

10 that tends to narrow the population.

11 CO-CHAIRMAN SIESS: Jim, what was the regulatory

12 basis for the SEP for the non-FTOL plans?

13 MR. KNIGHT: . The SEP for the non --

14 CO-CHAIRMAN SIESS: Well, there was one group of
i

i)
| 15 old plants; there was one group of plants that still have'

16 provisional licenses.

17 MR. KNIGHT: Right.

| 13 CO-CHAIRMAN SIESS: And I assume that, for those

!

19 with provisional licenses, there was a regulatory basis.
'

20 MR. KNIGHT: Yes.

21 CO-CHAIRMAN SIESS: But what about for the plants

22 that already had full-term licenses. What was the regulatory

i 23 basis?

24 MR. KNIGHT: I really can't answer you.

25 CO-CHAIRMAN SIESS: There was a fair amount of

O
,

!

|
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.Q 1 cooperation obtained --

2 MR. KNIGHT: Oh, yeah. I would hope that we could

3 elicit the cooperation that we would need.

()F 4 But I, simply, offer it here as a thought that

5 it isn't a for-sure that can one, find the people that we

6 want and, two -- or find them in a condition, if you will,

7 that predisposes them from taking part in this activity.

8 CO-CHAIRMAN OKRENT: Well, I can suggest a carrot.

9 Leon Reiter might find it less likely that the

10 Charleston earthquake would move to any plant doing this

11 seismic PRA.

12 MR. KNIGHT: I guess I might say that you can think

13 of it but I think there are sanctions against --

(\ 14 CO-CHAIRMAN SIESS: What else do you.want to say?
/|

15 MR. BUDNITZ: We are done, if you are.'

16 CO-CHAIRMAN SIESS: Are we going to hear from Jim

17 again?

18 MR. KNIGHT: Just very, very briefly.

19 CO-CHAIRMAN SIESS: What,we would really like,
|-
! 20 Jim, maybe you have said it before but, what are you going ;

21 to do about the recommendations for research that you have

22 gotten from the expert panel, at this stage?

I 23 MR. KNIGHT: The only think I can say is that,

! - 24 at this stage, we are not ready to react immediately. We

k''
25 are working closely with the panel, of course, and developing

, s-
-
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(~) I research plans as we see it appropriate. And I have to admit

2 that some of them are terribly tough problems, like the desic n

(~} 3 and construction errors. It is just not immediately apparent

4 that we ought to trot off and dump some money somewhere.

5 I think we ought to proceed with prudence.

6 CO-CHAIRMAN SIESS: When pick up a budget '86,

7 you know --

8 MR. KNIGHT: Oh, I anticipate that, in '86, we

9 will be reprioritizing some of that money into these

10 recommendations but I can't tell you precisely what that

it will be right now.

12 CO-CHAIRMAN SIESS: And have you thought about

13 '87? I know you have.cs

'

"'' 14 MR. KNIGHT: Yes, we are --

15 CO-CHAIRMAN SIESS: In the process of that right

16 now.

17 MR. KNIGHT: Yes, and you will see some of these

18 items cropping up in the '87 budget and it is my hope to

19 get what we can get started in '86.

20 CO-CHAIRMAN SIESS: Now, you had 600K in '86 for

21 margin studies. Is that supposed to cover the trial reviews?

12 MR. KNIGHT: I think it is going to take more than

23 that. The 600K is going to be, primarily, in wrapping up
c
1, 24 the guidelines and getting ready to do the trial-plant

25 reviews. I look at trial-plant reviews coming out of our

l')-
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[) 1 validation budget. i

2 I guess I would like to make, before we end up,

3 one request, if possible.

.' 4 I think it is extremely important to the panel

5 and, certainly, to the NRC staff that we get what feedback

6 you can give us on your thoughts regarding the direction

7 this program is going.

8 We are charging ahead, here, fu11 speed. We are

h spending a substantial amount of money in developing this

10 procedure that will lead to spending more money downstream.

11 We would be very interested in knowing if, in your opinion,

12 you feel that we are, general or in specific, headed in the

13 right direction or what changes you would recommend to the'

s.-

14 direction that the program is going. We consider that a

15 very important part of this interaction that is taking place

16 today and I would be keenly disappoit ted if we got benign

17 neglect from you folk.

18 And one last -- I don't know if you have -- the

19 other panel members, there were six -- you heard from three

20 of the panel members. There are four other panel members

21 all here today. Whether you would like to hear their

22 thoughts on what we have done might be useful to you.

23 CO-CHAIRMAN SIESS: I am not sure there is time

24 to hear all their thoughts on what they have done. I had,
r s
v

25 sort of, assumed that the two members of the panel .that spoke

.

O
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(} 1 had somehow coordinated with the others.

2 MR. KNIGHT: Yes, they certainly have.

3 CO-CHAIRMAN SIESS: But I would like to ask any
n() 4 of the panel members if they heard anything they disagree

5 with or have any really important points they would like

6 to add.

7 MR. KNIGHT: John?

g CO-CHAIRMAN SIESS: John Reed have any?

9 MR. REED: Yes. This is John Reed.

I just wanted to elaborate on one point and that10

is this issue of the walkdown.y

12 Please don't interpret the walkdown as only a

33 physical walkdown of the plant. I hope you understand that

) 14 the walkdown involves not only physically walking down the

15 plant but looking at the design bases, looking at

16 construction drawings. For example, the problem at Indian

17 Point, the impact between the control room roof and the

33 adjacent building, certainly, wasn't discovered by a physical

39 walkdown; it was discovered by looking at the drawings and

20 understanding the structural dynamic response characteristics .

21 So, the walkdown is to be interpreted in a more broad sense.
!

22 CO-CHAIRMAN SIESS: Thank you.

23 Allin, do you have anything to say?

24 MR. CORNELL: Allin Cornell.

"

25 Maybe just one negative thought. That is, I,

m
Q
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(]) I certainly, support the positive ideas that are coming out,

2 of this panel process. And, as has been suggested, it is

3 going to, I believe, simplify and make less expensive the
X
(_) 4 margin study of any particular plant.

5 However, if you look at the problem that the glass

6 as being half empty, it says, if we read all of those three

7 columns, less than .335 or greater than .5, if we read the

a left-hand column, you will notice that you cannot go down

9 that column without finding some X's which, in turn, means

10 that, if you give me an arbitrary plant for which there has

11 been no margin study, you cannot say, a priori, that the

12 HCLP value of all components and structures in that plant

13 is greater than .3.

) 14 So; you concidde, then, you cannot say.for the'

15 Population of all plants that the HCLP value -- today, we

16 cannot say that that number is greater than .3.

17 CO-CHAIRMAN SIESS: Professor Shinozuka?

18 PROFESSOR SHINOZUKA: Shinozuka, Columbia

19 University.

20 I have been a member since February and, because

21 of that, I do not feel that I can take credit for interesting

22 work that was produced and presented today.

23 I would like to, however, offer the following

r~ 24 comments.

(.))
25 Seismic margin concept, as presented by the panel,

h
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(2) 1 is new approach in which HCLP values of peak ground

2 acceleration are introduced for screening purposes. I feel

3 that this will, certainly, downstream, help the procedures

j 4 of decision making in regulatory environments.

5 There is one item that concerns me from structural

6 mechanics point of view. I believe we, as Jim Richardson

7 indicated, that NRC research is strongly interested in

8 pursuing the issue of fragility estimation in terms of

9 experimental validation.

10 I believe, however, I would like to see that we

11 should, also, strengthen our analytical data base in the

12 area of nonlineal responsiveness with more enthusiasm than
~

13 we, at this time, seem to be content with.

14 In fhct, I suspect that not only the lack of test

15 data but the scarcity of the analytical data base is the

16 major source of the discomfort on the part of some structural

17 mechanics feel in accepting the results of PRA studies and

18 related effort such as this.

19 I am confident that such analytical base will,

20 significantly, enhance the credibility of what we are trying

21 to accomplish. I hope I can reflect this point of view in

7.2 the future meetings of the panel and hope I can convin'ce

23 the panel to take this point of view into consideration.

7^ 24 Thank you.
1 ,

25 CO-CHAIRMAN SIESS: Thank you.

O
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({j 1 Bill Hall, do you have any --

2 MR. HALL: This is Bill Hall, University of Illinoi s.

3 I am not sure I can add too much except to say

() 4 that this is, clearly, an educational process. As I have

5 reiterated before, before ACRS, I think the more we know

6 about the behavior of our systems and elements, the better

7 we will be able to define these fragility limits and, if

a there is anything we have learned today, pretty much what

9 we are seeing is predicated on understanding the fragility

10 aspects of the systems that we are talking about. So, to

33 me, progress is being made.

12 CO-CHAIRMAN SIESS: Bill, that is only true up

33 to a point.

h\ *

14 If we take the ACRS concerns from the Paria /Plince
k_/i

! 15 River (phonetic) letter about the contribution to the risk,

16 then, we have got to get into the seismic hazard.

17 MR. HALL: Surely, I didn't mean to neglect that,

is obviously. That is a whole other area.

19 CO-CHAIRMAN SIESS: Dave Ward?
|

20 MR. WARD: I want to ask Jim Knight a question.
!

| 21 Jim, I wonder what you see NRR doing with this
|
i 22 two years from now? As I understand it, in a couple of years ,

,

25 you are going to have a catalog of HCLP's or whatever you

| 24 call them -- each plant and you will have a seismic hazard
Is)'

L ^~' 25 curve for each plant and you are going to stare at those
i
t .

1 O

,
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([1 1 two things and try to figure out whether you ought to require

2 something done in the plants, I guess. And, if you do, then

3 it sounds an awful like this is going to be a new

4 definition of SSE.

5 MR. KNIGHT: I guess I can say I hope not.

6 I think -- apparently there is a body of concern

7 down there expressed by the ACRS and by others, by ACRS,

8 that consideration should be given to earthquakes that are

9 in excess of the SSE.

10 In response, the partial answer has long been,

11 we believe we have sufficient margin so that it is not a

12 matter of immediate concern and we are, certainly, pursuing

13 that.

|g 14 From my point of view, I watch this process two

15 ways. One is, there is something showing up here that says

16 you have immediate concerns, either design basis cr some

17 other reason that would require a shorter-term action.

18 I am particularly, personally, pleased with the

19 way this is moving for the very reason that I, also, see

20 the process as being useful for a number of instances. Some

21 of the ones, we were discussing with the panel yesterday.

12 Let us say there is a plant that has an earthquake that

23 exceeds the OBE and we are into a regime where we say, "Well,

e 24 is it a hundred percent inspection of the entire plant?,
\ ;

'
25 or "Can we have high confidence that an earthquake such as

O
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], y this has really had very little impact except in some few i

areas and we will go give those closer scrutiny." j2
s

It is conceivable, certainly, as we have already .3

( ) 4 seen, that there may well occur an earthquake that causes

5 us to change our perception of what the hazard ought to be

6 in that particular location or that particular place. And,

7 perhaps, some reevaluation might be order. And I can see

8 the effort paying off there.

9 So, I don't -- as I originally, I must admit, viewe d

10 the program, it left me as a, it's called a line regulator,

gg wondering myself, "What am I going to do with this?" I had

to take a something of a wait-and-see attitude. And, to
12

a certain extent, I am still doing that.'-

13
O

'

34 But I think there are applications -- very, very

15 real applications for the work that is being done, above

16 and beyond, say perhaps, some necessary rethinking of what

17 level of seismic protection we have to provide.

18 Did I answer your question -- I hope.

39 MR. WARD: I get impression, though -- are you

20 anticipating that once these existing plants are evaluated

21 that you will be coming to the conclusion that the existing

22 seismic resistance of the plants is good enough and that

23 -- is that --

24 MR. KNIGHT: Yes. The one answer is to, let us

''

25 say, to many people's thinking, if you will allow me that,

.O
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1 by definition, it is good enough now because there is a desie n(]i
2 basis for the plants that meet the design basis and they

t ; 3 are licensed and operating. And, should the work that is' '

v
4 being done demonstrate certain soft spots, there is really

5 nothing to say, at this time, except we would have to look

6 at those, they'd have to compare any -- in the process of

7 giving any consideration and, if something needs to be done,

8 we would have to look at, perhaps, other things that might

9 compete with for resources that would be necessary to do

10 that, whatever that was. It is difficult to project forward

11 to the ultimate use of this work other than to say that it

12 is serving a need at the moment in being in response to the

13 Advisory Committee and we see applications that are --

14 undoubtedly, be before us. I mentioned such --

15 CO-CHAIRMAN SIESS: Jim, how did you interpret

16 what the ACRS asked for?

17 We wrote a series of letters regarding specific

18 plants. This morning you addressed what had been done on

19 those. And then we wrote a letter proposing that this be

20 looked at generically. Unfortunately, I don't have a copy

21 of that but it said something to the effect that a study

22 should be made to get some idea of what the seismic margins

23 were and, I think, it, probably, also said something as
m

\_J 24 whether seismic is insignificant computed in the risk.

25 I don't think I heard you say that it is .the staff' s

;O
1
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({} 1 intention to apply this type of review to all of the existing

P ants after the two trial plants.l2

3 MR. KNIGHT: I think that is a fair statement.
,

( 4 It is not our, as of this moment, at least, right

5 on the face of what we see before us, I will tell you it

6 is not our intent to apply it to all existing plants.

7 CO-CHAIRMAN SIESS: But we would have seven or

8 eight seismic PRA's now plus a few more that are in the works

9 and may eventually surface and be reviewed plus the two trial

10 reviews that, assuming the screening criteria adequate, would

11 tell you something about those plants.

12 And, what you are saying, I think, is, is that

13 there is no regulatory basis for asking other plants to go

h through this process to establish what seismic margins are.
*

| 14
| t_J

15 MR. KNIGHT: I think a fair statement is -- I don't

16 see one right now. But, like all of these things, we are

17 doing this work, it is going to give us insight and information.

i 18 Conceivably, the work that develops here would be such that,

19 for a number of reasons, you might want to enter into the

20 process, if you will, and that would be going up through

| 21 the Commission saying, "We think some things need to be done
.

!

22 or some changes need to be done or some further investigation s

23 need to be done." and have a decision made as to whether

24 or not you need to do this.
,

(] 25 But, I would see that as taking place in a norn. --

|

G
:
,

. . _
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y if you will allow me, orderly process outside of the

2 requirements that are now placed.

3 CO-CHAIRMAN SIESS: Because what the expert panel

(J; 4 has done and would be able to do, it would be able to refine

5 and firm up with additional research, is to develop a

6 methodology for evaluating the seismic margins and, presumabl y,

7 a methodology for evaluating the seismic risk if you want

8 to do a PRA, and, maybe, with an abbreviated one; I don't

know.9

10 But, if there is no attempt to apply this across

yy the board or, I guess, that is what Dave Ward was asking

and I just wondered what the staff thought.12

CO-CHAIRMAN OKRENT: I would like to pursue this13
'

g point and some related points with Jim.
,

! 15 The Committee, as you know, recommended to the

16 Commission that, in connection with taking any position on

17 severe accidents, they should recognize that the available

18 PRA's, even if they believe them, could not be taken as

39 representative of all the plants since they were such large

20 plants, the plant differences. And the Commission seems

21 to have agreed, although I don't know what the final wording

22 is, that they will adopt or have adopted. But they have
i
'

23 asked the ACRS to provide them with some longer description

24 of how one might look at all the plants systematically.
~s

25 Well, I must say, I have to assume, in whatever'

, - .
E :
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(}) 1 it is the ACRS eventually sends back to the Commission, they

2 will note that seismic is one of the things. They may well

3 note a few examples cited by your panel as things of
,

b 4 interest.

5 So, that, in fact, the need for it, if you will,

6 a likely avenue by which some kind of a look is taken at

7 existing plants. That is not saying that each and every

8 plant would have a seismic PRA because I don't expect the

9 full Committee to recommend that each plant have a full PRA.

10 I am still trying to understand whether the licensi ng

ij folks of Nuclear Regulation have, in active review, the kinds

12 of things identified by the panel and, perhaps also,
'

13 identified by the specific PRA's where things were outlined

(AD
( ) 14 as either actually important or potentially important. And-

| 15 let me put design and construction errors to the side

16 because that -- follow -- whether they have on their active

17 review and consideration and what to do, if anything, about

18 this and why, either way, or not.

19 Do you remember I, earlier, asked, is there, again,

20 some kind of a checklist derived from the things that have
|

i 21 turned up already. And I must confess, I can't tell if there
i

is a list which is in use or if there is a list that is'being'

22

23 thought about or just where, in our -- stands in this regard.

24 I hope they don't stand in this regard so longg s.,
. \/'

25 that we end up having something equivalent to the Jesse

() I
I

._. . - __ . .. - .
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g i Ebersole question, having been posed but not answered before

2 the earthquake occurs, if you know what I mean.

3 MR. KNIGHT: And, if I may, in response, that we

4 spend a great deal of time and give a good deal of attention

-5 to what is coming out of the PRA's. The whole reason that

6 we set aside staff resources to review them and try to be

7 very careful in the people we choose to do the reviews, so

8 that we will have benefit of what is being shown there and

9 we will feed it back into the staff.

10 As I answered you earlier this morning, I can.'t

3y say to you that we have developed a specific checklist.

12 And the next question will be, "Will you please deliver me

13 a copy of it."

14 CO-CHAIRMAN OKRENT: Well, let me pose it in aL)
15 specific way.

16 Have each and every operating reactor been looked

17 at from the point of view of the adequacy of the support

13 of the DC system?

19 MR. KNIGHT: If the question is, have we,

20 specifically designated a task, go and look or relook --

21 CO-CHAIRMAN OKRENT: Or has the licensee looked.

22 MR. KNIGHT: But, certainly, as a matter of

23 increased interest, if you will allow me to put it that way,

24 the staff has been focusing its attention on what we havep
']''

25 been learning, whether it is the support of the DC system,

h

_ - ._ _. _ _ _ , __ _ __
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([,' I whether it is battery racks, whether it is seismic interactic.n

2 in the battery room and the diesel room, those types of thinc s

3 are, certainly, become, if you will, subjects of current
/~

4 interest of the staff in doing their reviews.

5 CO-CHAIRMAN OKRENT: But, you did not say, "Yes".

6 MR. KNIGHT: I did not say "yes" in the terms that

7 I could go out there and say, "Yes, by darn, every one of

8 these plants have made a special effort on the support of

9 the DC systems."

10 CO-CHAIRMAN OKRENT: Well, okay.

11 CO-CHAIRMAN SIESS: Is it even something that is

12 lo ked at in connection with the licensing reviewed now?

g3 MR. KNIGHT: Well, again, I don't want to leave

14 the wrong impression. We are not -- the staff is not blind
L.) -

15 to the information that is developing, being developed and

16 we are utilizing it. The only hesitancy is to say that we

17 have developed a specific review item, if you will. We haver 't

18 felt the need to do that. We felt that the review process

19 that is in place, albeit as an auditing and sample basis,

20 covers the types of items that were --

21 Let me turn it around the other way. I haven't

12 seen that has come out of the work of the panel that is a

23 surprise to the staff. It seems we should have been looking

24 at that or we should have had someone else look at that or-

's
'~')

25 that is an item that we completely ignored,

k
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(kh,- 1 CO-CHAIRMAN OKRENT: Jim, I find that a bureaucratic

2 answer -- an adjective -- it is a long time since it has

3 been recognized that many plants, certainly early plants,
e-
k-)3 4 were lacking adequate, if any, support for the DC batteries

5 and so forth. And for us not to be able to say, in 1985,

6 that we think that the DC batteries and associated equipment

7 are, I will use the word "well-protected" against seismic

a events, this strikes me as, in the first place, unsatisfactory,

9 secondly, unnecessarily unsatisfactory if it is.not that

10 big a deal.

11 MR. KNIGHT: We are not communicating.

12 I would offer a challenge that you go out to any

13 plant that we have licensed in these recent years and take
-w

14 the panel, take anyone you wdnt, and find that the staffw]
15 has so ignored this matter that there is inadequate seismic

16 protection for those batteries.

17 Quite the contrary, or the control room ceilings

18 or many of the other things that we are seeing.

19 CO-CHAIRMAN OKRENT: Well, you use the qualifier,

20 "...that we have licensed in recent years."

21 I am interested in all the plants that are licensed

12 to produce power.

23 MR. KNIGHT: Again, recent -- recent is what is

24 called a relative term but I presume what you are saying

25 is that, well, what is the systematic evaluation plants are,

..

-i'

__ .- . ._ . . . . . . . - .
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({:} 1 certainly -- that was addressed.

2 CO-CHAIRMAN SIESS: I don't think there were any

3 problems found on the -- plan +'.

(os) 4 MR. KNIGHT: I don't believe so.

5 CO-CHAIRMAN SIESS: On diesel.

6 MR. KNIGHT: And, again, I suppose some of the --

7 I am being reminded from behind that, in most cases ,

8 we are talking, at least, up until the SSE and that one woulc.

9 expect to see March and beyond that.

10 But, if I may, so that I fully understand, as I

11 didn't before, say that there may be some category of plants

12 where there wasn't a specific effort undertaken based on
'

13 some of this work to go back, revisit, for instance, the
-s. .

14 batteries and assure that'there was adequate support.

15 CO-CHAIRMAN OKRENT: I must say, my history of

16 watching variouos issues unfold leads me to assume that the

17 chance that there is a gap, meaning that there is some plant

18 for which this is not in good shape.

19 Is it, like, 50/50? I am not saying that there

20 is definitely aren't -- unless there was some kind of, what

21 I will call, comprehensive or organized program that, in

22 fact, systematically picked up every one. I would be willinc

23 to bet even money, in other words, that there are some out

24 there that are not in that good shape.-

25 CO-CHAIRMAN SIESS: -- beyond that Dave.''
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(]', 1 CO-CHAIRMAN OKRENT: In fact, I would, probably,

2 bet even money at the SSE level. But, in my opinion, that

3 is not -- that is really not what we are talking about.

4 We are talking about trying to have them have a margin beyonc.

5 that so that they are not going to be an important contributc r

6 to core melt or to risk.

7 CO-CHAIRMAN SIESS: But that is the difficulty,

3 Dave.

9 I &E (phonetic) can write a letter or a bulletin

10 that says, "Look at your battery racks to be sure they are

ij qualified for the SSE." But I don't know, under the present

12 system, any way that I & E can write a letter that says,

33 "Look at your battery racks and see if they are qualified
rm . .

f'J] g for more than the SSE."
N

15 UNIDENTIFIED SPEAKER: Well, has I & E written

16 that first letter?

17 CO-CHAIRMAN SIESS: I doubt it.

13 MR. KNIGHT: Right off the top of my head, I don't

19 know if there is an information bulletin that might cover

20 that or not. I don't recall one.

21 CO-CHAIRMAN SIESS: Okay.

22 Yes, Max?

23 DR. CARBON: Jim, going back to your answer today

24 for Ward's question, it seemed to me that you said having.
(-w#)'

25 knowledge on much margin we have can be very useful to you.

But, Bob Budnitz, this morning, was talking about
(I
s.
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{}} y developing the guidelines so that he could go to a plant

2 and know what is important there. And I didn't interpret

3 your answer to Dave Ward to, necessarily, include using these

4 guidelines.

5 Was it intended to or what?

6 MR. KNIGHT: Now I have to recall what I said.

7 DR. CARBON: Well, just forget what you said, then.

8 Will the guidelines be useful to you and your worki

9 MR. KNIGHT: Okay. I wasn't --

10 I, personally, think the guidelines would be very

useful to us. And, in my response, I, in fact, at leastyy

12 in my own mind, was reflecting the fact that the work on

13 the guidelines is well under way and would be available to us .

m -

((~$
* DR. CARBON: Well, the thing that puzzled me was,-

34;
,

| v'
l 15 B b was talking in terms of being able to go to different
:

| plants and know what is important but you were emphasizing16

17 the point that you didn't expect to go to plants in general.

13 MR. KNIGHT: Well, not -- okay, not in a systematic
,

!

19 reevaluation, if you will. That isn't currently envisioned,

20 absent some development out of this work and then moving

21 through the process into deciding that some additional

| 22 requirement ought to be placed.

23 As I said, I think there are a number of situations
|

| rx 24 that I could perceive that experience has shown us will arise ,

' ('')i
25 whether they be changes the protection of a proper ground --

C): -\;

i

|

.
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(]) 1 I can envision a number if situations which

2 experience has shown us will arise where it will be necessary

3 for us to focus on whether or not there is adequate seismic
,m

1_) 4 margin, whether or not it is a general program. It may be

5 specific to a -- site or a given incidence, where this work

6 would, also, be very valuable.

7 CO-CHAIRMAN SIESS: Paul?

8 DR. SHEWMON: You can rule me out of order if you

9 want to, but one of the things that bothers me about this

10 whole discussion is that, and I guess this is -- well --

11 As I understand this, we can't prove that an

12 earthquake beyond the SSE will not occur and, therefore,

13 we devote a great deal of effort to what we would do if it

14 didn't come about two or four times. And, I guess, I would

15 take as some evidence that, maybe, they are not too likely

16 is often we see an OBE, given the spectrum of events and

17 the years of experience, and I wondered if the research progr am

18 had ever gotten into that sort of a program or if it was

19 just more convenient to always assume that we keep extrapolat ing

20 these things on without looking at precursors.

21 MR. RICHARDSON: Paul, I would address that questic.n

12 more along the lines that we are not so worried about an

23 earthquake larger than the SSE occurring but more along the

w 24 lines of, is there, and I think people word " eclipse", just
)

''~'
25 beyond the SSE, such that, theoretically, if the plant

. {i
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() i experienced an earthquake slightly above SSE, it would be

2 catastrophic.

3 Or, in fact, are there generous margins there that,
7

k_) 4 at the SSE level, you are a long ways yet from catastrophe.

5 And, if you knew that, if, in fact, you had an SSE at .15

6 and a margin study said that we had a high confidence of

7 a low probability of failure on the plant basis on something

8 of the order of .3g, it would give you, I think, a sense

9 of confidence and comfort that I am not on the brink of

10 disaster. And that my uncertainties in the hazard, then,

33 aren't that terribly important.

32 DR. SHEWMON: I understand that answer. That is

13 part of what I hear but that is not much of what I hear

14 because there is, also, talk, at least on'the Committee,
h

35 of, " Gee, maybe it is two times and maybe it is four times."

16 and there is some log or semi-log plot, log / log or semi-log,

17 I don't know which, extrapolation from data way down here

18 to way up there which says, " Gee, the uncertainty is such

19 that maybe, indeed, we can have two or four times -- ten

20 or 100,000 years."

21 MR. TRIFUNAC: I think you are looking for a cliff

22 just beyond SSE. We have to be able to see that cliff.

23 And we are going to see that cliff only if we have a tool

/~ 24 that can resolve it. Now, to resolve it, we have to have

25 a procedure which is not loaded with so many uncertainties

-

m
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() 1 down the line.

2 And the procedure, the way it seems to come across,

3 is that we have tremendous statementa on just about

\/ 4 everything that is done. So, the cliffs may be there but

5 you are not going to see it by doing it this way.

6 DR. SHEWMON: Maybe the cliff isn't there, if we

7 can't --

3 MR. TRIFUNAC: It may be there; it may not be there .

9 But, if it is there, you have to be able to see it.

10 MR. RICHARDSON: I think the concept of a high

33 confidence, low probability, which doesn't account for all

12 the uncertainties but, at least, looks at the lower end of

13 that sort of thing'and you start gaining confidence that, '

O() if there is a cliff', and I think the consensus of opinion'

14'

_

15 is that, in fact, there is not a cliff, it is a continuum.

16 But, in fact, there is a cliff, it may well be far removed

17 from the design level. And that, if, during the course of

13 a plant life, new seismicological information comes about

19 and that the judgment is that design-basis earthquake should

| 20 be moved from .15 to .17 g's, you would have a sound basis
|

| 21 for saying, "Not to worry, it is not worth spending a lot
1

12 of money backfitting or doing a lot of analysis to assure

23 ourselves and go from .5 to .15 when we have shown that the

| (V~) 24 high confidence, low probability level is in the order of
;

| 25 three to five-tenths of a (g).
l

;

|
(

!

!
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(]). 1 And the other aspect, practical application, if

2 one of these plants do, in fact, experience an earthquake

3 in the order of an OBE, I think the Commissioner is going

p) to be faced with a very tough decision on how to restart(_ 4

5 this plant. And I think these procedures will give a

6 technical basis for arriving at. that decision without having

7 to unduly delay the plant while we wait for detailed PRA's

8 to be performed.

9 DR. CARBON: Do you think these procedures, which

10 are general, to some extent, would be adequate for that

yy specific plant?

12 MR. RICHARDSON: I don't think they are there,

13 yet, today, in the form of the report that you have but I

*14 think it is headed in that direction. I think, if we can
\_]

15 develop some procedures and guidelines to go out and test

16 them on some -- a couple of plants and, as more of these

17 PRA's come in, we can keep testing these hypotheses to see

.13 and we are going'to gain more and more confidence in that

19 procedure. And it would be my hope that, not too far down

20 the road, maybe next year, we will be in that position where

21 I can say, "Yes."

22 And, I think, to get back to Mike Trifunac's question,

23 as we identify uncertainties that seem to be unacceptable,

f~ . 24 particularly in the fragilities area, I think that focuses

!_
25 where our research should be, to narrow those uncertainties.'

G
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CO-CHAIRMAN SIESS: Gentlemen, I think we have{; y

reached a point where we could conclude this portion of they

meeting. I think we have run from discussion into summary,
3

!j conclusions and future actions.4

I think the next step for the Subcommittee is to
5

get the final report from the expert panel, when it is6

7 p lished up. And I would guess our next meeting, probably,

w uldn't need to be until about a year from now. But that
8

is up to Dave; it is his Subcommittee.9

In closing, I would like to make a personal comment .

10

I, personally, like that high confidence, low probabilityyy

concept. I am one of these people that has a certain amount

f difficulty thinking about probabilities on probabilities
13

and so, I like that.
14

I w uld urge you to find a better acronym than
15

"HICLIP" or whatever it is.16

MR. BUDNITZ: I will give a bottle of good-
17

California wine to whichever of the Committee think it up.
18

CO-CHAIRMAN SIESS: Well, you could just leave
39

it as initials, probably, without trying to make it pronounca ble
20

It is the worse thing that has come along since MAPALHUGR,
21

which some of you may remember.22

We will reconvene the meeting at five minutes after
23

4:00. The subject then will be the Long Term Seismic Program
n 24
i )''

25 Plan for Diablo Canyon.
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(]) 1 (Whereupon, a short recess was taken.)

2 CO-CHAIRMAN SIESS: The meeting will reconvene.

3 We now are on the subject of the Diablo Canyon

~() 4 Long Term Seismic Program Plan.

5 The first item on the agenda is Item I, Executive

6 Session. I am going to skip that unless somebody screams,

7 and let the staff introduction serve the purpose of telling

a us what it is all about.

9 Jim Knight, are you going to start off?

10 MR. KNIGHT: Yes, thank you.

13 Following the agenda, I notice, looking for a

12 staltus report on the Diablo Canyon licensing effort and

13 the long term seismic program, should I assume that we want
A

ki 14 to talk *a little about the Unit 2 licensing effort or would
)

15 you rather just move into the seismic program?

16 CO-CHAIRMAN SIESS: Well, you might just mention

17 the status.

13 MR. KNIGHT: The utility, PG&E, has just recently

19' informed us that, on Unit 2, they anticipate a schedule that

20 would have fuel load, late April, criticality in late June

21 and lower-power operation in early July.

22 We are, presently, working on a number of items

23 related to that. There is an SER that can cover all of the

24 allegations that are received as of March ist, 1985. B lotg-
~

25 of that really relates to Unit 1 but, in some cases, to Unit

C
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(}) 1 2. There is a detailed pipe and pipe support evaluation

2 that will be out in two to three weeks.

3 And we are presently working on the safety evaluation

g
(_ 4 that would support the licensing of Unit 2.

5 There are a number of other activities such as

6 the recently received 2206 petition that will require some

7 evaluation in this period. And it is not -- I guess the

8 best way to put it, it is not clear, at this time, whether

9 or not another decision from the Department of Safety and

10 Licensing Appeal Board is required before low-power

13 authorization, but that is being looked into.

32 CO-CHAIRMAN SIESS: Unit 1 has a full-power license ?

13 MR. KNIGHT:- Unit 1 has a full-power license.

O,

14 My understanding is'that they are preparing to do theiry',l% 1
15 warranty run. They have been at a hundred percent power

16 and, as I understand, they have completed their 50 percent

17 load rejection test.

18 CO-CHAIRMAN SIESS: And Unit 2 has only a fuel
.

19 load?

20 MR. KNIGHT: Unit 2 has nothing, at the moment.

21 CO-CHAIRMAN SIESS: Thank you.

22 Any questions?

('o response.)N23

24 CO-CHAIRMAN SIESS: All right.gg

25 Now, we will go onto the Long Term Seismic Program'

('

- . - _ -- . __ _. _ _
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(]) 1 Plan.

2 MR. KNIGHT: Leon Reiter and Steve Brocoum, the

3 leaders of the Seismology and Geology Sections, respectively,

() are here today and they will speak for the staff with regard4

5 to the Long Term Seismic Program.

6 Steve Brocoum will start.

7 DR. BROCOUM: My name is Steve Brocoum. I am the

8 Geology Section leader. We, also, have Leon Reiter, the'

9 Seismology Section leader. We, also, have Bert Slemmons

10 here who is a consultant to the staff on Diablo Canyon.

11 Also, Bob Brown who is going to be the USGS coordinator for

12 the tectonics and geology for the United States Geologic

- - -j3 Survey.

fk Two other people that are here today are from the34
/m

15 California Division of Mines and Geology, Ray Seipel (phonetic)

16 and Brian Tucker. And we have informal contacts with CDNG

17 and they are here as observors.

13 (Slide)

19 The first slide just gives a history, a very brief

20 history of the license condition.

21 In '78, ACRS issued a letter suggesting that Diablo

12 Canyon be reevaluated in about ten years. That letter, at

23 the time, emphasized the -- effect.

f- 24 In October of '83 through March of '84, the staff
\~SJ

25 began preparing various options for a seismics license

('
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( )' 1 condition. We prepared graphs. In March of '84, we went
,

2 to the Commission; the Commission incorporated it. The
i

3 Amendment No. 9, we presented last May, I believe, in detail,

\q_/ 4 here in Los Angeles, our view on the license condition to

5 the ACRS Subcommittee and to the full Committee in June of

6 '84. And ACRS endorsed that program and it became a conditic n
:
'

7 of the license in November of '84.

s There are four major elements to the license condit ion

9 The geology and tectonics would be the first element, which,

10 essentially, is reviewing all new information since the

11 hearings in about 1978, a review of the earthquake magnitude

12 that could affect Diablo Canyon. The third element is the

13 ground motion and soil structure interaction and the fourth

(O} 14 element is the probabilistic risk assessme'nt and any
*

,

15 deterministic studies that might be required as of that PRA.

16 (Slide)

17 Shortly after it became clear that there would

18 be a license condition on Diablo Canyon, PG&E and the staff

, 19 jointly decided it would be useful to have a number of
i

| 20 meetings to help PG&E to develop their, what they call,

21 program plan. So, we had a series of meetings on the

22 different elements of the license condition.

23 We had four meetings last fall. In October we

!

24 had a meeting -- I am going to back off a second.'

I
| 25 At each meeting, the staff present and its
,

1

1

,

n .- ,, ,-,---e--- , ~ , w
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({} I consultants who were necessary for the particular element

2 being discussed and the USGS. The USGS was present at all

3 the meetings.

-(~s) 4 PG&E presented their proposed or draft / proposed

5 plan at the time and the staff responded with comments.

6 Meeting summaries were prepared with brief summaries of the

7 PG&E presentation and summaries of the staff comments. These

8 meeting summaries, I believe, were sent, also, to ACRS.

9 The four meetings concerned the -- the first meetirg'

10 concerned the first element, geology and tectonics. The

33 second meeting -- that was October --

12 The second meeting in November concerned the

j3 second and third element, earthquake magnitude and ground

14 motion and soil structure interaction.

15 The third meeting concerned PRA and the fourth'

16 meeting was a wrap-up meeting at which PG&E responded as

17 to how they were going to address our concerns. And what

is they, basically, did there is they pointed out where, in

19 their program plan, they were addressing the concerns we

20 had brought up.

21 What I am going to do now is to discuss, just to

22 get an idea of how these meetings went, I will discuss some

23 of the concerns we brought up in the geology and tectonics.

rS 24 (Slide)
()

25 After PG&E presented their program plan in geology

..s

NM
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(}) 1 After PG&E presented their program plan in

2 geology and tectonics, we made several comments. I should

3 point out that we thought that, on the whole,'that PG&E did
,,

(- 4 a commendable job. They made a serious effort. They were

5 open and.they were candid with us.

6 Our comments were not to be criticisms but they

7 were meant to be comments to help and improve their plan.

8 The first two comments have to do with the

9 tectonic framework of a region. We thought that stronger

10 emphasis should be placed to gain understanding of the

13 tectonic framework. And, the reason that we thought that,

12 at the time, this is back in October, was because we felt-
.

13 that PG&E presented a detailed plan for collecting, analyzinc
m

f$ 14 and considering new and old data and there was some feeling
G

15 among the staff that, perhaps, they hadn't thought -- or

16 it wasn't clear to us from their presentation as to how the

17 data was going to be used to help differentiate or help

13 narrown down the possible of tectonic models and region.

19 So, the first two points addressed that.

20 The third point, the methods used to identify and

21 define thrust faults beneath the site, of course, is a very

22 important point because of the new hypotheses as postulated

23 by Crouch and others that there might be thrunting offshore

(^S 24 of Diablo Canyon and shear fault becoming a slipping

V
25 underneath the site, that can be an important consideration.
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({} 1 So, we felt that, in their program plan, as

2 specifically addressed, how they were going to identify and

3 define these possible thrust faults beneath the site.

() 4 The fourth point, it is important to assess

5 folding to define faults that don't cut the sea floor is

6 to make sure that, just because there wasn't a fault that

7 clearly cut the surface, didn't, necessarily, assure us that

8 there wasn't a fault at depths which might be seismogenic.

9 We were thinking of things like the folds that

10 are related to the Coalinga earthquake where, it seems that,

gi the fold did not reach the surface. So, we wanted to make

12 sure that, in their investigations or in their reassessment,

13 that they took into account active folding.

14 The fifth point, effort should be made to obtain'
%J

15 data from offshore shallow zone within three miles of the

16 coast. That is, we felt, very important. Generally, there

17 was a lack of data within three miles of the coastline.

13 There seemed to be more data further offshore and if, in

19 fact,it is a thrust-faulted regime and, say, that the faults

20 are imbricated, there is a series of thrust faults, some

21 of them faults for the sites in the Hosgri, the way to

22 investigate this was to be have data within three miles of

23 the coast.

24 Finally, and this is a general statement that we
m

25 made at that meeting was, although the staff was meeting-

O

- _
_ - .
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(}) I frequently with the utility and this is an interactive

2 program and the staff has a parallel -- NSC has a parallel

~

3 effort, the major responsibility for the development and

([ 4 the execution of the program is PG&E's.

5 This is just the highlight of some of the comments

6 we made at the first meeting. -

s

7 some of the comments from the later meeting.

8 I think Leon, now, is going to mention some of

9 the - comments- from the later meetings.

10 (Slide)

11 MR. REITER: The second meeting we had dealt with

12 earthquake magnitude.
.

13 Again, the first was a general comment that we

t'j' 14 wanted to make sure that all the elements of the program
(
V

15 were coordinated such that we would not have disjunctions.
,

16 And one disjunction might be that the geological studies

17 might use one type of magnitude estimate and the ground motic n

is studies might use another magnitude estimate. The ground

19 motion might assume that the input to the ground motion was

20 at one, say, at the free field and the soil structure

21 interaction might be assuming input somewhere else. We

22 wanted to make sure that every part was speaking to each

23 other.

24 Again, another approach we talked about which not

25 only applies to the magnitude but with ground motion and,

-

. - . ._ . . _ _
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(?) I perhaps, soil structure interaction was that we did not want

2 to think it was wise to rely upon just one particular

3 methodology for defining magnitude or defining ground motion.

(_/ 4 We had found, in the past, a great deal of strengtr.

5 in doing different techniques and then combining techniques,

6 some sort of judgmental or more objective way in arriving

7 at estinates.

8 And, finally, we wanted to make sure -- there was

9 some misunderstanding that, in the beginning, there was some

10 thought thEt the whole program was geared to the

j; probabilistic evaluation. And, while that was one result,

12 we were, also, very much interested in what we call, quote,

deterministic esti: nates and we wanted to make sure thisjg

14 program proceeded taking that into account. A dual approach,

15 namely one, using our best estimate or whatever one would

16 call it and the other, think the PPA which is going to use

17 distribution of input matters.

18 CO-CHAIRMAN OKRENT: Excuse me.

39 MR. REITER: Yes.

20 CO-CHAIRMAN OKRENT: When you say best estimate

21 or a deterministic magnitude estimate, I am not sure that

22 I have heard the term "best estimate" used in the past in

23 connection with -:n SSE.

r~x 24 MR. REITER: I meant single-valued,
t

,

''

25 CO-CEAIRMAN OKRENT: Okay.

O
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({) 1 MR. REITER: That is what I meant.

2 We are not going to be satisfied with just

3 distribution. That is what I meant.

( ? Next slide.4

5 (Slide)

6 With respect to the ground motion, there are two

7 types of studies that are going to be carried out. One was

8 empirical and one was numerical modeling. And, with respect

9 to the first one, it was a lot -- generalized approach was

10 presented and we were looking for more detail. But, the

;y most important thing that we did point that we were looking

for free-field estimate of the ground motion.
12

With respect to the" numerical modeling of ground
33

14 motion, there was a lot of discussion about the usefulness

15 and the controversy surrounding these estimates. We had

16 some experience in San Onofre, a little bit of experience

17 in Diablo Canyon, and we wanted to make sure that there woulc

18 be a lot of work bench-marking with actual earthquake --

19 we wanted to make sure that the range of parameters would

20 be considered and that uncertainty would be an important

21 element in validating the results.

22 Particularly what we are concerned about here is

23 what is referred to in PRA as modeling uncertainty or

ex 24 statistical uncertainty or how much am I tied into one
( )

'

25 Particular model. And numerical modeling techniques are
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(]) I particularly prone to this and it is going to be recognized

2 in the past and wanted to make sure it, directly, was dealt

r''s 3 with.
,

|

4 (Slide)

5 The next topic had to do with soil structure

6 interaction. As Steve said, that was way back when. That

7 was the under the term, quote / unquote " towel effect" (phonetic).

8 That was one of the original purposes of the license condition.

9 We felt that PG&E had an impressive program. In

jo fact, it was so impressive, some of the stuff we didn't have

y3 to complete it within three years. .

12 We wanted to make sure that the uplift problem

13 which had been raised recently, would be dealt with. If

14 it existed, it should be addressed and dealt with.

15 We wanted to make sure that the knowledge about

16 the local soil and rock properties was adequate and whether

17 or not additional studies need be carried out.

18 CO-CHAIRMAN SIESS: What was -- read that one.

19 Should be demonstrated in the program, I am sorry.

20 I just misread it, I am sorry.

21 I don't have a copy in front of me and my eyes

12 aren't that good.

23 MR. REITER: Okay.

) 24 And, finally, we wanted to emphasize and make sure

25 that the limited amount of data that had been collected

~.
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l

(}; I within the plant and the free-field from weak ground motion,

2 small earthquakes, would be used in some manner to validate,

3 to the extent possible, the analytical results.

O) 4 (Slide)+s

5 The next thing we had dealt with PRA. This is,

6 again, the last element to the program. So, we had much

7 detailed discussion about that.
4

3 We wanted to make sure that PG&E would utilize

9 a lot of the plant-specific work that was done. Perhaps

10 we had more plant-specific work here than in other plants

11 and, if that was available, to do that instead of generic

12 work.

13 We wanted to make sure they considered interaction
,::n.>

14 betweeen the various units. And we wanted to emphasize that(},

15 one of the key points of, sometimes, discussion or

16 disagreement of the staff in previous PRA's was how one

17 weighted the various tectonic models or seismic hazard donati ons|

18 and the suggestion was that a -- try to make use of a broad

L 19 range of expert opinion in trying to arrive at those weights.
1

20 And, in this case, there would be a lot of work done by the
|

l'
21 utilities advisory board and, as a result of the work done

,

|

| 22 during the deterministic part of the program.
I

23 CO-CHAIRMAN SIESS: Do you think a more extensive

24 seismic hazard estimation will decrease or increase the
}:

25 uncertainty?

i
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(]) 1 MR. REITER: I really can't answer that. I think
i

2 it will better define it. I

I
3 CO-CHAIRMAN SIESS: Do you think it will change

A
(-) 4 -the median?

5 MR. REITER: Well, it could. I really can't --

6 You know, we have dealt with PRA's in the east

7 and the closest -- you know, PG&E did a PRA a long time ago.

8 The closest we have come to a present PRA or in

9 a high E seismic area is Taiwan. We have had some -- a litt] e

10 bit of interaction knowledge about that. The people on

11 PG&E staff have looked at that.

12 We are going to learn. We really don't know.

13 But you ask a good question. I don't know.
cv

} }- 14 CO-CHAIRMAN OKRENT: By the way, is that one

15 available yet? The one from Taiwan?

16 MR. REITER: I don't think so. Maybe Bob Kennedy

17 knows the answer better than I, or Robin.

18 MR. KENNEDY: Bob Kennedy. No, that is not yet

19 available.

20 MR. REITER: Okay.

21 (Slide)

12 DR. BROCOUM: At the wrap-up meeting, as I said,

23 PG&E responded to these and other concerns which are listed

g3 24 more completely in the meeting summaries.
i/''~

25 We had a few more comments based on our discussion

,,
'

.

l
!

I
,

'

,,- -- -- - ..,.- ,- .
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at the final meeting.Q g

The fist one is that PG&E should furnish a list
2

f the principal investigators and of their level of
3

involvement. Now, PG&E has a very impressive list of( 4

consultalnts; it has an advisory board; it has tentacle
5

advisors. And it wasn't clear to the staff what the exact6

role of these various groups and people were going to be7

and how much they were going to be involved.g

So, to get an idea and a better understanding of9

their involvement, we felt that we needed to know, somehow,
10

from PG&E, what their degree of involvement was.yy

For example, the advisory group could meet once
12

during the whole program or they could meet every few months.
13

We had no idea how frequently.that was going to be.
14(J

The last two points had to do, again, emphasizing
15

that it is very important to look at the various models,
16

use various techniques, not to rely on one technique,j7

y, especially on something critical. At the final presentation

and, I think, at the earlier presentation, the staff got
19

the impression that PG&E was going to come up with the one20

m del, and this may be a misrepresentation of the staff --
21

22 we may have misunderstood what they were saying, but the

one model at which they were, then, going-to base their23

24 earthquake magnitudes from, and the staff felt that that

25 was an unrealistic expectation of, in three years, for such'

O
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(]) 1 a complex area, with so much new information coming out,

2 and with so many people working on it, we felt that it would

3 not be possible to choose the one model. It may be possible

() 4 to reduce or to come up with a number of reasonable models.

5 And we, also, did not want to get in a position

6 where arguing about a particular model which, if you look

7 at the consequences of that model, doesn't have an impact

8 on the site. So, we didn't want to get hung up arguing about

9 a model. So, that was the point of that last one.

10 CO-CHAIRMAN SIESS: Do the multiple models have

ti to be diverse or is it just sufficient that they be

12 redundant?

g3 DR. BROCOUM: Well, they may be diverse. I think
,

14 what we are looking is, we want to consider all the models
%-)

15 that the scientific community considers reasonable. I think

16 that is the important thing. We don't want to get hung up

17 arguing whether this model or that model is the correct one.

13 CO-CHAIRMAN SIESS: What do you take for the answer ,

19 the worst or the mean or the median or low to --

20 DR. BROCOUM; I think we want a reasonable

21 distribution to the models. I think a consensus of scientist s

22 knowledgeable to that area will say a reasonable. And what

23 is reasonable may vary for the probabilistic study. You

24 may take a very large range of models, because you want to --
O
#

25 to some degree or another. For the deterministic studies,

h
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({} ) you may look for the credibly ones, I guess is the word,

2 ones that the scientific community thinks are credible.
-

3 I can't define how many models there will be.
A
() 4 CO-CHAIRMAN SIESS: I don't think credible is a

5 good scientific word. I think the scientists would say

6 correct.

7 DR. BROCOUM: I don't think we are-going to --

3 DR. AXTMANN: Or robust.

9 CO-CHAIRMAN SIESS: Or robust.

DR. BROCOUM: What I am trying to say, it is10

11 unlikely that we are going to come up with the correct model

12 in that part of California, that is -- if you want a correct

13 model that everybody will agree on.

f 14 CO-CHAIRMAN SIESS: I am not sure everybody would
J

15 agree on the correct model if you came up with it.

16 DR. BROCOUM: That is correct.

17 I just want to make a comment.

13 I already mentioned Dr. Slemmons who will be aidinc

19 the staff in the geology and tectonics and earthquake

20 magnitude. The U.S. Geological Survey will be aiding the

1 21 staff in geology and tectonics. That will be coordinated

12 by Bob Brown and they will also be doing some calculations

23 of ground motions for the staff and that will be coordinated

24 by Ken Campbell.
-

25 We, also, will have two panels. One pane.1 will''

i

}'-e
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([j i be sponsored by Lawrence-Livermore which reviewed the

2 numerical analyses done by PG&E, that contract is under

3 negotiation and the second panel will be sponsored by

_) 4 Brookhaven which will review the soil structure interaction

5 studies. And that contract is in place.

6 We, also, anticipate that we will need outside

7 help for the PRA but that hasn't -- the kind of help we will

8 need and who will provide it has not been determined.

9 (Slide)

10 The last slide -- this is an outline. I don't

y; want to go through the whole slide, here, I don't think,

12 but our proposed schedule for approving the program plan,

I think, the important dates here are that, by April 15th,13

14 we are hoping to have draft comments from the various staff

15 that are presently reviewing the program plan and on or about

16 May 1st, we would like to have a meeting with PG&E and the

17 staff to discuss our comments and to give PG&E a chance to

18 respond to them.

'

39 Then we will finalize our comments and submit them

20 to PG&E'with requests either for information or for their

21 revising of their program plan, if necessary.

12 On or about July 1st, we expect that revision and

23 we would be, if ACRS wants that, we would be, I think, at

24 that point, ready to go to ACRS with our final comments on
-

' 25 PG&E's program plan.

p

'%.

.
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(])- 1 And we expect to approve the plan on or before

2 July 31st. Now, the approval may come sooner. For example,

3 there may be no comments on the plan. That is one possibilit y.

r'
(_) 4 I don't think it is likely.

5 But we have interacted a lot; we have had these

6 four meetings, so there really should not be any surprises

7 in the staff comments about the PG&E plan.

8 And, secondly, PG&E may not need to revise their

9 plan. In that case, we can save that time.

10 So, I think that the July 31st date is -- it will

11 be in July or, probably, sooner.

12 And that concludes the staff's comments this

13 morning.
.m

.k$ 14
'

MR. ETHERINGTON: ,I suppose this is as mundane
/

15 a question as is raised at this meeting, but do you have

16 any idea how soon they are going to solve the problem of

17 the hold-down bolts on some of the equipment?

13 DR. BROCOUM: That is an engineering question.

19 How soon will they -- I guess PG&E -- solve the

20 problem of the hold-down bolts on the equipment; is that

21 your question?

22 I refer to Jim for that.

23 MR. KNIGHT: I am sorry; I missed it. The hold-down

24 bolts on what, sir?

7-]s\
'^

25 MR. ETHERINGTON: Well, let's say the. steam

e-
Uy

-. . . .
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([) I generator, for example. They are high-strength bolts which

2 prompt attention to the design tension and they are only

3 half-way tensioned and, in the event of an SSE, as I

() 4 understand it, the steam generator would teeter on its

.5 pedestal.

6 MR. KNIGHT: Well, I guess, my-first -- right off

7 the top of my head, I don't have an answer as to --

8 MR. ETHERINGTON: It is one of those problems

9 that is easy to brush under the rug but it has been under

10 the rug rather a long time, now, I think.

11 That is the reason I keep raising it.

12 CO-CHAIRMAN SIESS: -Is this an issue for Diablo,

13 Harold?

.j'>'A
-

14 MR. ETHERINGTON: Pardon?
~>

15 CO-CHAIRMAN SIESS: Is this an issue for Diablo

16 Canyon?

17 MR. ETHERINGTON: JYes.

18 CO-CHAIRMAN SIESS: I didn't remember that.

19 Will you check on it, Jim, and send us a note?

20 MR. KNIGHT: I will, yes.

21 MR. POMEROY: May I ask a question?

22 CO-CHAIRMAN SIESS: Yes, surely, Paul.

23 MR. POMEROY: Steve, in reading this plan, I am

24 impressed with the breadth of the plan and, perhaps, with
7-)(''

25 the depth of the plan, as well.

C



287

'([j 1 From the staff viewpoint, do you feel that this

2 is a realistic plan in terms of accomplishing it within a
~

three-year timeframe and are you putting a time3 .

(s(,) 4 limitation on this?

5 DR. BROCOUM: We do think it has a lot of breadth;

6 it has a lot of depth and that is part of the reason we made

7 that comment on, at least, to say -- keep the models or the

8 tectonics in mind because you can collect data forever unless

9 you have a purpose for collecting that data. That is correct ..

10 And, in some parts of the plan, it looks, to me,

31 almost -- I don't mean to the right but it looks a little

12 like a laundry list of the data they are going to collect.
.

13 Secondly, it is not our choice as to how long the

14 program goes. It is a license -- a Commissidn decision for
us)

15 three years. So, I think, once it is approved, they will

16 have three years to complete that plan.

17 And I think they, in conjunction with discussions

is with us, will have to make some decisions as to what are

19 the important things to be done and what are the less

20 important things.

21 But, you are right. It is a very comprehensive

12 plan and it is a very ambitious plan. I don't know if I

23 can make a comment whether it can be complete in three years

24 or not. That is for PG&E to say.

''
25 CO-CHAIRMAN SIESS: But when is it completed?

_ . -. -- - - - -..
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'T 1 DR. BROCOUM: It will be completed three years --
As

2 CO-CHAIRMAN SIESS: I know that is when it is

3 supposed to be completed but how do I know when it is

4 completed?q(s
5 How do you know when it is completed; how does

6 the Commission know when it is completed? When it is

7 submitted to you?

3 DR. BROCOUM: They will submit us a document in

9 three years.

10 CO-CHAIRMAN SIESS: Oh, that is the requirement?

13 DR. BROCOUM: Yes.

12 CO-CHAIRMAN SIESS: It won't be completed but they

13 submit a report.
eng
(l' 34 DR. BROCOUM: I presume this will be the final

15 report on your plan. We, also, had quarterly progress

16 reports and semi-annual meetings.

17 CO-CHAIRMAN SIESS: Suppose, after two years, you

13 decide that they can't do it in three years.

19 Are you going to tell them what to leave out?

20 Are you going to ask the Commission for an extension

21 of time?

12 DR. BROCOUM: I don't think we will tell them what

23 to leave out or put in. We can make suggestions but, I think ,

24 those decisions are PG&E's. And that is always the way the

() 25 staff works with the utility.

,,
y

_ ,3, __.
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Qi 1 CO-CHAIRMAN SIESS: Okay.

2 DR. BROCOUM: We make suggestions but they have

3 to make the hard decisions because they are paying for it.
1

('') 4 CO-CHAIRMAN SIESS: We'll let them address it, ther .q)

5 DR. BROCOUM: Okay.
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'])f 1 CO-CHAIRMAN SIESS: Who is next?

2 Does that finish the staff's presentation?

3 MR. KNIGHT: Yes, it does.

) 4 CO-CHAIRMAN SIESS: Any other questions for the

5 staff?

6 (No response.)

7 CO-CHAIRMAN SIESS: Okay.

3 Mr. Brand from Pacific Gas and Electric will

9 introduce his part of the program and his people.

10 MR. BRAND: Thank you.

31 I will make my comments from here, since they.will

12 be very brief.

13 My name is Don Brand; I am Vice President of

0' '3 Engineering for PG&E and, as such, have overallJ 14
Q)

15 responsibility for the execution of this Diablo Canyon Long

16 Term Seismic Program.

17 In conformance with the license condition and,

13 as well, remembering discussions with yourselves last spring,

19 we have developed what we believe to be a very comprehensive

20 program which encompasses an integrated approach in in-depth

21 studies in the areas of offshore and. onshore, geology,

22 seismology, ground motion, soil structure interactions,

23 seismic hazard, fragility analysis and probabilistic risk

6 24 assessment.

(''I
25 The program was submitted to the NRC on January

(b
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.@ 1 -30th and is undergoing review presently.

2 In the course of the development of the program,

3 as Dr. Brocoum mentioned, we did meet with the staff four
(y
V 4 times to exchange views on that program so that we might

5 best streamline the approval process for our program.

6 For the implementation of the program, as presented ,

7 we had retained several investigators who had, previously,

g worked on Diablo Canyon in the areas of geologic and seismic

9 studies.

10 Other engineering firms have been engaged to

yy conduct studies in particular areas of soil structuring

interaction and PRA. To provide guidance to ourselves that12

13 the objectives of the license condition are, inde_ed,

14 achieved and that all relevant theories are, indeed, considered

15 throughout the program, we have engaged a panel of, we

16 believe, renowned experts to serve as our consulting b_ard.

17 To present our program to you, today, I will be

is introducing Mr. LLoyd Cluff, who has recently joined our

19 company as manager of field sciences and will be a program

20 manager for the long-term seismic program.

21 Mr. Cluff has previously been with Woodward-Clyde

22 Consultants as Vice President and Director of their

23 geological program.

q 24 Assisting Mr. Cluff today and throughout the

25 program will be Dr. Bill White of Bechtel Company who, as

.

..
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@ 1 part of our Diablo Canyon project organization, will be

2 having follow-on management responsibilities, along with
3 Mr. Cluff, for this program.,

4 MR. CLUFF: Good afternoon. I am Lloyd Cluff,

5 the Geosciences Department Manager for Pacific Gas and

6 Electric and the program manager for the long-term seismic
7 program.

3 The program team that prepared the program that

9 you have is with us here today.

10 (Slide)

11 And the first slide shows the organization chart

12 for the program, and Bill White and I will be giving this

13 overview -- and I'll comment a little more on that.in a
P
'

14 minute -- for this introductory part 'of the prograni.

15 And we have Roy Fray, who is the Assistant Manager

16 of the PRA effort; Ramal Sarkar, who is in the seismic

17 SSI and fragility area; and, .then, the geotechnical area,

18 Frank Brady.;

19 As well, here today we have many of the consultants

| 20 who have been involved in the past and will be involved in
|

21 the future: Doug ifamilton, in geology and tectonics; Larry

22 White, in seismology; Jerry Frazier, in numerical modeling;

23 Wayne Tseng, soil. structure interaction; Robin McGuire,.in

24 seismic hazard analysis; as well as Allin Cornell, who is

25 one of the members of our controlling board, who is working

i e
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(h) I as a technical advisor, as well, and he is.here with us

2 today; Bob Kennedy, in the fragility analysis; and John

3 Garrick, as the 16adcconsultant in the PRA part' of the

O' 4 study.

5 (Slide) -

6 The next slide shows the panel of consultants

7 for our consulting board: Clarence Allen, Bruce Bolt,

8 Allin Cornell, Tom Leps, Cole McClure, and liarry Seed.

9 I think most of these -- no, all of these gentlemen are

10 well-known to most of you. And they have already been

11 involved in advising and the preparation of the plan that

12 you have and will be an integral part of the ongoing

13 activities, both from a collective consulting board

( 14 relationship in at least quarterly meetings, if not more

15 of ten, as needed, and as individuals working in their

16 vari 6us areas of expertise to help us in the day-to-day

17 or week-to-week professional activities as they go ahead.

18 Now, the program team and the technical consul-

19 tants that produced the submitted program, with the advice

20 of the board, and I was not a member of that program team,

21 having just joined PG&E. And I'm still in the process

12 of learning more about it. There 's a great deal of history

23 attached to this project. I have not in the past been

(~ 24 involved as a consultant or worked in the Diablo Canyon
\-]'

25 project, so there's a great deal of history and background

O
.
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() I that I am quite rapidly learning. And I look forward to

2 the discussions that come out of this meeting to help me

3 understand some of that background and history that's very,

/i
\> 4 important to the program for it to go ahead.

5 This' introductory part of the program, if I look

6 at the announced schedule for the PG&E program, you'll note

7 that the first part is a summary of the objectives and

8 organization. I'm giving part of that now. And then, as

9 the schedule shows, a description of the program elements,

10 and then it shows tomorrow morning a detailed listing of

11 all of the program elements. And I'd like to describe to

12 you how we intend to present this full program.
.

13 We've decided that between Bill White and I,

14 we will capsulize in a summary fashion an overview of the

15 entire program, going through from beginning to the end --

16 I will take the first part in the geolog~y tectonics and

17 so forth, and Bill will take the more engineering aspects.

18 And we will summarize the various elements without going

19 into a great deal of detail. There's a lot of history

20 and so forth that the consultants and the staf f and other

21 members are certainly very much aware. And we felt that

. 22 rather than have the technical consultants that we've -

23 retained make formal presentations, it would use up a

24 lot of valuable time, and that it would be more efficient

25 to, after our overview summary, to go directly into

O

t
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'([) I specific questions and allow the various consultants and

2 others on the project team to respond to those questice.s.

_
3 So Bill and I, in.our overview, certainly welcone

\l 4 burning * questions that might come up to a point, but we

5 would like to quickly move through this. And we expect

6 to complete this overview in about a hour, of the technical

7 aspects of the program.

8 (Slide)

9 The next Viewgraph shows a brief summary of the

10 Diablo Canyon Long-Term Seismic Program, conditions of
,

11 th e operating license, four of those conditions that Steve

12 Brocoum mentioned earlier. The first item is the update

13 of the geology and seismology in tectonics that includes

14 the re-evaluation of earlier data, particularly that since
,

15 the 1979 ASLB hearing, to identify, examine and evaluate

16 the relevant data and interpretation, and acquire additional

17 new data, as re, quired.

18 The second part of that is the re-evaluation of|

19 earthquake magnitudes, which is based on the information

20 that generated in item one.
(
!

21 And three, the re-evaluation of the earthquake'

( 12 bound moticas based on items one and two, and there the
~

-

|

| 23 relevant site and other factors.
|

24 And four, to assess the significance of conclusions
| (r')_/>

|
25 from the previous three items, using probablistic and

O

4
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(j) 1 deterministic analysis, as necessary to assure the adequacy
2 of the design margin.

3 (Slide)
fm
kJ 4 The next slide shows the history of where things

5 are with regard to preparing the plan. As it was mentioned
6 earlier, there have been four meetings between PG&E and
7 the NRC staff. And the proposed program was prepared from

8 those meetings , has been submitted, and now we await the

9 p rogram approval and the program implementation which will

10 include, once the program gets underway, quarterly progress

11 reports to the NRC, twice-a-year meetings with the NRC

12 staff, and at least annual meetings with the ACRS.

13 (Slide)-

h 14 The program objective is sho0n on the next

15 Viewgraph. Very basically, it's to satisfy and comply

16 with the seismic conditions of the operating license.
17 When we visualize this comprehensive program,

18 it was commented on earlier that we need to have a dynamic
19 character of this program to be able to manage it and

20 set priorities , to structure the program to accommodate

21 any changes that might come out of new things that we've
22 learned. There have been new hypotheses proposed out

23 of the interpretations and data that we continue to look

r^3 24 at and gather. There still may be additional hypotheses
V

25 and interpretations out of the re-evaluation of the earlier

O
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() 1 data. And, of course, the acquisition of new data in some

2 of the geophysical information that we will be looking

( ') 3 at.

4 And so we need a mechanism to keep our path

5 well managed and constrained to make sure we're focusing

6 on the important elements.

7 The program elements, as summarized before,

8 strictly the ones that we've enumerated, leading from

9 this seismic tectonic model through the earthquake magni-

10 tude and the ground motions and the fragility analysis

11 and the probablistic risk analysis.

12 I show on the bottom of this slide the need-

13 fo r a mechanism, and I'm going to come back to that in a

14 couple of Viewgraphs to talk about a concept that we'
.

15 plan to adopt that will help us and illustrate a point

16 a little bit later on.

17 (Slide)

18 The next slide shows the major goals of the

19 geology and seismology re-evaluation program. Then we

20 have an updated map of the central and southern Santa

21 Maria Basin and adjacent onland area with the data relating

12 to the subsurface gecmetry and dimension of various features

23 that we ' re concerned with. An updated map of the San
,~
\ j 24 Gregorio-l!OSGRI fault system relating to the subsurface

25 geometry, and an improved understanding of the pattern

CD
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({) I and rate of tectonic activity in the region of Diablo

2 Canyon, and the re-evaluation of the seismic capability

3 of the HOSGRI fault and other faults found to be significant

km) 4 to the seismic design of the plant.
/

5 (Slide) .

6 The general features shown on the next slide of the

7 geology-seismology re-evaluation is to review existing
'

a geoscience data base -- and there are a lot of workers' --

9 we know that not only that's been accumulated on this

10 projected, but the U.S. Geological Survey, programs through

33 the universities, through the National Science Foundation.

12 And a lot of other agencies are doing work that may have

information that has bee'n done that we will want to re-13

i 14 examine or examine in more detail. And to identify data
x_-

15 particularly that's been produced or generated since 1978,

16 and particularly the geophysical seismological data might

17 help us get a better feel for some of the subsurface

13 geometries of the tectonic features. And to review the

19 interpretations of geologic features and seismologic

P enomena that are in other tectonic environments thath20

21 might have some application here in a comparative fashion.
.

12 We find that that's often a very insightful way to look

23 at what's realistic in one tectonic environment, to find

24 another one that has some similar agents to see how they

25 match. And see the need to acquire new data , and the area

(
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{') I that we're looking at very -- in a high priority there

2 is a lot of different kinds of geophysical data. And

) 3 to evaluate the process with new processing techniques

4 those geophysical data, as the need arises, as we see

5 what the results are.

6 And, of course, to integrate all the interpre-

7 tations and so forth from this updated geologic and

8 seismologic information into having a much more competent

9 understanding of the variations that might be -- that

10 might exist or be hypothesized to exist.

11 (Slide)

12 The next slide shows --

13 CO-CIIAIRMAN OKRENT: I have a question.

- 14 MR. CLUFF: Yes.

15 CO-CIIAIRMAN OKRENT: Ilow will you ascertain, if

16 you can, what proprietary data exists, and how will you

17 de ci.de whether to try to see this , to buy it and so forth?

18 MR. CLUFF: Very good question. We've found

19 that there is a great deal of proprietary geophysical

20 data from the petroleum data that may be available. And

21 Doug 11amilton and others from the geophysical point of

22 view h' ave already been looking at some of that data.,

23 And I will be showing a map a little bit later that will

'
'

24 show some of that. And then, a little bit later on, if'

25 for a more comprehensive answer to that question, Doug--

:(
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([) I
has a series of slides that shows a lot of track linea

2 in geophysics and what's available and so forth and some
3 of the thinking that goes along with the priorities that() 4 we see at the present time in looking and acquiring that
5 data.

6 So if I can kind of give you that quick arawer
7 now and then postpone that for a more true answer a little
8 bit later, I'd like to do that.

9 CO-CHAIRMAN OKRENT: Okay.

10 MR. CLUFF: Thank you.

11 The map shown here shows our approach to look
12 at the broad plate tectonic, big picture approach, showing
13 the coastal California region with the site, and extending

g 14 from the plate boundary along the San Andreas and its
15 related faults, well to the east into the adjoining basin
16 range, to get a full synoptic view of that entire region,
17 so that we are taking that big picture into account in
18 understanding the more detailed areas that surround the
19 site, which are shown on the next map --
20 (slide)
21 -- which shows five levels of area expanding from

'

22 the site itself and the Diablo Canyon local area, a little

bit larger area, and then what's called here on this map,23

,g 24 the inner zone, a somewhat larger area, and then an outer
: (')'

25 zone that is somewhat larger than that, and then the larger

,u
V

i
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h) I picture that allows us to look at the tectonic elements

2 over a much broader area along the coastline.

3 (slide)g-
\/ 4 Both of these last two figures come from the

5 program plan. The first one was figure 3.3-2, and this

6 one here, of course, is figure 3.3-1.

7 The next slide comes back to the geophysical

8 question. And this map depicts some areas that Doug

9 Hamilton and the geophysicists that are working with us
4

10 from Oak-(phonetic) Petroleum and others, have looked

11 at. The very large white area is from the USGS, some

12 of their work in the offshore work environment having to

13 do with the petroleum lease sales. And the quality of
-

) 14 these data bases vary, depending upon the technique used

15 to acquire the data and the various types of interpretation.

j 16 The other -- the next smaller shaded area is

17 from the Fairfield, the mineral mining area that has a

18 di fferent base. And I'm specifically avoiding any detail

19 on this because Doug Hamilton later has a number of slides

20 that show a lot of detail of the treck lines and has a

- 21 full explanation of the types of information that we 're

, - 12 looking at there . And so I'll reserve those answers

23 for questions later on.

24 And then the striped area closer to the shoreline

j 25 has to do with the GSI data from 1980. And then those

()

,

1
-
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()) I heavy lines are proprietary data from the Western Geophysical
2 P rofile. And then these dashed lines onshore are a program
3 that PG&E has committed to get involved. It's a speculative

4 shoot program, the Seisdata 1985, and that's currently

5 in the process of getting underway. I believe this line

6 here (indicating) will be one of the first lines shot,

7 and we will participatr in a good share of those activities.

8 Now, coming back to the point --

9 DR. AXTMANN: Excuse me. What is a speculative

10 shoot program?

11 MR. CLUFF: That's where,a geophysical group

12 puts together an idea that usually has to do with what

13 they think will be a petroleum interest in a certain
6Q ., .

( ) 14 region. '
.

15 The Santa Maria Basin, which this area represents,

16 is a very hot petroleum area of interest. And so a geo-

17 physical group will put together a program, and then they

18 will sell that on a speculative basis to various people

19 to buy in to help them support it. And they say, "Given
,

20 that we ' re going to go ahead with this, we 'd like to have
r

21 some support," and then they offer that for sale to others

22 through time. And, depending upon the interest in the.

23 petroleum and geophysical area, if there's a lot of play

24 from the petroleum companies, this can be a very lucrative

25 way for the geophysicists to make money on the program.

O
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() 1 And it's speculative on their part because they're guessing

2 where they will get a lot of interest.

3 - So when you get in on the initial stages of

() 4 this, you are able to help select some of the areas that

5 you might interested in and some of the techniques of

6 processing, and so you have a bit more control than if you

7 buy into it later. And so we're part of . hat speculative

8 program.

9 (Previous Slide Shown)

10 The slide, Bill, I wanted to come back to is
J

11 this that I showed earlier, where we believe this will be

12 a dynamic evolutionary program that is shown here. And

13 we want to make sure we structure,this program to accom-

14 modate the changes as we develop various hypotheses or

15 co nsider hypotheses that are represented.

16 And out of that, we need a mechanism.

17 (Slide)
18 And now I want to go to present the mechanism

19 that we're adopting to help us through this Phase II scoping

, . 20 program, and that's using logic tree concept to guide and

. 2 21 identify the program elements and interactions as a tool

- 22 to give us insight and set priorities, to aid to establish

25 the scope of the various program elements and their inter-

24 action, and to allow us with a logical evolution of the

O
25 long-term seismic program to its implentation of what

O
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() I we ' re calling Phase III.

2 Now, one can use subjective judgment in this

3 logic tree or numerical results. And the way we're using
t'~N
(._) 4 this right now is for insight rather than pure numerical

5 result.

6 (Slide)
7 The next slide shows the conceptual diagram of

8 this concept. Starting in the upper left, we have various

9 tectonic models that ha.ve been proposed by various workers.

10 And given one or a combination of those tectonic models,

11 then one wants to characterize the seismic sources that

12 might be hypothesized given one or a combination of tectonic

13 models.

14 And I've made 'a partial listing of the elements

15 that we might consider here: fault b havior, sense of

16 slip on various faults, the fault geometry, whether we 're

17 dealing with strike slip or shallow thrust or steep reverse

18 faults.

19 Question?

20 DR. SHEWMON: Yes. If you have all the data

21 under characters, does that constitute a model, or what

22 is the model? -

23 MR. CLUFF: Well, if I could wait until I get

- 24 to the next slide in just a moment, I think I might be73
(J

25 able to explain that a little more fully.

G
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( 1 DR. SHEWMON: Fine.
)

2 MR. CLUFF: The seismic sources depend upon

3 characterizing those -- depend upon these various elements:

() 4 fault segmentation, whether we're dealing with a single
-5 continuous fault or multiple segmented faults, and the

6 regional seismicity that helps one understand the character

7 of the seismic sources.

3 Then, given that information, which may be

9 expanded to include more than what I've shown here, I

10 . lust want to show the concept -- is that we can estimate

y3 earthquake magnitude. And, as Leon Reiter said before, ;

12 using a multiple techniques, I've listed four here. There

13 are others that we certainly will look at to show some

14 of the more popular ones that have been' used. Rupt'ure0
15 length in a single event with related to a single magnitude.
16 Displacement per event with magnitude in the rupture . area,

17 the magnitude. And then comparing that with the historical

is seismicity.

19 Then, given that information, one can calculate

20 recurrent -- and I've shown two methods here, one from

21 mostly geologic techniques, a slip rate where one has

22 the ge'ologic datum that has been displaced over time.

23 One can estimate slip rates and then calculate, given

24 a certain amount of displacement or rupture on the fault,
\J 25 can calculate ranges of earthquakes related to those amounts~

Ci
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1 of slip. And then the b-value estimates are a seismological(]
2 technique that takes into account the distribution of

3 regional seismicity and the occurrence of earthquakes^

L)
4 according to magnitude.

5 Then, given that information, in terms of the

6 size of the earthquakes and their likelihood of occurrence,

7 one can characterize the ground motions. There are various

8 ways of doing that. And then moving in to the soil structure

9 interaction. Bill White will be getting into some of the

10 more engineering aspects a little bit later,

Dut I wanted to show the flow conceptually, givengj _

certain conditions then one moves from one step to the
12

!

13 next.

CO-CHAIRMAN OKRENT: Excuse me. If I could14

15 interrupt -- -'

16 MR. CLUFF: Yes.

17 CO-CHAIRMAN OKRENT: Is there'a signficant body

18 of data for any of the four alternatives shown under

19 Es timate Earthquake Magnitudes for the type of f ault that's

20 suggested by Crouch?

21 MR. CLUFF: There are -- It's one of the least

12 amount's of data in terms of shallow thrusts or. compressive

23 -- there is a body of data. We've gotten some interesting

o .

t j 24 earthquakes in the last decade in thrust environments

25 or reverse slip environments, so it's not totally lacking.

L
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( 1 But it's an area that we would like a lot more data. But,

2 nevertheless, we will look at that and make comparisons.

3 (Slide)

(') 4 The next slide shows an expansion of this concept,
V

5 and the logic tree, again, across the top showing the

6 tectonic model, then moving to the characterization of

7 the seismic sources in estimating magnitudes, and then

a ca lculating' recurrence.

9 And this might come back to the more direct

10 answer to your question in that the tectonic models that

33 have been proposed in this environment here include a

12 combination of either pure transcurrent or strike slip

13 fault, which would be the first branch showing there on

,~~)
14 the upper left. And then the pure compressive stress -

15 environment, which would be the bottom line on the lef t,

16 an d that would result in pure result, or thrust slip

17 motion.

13 And then one has the combinations that I've

19 just shown here in combining various amounts of components

20 of either strike slip or reverse slips on the various faults.

21 And I won't go into each one of those. I just wanted to

. 12 show that one can represent the total range of combinations,

23 and then take -- given a certain tectonic environment or
'

24 combination of a tectonic model, then one can move to the

bs/ 25 ne xt area of the branches on the tree. And using -- and

(-

. - - -
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i

(]) I characterize out of this -- one could expand this much more.

2 I just want to show the idea here. From the standpoint

3 of the different types of information coming out of

( 4 characterizing the seismic sources, one can use the

5 multiple approach and estimate earthquake magnitudes.
'

6 And I've picked a few examples here, just for illustration,

7 showing that in some areas with 130 kilometers of strike

8 slip faulting, one might associate that with a seven and

9 a quarter magnitude. On the other hand, about a twenty

10 kilometer rupture length might be associated with about

3y a magnitude of six. And there are ranges of these, and

12 it's just a technique that's used.

13 And then following that along, if one is interested

14 in how of ten that occurs, one can take that information-

15 and either assuming or using empirical data on displacement,

16 for illustration here I used three meters. Given three

17 meters associated with, say, a seven and a quarter magnitude

18 earthquake, and a slip rate range -- and I've shown three

19 different slip rate ranges -- .2 millimeters per year,

20 then that simple calculation would give you a recurrence

21 interval of that earthquake of 15,000 years. Given a

12 five m'illimeter slip rate of that same event, then it would

23 be 600 years. And, of course, a twenty millimeter slip

24 rate would give you that earthquake about every 150 years'.
7 s,
: 1

\^# One can use this kind of information to say, well, "Okay,25

.
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() I given this information, what other kinds of evidence can we

2 look at that might help us see which ones of these are more

3 realistic and so forth," and even compare them with other

() 4 tectonic environments.

5 So it's a useful way of getting a feel for which

6 ones of these numbers might be better than others.

7 I've shown on the other branch of this, assuming

8 a tectonic model of pure compressive stress, a thrust or

9 reverse fault for one -- in estimating the earthquake

10 magnitude, shows shorter rupture length associated with

11 earthquakes of, say, magnitude seven on the order of '

12 thirty-five kilometers, and so forth, and let's say a

13 magnitude of six on tdua order of about eight kilometers.

0,( 14 And then given the amount of displacement that
V

; 15 one might assume, or if one is able to find data that

16 would be related to actual displacement in this environment,

17 and a slip rate to calculate recurrence intervals there,

18 and showing the variation here -- these are the ranges of

19 slip rates that one might find in some reverse slip

20 environments, particularly the lower ones. 02 millimeters.

21 would give you a hundred thousand recurrence interval for

22 a magnitude seven earthquake.

23 And one might look at that and say, "Well, given
|

| 24 the environment that we're in, is that realistic?" Do
'

25 we think that if a magnitude earthquake is going to occur

O
,
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()) 1 and we are confident in the slip rate, that a hundred

2 thousand years is realistic? And one answer might be,

3 "W ell, no, we think they are more of ten than that. " And

() 4 so we question the slip rate or the amount of displacement

5 in that event.

6 So it's really a mechanism to help you think

7 about the problem and to structure it so that you're not --

8 you don' t get lost in the various data that become available.

9 And when new data are generated or you are able to --

10 soncone proposes a new hypothesis, you can factor this

11 in either at that time or at a later date and see how it

12 fits rather than getting a big surprise and having some
'

l3 difficulties with some of those surprises.

(~D. .

] 14 MR. ETHERINGTON: How much is that likely to(G
15 vary?

16 IiR. CLUFF: Oh, it might vary from a meter to

17 two and a half meters, something like that.

18 MR. EThERINGTON: As much as that?

19 c1R . CLUFF: Yes. That depends. Like, the question *

20 was asked before, we don't have a large data base on reverse.

21 or thrust faults, but given the data base we have, it seems

22 to be that variation.

23 And we are fortunate in the program to have Dr.

24 Slemmens, who is assisting the NRC staff, who has done a

25 great deal of the regression analysis and understands these

G
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{ 1 ideas on the data base and so forth and has had personal

2 experience in looking at a lot of the earthquakes where

3 3 the cata base has been generated.
L)

4 And one has to be careful about religiously

5 believing some of these calculations because some of the

6 points are not as reliable as others.

7 You had a question?

8 MR. MAXWELL: Yes. What is the basis for the

9 actual figures you used? Are these based on the West Coast

10 or are they worldwide?

]] MR. CLUFF: I, just from memory, took some numbers

12 that I know in the range that are related to strike slip

13 and reverse faults. I'm not trying to defend these in

b, J * *

14 any way.

15 MR. MAXWELL: Oh, these are illustrations?

16 MR. CLUFF: Strictly an illustration to demonstrate

17 the concept.

18 So we plan to utilize this logic tree idea to

19 help us focus and set priorities, particularly in the

20 scoping studies.

21 And we believe they will also be valuable when

12 we get' into the hazard analysis to go through some of

23 these branches -- or many of them will develop more

,I 24 comprehensive logic trees to help us quantify probablistic-, ,

25 ally the hazard curves when we get into that. But right

is
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([) I now, we 're looking at it more of a -- to give us insight

2 and help us guide the program. And I think it would help

3 us to set the value of gathering new data in certain

(]) 4 areas to try to answer a problem. And one would take this

5 all the way out to the end result to see the sensitivity

6 of different elements.

7 And what this does in going through this -- and

8 I've used this on many interdisciplinary projects -- is it

9 helps the seismologists and the geologists who are working

10 in the area. When they see how some of the data and the

11 results of their calculating used, they tend to say, " Wait-

12 a minute. The way it's being used, something is dominating

13 that doesn't make sense." And so we come back and re-

hb -- 14 examine and find that there may be some misuse of some
j

(_
15 of the data that we have to correct. And it's a very

16 useful -- we've found it a very useful thinking process

17 and to help communication.

18 So that completes my part of this. Bill will

19 continuing on, 'following this into the numerical ground

20 motion modeling and the aspects of engineering.

21 MR. MAXWELL: Are you coming back, or is Bert

. 22 Slemme'ns going to talk a little bit more or a little

23 further on seismic plans?

24 MR. CLUFF: Today, you mean?

()x 25 MR. MAXWELL: Yes.

O
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h 1 MR. CLUFF: Well,.if there are specific questions

2 later on, we can certainly engage Bert Slemmens to speak.

3 CO-CHAIRMAN SIESS: Slemmens is a staff specialist.
,,

id 4 MR. MAXWELL: I'm looking for informatio .

5 CO-CHAIRMAN SIESS: But questions addres;- d to

6 PG&E, we don't expect Slemmens to answer. We can address

7 them to him. No problem there.

8 MR. MAXWELL: Fine.

9 CO-CHAIRMAN SIESS: Do you want to ask a question

10 now, or do you want to wait until you get this overview

11 and then zero in?

12 MR. MAXWELL: All right.
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([) 1 DR. WHILJ : As Lloyd mentioned, I'll be talking

2 about the engineerins portion of this overall program,

3 or carrying on from the numerical modeling of ground

O
t _/ 4 motion on through PRA.s

5 But before I do that, I want to mention something

6 that Lloyd alluded to, and I think it will be helpful in

7 seeing how the overall program is structured. And that is,

a we are working with a phased program, and this is the

9 scoping study that Lloyd referred to just a few minutes

10 ago.

yy (Slide)

Phase I is, as indicated in our program plan,12

13 was our planning portion,; with terminated with the submittal

h) of our program plan on the'30th of January. We are in34G
15 the midst of scoping work in a number of areas which, as

16 Lloyd indicated, will help us define critical parameters

17 and where is the best place to allocate our iesources.

18 That program will continue on for a while.

19 And then, af ter that phase, we 'll get down to

20 Phase III, or the final results.

21 As we ' re going through this, there will be a.

22 number' of areas where methodology in some facets of the

23 overall program will change, going from Phase II into

24 Phase III. And the fragility area is one; hazards is
7 .s

U
25 another. So we 'll be trying to make that distinction as

-m
V
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(]) I we go along.

2 When we were talking about determining the ground
'

3 motion a few minutes ago, Lloyd mentioned that fault
m
) 4 distance, fault geometry, and these kinds of things were

5 important in terms of defining the kind of ground motion.

6 And, as Dr. Okrent was pointing to, there is a limited

7 amount of data available on a number of these configurations.

8 So one of the things we want to do with the numerical

9 modeling is to provide an analytic tool which will allow

10 us to investigate the influence of various parameters

ij affecting the ground motion.

12 What we'll be doing is using the numerical

13 modeling to estimate site specific ground motion for

14 conditions relevant to Diablo Canyon. Now, here we'll be

15 talking about fault geometry, orientation. We'll be able

16 to talk about different kinds of sense of slip. In other

17 words, is it a thrust regime or strike slip. So we'll

18 be able to supplement actual data in-hand that in some

19 conditi cns is relevant to Diablo Canyon, in other features

20 is not.

21 So the main purpose of the numerical modeling

22 is to' supplement data available.

23 We'll be looking at the possible variations

24 in ground motion as influenced by the various parameters.

25 One would be --Take the Hosgri fault, as an example. Is

C:;'
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(}? 1 it important whether the rupture takes place from north to

2 south or south to north? These kinds of things, there is

3 no data available, but they can be investigated to some

O
(_j 4 extent with our numerical modeling.

5 Another piece of information we intend to get

6 out of the numerical modeling is the ability to decompose

7 the incoming motion into various components. And this

a will be used for soil structure interaction. It's necessary

9 to not only know the kind of motion at the surface, but

10 the direction from which the waves were propagating up

it to the site.

12 Working with empirical data, we do not get much*

' '

13 information as to the directivity of the incoming waves.
3

i "2/ 14 We can get some estimates of that from cur numerical
d

15 modeling.

16 (Slide)

17 The next slide is a very simplistic view of

13 what a numerical modeling amounts to. Here I think you

19 can visualize a gridwork representing the rupture zone.

i 20 And here we can control the direction of rupture. We

21 can vary the strength of the rock. And here, in this-

|.- 22 very s'imple version, we're allowing the rupture to start

23 in the upper lef t corner and the rupture progresses through.

24 In th'e other view, in the lower lef t-hand corner, and the

O
, 25 rupture progresses through. This is a very simplistic view
|

|

| O'
;

!
I
|

|
l
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([h
'

1 of the whole thing, but it can just give you an idea of

2 how the whole thing works.

3 Once the rupture has taken place, then we'll

I) 4 follow the progression of the energy from the rupture site

5 over to the site of the plant or whatever other point of

6 interest. And that's where we'll be getting our estimate
.

7 of actual ground motion.

Tapa 14 8 (Slide)

9 The next slide shows some of the key features

10 that will be built into our numerical modeling. We need

11 to be able to represent the geometry and the orientation

! 12 of the fault properly. We'll also be able to control to

13 some extent the rupture velocity. As I mentioned earlier,

O we'll be ablIe to in some cases investigate the source
' "

(; 14;

'
15 directivity.- In other words, should the rupture start

.16 from the north or the south. This is the kind of thing

17- we'll be able to investigate.

18 We'll also be able to monitor the stress drop,

i 19 and naturally we 'll be able to model the geometry -- or

. 20 the geology between the rupture source and the site.

' - 21 Another.important characteristic is our model

22 will b'e able to vary the strength of the model in the*
.-

23 rupture zone with depth. And this is relatively important

24 for generation of high frequency content.
,

25 (Slide)
.

G
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-({} 1 Some of the wave propagation techniques that will

2 also be built in, there will be the ability to address

3 scattering._ The methodology will also accept empirically

(]) 4 determined green functions, and we do have some recorded

5 data at the site from which we hope to be able to extract

6 so ne useful information.

7 We'll also be able to put together the calcula-

a tional techniques in such a way that it is a lot more

9 efficient than the numerical modeling when it was done

10 on Diablo Canyon back in the '78 time frame or thereabouts.

11 There has been considerable improvement since then. --

12 (Slide)

13 Those were the elements within the program. .Let

U)
( me briefly go through the sequential development and point14

,

15 out some of the other features.

16 The first step naturally is the formulation and

17 development of the calculational techniques. And along

13 with that goes a goodness of fit criteria. In the past,

19 the quality of the fit has been in some cases judged by

20 eyeball, if you will. In order to get a better quantitative

21 feel for that, there will be a goodness of fit criteria

22 put to'gether.

23 We'll also be developing modules for wave

24 transmission, and we'll also be looking at, again, a

25 very efficient calculational technique.

O
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(]} j Once we have the calculational technique developed,

2 then we'll be using actual recorded earthquakes in order to

3 not so much debug the model, but constrain parameters

() 4 wi thin the model. And this will allow us to make some
i

5 estimates on predictions of uncertainty. And then, once

6 we have the program and methodology benchmarked, then

7 we'll use that to calculate motion at the actual Diablo

a Canyon site. And this will be the input to the soil

9 structure interaction in terms of information characterizing

10 the directivity of the incoming waves. This will also

ij provide response spectra that will supplement and complement

12 the information obtained from the numerical regression

13 analysis. -

h 14 (Slide) -

d
15 As I mentioned, the numerical modeling will feed

16 into soil structure interaction, and this analysis will be

17 done by Win Tseng. Lloyd mentioned diat earlier.

18 I should also mention that the numerical modeling

19 we'll be doing will be done by Jerry Frazier and his-

20 associates.

~'
~ 21 The main objective of the soil structure interaction

|

. 22 analysis is to determine the inertia loads and the floor

23 response spectra within the structures, the major structures

24 at Diablo Canyon, given free field motion. And the free,

25 field motion will be coming from either regression or'~'

(i
:

I
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(h) 1 numerical modeling.

2 (Slide) !

l

3 The analytical approach that we'll be using in ;
1

() 4 order to be able to determine the inertia loads and the
5 response spectra will be starting with a three dimensional

6 soil structure interaction analysis, which will allow us

7 to do a fairly complex job or a thorough job of defining

8 the input.

9 Now, if we had a rigid base attached to the

10 ground, that rigid base now would have the ability to

11 exhibit six degrees of freedom, free' translation and free

12 rotation. If the base is flexible, we get additional

- 13 degrees of freedom. So the characterization of the input

(!b -

14 motion will be quite general. -

15 In order to get that generality, as I mentioned

16 earlier, we need to characterize the directivity of the

17 incoming waves. We 've talked enough about that.

18 We will be cognizant of the possibility of

19 non-linear behavior developing. As mentioned by the staff,.

20 interest has been expressed, or concern about uplif t or

21 tilting on the containment. This will be looked at, and
'

, . 12 if it's an important problem, naturally it will be

23 addressed. The analysis for that naturally will not be

24 done with a three dimensional soil structure interaction

25 analysis going non-linear because that is an extremely

0
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() 1 complex problem that will handled in auxiliary analyses.

2 we will be using recorded earthquakes, very

(~ ) 3 small earthquakes that have been recorded at the site.
v

4 We will be trying to use that information to validate

5 and benchmark the soil structure interaction model, as

6 well as the numerical modeling method that we have talked

7 about earlier.

8 (Slide)

9 This is an overview of the three dimensional'

10 soil structure interaction model. And actually, I should

11 point out that we have a rock site. So the soil structure

12 interaction phraseology is really a generic term referring

13 to the study, if you will, of,the interaction between
. .

14 the structure and the supporting media. Our rock, the

15 shearwave velocity is in the neighborhood of three to four

16 thousand feet per second, so this is not -- not soil.

17 On the other hand, it's not granite of ten thousand feet

18 per second. This is something that, during excavation

19 time, you had to rip and it was extremely difficult to rip.

20 So it's a fairly good, competent rock.

21 On this slide, we're showing the capability of

12 bringing in surface weight, as well as incline weight,

23 so, again, a fairly general characterization of the slip
,

(_) 24 motion. Yes, this is a figure from the program, 7.2-1.

25 (Slide)

O
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1 This figure is also from the program plan. This
_

2 characterizes the methodology in one of the approaches

l'~') 3 that we 'll be using for the three dimensional soil structurev
4 interaction analysis. This is an analysis performed by

5 KLASY (phonetic), and it is a very efficient program in

6 terms of performing the analysis. It uses belated half-

7 space and breaks the actual analysis into first determining

8 the motion at the rock structure interf ace without the

9 structure, this scattering matrix. And then, in~ block

10 two, here we characterize the fixed base characteristics

11 of t he structure by itself, and then also the -- relationship s

12 and then you the portion there -- these two blocks now

13 are combined in block three to put the two elements together.

|% 14 (Slide)

15 Another model that we'll be using -- again, this

16 is f rom the program plan -- is the SASY (phonetic) computer

17 program. And this uses a little bit different -- or put

18 in a different methodology, but the results are, given

19 the same set of circumstances, comparable.

20 Here there is a little more flexibility in terms

21 of modeling the embedment of the structure. And this is

22 a more complicated program to use. It uses up a lot more

23 computer time. So most of our parametric studies will
( (

V 24 be done with KLASY.
'

|
1 25 (Slide)
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([J 1 The seismic hazards will be an integration of a

2 great deal of the information that has gone on previously,

3 going all the way from geology through, in some respects,

O) 4 soil structure interaction. Lloyd alluded to this earlier(

5 in his logic tree, and this is going to be an important

6 tool in the hazards development.

7 Some of the key features that we will be having

8 in th e tools that we will be using is that we will be able

9 to include known tectonic interpretations, as diverse as

10 they may be. We're going to give special attention to

11 the ones associated with central coastal California.

12 As our overall program progresses, there is going

13 to be new information generated about the validity of
,

14 tectonic interpretations, as well as perhaps the development

15 of additional ones. These can be accommodated by the tools

16. we' re going to be using.

17 The analyses and the assessments are going to

la involve in some cases expert opinion, and we will carefully

19 document all of this information. Robin McGuire will be

20 the one performing this kind of study and has a lot of

21 experience in this overall methodology, and has gone

~

12 through the required documentation of this a fair amount.

23 (Slide)

Some of the sources of information that we'll24

25 be using goes back to the earlier segments of the overall

c
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([) I program plan. From the geology and tectonics, we' re going

2 to get information about fault location, slip rate, style

3 of faulting. These are going to be generated by earlier
?~
()T 4 segments of the program. Doug Hamilton and Larry White,

5 Jerry Frazier will be keying information in in this par-

6 ticular aspect.

7 From the seismology point of view, we're going

8 to be looking at the: distribution of the maximum magnitude

9 earthquake during the life of the plant. This is not

to saying we're going to go for maximum credible or SSF., that

11 ki rd of thing. We're going to be looking at a distribution

12 of earthquake magnitudes.
.

13 In terms of the ground motion, that will be fed

b 14 into the hazards and that will also will be coming frome s
C'

15 our regression analysis as well as the numerical modeling

16 techniques. And there will be in some cases account

17 taken of the soil structure interaction. Now, the amount

18 of soil structure interaction'that we include here depends

19 on how we handle the overall problem downstream.

20 CO-CHAIRMAN OKRENT: Excuse me.

21 DR. WHITE: Yes?

22 CO-CHAIRMAN OKRENT: I missed something. You

23 used the term, I think, " maximum earthquake expected

24 during the life of the plant.",s
i

25 DR. WHITE: Yes.

:-
.-
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() 1 CO-CHAIRMAN OKRENT: Could you again tell me in

2 what sence you use that term?

3 DR. WHITE: Okay. We will define at any point

() '4 what is the expected maximum earthquake. The reason I

5 mentioned that was to point out that we are not working

6 towards a magnitude associated with regulations, if you

7 will. That's regulatory requirements. But we will be

8 looking at a distribution of earthquakes, earthquake

9 magnitudes.

10 CO-CHAIRMAN OKRENT: I must say, you've said the

11 same thing I've heard before, and I still don't know what

12 you plan to do with this maximum expected earthquake

13 during life of the plant.

b 14 DR. WHIT 2: Well, all I can say, it won't be a *

f

(.
15 parameter fed into our calculations. The thing that will

16 be fed into the calculations is the distribution of

17 earthquake magnitudes.

18 CO-CHAIRMAN OKRENT: Is the life of the plant

19 going to be important somehow in all of this?

20 DR. WHITE: Not really. It's done on an annual

21 basis, if you will. In other words, we're coming up with
~

22 the statements of probability on an annual basis.

23 CO-CHAIRMAN OKRENT: So it doesn't matter whether

24 the plant is there for forty years or four hundred years?

(~/)~ 25 DR. WHITE: Right,

e ,.

.. ..
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1

di 1 CO-CHAIRMAN OKRENT : Thank you.

2 (Slide)

; 3 DR. WHITE: This is a very simplified logic tree" ' ' '

w

4 that Robin will be using in order to come up with the

! 5 final result, which is ground motion coming out the -- at

6 th e end of each branch of this logic tree. The one Lloyd

7 had up earlier stoppec at soil structure interaction.

8 It was kind of running off the page. And as these trees

9 get finer and finer, they run of f any page. So, again,

10 this is a very simplified version showing the four main

11 elements contributing: geology, seismology, ground motion,

12 and then eventually soil structure interaction.

13 The hazards curve, which is shown in the next

CO 14 slide --

*

15 (Slide)

16 -- is a probablistic parameter on one site, if

17 you will, frequency of occurrence or exceedence. And then,

18 following across the horizontal access, will be some

19 parameter characterizing the earthquake. For this par-

20 ticular curve, we're showing peak ground acceleration.,

21 In the work that we'll be doing on Diablo Canyon

- 22 -- I s'hould say this curve here was taken from Seabrook.

23 What we're going to be using on Diablo Canyon is going
n

(_-) 24 to be, rather than peak ground acceleration, peak foundation

25 acceleration in the early stages of our studies, in the

h
.
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() 1 Phase II portion. Later on, we will probably be using
_

2 spectral ordinance at a frequency of interest, like five

3 hertz or ten hertz, rather than peak ground acceleration.

4 The point is,- there is not a single unique

5 parameter that we will be using to describe the earthquake

6 characteristics. Peak ground acceleration has been used

7 in the past, but that's not the only one.

8 (Slide)
9 Okay. Now, we move into the fragility area.

10 And, I think, as result of today's earlier meetings, we've

11 seen this curve a number of different times, and HCLP's

12 and that kind of thing. That's what we're going to be

13 doing. I wish we would be fortunate enough enough to have
@\> 14 the earthquake levels associated with these eastern plants.

- 15 I mean, you're talking about .3, .5. That's a real nice

16 earthquake. We're talking about something substantially

17 in excess of that -- is what we've been designed for.

18 And we 'll be looking at the probability of those kinds

19 of earthquakes. But ,e're looking at something that is

20 substantially larger than people have developed fragility

21 curves for in the past.

22 One of the key parameters for our development

23 is going to be the median -- you have to remember Bob

24 Kennedy said earlier that the high competence, low proba-

() 25 bility point is important. And he qualified that to say

G
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(h; I that that was for that site. With large earthquakes, you

2 ne ed more. That's going to be one of the parameters that

3 we will be using in order to fragility curve -- is the

() 4 median, the high competence / low probability number, as

5 well as the spread between the curves, which is a function

6 of the uncertaintly associated with the calculational

7 capability, if you will.

8 I had a series of slides that went through the --

9 MR. ETHERINGTON: Can I ask a question?

10 DR. WHITE: Certainly.

11 MR. ETHERINGTON: On the ordinance scale, you

12 seem to skip -- minus two, minus three, minus four, and

13 then minus six.

*
'

DR. SHEWMON: On.the previous slide.14

15 DR. WHITE: Oh, okay. Let's go back to the

16 previous slide.

17 (Previous Slide Shown)
18 That's not a "six." That's a "five."

~

19 MR. ETHERINGTON: Oh, I'm sorry. It's my

20 bad eyesight.

21 DR. WHITE: No. When I saw that first, I thought-

22 we had' skipped one, also.

23 (Slide)
24 Let me abbreviate the fragility discussion a,_s.

/i
''

25 little bit, seeing as we've had a great deal of it in the

s
.
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(h) I previous discussions, starting all the way back with this

2 mo rning .

3 I think it is important, however, to say that

() 4 the median seismic acceleration capacity that we're going
5 to be dealing with is going to be a function of the

6 strength and structure, as well as the ductility of the

7 structure, and also the response. In other words, our

8 calculational capability. All three of these facets will

9 be factored into the overall seismic capacity evaluation.

10 Now, the kinds of technology that we're going

11 to be using here is phase dependant. In Phase II, we're

12 going to be using the methodology that has been used in

13 the past. And Bob Kennedy and the SMA people will be
_

14 performing those analyses for us, and have performed it.

O
15 on a number of occasions previously.

16 But I think that that set of fragility curves

17 will be used in our scoping study trying to identify

18 the most important structures and equipment. Once those

19 have been identified -- in other words, the critical

20 items -- then we will go back and develop fragility curves

21 that have a higher confidence level, if you will, g'etting

. . 22 into t'rying to narrow the curves, the distance between
,

23 the 95 percent curve and the five percent curve, and also

| 24 providing a better foundation for the median value. But
/~)
(_/ 25 those are not simple analyses. Those will involve, in

|

|

' -

|

|
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(.y 1 many cases, serious non-linear analyses which are not

2 simple. So we don't want to do that kind of analysis

3 for everything, just the important features, whether it

(} 4 be structures or equipment.

5 I think that -- Let's skip some slides here,

6 Lloyd, Let's go straight to PRA. That's about four from

7 the end. Thank you.

8 (Slide)
9 As in the case of hazards, which was an integra-

10 tien of previous bodies of 'information, starting with
11 geology and moving all the way through, our PRA, our

12 probablistic risk assessment is likewise an integration

13 of everything prior to this.

14 Now, the analysis that we will be performing
(i),

t 15 will be done by PLG (phonetic) under the direction of~
|

16 John Garrick. And I think that, as I mentioned, this is

17 going to be an integration of the hazards information,

| 18 which is the characterization of the earthquake potential,
19 and the fragility information, which is a characterization

20 of the structures capability, or the equivalence capability
21 of resisting an earthquake. Those two pieces of information

~

,

22 are going to be integrated through logic models of the..

23 plant.

24 From this, we're going to get information about

O)(_ 25 the -- the probability curves for frequency of occurrence

h'

,

v y- - ~,.e-~~ ~ - - - -



331

({-) 1 of different plant damage states. This is going to be

2 the yardstick, if you will, for measuring the risk asso-

3 ciated with various hypotheses, various tectonic interpre-
^

(v') 4 tations.

5. This methodology that we'll be using also has
6 th e capability of allowing backtracking through the analysis
7 to find out what the major contributors to the risk are.

8 So, in a nutshell, this is the PRA analysis.

9 .(Slide)
10 The next slide shows some of the basic information
11 that is required in order to assemble such a comprehensive
12 model. The data base will encompass a large and diverse

13 accumulation of information: design drawings, operator

14 manuals, training, FSAR, a very wide range of information.

15 This will be the basis for developing the model charac-

16 terizing the human interaction models. There was some

17 discussion of this this morning, talking about some of

18 the positive aspects of human interaction where an operator
19 takes special actions to correct an accident or in a

20 situation that you want to change. There are some down

21 sides to that, as well. The system models will be working

22 around'the design characteristics of the plant. Here is

23 where your logic diagrams.for wiring, piping, this type
24 of thing, is fed into the overall analysis.

k '' 25 Also from this is the information concerning the

O

f
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([ 1 external events. Naturally, seismic falls into that.

2 Internal events will also be considered.

3 I should mention that the analysis that we'll

(]) 4 be doing will be a full scope PRA, level one. So the

5 full scope indicates that we will be considering internal

6 as well as external events. Level one will take us throtgh j
7 plant damage states.

8 (Slide)
!

9 The next slide shows, at least in a very cap-

10 sulated form --

11 CO-CHAIRMAN OKRENT: Excuse me.

12 DR. WHITE: Yes?

13 CO-CHAIRMAN OKRENT: Does that include containment

14 when you say " plant damage"?

15 DR. WHITE: - _ will be some containment

16 information gathered. We won't carry it to the point of

17 rupture, however. We will be taking a lot at containment

18 -- We will be taking a look at the response of the con-

19 tainment during an earthquake, as an example.

20 Dr. Garrick can explain the extent to which

21 the containment will be involved in level one.

22 ~ CO-CHAIRMAN OKRENT: I'll wait for him, then.
,,

23 DR. WHITE: Okay.

24 This is, as I mentioned, a very capsulated form
,m

t / 25 of the overall analysis. The key thing we want to talk-

eng

_._
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() I about here is the plant event tree is converted into a

2 matrix representations. And this is the feature that gives

]) 3 us the capability of backtracking through the total analysis

4 when we get finished to identify the prime contributors

5 to da e overall risk.

6 (Slide)

7 People were talking about seismic as an important

8 contributor. I wanted to show at least one slide where

9 we talked about the total integration of all of the pieces

10 of information.

It In the upper lef t-hand, these are our hazards

12 curves that we 've talked about developing. In the lower

13 left-hand corner is our fragility curves. And,.then, the
'

14 plant model, if you will, is directly between these, two.

15 This is the integration of these three pieces of information.

16 We come up with a plant s.amage state as a function of

17 seismic only, and then that is added to the contributions

18 of the other events, external as well as internal, and

19 that gives us our combined plant state frequency.
,

20 This is the final result we will be using in

21 terms of assessing the risk, the importance of various

22 parame'ters.

23 DR. SHEWMON: What would be a plant -- combined
rn

! .J 24 plant state frequency parameter that I might bump into
,

25 or recognize if I saw one?

O
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(') 1 DR. WHITE: I don't -- We have~some slid,es that
2 have the -- those parameters on the bottom. That's --

(]) 3 there's a probability of exceedence. John, could you give

4 me a little help there, please?

5 MR. GARRICK: I'm sorry. I didn't hear the

6 question.

7 DR. WHITE: What is the parameter along this

i 8 axis here?

9 DR. SHEWMON: Is there a probability of core

10 melt? Is that a combined plant state frequency parameter?

Il CO-CHAIRMAN OKRENT: Is it core melt or release

12 that would be in your end product?

13 DR. WHITE: It would be a plant damage state,
.

14 which is core melti --,

.

:

15 CO-CHAIRMAN OKRENT: So there would be no estimate

16 of the frequency of recurrent kinds of releases?

17 MR. GARRICK: That's correct, for a level one

! 18 study.

19 CO-CHAI RIMN : Okay. Later I'll ask the staff

| 20 why they think this gives adequate information, if it does.

-21 MR. GARRICK: Maybe it would help if we backed
!

12 up and'tried to explain what we mean by " plant damage
i 23 state." And what we mean by " plant damage state" is simply-

O .

(_/ 24 defining a set of end states --i

I
'

25 CO-CHAIRMAN SIESS: Excuse me. Would you identify

O

_.
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(), 1. yourself for the record?

2 MR. GARRICK: Yes. I'm John Garrick; Pickert

3 (Phonetic), Lowe (Phonetic) and Garrick.

-() 4 What we mean by a plant damage state is a category

5 to which we can assign sequences in such a way that when

6 we start assembling the risk model, we are assembling a

7 manageable number of end states rather than the millions

8 .and millions of end states that we would be assembling if

9 we were accounting for each individual scenario.

10 Now, there is a correlation between the accident

11 sequence and the ultimate consequence, and usually this

12 is considered in how the plant damage states are defined.

13 And, as you sau in an earlier. presentation, plant damage

{b^} 14 states were defined in terms of time of melt,'the initiator
-

15 involved, and the condition of the containment heat removal

16 sy stems . So this is simply a mechanism to do to the

17 plant damage categories, if you wish, what is done to

18 the release categories in defining the source term.

19 CO-CHAIRMAN OKRENT: Well, I'll ask the staff

20 right now, do they agree that stopping at something that

21 resembles core melt frequency is adequate for the purpose

22 of assessing the design? And if so, how will they translate

23 for the ACRS what core melt frequency means with regard

, 24 to magnitude of release to be anticipated?

23 MR. REITER: This is Leon Reiter, f rom the sta f f ."'

. . - _ - - . -
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()) 1 This question was raised at the last meeting, discussing

2 the PRA with the risk reliability and assessment branch.
,

3 And the response that we got or the branch's response was

n() 4 at this stage this would be appropriate and it would be

5 relatively easy if deemed necessary to convert this to

6 consequences.

7 CO-CHAIRMAN OKRENT: Easy for whom?

8 MR. REITER: Whoever. In other words, it's not

9 a major undertaking. It's a controversial undertaking,

10 but it's not a major undertaking.

11 CO-CHAIRMAN OKRENT: I think, in fact, for internal

12 events right now, there are some open questions on how one
'

13 goes from different plant states, so-called here, to
b

(Y~$
-

14 release categories. And since th,ere may be some different

15 containment states here to be included -- I don't know --

16 it's not at all obvious to me that one will be able to

17 follow some prior model. But, as those who've been

la following PRA developments since, let's say, 1981 or so

19 know, there's been a very considerable change in the thinking ,

; 20 But I don't think it has settled down so that there's a

|
| 21 recipe.

* 12 MR. REITER: I think you're right. I think the.

23 recognition, again, was that perhaps by the time this has

24 come, there will be new recipes. But it's calculationally
7~
\> 25 easy or not a difficult problem to go from the plant-

fm
'|

_ ,1

|

|

|
t
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($) 1 damage states to consequenc.es.

2 DR. SHEWMON: Can I ask a different question?

3 At least from what I read here as the charge -- and I can't

() 4 find what -- the seismic design of Diablo Canyon be re-

5 evaluated in about ten years, taking into account applicable

6 new information. So if they can say, "We think that

7 whatever the SSE is, it's supported by the best current

8 information" or something of that sort, why do they have

9 to get into this other stuff? You figure that's part of

10 their charge, to carry it down to releases? Or is it

11 indeed what I read here? It has quotes around it, and

12 it presumably came from the license someplace.

13 MR. REITER: I guess the question of why do

/S
f-)) 14 the PRA at all if indeed, for instance, we come up with
V

15 the best estimate of magnitude -is a magnitude of six

16 and a half on a strike slip fault, let's say, five kilo-

17 meters from the site -- is that the question?

18 DR.- SIIEWMON: Yes.- .

19 MR. REITER: I guess the question was that the

20 likelihood of coming up with a single well-defined answer

21 which is clearly below the existant design level was not

22 very high. The likelihood would be that it would'be

23 -- we 'd end up with a .rather large state of uncertainty,

24 which may include some values which may exceed the existing
,~'

(''') 25 design spectrum at certain frequencies -- the range would.

- . _ _ . .
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(}) 1 And therefore it would be appropriate, taking that best

2 judgment into account, to not put off planning the PRA

3 towards the end, but to tackle that point initially.-

I) 4 And during discussions, there was a great deal

5 of encouragement from the ACRS that the PRA would be an

6 important element to look at.

7 DR. SHEWMON: If you can't define the median or

8 the mean, then it's better to -- and you don't know the

9 uncertainty or sigma on that, then I don't quite see why

10 trying to calculate a spectrum which does require a

ti standard deviation is that much better than working with

12 medians.
.

13 MR. REITER: Excuse me, Dr. Shewmon. By " spectrum"

14 I mean the period of ground motion, not the fr'equency of

15 the occurrence, whether it's .1 second, .2 seconds, one

16 second. There's a multi parameter description of the

17 ground motion, in other words. At certain -- we get

18 differences between -- I use " period" in terms of --

19 DR. SHEWMON: Your spectrum is not the magnitude?

20 MR. REITER: No. The spectrum is in ground

21 motion. In other words, the feeling was that we could

12 not --~ if we felt unequivocally that we'd end up with an

23 answer which said that, as an example, our estimate -- our

24 single valued estimate, best estimate, whatever we want
(,,s )

# 25 to call it, is going to be a magnitude of, let's say,

( .

s-
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(]) I a six earthquake, five kilometers from the site, and that

2 that ground motion, let's say, at the 84th percentile, was

3 everywhere beneath the existing design basis -- if we felt

('"J)
4 reasonably sure that we 're going to get an unequivocal

5' answer like that, then the role of the PRA would be perhaps
6 questionable.

7 But, I guess, the feeling was that although we

8 may make progress in our knowledge, the chances of getting

9 an unequivocal answer and the chance of getting an answer

10 whose uncertainty is completely encompassed by the existing

31 design basis was rather small. And it was advisable to

12 go ahead and do the PRA to --

33 CO-CHAIRMAN SIESS: And it stays that way for

(5) 14 forty yearst * *

15 MR. REITER: Excuse me?

16 CO-CHAIRMAN SIESS: And it stays that way for

17 forty years.

18 Leon, do I understand that - getting back to

19 the question of calculation of consequences, do I under-

20 stand that the staff does not interpret that as a part of
t

21 the report that has to be submitted in three years from
i

! 22 the time you started?
i
!

! 23 MR. REITER: Again, I'm talking a little bit
,

24 beyond -- out of my line. But the question was raised,

O
k> 25 and I guess the peopib at NRC who deal with this issue,

|

' p

., .- ~ = -

- .- - . . . .
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(}} ) the RAB (phonetic), felt that, at this time, it would be

2 appropriate to limit the calculations to plant state and

3 core melt and that, at the appropriate time, there would |

) 4 be a calculationally -- it may be controversial, but wou'd

5 be calculationally easy to calculate the consequences of

6 that, if that was deemed necessary.

7 CO-CHAIRMAN SIESS: What do you mean, at this time?

g MR. REITER: At this time, the feeling was that --

9 CO-CHAIRMAN SIESS: They have to to submit a report.

10 three years from a certain date. Is it possible that, two

years down the line,.you are going to decide.that you includeyy ,

consequences?. .
.,

13 MR. REITER: I think that is a possibility and
,

14 the feeling was that that would not be a major problem in
.

v
15 the program.

16 CO-CHAIRMAN SIESS: And they understand that.

17 MR. REITER: I hope they do.

18 CO-CHAIRMAN SIESS: And then, if they calculate

19 consequences, you are going to casiculate consequences?

20 MR. REITER: We would conduct a review --

21 CO-CHAIRMAN SIESS: I gather that is what

22 Dr. Okrent meant by being controversial.

23 MR. REITER: Yes.

24 The structure of the PRA review -- I am trying --

O
25 We haven't really detailed, the exact detail, how

O

. . - - - - __ . . .
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f M,/ i- we are going to do that PRA review. But, if we have done

2 it-the same way we have done it in the past, then we have

1

3 to calculate-our own consequences.
.
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L 'r i EVENING SESSIONO

2 6:00 p.m.

3 DR. SHEWMON: Everybody has agreed that this is7s

']'
4 now ratcheted up from the seismic design of Diablo Canyon

5 be reevaluated to doing all of these consequence

6 calculations.

7 Is that --

8 MR. REITER: That is a possibility. The

9 consequence is a possibility.

10 DR. SHEWMON: I see.

11 MR. REITER: What I am saying, at this point --

12 DR. SHEWMON: That is certainly not in what they

13 have in their introduction or what I see in the original

T')
'

'(_j 14 words and I am trying to catch up.

15 MR. REITER: What are the exact words in the

16 license condition, ...the significance of...""

17 DR. SHEWMON: It isn't getting -- as significant,

18 it just says, "... recommended the seimsic..." the seismic

19 design of Diablo Canyon be reevaluated in about ten years --

20 00-?HAIRMAN SIESS: The four conditions in the

21 operatint license, Paul, there they are.

12 The fourth one is the one that brings the PRA into

23 place.

24 DR. SHEWMON: ... significance of conclusions using() "

25 PRA deterministic in necessary to ensure adequacy of seismic
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Q y margins."

2 CO-CHAIRMAN SIESS: Yes.

3 That is one of the license conditions.

_(3 4 DR. SHEWMON: The seismic margin, then, gets back
\_/

into --5

6 CO-CHAIRMAN SIESS: What we spent eight hours on.

7 DR. SHEWMON: All this other stuff.

8 CO-CHAIRMAN SIESS: Yes, more or less.

MR. REITER: I might add tha.t we pointed out that9

10 we really finished our review and that, certainly, the

yy comments that you make here, these things will be considered.

CO-CHAIRMAN SIESS: Well, Dave, I12

j3 misunderstood what you meant by controversial.

'h y4 CO-CHAIRMAN OKRENT: It was his word and, I think,

(")
15 right now there is not agreement in the community,given that

16 you have a defined beginning to a scenario, just what the

17 corresponding release category will be, if I can use that

yg term, so that, if you only go so far as to caluclate the

y9 core melt frequency, you will not have a good handle on this,

20 let's say -- if risk is measured by the frequency of larger

releases.21

22 And you may or may not have an easy way of going

23 fr m the so-called plant state to the corresponding release

24 category.

25 I think Mr. Garrick, himself, if I can paraphrase

0

- .
_ .- . . - - --- _.-
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([) 1 what I have seen him write says, " Core melt is not a good

2 measure of risk." And I can look, I think, in the Indian

3 Point PRA to confirm that that is his opinion. It is my

() 4 Opinion equ dly as well.

5 And, although I think release category is held

6 to quite a bit about --

7 DR. GARRICK: Dr. Okrent, let me comment on that.

8 The basic approach we are taking here is a top-

9 down approach. In ather words, we are approaching the whole

10 PRA from the point of view that we leave open any option

13 with respect to scope that we choose to exercise.

12 Now, as you ;now, the way in which we scope a PRA

13 is, basically, into three separate models, the plant model,

0/j 14 the containment model and the site model. And, basically,
V

15 what we are talking about here is the plant model. And that

16 really is what is meant by a Level I PRA. Or, putting it

17 another way, a Level I PRA is a quantification of the core

13 damage. A Level II PRA is a quantification of the release

19 or source term and a Level III is a quantification of the

20 consequences.

21 Now, the real reason, or one of the advantages

12 of doing it as we are proposing it be done, here, that is

23 to say, of determining the frequency of the currents, of

24 the different plant-damage' state, is that that maximizes

25 the use of the Level I PRA for continuing on if it is deemed' - ~

. . . -
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(]) I wise do do that.

2 Another comment on -- what I mean to say by that,

3 is that the plant-damage states are the initiating events,

'm> 4 if you wish, for the containment and core response analysis-

5 which establish the source term.

6 So, if you give, as an end product, the core melt

7 frequency then, of course, you really have not set up the

8 results in such a way to efficiently exercise the option

9 of Level II or Level III analysis.

10 Now, the other thing I would say about that is

11 that, based on the experience that has now been accumulated

12 on PRA's, one is able to define these plant-damage states

13 in such a way that there is some correlation between those
'

14 states and" the consequences. So, it is not'as if you don't

15 have any insight about the consequences; you do have some.

16 But I, certainly, would not want to suggest that that amounts

17 to qu?ntifying the consequences or the risk if, by risk,

18 we mean health effects and, generally, that is what we do

19 mean.

20 CO-CHAIRMAN SIESS: I am confused by nomenclature.

21 This morning I thought the term " plant-damage states"

22 was being used to describe a condition including when the

23 containment failed.

24 I kept hearing reference to early containment

25 failure, late containment failure, et cetera.

m

4
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(}) 1 Did I hear that correctly? Is there anybody around

2 that heard the same thing?

3 And now, I am hearing plant-damage states being

4 defined only in terms of --

5 DR. GARh!CK: Only in terms of what?

6 CO-CHAIRMAN SIESS: Only in terms of core melt.

7 DR. GARRICH: No. Well, the plant-damage states

8 or the sum of the plant-damage states, as we generally define

9 them, constitut.e the core melt frequency. And the plant-

10 damage states usually are defined, as you say, in terms of

gi such things as the reactor coolant system pressure, for

12 example, at the time of vessel melt-through, the quantity

-

13
of water that is in the containment, the success or failure

of containment isolation or the success or failure ofv) 14

15 containment heat removal and fusion products scrubbing

16 features.

17 So, defining the plant states in those terms-does

13 give you some information about the disposition of the
|

| 19 radioactive material which, in turn, is the basis for later
1

20 defining the release categories.

! 21 So, there is some opportunity for establishing

12 a correlation between the plant-damage states and the

; 23 consequences. But it is not to be confused as being a

i
24 quantitative statement of risk.gg

| ()
i

~

25 CO-CHAIRMAN OKRENT: Well, I have little doubt
i

|

'

,.

| Qi
i

i
!

i
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(-)) 1 .that those who have recently gone from plant-damaage states

2 to the Level II portion of a PRA, meaning, then, the

3 containment function and release categories. If they have

(~N
(_) 4 recently done it, they can look at a set of plant-damage

5 states and the numbers there and say, "If this is a similar

6 containment..." and so forth and make the translation.

7 But that is a rather small number of pecple in

8 the PRA world, relatively speaking, and I am not sure that

9 presented, in fact, I am quite sure the other way, that if

10 all one were to see were the plant-damage states, few, if

11 any, members of tne Committee would be able to eacily

12 translate this into release categorgies. Whereas, I think,

13 if they see-release categories, they can relate this to some

(3
/ \ 14 other PRA or whatever.
(/

15 So, I am not arguing with your calculation of plant -

16 damage states as an easy way to go to the next step. I am

17 just saying, leaving it there, unless all the numbers of

18 frequencies are so small we don't care, in which case, stop.

19 But, if the frequencies are high enough that one might care,

20 then it is relevant because, when you go to the Level II,

21 so-called, it will pinpoint certain scenarios as being

22 important in the information of the poeple doing the PRA

23 and the reviewers can look at this and decide, "Am I happy

24 with the assumptions that were important to these?" and sog-
''

25 forth. Looking at the plant-damage states, you are.less

G

._. - _ _ _ __ -
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i

) 1 able to think in those terms.

2 CO-CHAIRMAN SIESS: Where do we stand with you? |

3 MR. REITER: I am finished. |
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i

(() 1 CO-CHAIRMAN SIESS: Okay.

2 I assume, then, from what you said earlier, that

3 you would like for the remainder of the discussion to be

4 handled by questions from the Committee members and their

5 consultants.

6 MR. CLUFF: Yes.

7 As I mentioned in my opening comments, Bill and

8 I have both given this overview summary covering the entire

9 program which is in written form before you. And we felt

to that it would be more efficient to not give long presentation s

11 from each consultant, but to allow them to respond to questions,

12 letting the ACRS Committee and their Consultants ask questions

13 of them directly.

14 CO-CHAIRMAN SIESS: Fine.

15 Now, I think we ought to try to do this is some
i

16 sort of orderly manner.

17 DR. AXTMANN: Excuse me. For my orientation, where

18 are we in this agenda?
I

19 CO-CHAIRMAN SIESS: We are under (b) (Continuation) .

20 DR. AXTMANN: Eight o' clock, marvelous.

21 CO-CHAIRMAN SIESS: No, we will -- the first (b)

22 (Continuation) but --
(

23 DR. AXTMANN: Three (b).

- 24 CO-CHAIRMAN SIESS: Don't worry, I am keeping

~'
25 track. We quit at 10:00 o' clock tomorrow morning. .That

|

(

|

._ -_ _- ._ . - - . - _ - . . . - - . - _ -_ .-. -
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(}}) 1 is the only thing definite.

I would like to do this in some orderly manner-

3 and, I think, havin,g questions, first, by the Subcommittee

() 4 and then by the consultants is not an orderly manner.

5 So, I am going to propose that we do it by

6 discipline, more or less in the sequence of some of these

7 slides which means we would start off with the geology and

g tectonics, I guess, and then the seismology and ground motior ,

9 soil structure interaction, fragilities and PRA, more or

10 less in that order.

33 And, I think, that would be geology and tectonics

12 first.

33 MR. CLUFF: Excuse me. Dr. John Garrick is not
; .. .
*

14 going to be able to be with us tomorrow so I would like to

15 be able~to make sure that the questions that relate to PRA

16 are included in his availability with us this evening.

17 So, we might --

18 CO-CHAIRMAN SIESS: Well, I have no objection to

19 starting PRA, since it doesn't fit into any of the other

20 " ologies" very well.

21 CO-CHAIRMAN OKRENT: I suggest that you start the

12 way you are and leave a limited amount of time before

25 whenever you are going to end tonight.

24 CO-CHAIRMAN SIESS: All right. We will do that,

25 then. We are going to break for dinner at 6:30. Now, we

,,

.
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h(o 1 are moving along quite well, I believe, so one option would

2 be to break now. People might want to clean up before dinner .

3 Dinner is going to be where at 6:30? Same place

( ,)
,

4 that we had lunch, for those that signed up for the communal
_

5 meal.

6 So, let us break now; dinner will be at 6:30.

7 We will reconvene about 7:30.

8 (Whereupon, at 6:15 c' clock p.m., the meeting was

9 recessed, to reconvene at 7:30 p.m. the same day.)

10 CO-CHAIRMAN SIESS: We will reconvene.

yy I have a request from one of our geologists to

12 ask a non-geology question. So we will start off with that.

MR. POMEROY: Thank you.13

y4 Lloyd, on the* organizational chart, here, the*

15 seismic program's consulting board, who you had a list of

16 the people involved, could you give us some indication --

17 Steve Brocoum brought up the question of the degree of their

18 involvement and I was wondering how much these people will

19 actually be involved in the program as it is ongoing.

20 And could you, also, comment on: Are there other

21 people who are in the technical advisors' box that also feed

22 into this system in some way?

23 What is the external input to the program, perhaps,

24 generally?
| ,',

*- MR. CLUFF: Yes, the consulting board that we have| 25

a
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Q 3 convened during the discussion process between PG&E and the

2 NRC staff. So they had some input into the development of

3 the plan and we have now got them engaged in regular meetings

(m) 4 in their start of the review of the plan and to help us get
,-

5 the scoping effort going and so forth.

The level of commitment is hard to define exactly6

7 because, to quantify that, it depends. They have all assurec

us that they are willing and able to give us a reasonable8

amount of their time on the order of several days a month9

r, even more, :.n some cases, as a collective body of
10

advisors. And then, on an individual basis, we have
11

identified, and it is shown in the program plan, like Clarenc e
12

Allen and Bruce Bolt and Harry Seed and so forth, will be
13

advising some of the project team on the specific work tasks.14

And we value that process in making sure that they,
15

16 individually, gain the knowledge and help give direct
_

17 guidance. And then they bring that information back, sittinc

18 as a group, and, to us, that is a much more productive way

19 of getting the highest level advice.

20 Now, that is the time commitment and so forth.

21 To me, more important than that is the quality of the

22 individuals and the quality of their input. And we are very

P ease to have such a distinguished group of consultantsl23

24 advising us.
-

25 MR. POMEROY: Fine. I was just wondering,whether

O

_ _
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(}} t it \as a half-day once in three years and it is, obviously,

2 much more than that.

3 MR. CLUFF: It is much more than that and, if you
,o

(f 4 know some of those individuals, you understand that they

5 would get involved much more than that.

6 MR. POMEROY: Okay. Thank you.

7 CO-CHAIRMAN SIESS: Okay. We will start off with - -

8 what did you call it, Ben?

9 DR. PAGE: I called it seismo-tectonics.

10 CO-CHAIRMAN SIESS: Does that come before geology

ij or after geology?

DR. PAGE: Well, the Chairman was teasing me about
12

13 geological jargon.

14 MR. CLUFF: Excuse me, Mr. Chairman. .

15 It was my understanding that we going to start

16 with the PRA.

17 CO-CHAIRMAN SIESS: No. We will be sure and get

18 to PRA before the evening --

19 MR. CLUFF: Oh, okay. Good.

20 CO-CHAIRMAN SIESS: I will depend on somebody to

21 remind me.

22 MR. CLUFF: Okay.

23 CO-CHAIRMAN SIESS: Okay.

24 Ben, would you like to start off?em

'~

25 DR. PAGE: All right.

.O
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g 1 Ben Page, ACRS consultant.

2 I haven't any particular questions. Maybe I will
..

3 have as the discussion proceeds. But I would like to say.

O 4 thet my reaceton to the eeotoeica1 eart of the tone Term

5 Seismic Program is favorable and I am impressed by the,

!

6 comprehensiveness of it and the thoroughness, if it can,;

7 indeed, be carried out.

; 3 Also, I think that there is some very competent

9 personnel involved.

10 If I could make a suggestion, which is, probably,

'11 totally unnecessary, I think that a good deal can still be

12 learned onshore and I am sure -- I see you have included

13 that in~your program., _

14 But there are key areas that should be reexamined
,

15 and one of these is the San Simeon area where potentially

16 active faults can clearly be seen on land. And, probably,

.
17 with detailed work, their character can be determined. And

!
'

13 I don't think it has been up until now.

19 Everybody has looked at these faults and some

I 20 people have studied and mapped them but I do not think we
:-
'

21 have heard the last word.
,

'

!

22 Those faults juxtapose very different rocks on

; 25 the two sides. It is unlikely that there is a trivial total
,

.
24 displacement. Those faults have to go somewhere. They aim'

.t*

25 southward, along the coast. Whether they end up far offshore

O
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([) 1 or r3ght next to the sea cliffs or whether they are disposed

2 of in some other way, we dan't know. But the intuitive

3 feeling is that there is a big displacement there. It is

) # likely strike slip, judging from the surface features and

5 it is relatively, geologically speaking. And this, of course ,

6 is one of the considerations in the liking together of the

7 Hosgri Fault and other faults to the north in such a way

8 that it made a very long zone capable of producing a pretty

9 strong earthquake.

10 So, I think that is one spot on land that can be

11 studied. Also, I noticed, in your program, mention of the

12 Megolito (phonetic) Fault. This has somehow been crossed

13 over. Apparently, it does not offset the green terrace

14 deposits. This fault appears just south of the Diablo Canyon'

15 site. It, too, seems to have a large displacement in the

16 Past. I see no evidence that it is active today. But that,

17 certainly, should be reexamined.

18 And, finally, I think things can be learned up

19 near Point Sur. If there is a continuous offshore zone,

20 comparable to the postulated San Gregorio-Hosgri fault zone,

21 which I admit I accepted, if there is such a thing, something

12 can be learned where it comes ashore near Point Sur, ostensibly.

23 I think one can see there, some evidence of

24 thrusting, some evidence of strike slip, some evidence of
7,

! )
~

25 old faulting and some evidence of young faulting. I think

O
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(}) I all of this is relevant.

2 And, since it is hard to do that sort of observing

3 offshore, I think it would behoove the long-term team to
,y

) 4 go take another look and see as much as they can in these'
_,

5 few choice areas, even though some of them c.ren't right in

6 the backyard of the power plant.

7 MR. CLUFF: Thank you.

8 CO-CHAIRMAN SIESS: Any' comments on the comments?

9 MR. CLUFF: Yes.

10 Let me just say that the comments that Ben has

11 made are, certainly, ones that we will take note of and give

12 them very serious consideration. I belive they fit within

13 the context of our approach to this.

14 I thank you for those comments.

15 CO-CHAIRMAN SIESS: John?

16 DR. MAXWELL: May I ask my question now?

17 I will direct it properly, this time.

18 I will direct the question, this time to Lloyd

19 Cluff.

20 I would like to join Ben in complimenting the

21 authors of this summary of geology. It is very complete,

22 very exhaustive and it is going to be, I think, very useful

23 to people who get to read it.

r~ 24 It, also, brings to mind the fact that, if there

'~'
25 had not been oil off there and people weren't out there

b
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({} 1 shooting, probably, this great congregation wouldn't be

2 assembled here. We wouldn't have known about all of this.

3 Anyway, we are grateful to PG&E for putting this

) P ant in such an interesting geological spot.l4

5 In view of the interest, the extreme in~terest,

6 in the area now which has been engendered by fairly recent

7 geological work, I wonder if you could -- you or one of your

a colleagues could give us, in about ten minutes, a short

9 descripiton of the various hypotheses which now govern your

10 thinking and the critical areas which you think you will

11 examine in order to test these hypotheses, or advance new

12 ones, for that matter.

13 MR. CLUFF: Yes, I think I started the framework.-

14 for that in some of my introductory comments and.I would '

15 like to call on Dr. Doug Hamilton to come forth and answer

16 that question directly.

17 Doug? Why don't you come up here, Doug; I think

13 it might be a little easier for the --

19 DR. HAMILTON: Thank you, Lloyd.

'

20 If I could make use of a couple of slides that

21 have been shown earlier --

22 (Previously shown slide)

23 Yes, I am Doug Hamilton and will be responsible

r3 24 for some of the geologic investigations as part of the Long

U
25 Term Seismic Program.

I

- - - - .. . -.
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(Q g We have put on the screen, as a basis for respondirtg

2 to Dr. Maxwell's question, the diagram which was shown earlier

3 which is a derivitive from the overall fault-pattern map

(o) 4 that was prepared by Dave Hill of the USGS and then later

5 used in the Minster and Jordan paper.

6 It shows the major quaternary faults that exist

7 in the whole plate boundary region from the Pacific

8 Continental Margin or out into the east edge of the basin

9 and range province.

10 This dosn't show all of the factors that go into

3g a tectonic model but I think it is a convenient base for

12 describing the kind of boundary models that have been

13 proposed, at least that I am aware of.
--

14 I would like to step away from the microphone and

15 I speak as loudly as I can, but I do need to point to a few

16 things on the map as I go.

17 First, this map may not be all that obvious as

18 seen from the audience but the major features on it are the

19 outline of the coast of California.

20 The principal faults, the location of Diablo Canyor

21 is right here (indicating), the edge of the Continental Slope

22 offshore and the east part of the basin range province.

23 Actually, it is along the Wasatch Front Fault in

24 Utah.

' ''
25 The principal tectonic elements that are shown on this map

O
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(]) t are the San Andreas Fault, here (indicating), the main other

2 parts of the boundary faults in that region, including the

3 Garlock Fault here (indicating), the faults of the western-

(^h
q,/ 4 transverse ranges and, in generalized form, going up the

5 coast, the Hosgri and the other faults that run on up througt

6 the San Gregorio to meet the San Andreas near San Francisco.

7 Now, the recognized general tectonic model, you
9

8 might say, that is the point of departure in all this, is

9 one of right-slip transform (phonetic) movement concentrated

10 al ng the San Andreas Fault consisting of westward (phonetic)

yy movements of the Pacific Plate on the west and of the southward

movements of the North American Plate on the east.12

yg But rather than being a simple boundary with right

14 slips occurring only on the San Andreas Fault, this turns

| out to be a much more complex feature in which there may15

16 be subsidiary micro-plates or mini-plates that are moving

17 in directions different from the main transform movement.

13 Also, as has been pointed out in a paper that Dr.

19 Page and -- published recently, there seems to have come

20 to be an element of convergence about five million years

23 ago or so on which the Pacific Plate is moving toward and
|

| 12 partly colliding with the North American Plate.
t ,

i
23 Other elements submitted include the recognized

24 spreading of the basin ranges which appears to be related,g-)
\'J

25 in some fashion to the plate boundary movement. And, then,

O

!
'
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Q}} 1 there has been suggestions for other kinds of movement

2 including the recent paper that suggested a clockwise

3 rotation -- excuse me, a counter-clockwise rotation of the

4 ground south and west of the Big Bend region in San Andreas

5 here (indicating).

6 Within that, among the, I would say, the end-member

7 tectonic models that relate to the area centered around

8 Diablo Canyon but having to really be taken out to include

9 the Big Bend and the San Andreas, I think, and the

10 transverse ranges and the souothern coast ranges. None of

33 those elements can be ignored.

12 Our concepts of range from a view that the San

33 Gregorio and other faults running south from it,. including-

*

14 the Hosgri, are such -- a major strike-slip branch of the

15 San Andreas Fault, presently active and moving at a rate

16 that may be nearly equivilant to that of the San Andreas.

17 A number that was recently proposed was that the San Andreas

18 moves at about 35 millimeters per year right slip and that,

19 perhaps, more than 20 millimeters per year were concentrated

20 in the coastal faults of which currently the San Gregorio

21 and Hosgri are principal members north of the transverse

12 ranges.

23 That is, I think you could say, basically, the

rm 24 strike-slip end member of the range and models that we will
\ ],

25 be considering.

O

<
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Q 1 The explanation of what happens to this high rate

2 of slip once it reaches the area where the fault --

3 intersects the transverse ranges has been yariously handled.

4 The -- in some cases as joining of the -- faults running

5 under the Santa Ynez Fault, in other cases as -- and -- fashi on

6 and being taken up through compression in the Ventura Basin

7 region and in -- still farther east to other coastal faults

a in southern California.

9 The opposite end member, I think, could be properly

10 charcterized as that proposed by Thomas, Bockman and Shay

. gj (phonetic) in the paper that came just about a year ago.

12 And, in that view, the whole region that lies west of, and

.. 33 extending across, the San Andreas Fault is largely driven

* 14 by this element,of compression in which the Pacific Plate

15 is colliding with the North American Plate.and, perhaps,

16 also, influenced movement.of the ground north of the Garlock

17 Fault, presumably, driven by expansion farther east of that.

13 And, in that model, the whole region, which would

19 include the Diablo Canyon, is a detached surface plate about

20 ten kilometers thick that is moving west and the movement

21 distributes into a series of what originate as low-angle

22 thrust faults, then steepens as they approach the surface.

23 So, in that model, the tectonics in the region
.

24 around Diablo Canyon will be dominated by thrust faulting,
'

25 by related effects such as folding of the more ductile, upper'

O
1

l

|

l
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((I) 1 part of the section.

2 Somewhere in between that, there are other models

3 that suggest that the movement, perhaps, changes as it goes

4 from north to south, from a more nearly stretchless (phonetic:)

5 movement close to the San Andreas intersection, -- dominately

6 reverse thrust movement farther south.

7 In a paper by Jerry Eaton of.the U.S. Geological

8 Survey, last year, a series of focal mechanisms were shown

9 that seemed to correspond to a thscry like that. The thrust

10 mechanisms, right-oblique reverse a.achanisms, half-way up

33 from the San Simeon Fault area and, finally, pure thrust

12 mechanisms in Monterey Bay.

33 That, though, isn't the whole story because other

t 14 stories of focal mechanisms show that there is local

15 complexity and so there is not a simple -- of transition

16 from strike slip to reverse.

17 Finally, recognizing that there is clear evidence

13 of complexion in the geologic studies that have been done

19 in this area, the question arises as to whether that
,

20 compressional -- is taken up by a more or .less distributive-

21 type of deformation with a whole series of reverse faults,,

i

12 but reverse faults that extend down to the depth of the

23 seismogenic dome which is, perhaps, ten kilometers as well

gS 24 as the -- rather than sha11owing to become shallow thrust

25 faults.

()
;
i
i

I

l

.
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{3 i And I think that there is somebody at -- that

2 supports a view like which is included with some of the foca]

3 mechanism and -- depth determinations that are being worked
,,() 4 on by people at the USGS and by Bruce Bolt, among others,

5 at the present time.

6 So that, in my view, would be a quick introduction

7 to the range of possibilities that we will be looking at

8 here. And, at this moment, I would say that we don't

9 particularly favor one view over another. There is evidence

10 that very clearly points in the direction of each of these

theories. But none of the theories seems to really provide3y

all the answers.12

13 Onces of these lines of evidence that Dr. Page

14 mentioned was the obvious contrast in types of rock that '

15 we find juxtaposed amongst members of this coastal fault

16 system. And yet, there are other problems that make it

17 difficult to distribute very large amounts of movement once

i 13 you get down to the south end of the system.

19 So, as Dr. Page correctly pointed out, that is

20 a problem that is, yet, awaiting resolution.

21 In any case, I think that we are now beginning

22 to put together the range of problems that we must deal with

| 23 and I think that, in this program, that we have mechanisms

n 24 that will, perhaps, be almost uniquely available to us to
')
''-

25 try to come up with solutions, including access to the very

|
' O
|
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({} 1 large and very -- body of oil fields-type exploration data

2 that has now been gathered in this particular area here.

3 So, I would propose that as a response to your
n
(J 4 question, Dr. Maxwell.

5 DR. MAXWELL: Well, there was a little bit more

6 to it.

7 What do you consider to be the vital areas to look

8 at first, so to speak, to begin to resolve these problems?

9 DR. HAMILTON:Well, we don't have a single line

10 of approach in this, but I think that resolution of the

jy problems will require that we look at geologic features that

12 are, in general, emcompassed within that dashed-line box

13 that is shown on the map here.

14 So, while we will be, perhaps, initially

15 concentrating on the geology of the Hosgri Fault and will

16 be looking in great detail at geophysical records that carry

17 that down to the maximum depth that you can get in a six-

18 second record, let us say,we will be doing the other things

19 that are outlined in our program and which include some of

20 the things Dr. Page mentioned such as looking at other

21 exposures of that fault zone going all the way north. We

22 will be looking at the deformation within the Santa Maria

23 Basin, both onshore and offshore to see what the pattern

73 24 of folds is and to carry that on out, in fact, all the way

25 to the base of the Continental Slope.

O

,



365

h 1 So, ue will really go as far as you go to the west

2 in getting data that will allow us to test this idea of

3 convergence and distribution of faulting and folding within
,

(J 4 that whole region.
-

5 And, going farther east, I think that we have to

6 be looking at how the coast ranges transition into the wester n

7 transverse ranges and even at how the Big Bend of the San

8 Andreas Fault and the Garlock Fault, east of that, are reacti ng

9 within the present tectonic framework.

10 Now, obviously, we are going to do this to varying

13 levels of detail, but we won't be looking at the Garlock

12 Fault at the same level of detail we look at the Hosgri Fault .

13 But we are, certainly, not going to confine our examination_.

3 14 to features that are only in the proximity to the plant becat se-

,

15 I think there is no way that the problem can be solved takinc

16 such an approach.

17 We will, also, of course, be looking at the data

13 from seismicity that can be seen as a kind of a way that

19 the whole ground is responding to strain in the very

20 contemporary environment.

21 MR. CLUFF: Excuse me, let me just make an

22 additional comment for just a second.

23 Another perspective expanding upon what Doug has

em 24 just mentioned, to focus on John's question, we need to look

25 at the end results of this study. The end result of the
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Q 1 study is an engineering solution and while I, as a geologist,

2 and all of us in science and so forth would love to work

3 for the next ten or 15 years at resolving all of the tectonic
,~,

'

_ 4 issues that might be here to resolve, we have to be careful

; about getting off on tangents and doing things that may have

6 a great deal of value to us scientifically, but may not have

7 a great influence on the final outcome.

8 And this is where, I think, in the scoping studies

9 of this fault tree to help us sit down with Doug and others

10 to look at what the range of values might be and so forth

y; on these various tectonic models and then carry this out

to see what the sensitivities are and what difference it12

|
33 might make to help guide us on where we need to spend a lot

14 of effort to resolve which ones of the hypotheses for the

15 engineering solution.

16 MR. BRAND: Excuse me, Dr. Hamilton, either mishear d

17 what you said or let me raise' this just to make sure we keep

18 the record straing.

19 You were referring earlier to Eaton's paper and I believe
.

20 you had characterized that the south end of the Hosgri, the

21 focal mechanism was strike slip.

22 Did you mean that or --

23 DR. HAMILTON: If I said that, that was a

24 misstatement. The focal mechanisms toward the south end
o}

25 of the Hosgri and in the area of the transverse ranges are

O
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dominantly a reverse thrust mechanism, although some haveg i

a component of the strike slip.2

3
But, among the studies that he has done, at least,

it is only well north of that region, and approachingfl 4
v

Monterey Bay, that you get pure strike slip mechanisms of
5

6 larger earthquakes.

CO-CHAIRMAN SIESS: Does that cover the questions?
7

DR. MAXWELL: Yes, thank you.g

CO-CHAIRMAN SIESS: Do you have any more?
9

DR. MAXWELL: No.
10

CO-CHAIRMAN OKRENT: Could I repeat his questioA.
yy

I somehow have a feeling of being ill-at-ease with
12

the answer, in that, one didn't have, for each of the three,
; gg

sort of, hypotheses he mentioned. One or two, if you will,
14

experimental or other kinds of determinations that would
i 15

be, in your mind, important in either tending to confirmI. 16
i in strongly or tending to disprove it strongly, not

17

33 contingently. In other words, your answer suggested, to

19
me, that, maybe, you don't have some specific kinds of things

1

20 that, if you could ascertain them, would throw a lot of

4 weight of evidence along a certain direction.
i 21

| that may be completely' wrong, but that was,22 Now,
,

1

nevertheless, the suggestion I got from your answer and I
23

J think, if that is the case, we are likely to have three
]l 24

models three. years from now or, maybe, more than three model s
\ 25J-

4

i O
:
!
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Q g with objective opinion still on which one is --

2 DR. HAMILTON: Well, Dr. Okrent, I hesitate

3 to propose that we are going to come up with a model that
O
'v' 4 we feel is best, that will be happily accepted by everyone

5 because I think that it is clear from what has been known-

6 of the" geology for the last 80 years down in that region

7 that we happen to be sited in, that you have an interplay

8 between different kinds of forces that are being resolved

9 in that region.

10 As to whether you could come up with a specific

yy and conclusive demonstration or reputation of certain of

12 these models, it is possible that we may but I am hesitant

gg to propose that we will come up with something that is truly

14 clear-cut.
v

15 Now, an example is that in the hypothesis proposed

16 by Dr. Crouch, according to that, the faults that one sees

17 at the surface should bend over and decrease in depth and,

ja ultimately, come together in a detachment zone that is sub-

19 horizontal and lies at about ten kilometers depth.

20 Now, if we could be fortunate enough, through use

21 of deep seismic reflection methods to really show that either

22 such a zone did exist or did not exist, that would be a big

23 step in aiding us in coming up with that demonstration.

24 Or, if we should get earthquake hypo-centers thatp
''

25 were distributed clearly in a horizontal fashion and that,

O
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(]) I furthermore, showed more or less horizontal thrust mechanisms ,

2 that, again, would be a long step in making that demonstratic n.

3 I am doubtful that we will come up with anything
('T
k/ 4 that allows us to make that neat a conclusion.

5 I think, however, that by the time that we have

6 assembled all of the geologic evidence that.is envisioned

7 in this program, that the range of choices will be so much

a narrowed that we can really effectively choose among the

9 possibilities and really assign the kinds of parameters to

lo faults that may create earthquakes which, after all, is the

11 thing that we are really looking for, so as to allow us to

12 really have confidence in results.
.

13 CO-CHAIRMAN OKRENT: Well, let me pose the questior,

p ;) .

14 in another way.t
R/

15 If I understand directly what you said you expect

16 or already have access to large amounts of seismic

17 reflection information in the coastal region, lying within

18 the dashed -- that in not a rectangle --

19 DR. HAMILTON: Parallelogram, I hope.

20 CO-CHAIRMAN OKRENT: Parallelogram.

21 CO-CHAIRMAN SIESS: It was a rectangle before the

12 fault started to move.

23 CO-CHAIRMAN OKRENT: Can I assume that, in fact,

r~ 24 you have access to as much as you could possible need, or
(_]-

25 what should I assume --

(.
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(]) 1 DR. HAMILTON: I think it is fair to say that we

2 have as much as we could possibly work with in the offshora

3 region that has been explored for oil.
,

j
4 Lloyd, could you put the other slide on?

5 (Previously shown slide)

6 This is the other figure that accompanies the

7 Section 3 geology discussion in the Long Term Seismic Plan

8 Program. And, in the box area in the lower part of that

9 that has the dashed symbol there is what is identified as

10 an inner zone and an outer zone. The inner zone actually

11 has a -- is drawn that way for two reasons. One is that

12 it is the area covered by Lease / Sales 53 and 73, so it is

13 where the really high-quality deep seismic reflection data
* ' *

14 is available.

15 It, also, happens to be the area where the most

16 recent studies have assigned the 1927 earthquake which we

17 regard as a prime subject for study within this program.

13 Similarly, in the onshore part of that close-hatched

19 area, you are in the oil-producing region and, although,

20 we don't, yet, have deep seismic data there, the slide that

21 Lloyd Cluff showed earlier indicated a program that we will

22 be buying into which will give us a good deep seismic data

23 that will, in fact, be susceptible, we think, of getting

24 information down to 15 to 18 kilometers and, thus, down in''

(
25 the region where it may be possible to get more data about

n

U
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(]}*; i this idea that near-surface crust is detached from that of

2 depth.

3 CO-CHAIRMAN OKRENT: Should I assume, from what

4 you said, that the region offshore above the outer five-sidec.

5 figure, that is of interest, that is not of interest, for

6 these theories?

7 What should I assume?

8 DR. HAMILTON: Well, the areas of study that are

9 indicated on this map range, as Lloyd mentioned, from one

10 directly at the site -- that is, reexamir.ation of the

j; geologic data -- place where the plant is built to a rather

12 close examination of the geology in the immediate vicinity,

13 within a few miles, to this sub-regional study to, finally,
m

14 an examination that follows up the line of the series of

15 faults that go from the Hosgri on north to the San Gregorio.

16 From our previous knowledge, that has been summarized

17 in FSAR reports and similar documents, we believe that the

18 information that you might get from offshore basins -- this

19 area here (indicating), is not really going to be that big

20 a part of advancing our understanding.

21 But, you recall that the slide that has been on

22 this map, does include a larger area in the overall slide

23 area and so, we are not meaning to exclude areas like this.

(~1 24 We just believe that the resolution of the problem is less
8'' i

25 concerned with the offshore region west of the general trend

b
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(}) 1 of this line of faults on the coast and we know, also, that

2 there is much less data available there.

3 CO-CHAIRMAN OKRENT: If I can ask another question.

O)k- 4 The lines that you showed onshore are of a

5 speculative study --

6 DR. HAMILTON: It is called speculative because,

7 as I think Lloyd mentioned, the sponsoring geophysical survey

a company speculates that they will get financial backing to

, run them.

10 CO-CHAIRMAN OKRENT: I understand.

13 DR. HAMILTON: The nature of the data is not
,

12 speculative.

33 CO-CHAIRMAN OKRENT: If you were to pick lines

[%s -) 14 in order to best investigate various theories being discussed ,

15 would these be the specific lines?

Ig DR. HAMILTON: Those lines are, if I could use

17 the term fortuitously, I think close to what I would regard

13 as the optimum first grid that you would survey.

19 I think the reason for that is that the oil companies

20 and we are looking at the same kind of structures. They

21 are looking at them as oil traps; we are looking at them

22 as explanations of how the tectonics have acted in that region

23 over time.

(~} 24 But, it is the same kind of data in the same area.
\_/'

25 Now, you may have noticed that the lines are concentrated

,,,

V
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(h) 1 south and east of the plant site.

CO-CHAIRMAN OKRENT: Yes.2 -

3 DR. HAMILTON: And the reason for that is that

' 4 the area that lies more east, and particularly north and

5 east, is, chiefly, exposed basement rock that does not give

6 very good information from -- in fact, it may give no

7 informatior. at all from that technique of survey.

8 There is other information that will tell us

9 something about the deep crust in that region and, among

to that type of information, is a very good deep seismic refract ion

11 line that the U.S. Geological Survey has run from Moro Bay

12 which is just up the coast from the plant, in a northeasterly

13 direction, all the way to the San Andreas Fault..

14 So, those are public data that we will have access

15 to and they will tell us a lot about the deep crust in a

16 way different from what we could get out of the seismic

17 refraction lines.

18 But, if I were laying out a program and I had my

19 own budget and no limitation on it, I still don't think that

20 I would put lines up in that area, simply because I don't

21 think the technique would give much information.

22 DR. MAXWELL: May I ask one more question.

23 On the map, and I assume that it pretty well

/^') 24 illustrates the potential situation, there doesn't seem to

25 be any way to get across the coastline and, yet, one of the
.
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Q g major problems, I think, is the continuity of a possible

2 fault underneath the Diablo Canyon area.

3 Is there any way of approaching that problem?

4 DR. HAMILTON: Well, the first approach that we

lP an. to make to it is to, since they proceed with the5

6 assumption that a fault that would pass under the site would

7 dip to the east and, thus, would outcrop somewhere between

8 the actual coastline, where we can see the line of cliffs,

9 and the Hosgri Fault.

10 We know from surveying farther west that there

j; are no candidate faults that come up within several kilometer s

of the surface, at least. So, we expect to concentrate in12

13 that area between the Hosgri Fault and the coastline and,

34 in the program, there is a about a page of criteria of features* -

35 that we expect to look for in that ground line immediately

16 southwest of the coast.

17 Additionally, and possibly even mere directly,

18 we do have lines that go across the trend of n fault that

g9 would follow the coastline.

20 That is, the assumption is that a fault line along

21 the coast here (indicating) will probably continue on into

22 the Macero Bay (phonetic) and south into -- and we do have

23 lines that go across that trend. In fact, we looked at

24 earlier studies but we regard that as a prime source of,

('
information about how some kind of structure like that might

;

25
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[) I beyond that, there is also described in sections that are

2 described as offshore / onshore, a series of other procedures

3 that we expect to follow including comparing recognizable
,

K/ 4 structures that we are able to trace up as close as we can

5 get from the offshore to those recognized onshore.

6 And finally, as part of the program, we intend

7 to, probably, purchase a set of very high resolution, high

8 quality potential field data which consists of helicopter-

9 acquired gravity and magnetic data and that gives us an

to unbroken traverse that goes from the offshore to the onshore.

11 I have loked at those data; there are beautiful

12 data. And they, along wi.h the other tqchniques that I

13 mentioned, will all be employed in lookihg at that problem.

14 One misimpression I would like to correct, by the

15 way, is that it has been stated at various places that there

16 are no data within three miles of the coast. The number

17 is really more like one m le. We have good seicric reflectic n

18 lines that come to within about a mile of the coast at c

19 number of locations.

20 MR. THOMPSON: Doug, I would like to ask a co ple

21 of questions, perhaps with the use of the previous slidt.

22 (Previously shown slide)

23 Would you, first, remind us what scenario in the

'~N 24 range that you mentioned, was used to establish the presently
)-

25 used SSE for Diablo Canyon?

()
.
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h 1 DR. HAMILTON: The scenario, I believe, that gives

2 rise to the proposed magnitude seven and a half earthquake

3 on the Hosgri Fault assumed an undetermined but large amount

4 of predominantly strike slip movement on the Hosgri Fault

5 and extending from points that were not well-defined or not

6 specified to the south and on the north.

7 That, basically, was a proposal that was made by

3 people with the U.S. Geological Survey.

9 MR. THOMPSON: For what sort of distance?

10 DR. HAMILTON: Well, I don't remember that they

11 actually specified a number of kilometers that the break

12 would occur. It is possible that I have forgotten that eleme nt

13 but it seems to me that one of the governing assumptions

14 was that the 1927 magnitude 7.3 earthquake, if it didn't

15 for sure, at least, it might well have occurred on the Hosgri

16 Fault and that provided a kind of an historical model that

17 gave a sort of a basis for assigning that number.

Is One place where a distance for rupture to create

19 that earthquake has been proposed is in the study that Bill

20 Gothrip did in which --

21 You are probably familiar with the use of the --

22 travel times that were recorded at the Santa Barbara station

23 and the Cal Tech station for that 1927 earthquake that was
|

24 generally accepted as being somewhere in this region

| 25 (indicating).
.

O
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({ g And Gothrip's approach was to take the outermost

2 arc defined by that delay time. He struck an arc that came

3 up to about here (indicating). Then he took the least.

4 travel time and he had another arc that was about here

5- (indicating).

6 And, on the assumption that the earthquake

7 originated through rupture on the Hosgri Fault, you thus

3 had a rupture that went from about here to about here

9 (indicating).

10 MR. THOMPSON: Okay. That is probably enough review

jy on that.

12 But, basically, now, you have -- a major conflict

g3 is in whether you have large strike slip along that fault
px() 14 or that fault zone, let's include San Simeon, for example.

15 Ben mentioned very different rocks on opposite sides of that.

16 And you have some evidence now that the motion

17 is not large strike slip. Now, we are talking about a

13 different time frame, but it is largely a thrust or

19 compressional movement which you have describad.

20 Can you say something about what kinds of studies

21 you are going to focus on that will try to resolve that

12 problem and, perhaps, it will be resolved in time. Perhaps,

23 at the strike slip zone which has changed into a

(~) 24 compressional zone.
U

25 Are you going to focus on that problem and, if

(m,
x)
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@ 1 so, how?

2 DR. HAMILTON: Well, I think that you have just

3 touched on all the major elements of it.

4 We are going to look at it from the standpoint

5 of the configuration that the faults have, as you are able

6 to measure them in their present form. And I think that

7 the importance of doing that was particularly brought out

8 in the interpretations that were presented in the Crouch,

9 Bockner and Shape (phonetic) paper, which showed a

10 configuration that seemed to not much lend itself to major

31 strike slip or even, perhaps, to really major neogene

12 displacement.

13 contrasting with that, we have the obvious evidence

14 that can be seen in the geomorphic form up at San Simeon*

15 that strikes that -- has occurred recently on parts of that

16 zone and there is the evidence which may represent an earlier

17 time of a great contrast in the types of rocks that you can

is see across the fault.

19 And so, we will, also, be looking at the problem

20 from the standpoint of trying to reconstruct the history

21 of the fault. In some work that I have done, there is a

22 suggestion that you are, perhaps, seeing a combination of

23 a relic, a very large element of strike slip that occurred

' 24 in the distant past which may have been reactivated in the
)

25 present tectonic regime into something that is more, maybe,

O
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(]) a combination between some component of strike slip and some

2 element of thrusting. And there is a possible verification

3 of that in the focal mechanisms that are now recorded from

4 contemporary earthquakes.

5 So, we will be looking at all of those things and

6 it may turn out that the answer is that there is a particular

7 way in which the faults are behaving now and, let us say,

8 in the tectonic regime that has existed for the last, maybe,

9 five million years and we are, perhaps, seeing only remnants

10 of some earlier kind of faulting that took place alcrg the

33 same zone.

12 MR. THOMPSON: Thank you.

33 CO-CHAIRMAN SIESS: Mike?

14 MR. TRIFUNAC: A -- experiment. If somebody were

15 to tell you that, yes, there might be, but there is really

16 no evidence in recordings from ground motion, the very

17 significant difference in peaks or specs or whatever, betweer,

13 motions recorded near thrust faults and strike slip faults,

19 how would you justify these detailed geological studies?

20 DR. HAMILTON: In this case, the studies being

21 aimed at resolving the question of whether we do have strike

22 slip or whether we have a thrust-type mechanism --

23 MR. TRIFUNAC: But you could have both.

c'x 24 DR. HAMILTON: Yes.

25 MR. TRIFUNAC: So, what are you going to . find out?

O
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Q 1 DR. HAMILTON: You are, probably, going to have

2 some dominant kind of motion which is either strike slip

3 or thrust or something in between to create your larger

4 earthquakes. I think we already know that you have a

5 diversity of mechanisms to create the small earthquakes in

6 that region.

7 Maybe the answer, and it is not really for me to

8 say just why this program should be carried out at all, but,

9 seen from a seismc-tectonic perspective, I think that the

10 answer might be that the real reason for doing this would

3i be more of getting an idea of what the potential magnitude

12 might be.

13 The possible ways that the fault could.have moved,

14 especially during, let us say, the last several hund. red -

15 thousand years, are considerably influer.ced by whether it

16 has undergone vertical movements or strike slip movements.

17 And, if it turns out that it has undergone all vertical

18 movements and we don't see any evidence of recent vertical

19 movement, that puts one kind of limit on this maximum-size

20 earthquake we could expect.

21 MR. TRIFUNAC: But that, again, is not meant to

22 be a completely certain conclusion. It is going to be a

23 guantative c.onclusion.

24 DR. HAMILTON: Well, I don't propose that any)

25 aspect of the geologic study, here, is likely to be,a

O



381

({]: 1 completely certain conclusion. But I think that they will

2 be conclusions that we will have a lot of confidence in.

3 MR. TRIFUNAC: What I am getting at is a practical-end
(~
(_)) 4 issue here. We are trying to get design motion and I am

5 puzzled with the details that I see coming up.

6 It is a facinating geological work but I am really

7 puzzled with what are you going to learn by studying 200

g kilometers north of the site.

9 And I don't hear, in your answers, any indication

10 that you are going to change the possibilities significantly.

33 DR. HAMILTON: Well, studying things 200 kilometers

12 north of the site does have, you might say, results of

33 academic interest in looking at the overall way that things

14 behave in a tectonic way. But, perhaps, the thing tha.t

15 impinges most directly on the earthquake hazard is that there

gg have been proposals made by reputable scientists that we

17 should consider a 400-kilometer long strike slip event on

13 that series of faults.

19 And, whether that is a physical possibility or

20 not depends, in part, on things that we have to look at at

21 some distance from the site as well as directly opposite

12 the site.

25 CO-CHAIRMAN SIESS: Are there any other questionsi

n 24 of this speaker?
O

25 Any more questions, John?

O

.
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(}) 1 DR. MAXWELL: No.

2 CO-CHAIRMAN SIESS: Ben?

3' DR. PAGE: No.,_

4 CO-CHAIRMAN SIESS: Paul, are you --'

5 MR. POMEROY: Not at this time; I may have

6 something that I may want to come back to.

7 CO-CHAIRMAN SIESJ: I am not sure where we are

s in the hierarcy of disciplines but, Mike, I am sure you have

9 got some questions.

10 MR. TRIFUNAC: Not on this subject.

11 CO-CHAIRMAN SIESS: Anything.

12 We will find another subject and work on that

13 speaker. .

p!,) 14 MR. TRIFUNAC: Well, I would ask some questions
.

15 related to modeling studies.

14 CO-CHAIRMAN SIESS: Of what?

17 MR. TRIFUNAC: Modeling studies of ground motion.

18 CO-CHAIRMAN SIESS: Let's see.

i 19 Enrico, have you got anything -- modeling studies?

20 MR. LUCO: Yes, I can ask a few questions.

21 CO-CHAIRMAN SIESS: Let's open up the subject.

12 MR. POMEROY: I would like to ask a question or

23 two about the seismology.

(~ 24 CO-CHAIRMAN SIESS: Okay. I thought you said youV)
25 weren't ready. .

(bh
\

- _ - - - - - - - _ - - -. _ _-_ - _ _ - - - - - - - - - - _ - - _ - - _ - - - _ _ _ _ _



t

383

(h) 1 MR. POMEROY: No, I was saying about geology, I

i 2 thought I might have to postpone them.

3 CO-CHAIRMAN SIESS: We will go to the seismology.
(^',

'
4 MR. POMEROY: Then, could we pose a question with

5 regard to the seismological studies in the sense of exactly

6 what you expect, what kind of enhanced knowledge you expect

7 to get from the seismological studies that you proposed in

8 relation to what I presume has been one of the best, most

9 thoroughly studied seismic areas in the world up through

| 10 the present time.
!

11 I am wondering what elements of this new study

i
12 you think will produce some new information that may be of

13 significance in what you described best as an engineering

14 problem rather than -- I know there is a lot of good science

15 there, but I am curious about what you see the seismic progra m

! 16 producing and there is, presumably, one of the various people

17 here that might address that problem.

18 MR. CLUFF: Yes, let me just give a general answer

! 19 and I think the answer fits the question that Mike Trifunac

! 20 was driving at. And that is that we need, in the early
!

| 21 stages of this scoping study that we are beginning right
i

22 now, to really look at the hard -- what the value of the

23 additional data and additional studies and what are the end
,

| (~} 24 results of some of those studies and how sensitive are they
| %>

25 to an engineering answer.
.

()
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(]) 1 And so I think the seismology fits in with that.

2 And so I can't give you a direct answer right now, but the
3 program lists a number of things that we are considering13

'/ 4 and that is really the context within which this program'-

5 is put together.

6 And, I think, to describe those a little bit, Larry
7 White is here, I believe.

3 Larry, why don't you come up and give a brief

9 description of some of the things we are considering, but
to please keep it in mind that we are looking at the value of '

33 some of these and how well it will contribute and what value
12 that is in giving a definitive answer or an answer that makes

33 a difference.-

14 MR. WHITE: My name'is Larry White from TERA.

15 Corporation.

16 There is, basically, three things we are going
17 to be doing under the seismic component of the program.
Is The first, and one of the most important, is to look at the

19 historical seismic record again. It has been looked at quite

20 a few times. A number of things has happened since it has

21 last been looked at.
.

22 First, there have been a number of additional

23 earthquakes throughout coastal California. And partly related

| _ /'N 24 to that, we have a better understanding of the nature of
i d
'

the velocity structure in coastal California, much better25
'.

()
1

1
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y than we had, say, five, six, eight years ago. And, in

2 particular, we understand that there is a great degree of

3 lateral variation to the north and south direction of that

4 velocity model.

5 So, the first thing that we would be doing is

6 looking at the historical record, developing :n improved

7 velocity model for the coastal California area and relocatinc

8 these earthquakes and seeing if there is any further

9 information regarding preferential locations or trends that

could be extracted from that.to

MR. POMEROY: Do you think those locations willyy

12 shift by major amounts, Larry, or a few kilometers?

MR. WHITE: I think some will shift significantly.j3

I am thinking of those to the north, primarily, and this14

will not directly affect the seismics of the sight but will15

16 better constrain the tectonics of the region and, thereby,

17 perhaps, better constrain the issues that Doug Hamilton just

13 spoke of, strike slip versus thrust.

19 MR. TRIFUNAC: Could you elaborate on this; how

20 will you find it out?

21 MR. POMEROY: That is my question.

22 MR. TRIFUNAC: I am sorry.

23 MR. POMEROY: No. That is the same question.

24 MR. WHITE: What was your question?
(]
~'

25 MR. TRIFUNAC: I will try to repeat it as

O
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@ 1 precisely as I can.

2 Could you elaborate on this. I am curious how,

3 exactly, would you find that out?
Ok/ 4 MR. WHITE: Find out a new velocity rrodel or new

5 locations?

6 MR. TRIFUNAC: No, of the mechanics of the fault.

7 I thought you said that --

3 CO-CHAIRMAN SIESS: The question was strike slip

9 versus thrust.

10 MR. WHITE: Well, I said it would help constrain

;i tectonic models and, thereby, shed light on --

MR. TRIFUNAC: Yes, okay.12
*

33 How would you constrain that?

14 MR. WHITE: Well, for example, if we see pure strike

15 slip faulting to the west of the site and north on pure

16 strike slip focal mechanisms for earthquakes on faults to

17 the west or to the north, that -- and that their depth

is variation is steeply dipping, that says that the zones that

19 are failing are not leading into a detachment zone.

20 MR. POMEROY: Those studies haven't been done before,

21 is that your statement?

22 MR. WHITE: They have been and I am saying there

23 is room for substantial improvement, at this point, for two

24 reasons, potential to improve the velocity model and better

''

25 locate those earthquakes and the fact that there have been

O
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({} y quite a few earthquakes to the north and --

2 MR. TRIFUNAC: What difference is that going to

3 make in the end result?

() 4 MR. WHITE: Well, the answer is pretty much the

5 same, I think, as was just spoken of. It is important in

6 constraining the regional tectonics and, thereby,

7 constraining the type of design earthquake that should be

a considered.

9 MR. TRIFUNAC: Let me change my question.

10 Do you think that it will be successful in

yy accomplishing that?

12 MR. WHITE: By itself, all by itself, no.

33 But, in conjunction with the work that.Dr. Hamiltor

14 described, geophysics, the gravity and magnetics, the deep

15 sounding, spec lines, I think, as I say, helps further
.

16 constrain the tectonic model.

17 MR. TRIFUNAC: If somebody came along today and

33 said, from practical point of view and knowing the

19 uncertainties involved in all of these activities, "We have
. - -

'
~

20 to consider strike slip as well as thrusting motions on these

21 faults.", what'is the probability that, three years down

12 the line, you will exclude the one or the other, given that

23 you have fantastic data; extremely detailed studies?

24 MR. WHITE: Personally, I think the probabilityy

\~l 25 is quite high.

O
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(}) 1 MR. TRIFUNAC: That you will do what?

2 MR. WHITE: Exclude one of these hypotheses. The

3 preponderance of evidence will be towards one of these models .
,

\/ 4 CO-CHAIRMAN SIESS: That is an interesting phrase.

5 What is preponderance in one person's mind is not

6 preponderance in the other's. And, when one of those

7 persons is the NRC the difference is, sometimes, quite

a considerable.

9 MR. WHITE: Agreed.

10 And, as we were saying earlier, these models, in

il the end, will always have some uncertainty associated with

12 them.

13 MR. POMEROY: Suppose you found that the faulting.

'14 was listrick (phonetic) and, almost, exclusively so in that

15 central region.

16 Could you give us some idea of what kind of change

17 in the final magnitude number you might come up with. I

is mean, is that an order of magnitude you are talking about

19 or would we still be talking about something around

20 magnitude 7?

21 MR. WHITE: It is awful early to say. It would

22 depend on other things.

23 MR. POMEROY: Sure, I understand.

24 MR. WHITE: -- slip plate, displacement --

25 MR. POMEROY: Do think, though, that, in three

O
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,[] 1 years from.now, we will know enough about all of those

2 factors so that, if that were the conclusion and you really

, 3 would make a major change in the SSE or the controlling
'> 4 magnitude of -- or the magnitude of the earthquake that you

5 might expect?

6 MR. WHITE: Well, the program is structured in

7 such a way to address all the issues that would lead to a

8 most reliable estimate of that SSE and it may be a significar t

9 change. But I think it is way early to say.

10 MR. POMEROY: Okay. Thank you.

11 CO-CHAIRMAN SIESS: Any other questions of Mr.
i

12 White, while he is up there?

- 13 MR. SCAVUZZO: Scavuzzo.

h- 14 The question I have is concerning some of the

15 modeling that I have seen, there, of the ;round to try to

\
16 get ground motion at the site of what you postulate as slip.

'

17 I mean, they actually build a model and have the slip go

la off and then calculate the motion; is that correct?

19 MR. WHITE: Actually, that part of the program

20 is not in my area.

21 UNIDENTIFIED: It is the -- consultant that

22 we are dealing with and we can ask that question of --

23 MR. SCAVUZZO: The question I really asked is:

(~] 24 How reliable is the prediction?
\.s'

25 CO-CHAIRMAN SIESS: That is not for White.

G
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} 1 Any other questions for White?

2 (No response.)

3 All right. You can sit down., Bring out the one
,,

(_) 4 that can answer that question.

5 MR. CLUFF: Dr. Jerry Frazier will address that

6 question. .. .

'

7 DR. FRARZIER: Did you finish with the question?

8 MR. SCAVUZZO: How accurate you feel you can

9 actually calculate ground motion on-site and is there any

10 verification of that technique using previous earthquakes,

ij et cetera.

12 DR. FRAZIER: I have been through this before with

13 Diablo and with San Onofre and what we did, at that time,
-

14 was model approximately a half-dozen earthquakes, each of

| 15 which had, maybe, three or four stations recording these

16 earthquakes, and compared the calculated ground motions with

17 the observed ground motions. And so we got our estimates

13 of uncertainty from that sort of thing. But it was a
|

19 subjective estimate.

I 20 What we are looking at doing in the -- what we

21 are looking into doing for the proposed program is to make

12 some improvements in the model, in various ways, and to obtain

23 a, actually, a quantitative measure of the variance in how

24 well we can predict observed data so that we can carry that,s
'

f
"'

25 uncertainty to the site.
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Q 1 And then, with a postulated scenario of geology

2 in faulting situation, we can use the variance that we have

3 in predicting motions that have occurred in the past and

4 carry that to the site and determine uncertainties in that

5 manner.

6 CO-CHAIRMAN SIESS: What uncertainties did you

7 get in the previous studies?

8 DR. FRAZIER: Like I say, they were subjective.

9 They were -- I think they were slightly better than what

10 you get from an empirical model, that is, where you just

11 simply pass curves through, like, peak ground accelerations

12 versus distance and magnitude and regress on all the data.

13 I think we were doing slightly better than that.

14 * But is was ' subjective; we did never quantify * that.

15 CO-CHAIRMAN SIESS: What do you mean, the

16 uncertainties of plus or minus or times, divide or something

17 and whether it is subjective or what?

13 What order of magnitude are we talking about?

19 DR. FRAZIER: In empirical work, when one passes

20 curves through peak acceleration data in a particular

21 tectonic environment like California, the difference between

22 the median predicition and the median plus one sigma is on

23 the order of the median plus one sigma. Or the 84th

24 Percentile is on the order of about 50 percent higher than(q
'~'.

25 the median. So, from the minus one sigma to plus one sigma

O|
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@ i is on the order of a factor of 2. So, there is a factor

2 of 2 range of uncertainty in that sort of a statistical sense .

3 CO-CHAIRMAN SIESS: Have you been able to predict
N

x.j 4 historic earthquake motions within plus or minus --

5 DR. FRAZIER: Yes, two-thirds of our prediction

6 lie within that; yes.

7 MR. SCAVUZZO: Excuse me. Can you say where you

8 are comparing?

9 Are you comparing peak ground motion or are you

10 comparing spectra -- motion or what?

DR. FRAZIER: In the work that I did in the past,yy

12 we were comparing response spectra.

MR. SCAVUZZO: Do you have sensitivity,to the sizey3

14 of the element to try different size elements to see wheth'er,
,

15 given the same model, effectively, there is a different resul t?

16 DR. FRAZIER: Yes.

17 Actually, there is a little bit of a

! gg misunderstanding. We did not use a finite element in that.

19 What we did is developed an analytical procedure for

| propagating the ways from the source to the recording site20

21 and then we used finite element laboratory experiments and

22 intuition and one thing and another to simulate the rupture

23 physics in the source region. And then we had to develop

n 24 a grid size, in the source region, in order to connect between
! )
'#

25 the rupture and the propagation. And we did quite an

O
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Q g exhaustive study to see. We went over a factor of 2, several

2 times, so that we went about a factor of 16, I think, in

3 terms of changing our grid size to look at this sensitivity
7
() 4 of our results to the grid size.

5 We, basically, had a grid size in variant.

6 MR. TRIFUNAC: Can I pursue this line of questionir g

7 for a moment.

I think you said that you were able to, actually,8

9 model ground motion?

DR. FRAZIER: We sure made an effort at it, yes.10

MR. TRIFUNAC: Yes.yy

Now, let me ask you, more specifically, what did12

- 13 y u mean by this, from the frequency point of view?

14 DR. FRAZIER: As I recall, the work we did in the

15 past -- did the simulation process up to frequencies of eithe r

16 20 or 25 hertz.

17 MR. TRIFUNAC: What, exactly, did you simulate?

18 Did you simulate the time signal?

19 DR. FRAZIER: Yes.

20 MR. TRIFUNAC: And did you compare the time signal

21 with the recording signal in time, or you looked at the

22 spectra?

DR. FRAZIER: Both.23

, 24 What we did, in terms of trying to assess our
( )

25 uncertainty, was, primarily, in terms of spectra. But we

O
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h I compared the time signal, the time domain signals, to see

2 that we had the physics about right. And we did that --

3 MR. TRIFUNAC: Are you saying, now, that you were
_

'v)I

4 able to model recorded ground motion after the frequencies

5 of 25 hertz?

6 DR. FRAZIER: I am not clear on your question,

7 Mike.

8 I know we did not. At no frequencies do we model

9 exactly what is recorded, wiggle for wiggle. We do not get

10 out of the model what was recorded.

11 In fact, the work we did in the past, we highly

12 constrained the definition of the source to be as generic

13 as possible so that we get all of our judgments out. It

14 'took away nost of the differences.

15 Earthquakes in one region have differences from
,

16 earthquakes in other regions. So, we froze the source to

17 a very simplistic source.

18 But, when you look at time histories that we got

19 out, they looked very much like the earthquake recordings

20 that we were attempting to simulate. That does not mean

21 that the wiggle-for-wiggle-line acceleration record is --

22 it just means the power, the energy, is coming in at about

23 the right time and about the right amplitudes.

( 24 MR. TRIFUNAC: Let me phrase my question a little

25 differently.

O
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() 1 It is 1985 and people have been doing these sort

2 of calculations for the last ten, 15 years or so and

3 seismological literature is full of them. Some of them use
; i
' ~ ' 4 Hascal's (phonetic) forward kinematic model; som'e of them

5 use the greens-function (phonetic) approach, which is what

6 you are doing. Some of them use the finite elements, finite

7 differences and so forth.

8 If you put all of these into the same pot and mix

9 it up and you start going from the long periods down to

10 short periods, i.e., you are going from long wave-lengths

11 down to short-wave lengths, would you say what is the state

12 of the art today?

13 How far down, in the short periods, we can go,

14 for any of*these models, collectively or individually, either

15 way?

16 DR. FRAZIER: Right.

17 I think there is two parts to answering your

18 question. I think, in terms of understanding the detailed

19 physics and simulating the wiggle-for-wiggle signals that

20 are recorded, I think we are successful; we can get up

21 somewhere around one hertz. In certain cases, we can,

22 probably, get up to two hertz; in some cases, one hertz is

23 difficult to get all of the physics right because, at one

J~N 24 hertz, we can understand the heterogeneities (phonetic) in
V

25 the source region, the heterogeneities in the earth.well

()'

t
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(]} ) enough to get the physics about right up to one hertz.

2 But I would, also, claim that we can do a good

3 job up to 30 hertz. We do not understand the geology at

'J 4 30 hertz; there is a lot of scattering going on and things__

5 like that that we don't understand. But the basic packets

6 of energy that are coming through, we can get that about

7 right.

8 MR. TRIFUNAC: Oh, that is just all noise of

9 calculation. And you can just boost it up and down to make

10 it look like spectra. And, to an unexperienced eye, it looks

33 like a perfect accelerogram,~just_ plain n6ise'in the

calculations.12

33 DR. FRAZIER: I don't understand.

14 We have matched our calculations against other

15 types of methods and we match wiggle for wiggle with

16 idealized geology. So it, certainly, is not noise in the

17 calculations. It may be ignorance in what is in the geology.

13 MR. TRIFUNAC: Well, at 25 hertz and, say, one

19 kilometer-per-second wave, we are talking about very short

20 wave-lengths, now, what models are we talking about?

21 We are talking about layered half-space', so how,

22 Possibly, we can model something down to 25 hertz?

23 DR. FRAZIER: I am not understanding your

(' , 24 question, Mike.
i s

15 MR. TRIFUNAC: I am saying that the calcu.lations

(f.'s.td
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{})
'

1 you are using and the calculations all of us are using are,

2 at best, at the present time, based on layered half-space,

3 viscoelastic layered half-space; right?- 4

(-
(/ 4 DR. FRAZIER: Yes, most all of the work is based

5 on horizontal, layered media.

6 MR. TRIFUNAC: Now, the real geology is not like

7 this.

3 DR. FRAZIER: No.

9 MR. TRIFUNAC: The short wave that has the frequenc y

10 of 25 hertz is going to be very much influenced by a short

33 wavelength or re-homogeneity of that same order. Add so,

12 if the earthquake transmits energy in that frequency range,

13 through that geology that is one situation and, if we transmit

. 34 waves from some hypothetical sources through essentially-

15 homogeneous medium, except for some layers, we are looking

16 at two totally different problems.

17 And, if we do get some match, we get it more by

is accident or by cooking (phonetic) rather than by real

19 comparison.

20 That is what I am saying.

| 21 If you said, in the beginning, that the technique
!

22 that we are talking about is capable of modeling ground motic>n

23 down to one hertz, I would not have asked the rest of the

's 24 questions.;

O
25 DR. FRAZIER: I hope I did not misinform anybody

0
|

|

;

i
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([) I when I answered your question.'

2 I said I think we simulate the physics and get

3 the wiggle-for-wiggle understanding of what is going on in
,.

\/ 4 earthquakes up to about one hertz. And, in some situations,

5 we can go a factor of 2 one way or the other.

6 MR. TRIFUNAC: That is right.

7 DR. FRAZIER: However, I believe that we can

a simulate the propagation of 30-hertz energy and get the right.

9 bundles of energy coming in, at about the right time, quite

10 accurately. Our alternative --

11 Here is what I am faced with. Our alternative

12 is to attempt to understand wave propagation through an

13 exponentially-decaying curve that's fit through the data.
r?
(_)) 14 So, on the one hand, the question is: Can we somehow

15 get the major components of the physics right, namely Snell's

16 Law says that, waves are bending up toward the earth, they

17 get trapped near the surface and things like that. Does

18 that assist us in getting insights into earthquake ground

19 motion. And it appears to me that it assists us grossly.

20 We can look at focusing and we can simulate the

21 focusing and the direction of rupture; there are many things

22 we get out of that as side benefits. And, indeed, the geoloc y

23 of -- the representation of geology for signals up above

~] 24 about five hertz is highly idealized, indeed; I agree.

J
25 MR. TRIFUNAC: I guess we are all concerned with

O
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[]} } the same problem.

2 I think it is very important to be able to address

3 those issues.tIhat you. But my concern is that you are going
(^T
kl back in time and space so much, when you are talking about4

5 15, 20, 25 hertz, that it is very questionable, I guess,

6 in anybody's mind, that that will have something to do with

7 things like mermin (phonetic), strasdroff (phonetic),

g dislocation velocity and so forth.

9 I mean, using some models to study what happens

10 1 cally, how the waves locally focus and influence the site

jy specific motion is one thing. But, taking that all the way

12 through the dark tunnel that is very far away, maybe the

13 tunnel is bent, and trying to relate this to bottoming 5 of
Ci
(x) 14 the source, strikes me as a difficult problem.

15 DR. FRAZIER: I agree.

16 CO-CHAIRMAN SIESS: Any other questions for Dr.

17 Frazier?

18 Reading from right to left on the organizational

19 chart, we have heard questions for Hamilton, for White of

20 the White / Smith pair, for Frazier.

21 That brings me over to Tseng from Bechtel on soil

22 structure interaction and I am pretty sure we have some

23 questions on that.

24 Which one wants to go first?
}

25 MR. SCAVUZZO: Did you want to talk about.that

()
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([) I probability risk assessment before we get started on this? |

l
2 CO-CHAIRMAN SIESS: Well, I don't think we could '

3 do soil structure interaction in 12 minutes.

(D 4 Okay. Let's open it up for PRA.'

5 The committee has some and we can always fill the

6 gap.

7 MR. WARD: John, I am wondering how deteailed you

a are going to be able to get or plan to get in the human-

9 actions analysis. For example, will the analysis recognize

10 or credit the sympton-oriented:emergentj plant procedures

11 that, I guess, Diablo has in place or will, in the future?

12 DR. GARRICK: Well, as you know, the human-action

13 analysis is a very rapidly evolving methodolgy and each PR,
~

J- 14 we learn a great deal more about how to do it.

15 The type of actions that we are going to look at

16 are human actions that would cause initiating events, for

17 example, actions that would lead to recovery of a failed

13 system, which might be considered a positive action and,

19 of course, the usual errors of ommission and comission in~

20 following a procedure after an initiating event, for example.

21 Actions based on misinterpretations about the

12 condition of the plant and the status of the plant systems
,

23 and human-enduced common cause failures affecting more than

(~} 24 .one system in any one of the event trees.
's J

25 Now, the underpin of the human-action analysis

b
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(hh: 1 is the event sequence model. In other words, we will try,

2 as best we can, to wire in the human actions right into the

3 plant model.
''

/T
\ ~' 4 The most thorough human-action analysis that we

5 have performed, and it is quite logical that it would be,

6 is in a PRA that we are, just now, completing and it happens

7- to be a Swiss plant. And one of the things we are learning

a about human actions is that it is extremely important to

9 Walk through these scenarios from the operator's point of

to view.

11 So, we have found that it is more constructive,

12 in many respects, to teach operators,who know how to do PRA's ,

13 how to analyze the model from an operator's action standpoint
/~N
(_) 14 'than it, probably, is try to analyre it as a s'eparate kind

15 of activity.

16 On the other hand, you do need assistance and

17 guidance in the way you.ask questions and the way you develop

18 your response information as a function of the event. You

19 do need professional help from psychologists and experts

20 on human behavior to assist in that process.

21 So, again, it is one of those things that thetu

12 does not seem to be any formal, exact procedure by which

23 it is done. And the greatest insight seems to be developed

(~3 24 in hammering away at trying to understand just what is going
V

25 on in the sequence as a function of the path lane.

e7
.
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(?; y So, we would expect to continue to ask these same
us

2 questions and to try improve on the last analysis.

3 CO-CHAIRMAN SIESS: How do know whether you are

4 doing a good job or not?

DR. GARRICK: Well, I don't know. I think that5

6 is, probably, a question that you could apply to any aspect

7 of the PRA. I think --

CO-CHAIRMAN SIESS: Or a lot of other things, but8

9 it is not always asked and I just keep trying to find

somebody to try to answer it.10

yy DR. GARRICK: Yes, yes.

DR. AXTMANN: Human endeavor, for example.
12

MR. WARD: Count your --y3..

CO-CHAIRMAN SIESS: Dave, I.am sure --34

MR. WARD: Yes. I did have --15

16 Well, I don't know if there is goiag to be special

17 consideration of the behavior of the operaator and the plant

yg in those major earthquakes. I mean, for example, we have,

19 from experience in other industrial activities, the STUG

20 program, which is telling us how equipment has behaved in

21 earthquakes.

22 Has there been any attempt to develop some paralle]

23 inf rmation and how operators in fossil plants, other

-} 24 industrial plants have behaved and managed the plant during

J
25 the crisis of an earthquake?

n.
.s)
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1

({) 1 'Is it possible to get some data there, factored

2 into the PRA?

3 DR. GARRICK: Well, there, certainly, has been

4 a lot of data collected and assembled such as the Swain-Gutma n

(P onetic) Human Errors Handbook.h5

6 MR. WARD: Yes, but I don't think they looked at

7 any California earthquakes.

8 DR. GARRICK: I am not aware of any specialized

9 documentation to examine the response to earthquaked

to environment. Maybe Dennis Bligh, who is the principal

;; investigator on this project would have something to say

12 about that, but I am not aware of anything.
.

33 Dennis?

"T
) 14 MR. BLIGH: Yes. Dennis.Bligh.

15 There was a bit of work done a year or two ago

16 in support of PRA back east that we were involved in that

17 attempted to apply some of the information gathered on

is response of people in operational environments under, if

19 not earthquake situations, situations where distresses were

20 not just emotional, they were physical shocks or to stresses

21 and there was some indication, that for highly trained actior s,

12 People performed quite well, about as normal. .For actions

23 that require independent thought, that is not true.

24 So there has not been a lot of work but we have
(~]N%.

15 crossed paths with a little bit of it and we will, pertainly,

G
\
l
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([) I try to keep tabs on all other efforts in this area.

2 MR. GARRICK: What Dennis is talking about is that,

3 in one analysis that we performed, we actually took the
,,

t' '!
4 scenarios that were important configures to risk and employed

5 them, as best as could be done, on the simulator. And, with

6 the aid of specialists in human behavioral science, observed

7 the response of the operators to those scenarios that were

8 estimated to be important to risk for that plant. I am not

9 aware that that has been done before.

10 That was rather useful information, in addition

11 to which it was a real stimulant for the operators because

12 they were working on the simulator against something that

13 was specialized for their plant, which was a departure from--

14 the typical cimulator training of looking at design-basis
*

15 accidents and, more or less, generic-inspired events.

16 CO-CHAIRMAN SIESS: I thought he said they were

17 subjected to physical stress.

18 Did I hear right?

19 MR. BLIGH: I a sorry, I did not hear that.

20 CO-CHAIRMAN SIESS: Didn't you say they were in

21 an environment where they were subjected to physical stress

22 rather than an emotional stress?

23 MR. BLIGH: I did.

/~1 24 And the pea-soup work I am talking about, John,
\ -)

25 was a small piece that was done with the assistance.of some

O
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Q 1 human factors consulting firm back east.

2 DR. GARRICK: Oh, I see. I am sorry.

3 MR. BLIGH: In supporty of another project in whict

4 they did some evaluation of the likelihood of operator'
-

5 performance under physical stresses.

6 CO-CHAIRMAN SIESS: I would think the large

7 earthquake, in many locations in the east, would produce

8 quite high emotional stress in an operator if he had never

9 been through an earthquake, not physical in a sense that

10 it would knock him over, but it scare the hell out of

11 everybody; I know it would me.

12 DR. CARBON: And, along that line, would you expect.

13 to find an appreciably different response from operators

14 in one part of the country to another part?

15 DR. GARRICK: Well, the only comment I could make

16 to that, when we Californians experienced the 1971 San

17 Fernando earthquake, where I lived about seven miles from

18 the epicenter, I noticed my neighbors, who were not

19 Californians and had moved there recently, were very

20 emotional over the whole process. And most of the California

21 people seemed to be much less.

22 So, I think the answer to your question, based

23 on my limited information, is yes, it is background dependent .

s 24 And I guess that would suggest, it would seem to me, and'"'

O
25 I think this is what the behaviorial scientists are,saying,

O
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(}) I that you can train people to deal with different kinds of

2 stress and I would assume that would include earthquakes.

3 CO-CHAIRMAN SIESS: You can train them?

p\-)
4 DR. GARRICK: Yes.

5 DR. CARBON: I would have a little question or

6 skepticism about that.

7 I am sure you can train people but, when the chips

3 are down, sometimes the training goes out the window.

9 MR. WARD: Well, it just strikes me that the

10 unique thing here about the Diablo Canyon PRA, as far as

11 the operator behavior, must be, or it would seem to me, how

12 the person is going to behave through the crisis and, even

33 though you might be a native southern Californian, a .75 (g)--

14 is e pretty good shake. As I recall, there are even handles

15 on the control boards in the Diablo Canyon control room for

16 them to hang onto.

17 So, this would -- if ever a PRA needs to be, provic.e

13 some special treatment, it would seem to me that this would - -

19 DR. GARRICK: Well, I think the real value, from

20 the PRA, will be telling us whether or not seismic is a

21 critical issue with respect to risk. And, if it is, then

22 I think that wt are in a much better position to converge

23 on it and deal with it.

| (m 24 But it may not be. There may be other things that
('

25 are just as important or more important.

| )
.
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(])' 1 MR. WARD: So you see it as sort of a -- think

2 as you go through the channels --

3 DR. GARRICK: Yes. .

4 CO-CHAIRMAN OKRENT: Are you going to include water.

5 hammer affects as --

6 DR. GARRICK: Well, certainly, Dave. The thermal

7 hydraulics of the plant are part of the analysis and I think

a that, in that regard, we would certainly look to past

9 experience as to whether or not it is -- how it should be

10 treated or whether it should be considered when, in principle ,

11 if there is a case suggesting that water hammer is an

12 important contributor, yes, it will be considered.
*

13 CO-CHAIRMAN OKRENT: Well, I guess that is -- tell

*

14 me --

15 Let me ask a different question.

16 1 asked earlier whether earthquakes can be --

17 Co you -- for PRA?

18 CR. GARRICK: We, certainly, looked at the two.

19 We, certainly, looked at earthquakes and fires.

20 I am not aware of explicitly looking at fires that

21 were induced by earthquakes. And you may correct me on that,

22 Dennis. I don't think that any of our fire analysis

23 considered earthquake as an initiator.

24 CO-CHAIRMAN OKRENT: And just one other question --
g^]3%.

25 CO-CHAIRMAN SIESS: Excuse me. I guess, if all
i

O
.
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y the earthquake is does is initiate the fire, it is no worse{{}
2 than any other fire; is it?

3 DR. GARRICK: That is right.

4 CO-CHAIRMAN SIESS: And the probability is,'

,

5 probably, less.

6 Is there anything that an earthquake can do that

, 7 a fire can complicate?

8 DR. AXTMANN: Take your mind off your control boarc .

9 CO-CHAIRMAN SIESS: The fire might cause you to

10
evacuate the control room,

gj DR. GARRICK: Well, I think the answer to that

has to be: Certainly, there is.12

I think any induced intense activities would- E
13

&
'

14 affect the response over what it would be if you'just were

15 dealing with one event.

16 CO-CHAIRMAN OKRENT: One last question --

17 DR. GARRICK: Again, it has to be Jooked on as

is how likely is it as to whether or not it becomes an issue

19 that really deserves lots of analysis.

20 CO-CHAIRMAN OKRENT: An earthquake can cause all

21 kinds of -- in particular, I suppose, something resembling

l

22 an infinite number of common -- regarding failures in the

23 non -- part of the plant and instrumentation and so forth.

24 How do you expect to deal with defining a

KJ 25 representative set of transients to analyze, including their
-

(

.
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({'. I potential for confusing the operator, errors of ommission,

2 this sort of thing?

3 DR. GARRICK: Well, first off, when you do your
_

j 4 initiating-event analysis and you construct your plant model,

5 you hope to do it in such a way that that model is applicable ,

6 however the initiating event comes about, be it earthquake,

7 fire, flood or whatever.

8 So, the important process in making sure that the

, 9 plant model, including the transient analysis, is

10 representative of all of the things that can happen is the

it way in which you construct your initiators because the way

12 in which we utilize the seismic contribution, or the way

13 in which we deal with it is to utilize the plant model.
,0s *

14 And we design that model in such a way that it-
.

15 will accommodate the earthquake.

16 Now if, in the process of the earthquake analysis,

17 there is uncovered an event for which we don't have a

18 transient that covers it, then that means we have to

19 accomplish that by defining another initiator and constructir g

20 our event sequences based on that new initiator and, out

21 of it, should fall the kinds of transients that one might

22 judge as earthquake induced.

23 But that is the general approach.

24 CO-CHAIRMAN OKRENT: Well, but ordinarily, in layir gm

'J 25 out internal events there is some limit on the number of-

O

_
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([j i concurrent failures that you postulate, in an earthquake
.

2 you can have, as a rather high probability event, multiple

3 failures including failures in information as well as

(}) 4 failures in various components.

5 And it is not at all clear to me that your existinc

6 event trees will encompass the possibilities in the

7 ealrthquake, nor is it clear to me that you have a logical

8 way -- I have a logical way of constructing a family of event.s

9 that I have confidence in, represents enough of the

10 situations, if I look at these, I think in clear shape.

11 DR. GARRICK: Wall, I guess I have a little more

12 confidence in the ability to define initiators, such that

13 you do represent all the events that you can think.about
n, -

14 and even, maybe, with the way in which you handle your-

15 uncertainty.

16 In the frequency of occurrence of those events,

17 you have a way of dealing with things that you can't think

is about.

19 But I think the one thing that is important is

20 that, in PRA, you are always faced with the need to make

21 decisions about categorizing things. And you categorize

22 initiators, you define initiating events, categories really.

23 Otherwise, you would be defining a hundred thousand intiators .

24 You categorize plant-damage states. Otherwise

25 you would be dealing with matrices that are a billion times

0

-

'
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a billion. You categorize release categories.p i
J

S it is a process of just searching and satisfying
2

3 : .y urself that any particular event or any particular sequence
'

f failures or any set of multiple failures are represented4

in some way.
5

6

Now, one of the other mechanisms by which you deal
,

with the issue of multiple failures is in the dependent-event
8

analysis. And, of course, the dependent-event analysis can9

be broken up into several kinds. There is the kind that
10

is like an earthquake. There is the kind that is inter-yy

mponent dependent and inter-system dependence. And, each
12

time that a risk assessment is done, you get a little better
13

grip on how to deal with these. -

y4

0 In this risk assessment, we expect to get a little
15

better grip on issues like the seismic risk, maybe issues
16

like what Bob Kennedy was talking about this morning, designy7
t,

and construction error.18

There doesn't seem to be any magic way of saying,
19

| when we fill in all the boxes, we are done. But it does20

seem that, if you start with rather basic principles, you
21

start with a rather fundamental way in which you think about22

risk, which is what we do, you work hard to, (a), be as
23

| complete as you can with respect to exercising that24
|

|
?~'\

definition of risk and (b), you carry with it a frameworkV 25
l

b
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p) y that allows you to account for things that you don't know.
w

2 .And that framework is acknowledging that there is uncertainty

and propagat'ing that uncertainty from a state of knowledge3

f '3 4 that is good to the state at which you are trying to quantify
~

.

Lj

S when I talk about starting with the definition5 ,

6 f risk, I am starting with the definition that says that

7 risk is-simply a list. It is a list of scenarios, their

8 frequencies and their consequences. And it is nothing much

more than that.9

And, if you always go back to that principle,10

whether you are thinking about design and construction erroryy

r whether you are thinking about human actions, and you12

f rce yourself to think about the kind of scenarios that
13

14 could occur, what are the consequences of those scenarios

15 and how likely are they, in most cases -- and you know the

P ant well, and I can't overemphasize that, in most cases,l16

I think, one, probably, ends up with a fairly good indicatior17

yg of how these things contribute.

, 19 But it is clear that, each time we do one, we enter
| .

20 into an improvement with respect to the overall methodology

21 and usually add something new.

22 The first time we did a probabilistic seismic risk

23 was on Oyster Creek. It hadn't really been done before in

the context of the PRA. The first time we did a fire24
| O
() 25 analysis probabilistically, adding to the seismic risk, was

0
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$71 1 on Zion. And then, Zion-Indian Point dug deep into the issue
s_.-

2 of core and containment response and suggested that core

3 melt is a much greater frequently occurring event than is

( 4 an off-site risk.
U;

5 So, I don't know what the new step will be in Diablo

6 Canyon but there is, certainly, a lot of candidates, as we

7 have been discussing today.

3, CO-CHAIRMAN SIESS: Are there other questions of

9, Mr. Garrick?

MR. WARD: How are you getting the detailed plant10

n knowledge of Diablo Canyon into the PRA?

Do you have some PG&E people talking and --12

DR. GARRICK: Yes.33

() This effort, of course, is a joint effort. The
'

34

dll
15 PRA team, itself, is a joint team. I believe this is about

16 our sixteenth PRA, so we have accumulated a considerable

17 amount of knowledge about plants in general and Westinghouse

13 plants in particular.

19 The key feature of doing what you are talking about

20 is to spend time at the plant after, of course, you have

21 reviewed the usual source material, the kind of source

12 material that was described this morning such as the FSAR,

23 the tech specs, the P&ID diagrams, the LER's and hordes and

24 hordes of other data.

7s
(_) 25 But the team that goes to the plant is, first of'

O
. .
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all, the team that understands how the plants work and thaty

interacts rather closely with the people that are operating2

3 the plant. And, of course, concurrently with that, is a

(~') 4 lot of interaction with the people that design the plants.
'% ,/

So, it is a combination of looking and studying
5

and understanding a lot of source material, interacting with6

7 the plant and having people that know what to look for.

MR. WARD: So, there are some utility people
8

involved full-time?9

DR. GARRICK: Yes.
10

CO-CHAIRMAN SIESS: Thank you.gy

DR. GARRICK: I am sorry. I am recovering from
12

a cold and it was a little bit of a struggle.
13

e.
CO-CHAIRMAN SIESS: Thank you.

14

Well, again, looking at the organizational chart
15

as a guide, we have three areas, under the general heading16

f seismic, if you remember the picture, reading from right17

18
to left, there is soil structure interaction, seismic hazard

analysis, Robin McGuire, and, then, fragility analysis, SMA.39

I would suggest soil structure interaction is the20

next logical step.
21

Who has questions?22

MR. SCAVUZZO: This is Scavuzzo and I would like
23

to address a question about soil structure interaction.24
,

,
I notice, in the proposed program, that you planC,) 25

O

.
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(]; 1 verify the two programs that are going to be used by

2 comparing micro-seismic data when measuring the plant site,

3 and some of that data being free-field motion and the other

() 4 response of the plant itself, I presume.

5 The first question I have to ask where is this

6 free-field motion taken and is it far enough from the plant

7 itself that you don't have any feedback from the structures

8 to that position?

9 MR. CLUFF: There are several people with the

10 Bechtel group working on this and I would like to ask Bill

11 White to take the question and he may pass it to others.

12 MR. TSENG: My name is Wen (phonetic) Tseng

13 from Bechtel Power Corporation.'

'

14 With regard to your question, in that diagram of

15 either 7-1 -- 7.3-1, there is a an indication of the free-fie ld

16 location with respect to the plant.

17 And there are three free-field instrumentations

18 on the site. One is on the, I think it is slightly up the

19 west side -- or trast side of the plant near the reservoir
[

20 and one near the index structure and the other is on the
|

21 southeast side,

l 12 From the distance, I think, we can clearly say

i
'

23 it is about two to three times the time diameters.

24 MR. SCAVUZZO: Is that far enough away?
.

25 You have to get fairly far away to look at free-! '-

gs,
O

|

|
. - - . - ..
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([{} } field motions.

2 MR. TSENG: I think it should be very far away

3 enough that, if it is between one to two dimension away,

"T 4 I would say it may still have some influence but three times(J
5 away, I think, should be fairly adequate.

6 MR. SCAVUZZO: How about the topography there,

7 very hilly.

8 Will are you going to try to model those hills

9 because they, themselves, will have influelae.

10 MR. TSENG: Within the soil structure interaction,

jy no. I think, we would, simply, look at the the data and

12 since those are low-level earthquakes, I think we want to

13 limit ourselves only to get the information that they are

34 useful. For example, looking at the -- there are, also,-

15 instrumentations in the structure itself. We are planning

16 to use those recording data. Hopefully, we can get some

17 kind of indication on the structure frequencies or there

13 are certain tortion motion associated with it.

19 In the lack of knowledge about how the lowest

20 recording earthquake comes, I don't think there is a great

21 deal that we can gain by just strictly looking at the modelir g

22 of a site and look any more detailed than looking at the

23 dynamic characteristic of the structure and, hopefully,

24 comparing, maybe, the kind of foundation base motion with
,~

k-)~ 'the free-field motion in the corresponding component25

O
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([) I direction, for example, in the north / south, maybe, a horizontal

2 direction would compare with the horizontal free-field

3 recording at the base -- and also at the free-field recordinc

() 4 stations.

5 MR. SCAVUZZO: Would you have more than one free-

6 field station?

7 Are those measurements similar or are they quite

8 different?
I

9 Have you looked at any of the data yet?

10 MR. TSENG: Well, the detail of those free-field

11 recordings, I think, maybe, Larry White is more knowledgeable

12 in saying that. But, during the course of this analysis

13 which we have not carried out yet we will, certainly, look
6%

14 into the local topography whether the recording is truly

15 on the free-field or is near as certain structures and see

16 how that would influence the free-field.

17 MR. SCAVUZZO: That would give a very interesting

18 opportunity, here, to do some good work but I see a lot of

19 problems with it and that is what I was trying to bring out.

20 MR. TSENG: Well, there are recordings which appear

21 in a time and trace and they are very clean and very good

22 but there are, also, some recordings which do not appear
.

23 to be that clean.

,_
24 So, we will be looking at those data which are

- 25 useful and there are two or three earthquakes in the past

O

4
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(]) I two, three years that I think we can choose the record from.

2 MR. SCAVUZZO: I would be interested to know if

3 those free-field records were similar, if anybody has that

({} 4 knowledge now?

5 MR. WHITE: Larry White, TERA Corporation.

6 The records have been processed but not analyzed.

7 And it has been quite a while. I don't recall the

a differences in the free-field.

9 MR. SCAVUZZO: Okay. I will drop my line of

10 questioning, I guess.

11 CO-CHAIRMAN SIESS: Enrico, do you have some

12 questions?

13 MR. LUCO: My name is Enrico Luco.

14 As I read the proposed study, it appears that three

15 dimensional soil structure interaction analysis would be

16 made. Two methods of analysis would be used. These

17 analyses would be mostly linear elastic analysis and,

18 apparently, different types of seismic excitation will be

19 used, different types of seismic waves.
i

20 This is quite an improvement with respect to

21 Previous calculations for Diablo Canyon. However, I do not

22 think that the effects of soil structure interaction will

i 23 produce any dramatic result.

24 At any rate, I have a few questions about the details
."

|
k' -)/| 25 of the procedure. The first one is: Where will the control

;

t

! 6 32
j V4/
|

l

!
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@ j motion be located?

2 MR. TSENG: Well, I think the plan we have is from

3 the empirical ground motion studies where we anticipate there

'] 4 will be some kind of site specific spectra indicated in the

5 free-field and the general plant site,

6 And we will be drawing some information from the

7 numerical study that Dr. Frazier is going to make, drawing

8 the information on how the incoming wave, the predominate

9 wave is going to come, either there is orientations or

10 competitions surface wave, that is the actual SV wave in

ij the southern angle. And, hopefully, with this two

12 information, we would be able to describe the motion in a

13 range. I don't think there is a unique way of wave coming

14 and I think we have to look upon a range of possibilities

15 and do some premature study to whether that does have a

16 significant effect on the final result or not.

#
17 Now, in terms of which point a free-field should

13 be, I think -- this is rock side and I assurr,e that all the

19 ground spectra will be specified on the rock surface.

20 MR. LUCO: Will it include the interaction between

21 the structures, through the soil or --

22 MR. TSENG: In the currr-nt plan, yes. We are

23 planning to look at whether there' is an inference between,

24 for example, the aux building,whiin is a very large structure ,

o
i _.) 25 and the containment. >

O-
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([) 1 Now, the way to look at it is that -- study to see when two

2 structure together and analyze one alone to see whether-

3 there any difference at all. If there is very little

~'

(J, 4 difference, then I think we can reduce the problem down to

5 only single structure.

6 On the other hand, if there are differences, then

7 we want to include it in the model.

3 MR. LUCO:- E' 1 it include the effects of

9 embedment?

10 MR. TSENG: I beg your pardon?

11 MR. LUCO: The effects of embedment?

12 MR. TSENG: We are trying to -- I think the

13 embedment is, for example, aux building is embedded to about'
*

14 15 feet. On the other hand, like, containment, one -- or

15 three sides are closed by the aux ~ building and ohly one side

16 is embedded.

17 So, there are certain parameter, again. We have

13 to somehow bound it and study by sensitivity studies.

19 But, embedment is planned to be included if the

20 half-space this -- is able to include it then we will use

21 it. On the other hand, if there is difficulty to including

:

| 22 half-space solution then we will try to use these -- 412
.

23 study the parameter.

24 MR. LUCO: What use of damping are you planning
| Qk' 25 to use for the -- the structures?
!

&

|
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g ) MR. TSENG: Within the program plan, we are saying,

2 in general, that damping we select consistent with the

3 response level,

4 What that means is, for example, when we arej

5 comparing with the recorded data which are very low level,

6 then we, probably, find lower damping, for example,

7 two percent, which we will file upon the ratio -- the spectrum

8 ratio to see how that damping should be.

9 Now, when it goes to something like a design-basis

10 earthquake, I would anticipate that there was something like

yy seven percent or -- in that range. But, at this moment,

12 we will be looking at consistent damping assignment, not

13 just one seven percent, both for very low-level earthquake

14 r design-basis earthquake.

'

MR. LUCO: But will you consider the possibility15

16 the damping, even at the high levels, is not as high as seven

17 percent?

13 MR. TSENG: Well, it is possible that it may not

19 be as high as seven percent but, in combination with

20 geometric damping and so on, it may turn out that it may

21 not be as sensitive in assigning the fixed-base structure
1

22 damping.

23 MR. LUCO: But, will you consider dampings higher

24 than seven percent at a high level of --

(o) 25 MR. TSENG: Well, it depends on, let's say,

O'
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. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.

422

({) 1 if the anticipated level is within yield of the rebar and

2 all the structures, then, I, certainly think up to seven

3 percent is very reasonable but if, let's say, the anticipatect

(~) 4 level is going beyond, somewhat, of the yield level, then
\m/

5 I think we be able to rationalize that there will be an

6 increase in damping if we are not considering the -- damping

7 explicitly in the analysis.

3 MR. LUCO: What about -- well, I don't know if

9 this is the appropriate person but what sort of inelastic

10 response analysis will be made?

ji Personally, I believe th&t this is a most

12 interesting area, particularly for the turbine building.

13 Beyond .4, .5(g), probably, you will have some significant

14 inelastic response. -
.

15 MR. TSENG: Within the context of soil structure

16 interaction, as you know, that both of the methods, being

17 three dimensional, being frequency means -- solutions, we

18 are not able to explicitly include the inelastic structure

19 behavior into the soil structure interaction analysis.

20 On the other hand, I think, in the program plan,

21 we have faith that we will be, if there is significant

22 inelastic action in the structure, presumably they will be

23 analyzed separately and then factored back. Maybe the apparent

24 lengthening appeared of the structure and maybe increase
(x
i_) 25 of damping in a some sort of equal lenient fashion, cycleds

G
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(~'j) g back into the SSI analysis and get a gross interaction of

2 fact and then going back to the structure analysis again,

3 taking into account a nonlinear action. That is one area

(~''3 4 of it -- approach that we are thinking about.
v

5 MR. LUCO: I am not so concerned with the coupling

6 or the including both effects at the same time interaction

7 and inelastic response but was trying to get a little bit

8 more detail on what type of inelastic analysis would be made.

9 CO-CHAIRMAN SIESS: You might want to save that

10 for Mr. Bob Kennedy.

y; Is that all we've got on soil structure

interactions?12

13 MR. SCAVUZZO: I have one other question.
,

14 It shows the shearwave velocity up around 4,000

15 feet per second; is that correct, at the site?

16 MR. TSENG: It varies with -- and I think only

17 -- if I recall correctly, in the -- of 50 feet or 100 feet

18 ranges, 3600 feet, and there is, again, deeper down is higher

19 than that.

20 But, during these SSI course of study, we will

21 be revisiting those data again, looking at the rock boring

12 data, the physical -- and so on to see whether those data

23 are still reliable and if not, then what is the spread of

24 the data. And, hopefully, put a parametric bound on it and
r";
(j 25 see whether that is affecting the result. And we intend

0
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(]) I to put that as a parameter to look at it, if the data shows

2 it is not that clear that the 3600 is 3600.

3 MR. SCAVUZZO: . Well, the question that I have is

"i 4 that, in my own work, I know, that, when the shearwave
Q ,!

5 velocity got up around 5,000 feet per second or so, there

6 is not much affect of soil structure interaction. You can

: 7 almost use the ground motion as the input.

8 Could you comment on that, what you expect?

9 MR. TSENG: I, certainly, agree with that. I don't

to anticipate, this is my personal experience, that on the rock

11 side, like this, there is a -- on the inertia interaction

12 that means that the plant intertia, of course, is going to

13 change much of the ground" motion.

14 I think the part of the interaction will, mostly,

15 come from how the wave comes and how those foundation modify

16 the incoming wave and I think that is the part we are going

17 to emnhasize on.

18 MR. SCAVUZZO: I agree with that.

19 CO-CHAIRMAN SIESS: Mike?

i 20 MR. TRIFUNAC: First, I would like to say that
1

21 I am very pleased to hear that you are doing these type of

22 studies. It is a big improvement.

23 But, coming back to just this previous discussion

,

and what Enrico Luco was saying, it seems that everybody24

25 agrees that the effect of interaction is not going to be-

(/,
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i significant.{])
2 I think you just said that you are going to be

3 looking at response by just analyzing the effects of angles

4 of incidence and things like that and the extent of whichJ])
.

5 the foundation may modify the ground motion.-

6 Now, are you referring to so-called towel (phonetic)

7 effect there or --

g MR. TSENG: One of the basic approach that we try

9 to do is, rather than try to answering or what part of the

10 power belongs to soil structure interaction, what part belongs

ij to other engineering considerations, the approach is trying

12 to use the most consistent analysis we can get today and

33 just to get a free-field that indicated from the ground motion-

14 and going through a consistent analysis and getting the base

35 motion and, if we want, later on, we can come back to compare

16 the base motion and interpret the way we want. And purely

17 from the inference on soil structure interaction, face the

18 phenomena rather than trying to draw back to see which part
.

19 belongs to soil structure interaction, which part belongs

20 to other engineering considerations.

21 So, to answer you question, I -- we are not plannir.g

22 to look, explicitly, on the -- effect,,that is what ypur

23 question was.

24 MR. TRIFUNAC: If I might just comment for just

t '
- 25 one more second.

(13s-
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() 1 We have, recently, completed a study of effect

2 -- but not for, of course, for -- plants but for the buildinc s

3 where recordings were taken, and have found, in fact, in
o
,j 4 the frequency range that we are looking at, there is a

5 systematic increase of -- rather than decrease.

6 MR. TSENG: I see.

7 MR. TRIFUNAC: And this gathering takes place,

8 probably thus so, in the very high frequencies which are

9 much higher than the frequencies we are looking at. And,

10 if that is of any help, we will be glad to --

11 MR. TSENG: Well, I will be glad to get that

12 information from you later on. We are very glad to look

13 at it.

CO-CHAIRMAN SIESS: Anything else on soil structure14 -

15 interaction?

16 DR. AXTMANN: What sort of experiments were you

17 talking about just then?

18 MR. TRIFUNAC: These are recordings of actual

19 earthquakes in full scale structures, mostly in Los Angeles
'

20 and San Francisco.

21 DR. AXTMANN: I see.

22 CO-CHAIRMAN SIESS: Thank you.

23 Gentlemen, it is now 9:34, which is four minutes

24 past our announced quitting time, which doesn't mean anythinc
,

';'

25 except that it has been a long day.
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d'# I We have two areas left to talk about, the fragility

2 analysis, I think of which Kennedy will field and the seismic

3 hazard analysis, Robin McGuire.

] 4 If there is any possibility that we could complete

5 those two areas in the next hour, there has been some expression

6 from some members of the Subcommittee that they would be

7 willing to stay on.

3 If it is going to take over an hour, I think we

9 might just go back to our original plan, meet tomorrow for

lo the couple of hours that are needed to finish it up.

11 Could I get some idea as to who has questions in

12 the area of fragility analysis.

13 You have one Enrico; you have some.

14 Any members of the Committee know some offhand?*

15 Who has questions in the area of seismic hazard

16 analysis?

17 Paul, you might have some.

Is What do you think the odds are we could finish

19 up tonight?

20 MR. TRIFUNAC: Pretty good.

21 CO-CHAIRMAN SIESS: We have been going pretty good,

22 so far. Let's try it.

23 Let's start, though, with Kennedy because Bob has

24 to leave. According to my schedule, he has to be away early

25 in the morning and I don't think Robin does, in case this

e
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({} } went on and we had to carry it over.

2 Okay, Bob.

3 Who wants to start?

4 MR. SCAVUZZO: I guess the question is, and I know'

5 it is getting late for me, but I will try to pose it the

6 best I can.

7 In looking at the proposals, my feeling is that

8 the fragility analysis is going to based on some of the one

9 degree of freedom work that has been done in the past, these

10 various ductility factors, et cetera.

gj Is there any plan to make use of some of the codes,

12 elastic / plastic analysis encodes to try to evaluate the
*

13 fragility of a complex systems?

*

14 MR. KENNEDY: Okay.

15 The fragility effort on Diablo Canyon is truly

16 going to be an integrated effort. It has been, to some exterit ,

17 in past PRA's and Diablo Canyon is going to be that to a

18 much greater extent.

19 In the first phase, where we have a very large

20 number of structures to look at and a lot of equipment to

21 look at, the level of fragility evaluation will be somewhat

22 more complex than in past PRA's but less than a factor of

23 two more complex than past PRA's.

24 That level will be one in which effc/ts that were
'~

.

i

expended in what is called the Effective Ground Motion25

O
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Q 1 Research Program of the NRC will be very heavily used which

2 relates inelastic energy absorption, backed estimates of

3 the permissible storage drift (phonetic) ductility levels.

f] 4 I would not characterize that as completely one

5 degree of freedom. The first step of that is to try to conve rt

0 from inelastic -- storage drift ductilities to an estimate

7 of how much overall system frequency shift this leads to,

a how much overall shift in system damping this leads to and,

9 then, following the procedures in this effective ground motic n

to study, which is one of, essentially, a substitute structure

31 approach.

12 So, it is significantly more complex than single

13 degree of freedom but it is an approximate estimating-

* *

14 Procudure.

15 That will tend to be the procedure used in the

16 first portions of the fragility effort.

17 Once we have fragility estimates in the early portion

18 of this PRA, those fragilities will be used by the systems

19 engineers, by PLG, to make estimates of seismic risk and

20 to detett.ine the dominant structure and equipment components

21 of which -- most influence the PRA results.

22 Once that information is available, then very

23 substantial benchmarking and sensitivity studies, which will

24 nearly certainly include substantial nonlinear time-history

25 analysis will be done to improve the fragility estimates

O
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8; i for those few components and structures that dominate the

risk.2

3 It is just not practical to think in terms of

4 doing it for all of the structures and equipment. But there(]
5 will be significant benchmarking of the fragilities that

dominated the seismic risk.6

7 MR. SCAVUZZO: By that, you mean you are

8 g ing to go into, say, elastic / plastic or other types of

9 analyses?

MR. KENNEDY: I don't think it will be what I10

would call elasto-plastic. What it will be is an efforty;

to come up with a nonlinear force deflection12

curve and the characteristics of that curve -- they will- 13

14 be more sophisticated than elasto-plastic.

15 But they will be nonlinear time-history analysis,

16 with a nonlinear force deflection curve more sophisticated

17 than elasto-plastic.

18 MR. SCAVUZZO: I didn't need it that way, but okay.

19 MR. WARD: Bob, I am not sure you are the right

20 fellow to ask this of.

21 D es the fragility analysis include exterior

22 structures like the cooling water intake structure?

DR. WHITE: Let me answer that.23

24 This is Bill White.

I i The intake structure is essentially embedded in25

0
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({) I the sea cliff and stands, virtually, no chance of failing

2 as a result of seismic events.

3 So, we are looking at doing the fragility analysis

'"
', 4 on the other major category I structures which would be the

m

5 containment, the auxiliary building and the turbine building,

6 So, we are not anticipating doing a big fragility

7 analysis on the intake structure.

3 The component, which is one category I pump inside,

9 we will do an analysis of that, but not the structure. And

to it is, virtually, indestructible.

31 MR. WARD: Well, if I look at this map, and I don't.

12 know how accurate it is, but it shows the breakwater and

13 then what looks like a relatively. narrow inlet to the little
c '.

,

' V
14 pool or --

15 Is there any potential -- I don't know what it

16 looks like.

17 Is there any potential for the inlet fouling with

18 the SSE or larger earthquake?

19 DR. WHITE: The breakwater has been analyzed for

20 some seismic events. I don't recall that analysis. That

21 is not high on our priority list but we will, undoubtedly,

22 take a look at it.

23 CO-CHAIRMAN SIESS: Is the breakwater essential

24 for ultimate -- heat --
,

- 25 DR. WHITE: No, it is not.'

O
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Q 1 CO-CHAIRMAN SIESS: It is only for your operationa]

2 cooling?

3 DR. WHITE. Yes..

4 Well, breakwater can disappear, essentially, and

5 the intake structure still functions.

6 CO-CHAIRMAN SIESS: Could the breakwater damage

7 the intake structure? It is around the point from it;

8 isn't it?

9 DR. WHITE: You would have to have an earthquake

10 that would do something to the breakwater, then a very large

11 wave system to move the debris into the intake.

12 CO-CHAIRMAN SIESS: S,NOMI (phonetic)?

13 DR. WHITE: We have.done tidal pool analyses using

14 SNOMI and the bredkwater doesn't move as a result of them

15 and take a long-duration start.

16 CO-CHAIRMAN SIESS: I meant an earthquake within

17 a SNOMI.

18 DR. WHITE: It has been analyzed for a SNOMI.

19 CO-CHAIRMAN SIESS: Yes, but, now, the earthquake

20 damages the breakwater, now the SNOMI gets it, not the --

21 DR. WHITE: If the breakwater subsides, that is

22 all it is going to do is slump. Then the SNOMI can't grab

23 it anymore.

24 CO-CHAIRMAN SIESS: Other questions for Bob Kennedy?
'

25 CO-CHAIRMAN OKRENT: Well, let me ask him if he

o
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(}} 1 anticipates any difficulty in getting capacity estimates

2 or small things, electrical, thing 3 that have tended to be

3 qualified by tests done by analysis, but only -- do you know

'

4 what I am driving at?/ 1

5 MR. KENNEDY: Yes.

6 Yes, I do envision substantial difficulties. I

7 envision that there is going to be, in the fragility estimate s

8 for Diablo Canyon, considerable difficulties avoiding making

9 extremely conservative fragility estimates.

10 The problem is, we have Qual Test data. Now, Qual

11 Test data provides lower bounds on the fragility estimates.

12 Now, on other plants, we have always been able to, typically,

13 find Qual Test data from another plant that was higher than
*

14 for the plant that the PRA was being done for and we could

15 find California earthquake data and other means to raise

16 the fragility estimate, to raise the capacity estimate.

17 That is going to be very much more difficult on

18 Diablo Canyon and I have considerable worries and concerns

19 that we could end up excessively conservatively estimating

20 fragilities or capacities.

21 We are aware of the problem. We are, also, aware

22 of the fact that, to be most valuable, a seismic PRA is

23 supposed to come as close as possible to making median-

24 centered estimates, i.e., errors on the conservative side
,a

l 25 are nearly as bad as errors on the unconservative side.

O
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C) 1 So, we are going to try to push ourselves to do

2 the best job possible. But I think there is a dearth of

3 fragility data up at the very high ground motions levels.

/] 4 CO-CHAIRMAN SIESS: What do you propose to do about

5 relay chatter?

6 MR. KENNEDY: We will make relay chatter fragility

7 estimates just like we have on most of the other PRA's.

3 I am sure, in Diablo Canyon, there is going to

9 have to be, on the part of the systems activities, a much

10 more careful look at the consequences of relay chatter and,

11 particularly, look at the lock-in/ lock-out and seal-out

12 circuitry to find out how much such circuitry does exist

13 and more careful concern on the questions of recoverability-

14 from relay chatter.

15 Relay chatter is likely to be a more doininant

16 contributor to the risk at Diablo Canyon than it is at these

17 lower seismic plants just because the earthquake levels are

18 quite a bit higher.

19 I fully expect that Diablo Canyon equipment is

20 going to be a more dominant contributor, relative to

21 structures, than it has shown up at other PRA's. Part of

22 that will be artificial, I am afraid. Part of it will be

23 artificial because we just, simply, will not have a basis

24 to get the equipment capacity's levels up as high as, maybe,

25 they should.'

,

%:I

,

__



435

] 1 CO-CHAIRMAN SIESS: Any other questions for Bob?

2 MR. SCAVUZZO: I have another one concerning anchors.

3 Scavuzzo here.

4 I guess one of the most critical areas, of course,

5 is the anchors of large pieces of equipment and the question

6 is: What kind of a program is going to be performed tc test

7 or check out each anchor point and are you just going to

8 do this by analysis or are you going to have any physical

9 tests of those anchors?

10 MR. KENNEDY: We have talked, in the planning stages,

ji we have talked about the potential need to do some

12 fragility testing in the latter phases, not in the first

13 phase of this seismic PRA.

14 If there are items that show up through the first

15 phase of the seismic PRA as being significant, dominant

16 contributors to the risk and, if it appears to be extremely

17 beneficial and cost-effective to try to do some fragility

is testing of a limited nature, that is being contemplated as

19 being a potential solution.

20 I don't think that people are, yet, prepared to

21 commit to any such testing. But it hasn't been ruled out,

22 either.

23 MR. SCAVUZZO: Laboratory testing of that type

24 would not be --

25 MR. KENNEDY: No, it would not be laboratory'

9
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(]) t testing as much as it would be full scale, but not on the

2 equipment in the plant, obviously.

3 MR. SCAVUZZO: Yes, that is what I meant.

x 4 I, also, meant by laboratory, the full-scale test.'

5 CO-CHAIRMAN SIESS: Any others for Bob?

6 MR. TRIFUNAC: I have a short one.

7 CO-CHAIRMAN SIESS: Okay.

8 MR. TRIFUNAC: Say we have an anchor somewhere

9 up and we calculate floor respond spectra and we assume that

10 motion is large so that the structure might get somewhat

gi into nonlinear range.

12 Now, we are going to, then, reduce the floor

13 response spectra -- to dealing with the anchor?

34 MR. KENNEDY: There is considerable research going-

15 on right now on how does nonlinear structural response

16 affect floor spectra.

37 It is very clear, right now, that, in simple

la structures, primarily those that are dominated by single

19 degree of freedom, that nonlinear structural response

20 substantially reduces floor spectra.

21 It is, also, clear, in multi-degree of freedom

22 structure, that, in the resonant region, i.e., in the

23 frequency ranges -- if the equipment is, basically, in

24 resonant with an important structural mode, there is a
~

25 substantial reduction in floor spectra, due to nonlinear

- -
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(]] 3
structural response.

2 There is still an open issue whether the high

3 frequency content of floor spectra are really reduced or

4 not by nonlinear structural response. Those questions are
m

5 going to be answered before this seismic PRA is concluded

6 and those answers will be included in this PRA.

7 There is a significant EFRI (phonetic) program, ;

|

8 right now, to address, exactly, that issue. This PRA will

9 take advantage of that information. That issue is currently

10 being studied by Allin Cornell and Robin McGuire, who are |

j; both part of this team. I am a consultant on that effort

12 so there will be plenty of members of this team who are

13 familiar with that research program.

() 34' In the preliminary portion -- I mean, not

O
15 Preliminary, but, in the first phase of the PRA, we will

|

16 use that research program to modify the floor spectra to

17 the equipment.

18 After knowing which components and structures

19 dominate the risk, there will b, improved work and |

20 benchmarking work in the latter phases.

21 I think I have tried io answer as broadly as I

22 can, your question. If I have missed some of it, ask a littl e

23 more specific and I will hit it.

24 CO-CHAIRMAN SIESS: Any others for Bob?
_

25 MR. WARD: Does Diablo have the solid state

O
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({} ) Westinghouse SCRAM; do you know?

2 Well, my gaestien is: If it does, what is known

3 about the fragility at high levels of that stuff?

4 MR. KENNEDY: First of all, at this stage, today,
v

5 I am not, yet, particularly familiar with Diablo Canyon.

6 I will be very quickly, or I think I had better.

7 DR. WHITE: -- solid state, but I don't know

g anything about its fragility.

9 MR. KENNEDY: There is some fragility data on

10 solid state equipment.

33 CO-CHAIRMAN SIESS: We will know more in three

12 years.

13 MR. KENNEDY: I don't, really, want to answer your --

14 I don't have in my memory what that data is indicating.

15 I am a little bit fearful to answer your question off the

16 top of my head.

17 CO-CHAIRMAN SIESS: The question is: Do you know?

18 You can always answer that question.

19 MR. KENNEDY: We know there is some fragility data.

20 Now, it is somewhat weak data base, just like all of the

21 rest of the fragility data.

22 CO-CHAIRMAN SIESS: That would be a good place

23 to stop, except we have another man to ask questions of.

24 I think that is all for you, Bob.
m

25 That leaves us the one area, a rather important

O
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!

g 1 one, seismic hazard analysis. And Robin McGuire, I guess,

2 is in charge of that. I

3 I am sure there are questions, Robin. Come on

O 6 uP-

sis thereIn the seismic hazard anaJy\5 MR. POMEROY:

6 are various places where there are -- weights are aasigned

7 to particular models and there are other places where models

3 are aggregated in the process, as I understand it.

9 I wonder if you could, first of all, identify those

P aces in the analysis where those kinds of what I wouldl10

gg call subjective decisions are made and, more importantly,

12 could you tell us how, in this particular study, those weight s

gg or aggregations are going to be assigned.

14 Who is going to do that?" -

15 And, then, perhaps, the last question might be:

16 How are you going to choose among some of the model s

17 or are you going to weight, for example, different

13 attenuation models in the course of this analysis?

19 MR. McGUIRE: Well, you correctly stated, I think,

20 what will happen in general.

21 The areas that we will be looking at are the usual

22 ones for seismic hazard analysis, but applied to the

25 Specific tectonic setting.

24 SPecifically, we will be looking at sources of
O
L' 25 earthquakes, distributions of magnitudes on those sources,

.

~
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@ 1 those being faults, predominantly, the largest possible

2 earthquakes that can occur, the rate of activity with which

3 they might occur, and with which all magnitudes might occur,

( 4 and the ground motions that those events might generate at

5 the site.

6 And additionally, once step further, if

7 important, we will add into that, the effects of soil

3 structure interaction.

9 So, all of these steps, starting from, in fact,

10 initially, from a tectonic interpretation of central coastal

gj California, we will try to capture our understanding of each

12 f those segments of what causes the seismic hazard at the

33 plant. Those being the sources, the earthquake magnitudes,

14 the distributions and, then, the ground motion and, possibly,

15 the SSI.

16 In each of those cases, we want to be sure to

17 capture both our best estimate of each of those steps, in

13 terms of being unbiased in Bob Kennedy's sense, and, also,

19 capture the uncertainty in those, the range of

20 interpretation.

21 And, finally, try to put weights on those various

22 interpretations, reflecting the various likelihoods that

23 they are the best, the true, say, representation of the

24 state of nature.

25 In each of those cases, each of those steps, we

G
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|

@ i will use the best expertise that is available to us for that

2 step. In particular, we will take advantage of all the

3 entire rest of the long term seismic program being conducted

( 4 that you heard described today.

5 The expertise and knowledge of Doug Hamilton will

6 be used in identifying the tectonics and seismic sources,

7 as well as other people. The seismicity we will use will

8 be evaluated using seismologists on the project. .The ground

9 motion representations will be evaluated and weighted using

go people involved in the ground motion representation.

gy So, all of those steps will be done, will be

12 incorporated and the weights will be assigned, using the

yg knowledge of the people best and, say, most knowledgeable

14 and most appropriate, in each of those steps.

U
15 MR. POMEROY: Will there be any -- will the

16 technical advisory group be included in that grouping?

17 In other words, for each step, you are going to

is put a group of people in a room and then have them beat on

19 each other until they come up with a set of weights that

20 are agreeable to everybody at each step in the process, as

21 I understand it.

22 But, is there going to be some review, then, say,

23 by this technical advisory group on these numbers or is that

24 weighting that is assigned by the working population in that
n
U particular area going to stand without external peer review,25

b
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([] 1 example?

2 MR. McGUIRE: We have not worked out the detail,

3 exactly, of what point our views will take place but I,

fm(,) 4 certainly, hope that and expect that review would take place,

5 not that the, say, the expert panel is more capable of

6 assessing those weights but, maybe, they have a broader

7 perspective on, say, the people who might be best included

8 in that group and could offer some advice on whether or not

9 we have made those steps properly.

10 And that is what I would be counting on that panel

11 for.

12 MR. POMEROY: Are you going to -- 18 there going

13 to be part of the program that will be involved in

.f 14 determining what the best ground motion attenuation
x_/

15 relationships are for this particular site area and the most

16 likely source regions?

17 In other words, is there going to be any research

18 on the actual attenuation function itself or are you just

19 going to select the best one that exists in the literature,

20 the best model --

21 MR. McGUIRE: No, no. This is part of the program

12 devoted to empirical estimates of ground motion.

23 MR. POMEROY: Oh,'okay. Then you will get,

24 presumably, several models, still, out of that and those

I)'- 25 will be the ones that you weight in the process, at that

G
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h I point.

2 MR. McGUIRE: We might not limit the, say, the

3 range of models to only those generated in that portion of

() 4 the study. We may include some from the literature, as well,

5 if the experts think that is appropriate.

6 MR. POMEROY: And do you plan to include some

7 sensitivity studies of one kind or another in terms of what

8 would happen, say, if Doug's estimation of the model weights

9 were incorrect and different weighting functions were used?

10 MR. McGUIRE: Certainly.

11 MR. CLUFF: Let me just add a few points to your

12 questions.

13 I don't see it as being a single-person choice

14 or weighting. We will.have several of the people. I will
,

15 be involved in part of it. We have others-we see in some

16 of the tectonic discussions to use, say, Clarence Allen,

17 Bruce Bolt and others to help us think through the problem,

la make sure that, once it looks like a preferred value is the

19 most reasonable to use, test the hypotheses that allow you

20 to defend that and look at the other opportunities or the

21 other models or hypotheses.

12 So, it is one of making sure that we go back and

23 forth through that, that we have considered all options and

24 that we have looked at the weight of evidence that supports
p_
i )

-'' 25 the ones that have the highest probability of occurring.

()
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C 1 CO-CHAIRMAN OKRENT: Can I ask a related question.

2 At one meeting, which I recently attended, John

3 Reed showed a slide with lots of seismic hazard curves and

( ) 4 about, let us say, half of them were from PRA's as applied

5 by the utility and, let's say, about half of them came from

6 a study done by Livermore, using expert opinion the way they

7 do it. And it was sort of a bi-modal distribution.

8 I think, probably without failure,.the ones

9 in the PRA's, let's say, less hazard, if you know what I

10 mean, whenever the same site was being compared. It is a

11 sort of a common mode of something.

12 I don't know which is right, obviously, but you

13 have some kind of a conscious p,lan in mind to try to sample

14 enough of the spectrum of opinion that whatever you come

15 up with has a chance of lying on the other side of the

16 Livermore research, at least a chance.

17 Do you understand the question?

18 MR. McGUIRE: Let me respond by relating some news

19 that I heard today from the NRC and that is that, some of

20 their reevaluations of those original Lawrence-Livermore

|
21 curves now come very close to some of the other curves,

22 unnamed, that have been published.

23 In fact, there is quite good agreement now. And

24 that has been a result of this process, laborious as it is,
I )

25 of producing curves independently and then looking for the-

b)
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@ 1 differences.

2 But I don't think, in the end, that these

3 differences might be so bi-modal as you cast them, in that

() 4 short summary.

5 MR. POMEROY: Could you just clarify that,

6 Robin, a little bit; I am not aware of that -- haven't been

7 aware of that.

3 As I remember it, the medians or the means of

9 certain curves, unnamed, were like an order of magnitude

10 different than the Lawrence-Livermore curves.

11 Do you mean that order of magnitude has now

12 disappeared, essentially?

13 MR. McGUIRE: That is my' understanding and I am

! 14 speaking from, just from verbal communication with people
U

15 at the NRC.

16 Is there anybody here that could address that,'

17 from the NRC?

gg CO-CHAIRMAN SIESS: What changed that order of

19 magnitude?

20 MR. McGUIRE: Well, presumably, the mean value

of the Lawrence-Livermore curves must have come down to the21

22 level of the --

23 CO-CHAIRMAN SIESS: Which value changed?

24 CO-CHAIRMAN OKRENT: Well, the acceleration at
,s

\ a given frequency --- 25

O

. -
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() 1 CO-CHAIRMAN SIESS: The acceleration at a given

2 frequency changed by a factor of ten?

3 MR. McGUIRE: Well, perhaps, Leon can clarify that.

() 4 MR. REITER: Yes..

5 We just made one comparison that we have been

6 looking at which is Maine Yankee (phonetic) because we are

7 looking at reevaluation spectra. There we had two sources

3 of spectrum, one spectra done by Yankee Atomic and, then,

9 we had Livermore, the original study, and, now, the new study ,

10 the revised draft study.

11 And, ini the revised draft study, the Livermore

12 estimate of a thousand-year spectra is much closer to the

13 Yankee Atomic spectra at periods of about .35 seconds are

14 almost equivalent, at periods less th'an .35 secon'ds,

15 Livermore is higher but not to the extent that we have seen

16 in the past.

17 Now, whether this extends to all of the sites or

18 whether it extends to all -- to return periods, let's say,

19 much greater than a thousand years, is a different issue.

20 And there still might be some significant differences at

21 those periods where -- have a great influence on the PRA,

22 just a very limited comparison, the thousand year at Maine

23 Yankee.

24 MR. POMEROY: What is the order of the change, )
O 25 Leon?

O

-

-
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({} ) MR. REITER: I don't have -- I can't tell you that

2 because we are just drawing the plots up now and comparing

3 them and trying to get some -- get it out. But it has been
,

ij 4 -- the Live,rmore, for Maine Yankee, has been reduced as a

5 result of the second round and questioning the experts.

6 MR. POMEROY: You don't know whether it is a factor

7 of two or a factor of ten?

8 MR. REITER: You mean, the terms of --

9 MR. POMEROY: Well, what the spectrum is.

10 MR. REITER: In terms of is ground motion a factor

it too, or in terms of frequency. Well, wait --

12 MR. POMEROY: I was thinking of ground motion, yes.

13 MR. REITER: It can't be a factor of ten but it

14 "is, as I was telling people here, it is a regulator's dream.-

15 But, again, I really want to say, it is a limited

16 comparison only at the thousand-year return period and it

17 may not hold for other plants and I am pretty sure it won't

is hold for the longer periods which may be dominant in the

19 PRA.

20 That, again, is a draft report which we are just

21 looking at now.

12 MR. POMEROY: You plan to do that for other --

23 MR. REITER: Oh, yeah. We are looking at it and,

24 again, we found that --,s

( )
25 CO-CHAIRMAN SIESS: I think we are running a little''

7(dyv
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g.) 1 off from the Diablo Canyon --

2 MR. REITER: Okay, yes.

3 CO-CHAIRMAN SIESS: Did you get an answer to your

4 question?

5 CO-CHAIRMAN OKRENT: I didn't really but I --

6 CO-CHAIRMAN SIESS: Any other questions of Robin

7 McGuire?

3 MR. McGUIRE: Let me, if I might, Mr. Chairman,

9 just add a quick ending to that which responds to the second

go part of your question and that is, I am counting on this

31 large group of very experienced people, in all areas, to

12 really help input unbiased and dependable estimates in all

33, aspects of the hazard analysis, and counting on this review

14 panel to make sure that we do the best job we can,-

s-

15 And this is a structure we have not had available

16 to us in previous seismic hazard analyses for PRA's. So,

17 I think it is a farily unique opportunity that we have here

13 to do a study of this sort.

19 CO-CHAIRMAN SIESS: Other questions?

20 Well, that brings me down to item 4 of the agenda.

21 That is an awful few items for such a long time.

22 The summary, conclusions, future ACRS actions --

23 I don't think there is any summary or conclusions we can

24 draw, at this time. The staff is still reviewing it.
7s
(

."# 25 As far as future ACRS actions are concerned, the

.

- - - , - - __ ,. , _ - - , . . _ - - - - ,-- . ,, . -
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(j 1 staff said they would have something for the ACRS by July 1 --

2 the timetable and then we are going to approve it all the

3 way through the licensing by July 31.

$w(i
-

4 The full Committee meets on July 8 to 11, I believe .

5 The full Committee has to act; this will have to get to us

6 a little earlier than July 1.

7 I don't think any of the dates are that firm, but

8 I just mentioned them for you.

9 The next item I have on the agenda is adjournment.

10 Thank you, gentlemen, it has been a wonderful day.

11 (Whereupon, at the hour of 10:15 o' clock p.m.,

12 the meeting was adjourned.)
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1 - REGULATORY USES

.: SEISMIC INPUT

! (Eastern US Seismicity Program) /
,

New Brunswick Earthquake

NT0L Seismic Issues

.
v

ISAP
i

! METHOD DEVELOPMENT AND
VALIDATION APPLICATIONS RMEIP

;

)o SSMRP o Seismic Design <
Margins Pipe Damping (RG 1.61)o Validation
b

', A Floor Spectra (RG 1.122) ;
> .

. i
! ASE Code-Piping '

,

V
Licensee PRAs

| ~

FRAGILITY AND RESPONSE y
Equipment Qualification

o Seismic Cat. I Struct. EPRI>
o Component Fragility PROGRAM Structural Damping (RG 1.61)

'
o Pipe Capacity and Reliab.

-
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SEISMIC DESIGN MARGINS RESEARCH PROGRAM
*

.

|
:

FY 1985 FY 1986
1

o VALIDATION OF SEISMIC METHODS 1092K 1850Kj
.

! o COMPONENT FRAGILITIES 755K 1100K
I

!
! o CATEGORY I STRUCTURES 800K 1200K

.

! o PIPING PROGRAM 680K 1100K
1

o MARGINS STUDIES 650K 600Kj

| 3977K 5850K

1

i

,

| .

. .

3,

!
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.

VALIDATION OF SEISMIC METHODS ,

OBJECTIVE o DEVELOP AN EXPERIMENTAL BASIS FOR ASSESSING

THE ACCURACY AND ADEQUACY OF METHODS USED TO

ESTIMATE SEISMIC RISK

ELEMENTS o DEVELOP PLAN - 1985

o COOPERATION WITH KFK AT HDR - 1985-1986

o COOPERATION WITH NUPEC AT TAD 0TSU - 1985-1986

o COOPERATION WITH EPRI IN TAIWAN - 1985-1987

'

. .
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.

COMPONENT FRAGILITIES .

:

,

1

OBJECTIVE o DEVELOP FRAGILITY DATA BASE FOR IMPORTANT;

| COMPONENTS TO SUPPORT MARGINS STUDIES AND

) RISK ANALYSES

i

ELEMENTS o IDENTIFY IMPORTANT COMPONENTS - 1985

|

| o DEVELOP TEST PROCEDURES - 1985

i

| o ASSEMBLE AND ANALYZE EXISTING DATA - 1985
i

! o PERFORM FRAGILITY TESTS - 1986-1987

I
|

i

:

j -

! -

| [ '
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CATEGORY I STRUCTURES'
.

,

OBJECTIVE o PROVIDE ANALYTICAL AND EXPERIMENTAL DATA

ASSESSINGHOWPARAMETERSUSlDINDESIGNOF

i EQUIPMENT AND STRUCTURES ARE AFFECTED BY

EARTHQUAKE LOADS AB0VE DESIGN LEVEL

ELEMENTS o PERFORM EXPERIEMENTS ON 3-DIMENSIONAL STRUCTURES

COMPLETED 15 EXPERIMENTS ON 1 INCH WALL MODELS-

COMPLETED 3 EXPERIMENTS ON 3 INCH WALL MODELS-

'

TEST TWO 14 INCH WALL MODELS - 1985-1986-

'

BASED ON RESULTS DETERMINE REMAINING TESTS -i -

1986-1987
:
'

o VALIDATE PREDICTIVE ELASTIC-INELASTIC METHODS -

l 1985-1987

j o INVESTIGATE ANALYTICAL-EXPERIMENTAL DIFFERENCE -

1985-1986

o MAINTAIN REVIEW GROUP 0F NATIONAL EXPERTS
,

;

.

* O

I



.. - .. .- - . . . - . . . -_- . . . . . - .

.
: .

!
4

,

'

.

>
.

| PIPING PROGRAM
1

-

i

! OBJECTIVE o DETERMINE FAILURE MODE AND EVEL
i

i

i o PROVIDE MORE BALANCE IN SAFETY BETWEEN

OPERATION AND ACCIDENT CONDITIONS
4

i

!

EEMENTS o PIPE CAPACITY TESTS (WITH EPRI) 1985-1987
|

'

| o LOAD COMBINATION PROGRAM - 1985 (COMPETED)

!
o DAMPING STUDIES - 1986 (COMPETE)|

!
o SEISMIC SPECTRA STUDIES - 1986 i

|
!

| o SEISMIC DESIGN ANALYSES - 1986
.

o INELASTIC RESPONSE - 1986-1987

1

'

.
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MARGINS STUDIES
,

OBJECTIVE PROVIDE TECHNICAL RECOMMENDATIONS, DATA AND .

PROCEDURES TO QUANTIFY SEISMIC DESIGN MARGINS

ELEMENTS o DEVELOP PLAN (COMPLETED)
,

;

o REVIEW AND ASSESS RECENT PRA'S, MARGIN STUDIES, {
EARTHQUAKE EXPERIENCE DATA AND FRAGILITY TESTS -

1985

o DEVELOP PRELIMINARY CONCLUSIONS ON ADEQUACY OF

SEISMIC MARGINS - 1985

o DEVELOP SCREENING GUIDELINES - 1985-1986

o CONDUCT TRIAL PLANT REVIEWS - 1986 i

o MAINTAIN PANEL OF EXPERT CONSULTANTS

:

1

* .

8
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.

NRC SEISMIC DESIGN MARGINS WORKING GROUP
.

'

o J. KNIGHT - NRR (C0-CHAIRMAN)

o J. RICHARDSON - RES (C0-CHAIRMAN)

o A. THADANI - NRR

o C. GRIMES - NRR

o G. LEAR - NRR

o L. REITER - NRR

o L. BERATAN - RES

o D. GUZY - RES

o P. NIYOGI - RES

REFERENCE: LETTER FROM W. DIRCKS TO J. EBERS0LE 4/12/84

SUBJECT: QUANTIFICATION OF SEISMIC DESIGN MARGINS

.

*
9
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.

SEISMIC DESIGN MARGINS EXPERT CONSULTANTS

.

o R. BUDNITZ (CHAIRMAN)

o P. AMICO

o A. CORNELL

o W. HALL

o R. KENNEDY |

o J. REED

o M. SHIN 0ZUKA

:

CONTRACTOR - LAWRENCE LIVERMORE NATIONAL LABORATORY (R. MURRY)
;

,

I

!
*

.
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EXPERT PANEL ON QUANTIFICATION OF

Q SEISMIC DESIGN MARGINS

-

.

R. BUDNITZ (CHAIR)

P. AMICO
-

A. CORNELL :.,

W. HALL
L.

R. KENNEDY

J. REED

M. SHIN 0ZUKA

O -

LLNL LIAISON:
'

R. MURRAY

G. CutiMINGS
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J. JOHNSON (SMA)

M. RAVINDRA (SMA)
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U
OBJECTIVE

O
TO DEVELOP THE TECHNICAL BASIS TO RESOLVE ISSUES

IN THE AREA 0F SEISMIC DESIGN MARGINS

.

DOMINANT ISSUE #1

THERE IS A NEED WITHIN NRC TO UNDERSTAND HOW MUCH

SEISMIC DESIGN MARGIN EXISTS.

" MARGIN" IS DEFINED IN TERMS OF HOW MUCH LARGER AN

O EARTHQUAKE MUST BE (AB0VE-THE SSE) TO COMPROMISE

THE SAFETY OF A NUCLEAR PLANT.

O

,



,

. .

.

(3
ASSUMPTIONS

O
1. PLANTS, SYSTEMS, AND COMPONENTS CAN BE GROUPED

USEFULLY

2. BOTH DETERMINISTIC AND PROBABILISTIC METHODS

WILL BE USED TO ANALYZE MARGINS
,

3. PLANT-SPECIFIC PRAS SHOULD NOT BE REQUIRED AS THE

PRINCIPAL VEHICLE FOR ANALYZING PLANTS

4. THE PRINCIPAL ACCIDENT SEQUENCES CAN BE IDENTIFIED

GENERICALLY

O 5. GUIDELINES WILL BE REQUIRED FOR THE PLANT REVIEWS

6. THE VALIDITY OF PRAS WILL BE ESTABLISHED SUFFICIENTLY
TO PERMIT CONFIDENCE IN THEIR CONCLUSIONS

O

c
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U

PHASE I --- TASKS

O
TASK 1 ASSESS EXISTING INFORMATION

TASK 2 ESTIMATE EXISTING MARGINS

TASK 3 IDENTIFY GENERIC ATTRIBUTES .

' TASK I4 ASSESS ADEQUACY OF MARGINS

TASK 5 DEVELOP SCREENING GUIDELINES

............-----------------------------------------------------

TASK 6 CONDUCT TRIAL PLANT REVIEWS

O

O

,.
,
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'
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*
.

(3
'

PHASE II --- TASKS

O
1. ASSESS NEW FAILURE DATA

2. ASSESS NEW MARGINS INFORMATION

3. RELAYS AND BREAKERS-----RELATIONSHIP TO

MARGINS ISSUES
'

4. OPERATOR PERFORMANCE AFTER EARTHQUAKES-----

RELATIONSHIP TO MARGINS ISSUES

5. DFSIGN AND CONSTRUCTION ERRORS-----RELATIONSHIP

TO MARGINS ISSUES

1

6. INHERENT CALCULATIONAL DESIGN MARGIN ASSESSMENT:'

BFST ESTIMATE VS. DESIGN CODE

7. ASSESS If1 PACT OF SYSTEM CHANGES ON MARGINS
:

8. ASSESS IMPACT OF NON-LINEAR STRUCTURAL BEHAVIOR

ON MARGIN ISSUES
.

1

O
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\
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SDMP FLOW CHART

PART I

O I.i a
Assess Existing

Information

* "
I.2 I.3

Estimate Identify
Existing Generic Identification of Information NeedsMargins Attributes

\ [ II.1 Assess New Failure Data
Phase I II.2 Assess New Margin Infonnation

I.4 II.3 Relay / Breaker Performance
Develop Inputs for the II.4 Operator Behavior*

Determination of II.5 Design & Construction Errors
Margin Adequacy II.6 Calculational Margin

II.7 Systems Margin
II.8 Non-linear Structual Behavior

etc.
RC
put

-

7

I.5
Develop Screening

Guidelines
7

> ng

I.6
Conduct Trial Plant Phase II

Reviews g

> h
| q

Implementation of
Plant Reviews Phase III

| and Continuing Studies

|O "

;
,

h \
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Task FY 85 FY 86 & FY 87

PART I l

Phase I @
I.1 Assess Existing Information 9

@
I.2 Estimate Existing Margins 7

@
I.3 Identify Generic Attributes V

@
I.4 Assess Margin Adequacy VV

@
I.5 Develop Screening Guidelines

Phase II @
I.6 Conduct Trial Plant Reviews

_ V V
O

Phase III

Implementation of Plant Reviews
and Continuing Studies Reports as tasks

are completed

PART II @

Identification of Information Needs V
Work to be done separately following
identification of informatien needs.

Deliverables:

@ LLNL input to Expert Panel on Capacity & response factor data. (11/84)@ Input to the Expert Panel. (2/85)
G Expert Panel Report on Tasks I.1 - I.4 & Identification of Information

Need s. (4/85)
C @ Expert Panel Report of proposed guidelines and trial review procedure.

@ Report on results of the 2 trial plant reviews & recommendation for
Phase III implementation.

(
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CHARACTERIZATION OF ' MARGIN' :
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O ASSESSMENT OF SEISMIC MARGIN

FROM AVAILABLE FRAGILITY INFORMATION

.

SEISMIC DESIGN MARGINS

EXPERT PANEL

R. BUDNITZ

P. J. AMIC0
C. A. CORNELL
W. J. HALL

O R. e. KENNEDY
J. W. REED
M. SHIN 0ZUKA

MARCH 21, 1985
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INFORMATION FOR SEISMIC MARGIN ASSESSMENT

O
4 ~ SEISMIC PRA

- 7 PUBLISHED REPORTS

' 6 UNPUBLISHED REPORTS-

0 HISTORIC EARTHQUAKE EXPERIENCE

'

SEISMIC QUALIFICATION UTILITY GROUP (SQUG)-

FOSSIL FUEL PLANTS AND INDUSTRIAL FACILITIES

EARTHQUAKE UP TO 0.56

SENIOR SEISMIC REVIEW AND ADVISORY PANEL (SSRAP)-

CURRENT ONGOING PROGRAMS CONDUCTED BY EPRI AND-

OTHERS

8 INDIVIDUAL EXPERIENCE OF PANEL MEMBERS

1

|

O

|
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-([) PANEL FOCUSED ON NUCLEAR PLANTS IN EASTERN U.S.

DESIGNED FOR 0.1s TO 0.25s'SSE SUBJECTED TO '

GROUND MOTION WITH FOLLOWING CHARACTERISTICS:

e EARTHQUAKE MAGNITUDE RANGE: M5.5 TO M6.5
.

e 3 TO 5 STRONG MOTION CYCLES

e 10 TO 15 SECONDS TOTAL DURATION 'AND

LESSER STRONG DURATION

e BROAD BAND RESPONSE SPECTRA
,

'

.

i($) NOTE

FOR MAGNITUDES GREATER THAN M6.5 PANEL RECOMMENDATIONS

MAY BE SLIGHTLY UNCONSERVATIVE

| PANEL RECOMMENDATIONS ARE T00 CONSERVATIVE FOR HIGH

i FREQUENCY HIGH ACCELERATION LOW MAGNITUDE EVENTS

SUCH AS NEW BRUNSWICK

t

L

< .
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|
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O
MEASURE OF MARGIN

8 USED AVERAGE OF TWO HORIZONTAL PEAK GROUND ACCELERATION

(PGA) VALUES AS DESCRIPT0R OF GROUND MOTION AGAINST

WHICH MARGIN IS DEFINED
l

|

0 USED HIGH CONFIDENCE, LOW PROBABILITY OF FAILURE (HCLP)
'

CAPACITY AS MEASURE OF MARGIN

.

([) IN PRA. CONTEXT, HCLP JUDGED TO REPRESENT
~

-

.

ABOUT 95 PERCENT CONFIDENCE OF NOT

. EXCEEDING ABOUT 5 PERCENT CONDITIONAL
PROBABILITY FAILURE

i

HOWEVER, IN PANEL'S JUDGMENT HCLP TENDS TOi -

REPRESENT LOWER B0UND ON CAPACITY FOR WHICH

IT IS EXTREf1ELY UNLIKELY THAT FAILURE WILL
'

0CCUR'

O
.

4

i
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O O O -

FRAGILITY CURVES FOR A STRUCTURE
-

,

.

1.00 _

, , , ,

0.97

- Median Fragilityi

95% Confidence Curve

|
Curve

0.80- _

,

i

. 0- _'

Conditional
Probability

.50 ---- - 0.51g' ~~ - 0.90g 1.62g -

Fa lure
i

! 0.40- 6 Uncertainty Range on Median Capacity M _

i (3.2)

| ~5% Confidence
Curve

|
,

1 0.20- v -

A = 0.90gi

8 = 0.30
R

*'8 *
00.05 - - - - - -

! 0.03
! O , , , ,u o

) 0.40 0.80 1.20 1.60 2.00
;

i SSE HCLP -

I 0.15g 0.31g PEAK GROUND ACCELERATION (g)

;
:
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O
ASPECTS OF HCLP CAPACITY

I MEDIAN CAPACITY AT LEAST FACTOR OF 2 GREATER

0 DESIGN CAPACITY HAS BUILT-IN CONSERVATISMS

0 MANY COMPONENTS HAVE INHERENT RUGGEDNESS DUE

TO NON SEISMIC LOADS

O
I CAPACITY DEFINITION GENERALLY BELOW CATASTROPHIC

COLLAPSE

O

.

- , * - - - 7-v -.m-y e --.., , . -- -., ..w,.c-w,.-ye--.--n--,-, .fe ,-,.i. -,r..--,_m.,, ,,,.,4,m,. - . --,c--..,-,,, ,,.-,r..-,,e,,.,...m- ,ymo, ,, -
-
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HCLP-CAPACITY CATEGORIES
,

O
.

~0 COMPONENT CAPACITIES ARE CATEGORIZED INTO THREE

!. GENERAL GROUND MOTION RANGES

! <0.3G PGA
1

0.3s TO 0.5G PGA

!
'

>0.5G PGA

'

O CAPACITY CATEGORIES ARE NOT RIG 0ROUSLY ESTABLISHED

BOUNDS - REPRESENT CENTRAL VALUES.O:

~0.3c = 0.25e TO 0.350

0.5c - 0.450 TO 0.550

|

0 A COMPONENT CATEGORIZED INTO THE 0.3s CATEGORY

WARRANTS A SEISMIC MARGIN REVIEW FOR GROUND. MOTION
BETWEEN THE SSE AND ABOUT 0.30. SIMILARILY,-A

COMP 0NENT IN THE 0.30 TO 0.50 CATEGORY WARRANTS

A MARGIN REVIEW FOR GROUND MOTION ROUGHLY IN THIS

RANGE. THIS DOES NOT MEAN THAT WE JUDGE SUCH
'

COMPONENTS TO BE INADEQUATE FOR MUCH HIGHER GROUND

Q MOTIONS. IT SIMPLY MEANS THAT FURTHER COMPONENT

AND PLANT SPECIFIC REVIEW IS NECESSARY TO VERIFY

THE CAPACITY OF COMP 0NENTS IN THIS GROUP.

. _ . _ . _ . _ . _ _ . _ . _ _ _ . _ . _ . . _ _ _ _ _ _ _ _ _
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NUCLEAR POWER PLANT COMP 0hENTS
,,

FOR WHICH HCLP CAPACITIES ARE' PRESENTED

O
CONTAINMENTS

NSSS SUPPORTS

REACTOR INTERNALS

CONTROL ROD' DRIVE MECHANISMS

STRUCTURE FAILURES

BLOCK WALLS

PIPING

VALVES

HEAT EXCHANGERS

'^""8
O

BATTERIES AND RACKS

ACTIVE ELECTRICAL EQUIPMENT

DIESEL GENERATOP.S

PUMPS

S0ll LIQUEFACTION

HVAC SYSTEMS

CABLE TRAYS AND CABLING

CONTROL ROOM CEILINGS

DAMS, LEVEES AND DIKES

O
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()SUMMARY OF CAPACITY ASSESSMENT NUCLEAR POWER PLANT COMPONENTS
'

PEAK GROUND ACCELERATION, AG

COMPONENT <0.3G 0.3G- >0.5G REMARKS

0.5G.

CONTAINMENTS

- PRESTRESSED AND C (1) (2) 1. THE CAPACITIES OF MAJOR PENE-

REINFORCED CONCRETE TRATIONS SHOULD BE EVALUATED.

IICLP CAPACITY EXISTS FOR

CONTAINMENT STRUCTURE.

- STEEL (3)X (3)X (3)x 2. THE CONCRETE CONTAINMENT STRUC-

TURE SHOULD BE EVALUATED FOR A >o
0.8G. MINOR PENETRATIONS SHOULD

BE EVALUATED FOR POTENTIAL LEAKAGE

FOR Ao> 0.5G. CAPACITIES OF MAJOR

PENETRATIONS SHOULD ALSO BE

EVALUATED.

NSSS SUPPORTS C X X 3. SUFFICIENT DATA ARE NOT AVAILABLE
FOR RECOMMENDATIONS TO BE MADE BY

THE PANEL.

REACTOR INTERNALS (3)X X X

CONTROL ROD DRIVE MECHANISMS C X X

! C: HIGH-CONFIDENCE LOW-PROBABILITY (HCLP) CAPACITY EXISTS FOR THIS ACCELERATION RANGE.

| X: MARGIN EVALUATION FOR ALL POTENTIAL FAILURE MODES (EXCEPT AS NOTED IN THE REMARKS COLUMN)
IS REQUIRED TO DETERMINE'THE HCLP CAPACITY.

!
!



SUMMARY OF CAPACITY ASSESSMENT 0 9 0 CLEAR POWER PLANT COMPONENTSO ,

PEAK GROUND ACCELERATION,.AG

COMPONENT <0.3G 0.3G- >0.5G REMARKS -

0.5G

STRUCTURE FAILURES

- SHEARWALLS, DIAPHRAGMS C (4)x X
.

4. EVALUATION IS REQUIRED ONLY FOR

AND FOOTINGS STRUCTURES WHICH DO NOT COMPLY
'

WITH THE REQUIREMENTS OF EITHER

THE ACI 318-71 OR ACI 349-76
CONCRETE BUILDING CODES OR HAVE

NOT BEEN DESIGNED FOR A SSE OF

0.1G OR GREATER.

1 - SPECIAL NON-DUCTILE C (5) X 5. REVIEW OF CONSTRUCTION DRAWINGS, AND

DETAILS DESIGN CRITERIA AND SIMPLIFIED

! ANALYSES SHOULD BE CONDUCTED TO

DETERMINE IF A MARGIN EVALUATION'

IS REQUIRED.

lMPACT BETWEEN C (6)X X 6. POTENTIAL FOR RELAY CHATTER DUE TO

BUILDINGS IMPACT SHOULD BE EVALUATED.
i

i BLOCK WALLS X X X

! PIPING C (7) (8)X 7. WALKDOWN OF EXAMPLE PIPING SYSTEM

RUNS SHOULD BE CONDUCTED. ALSO,

PIPING BETWEEN BUILDINGS SHOULD BEi

INSPECTED AND MARGINS EVALUATED IF
i PROBLEMS ARE FOUND.

|
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O SUMMARY OF CAPACITY ASSESSMENTO NUCLEAR e0weR etant COMe0nents o .

,

) -

!
.

PEAK GROUND ACCELERATION, AG
;

COMPONENT <0.3G 0.3G- >0.5G REMARKS

i 0.5G
î

8. MARGIN EVALUATION SHOULD INCLUDE

DETAILED WALKDOWN OF ALL CRITICAL

} PIPING SYSTEMS.

VALVES C C X
1

! HEAT EXCHANGERS (9)X (9)X X 9. SUPPORT AND ANCHORAGE FAILURE

MODES SHOULD BE EVALUATED. |

} TANKS (10)X (10)X X 10. EXCEPT FOR CONNECTING PIPING,

I BURIED TANKS DO NOT HAVE TO

I BE EVALUATED.

BATTERIES 8. RACKS (11)X (11)X X 11. INSPECTION DURING WALKDOWN MAY

j INDICATE THAT BATTERY SUPPORT,

! RACKS, AND ANCHORAGE ARE SUF-
,

FICIENTLY RUGGED THAT MARGIN'

EVALUATION IS NOT REQUIRED.
;|

ACTIVE Ei.ECTRICAL EQUIPMENT (12) (13)X X 12. WALKDOWN SHOULD BE CONDUCTED TO

(CAPACITIES GIVEN FOR VERIFY THAT THE CABINETS ARE

! STRUCTURAL FAILURE MODE. SECURELY ANCHORED TO THE FLOOR

| RELAY CHATTER AND BREAKER OR WALLS, AND THE INSTRUMENTS ARE

! TRIP FAILURE MODES MUST BE RIGIDLY ATTACHED TO THE CABINETS.

| EVALUATED FOR ALL MARGIN

| EARTHQUAKES EXCEEDING

f THE DESIGN BASIS.)

i
i
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O SUMMARY OF CAPACITY ASSESSMENT ONUCLEAR POWER PLANT COMPONENTSO
-

.

PEAK GROUND ACCELERATION, AG

COMPONENT <0.3G 0.3G- >0.5G REMARKS

0.5G

13. MARGIN EVALUATION SHOULD .

FOCUS ON CABINET ANCHORAGE

AND ATTACHMENT OF INSTRU- ,

MENTS TO CABINET.

DIESEL GENERATORS C (14)X X 14. MARGIN EVALUATION SHOULD

FOCUS ON ANCHORAGE AND

i SUPPORT OF PERIPHERALS.

PUMPS C (15)X X 15. MARGIN EVALUATION IS

REQUIRED ONLY FOR VERTICAL

PUMPS WITH SHAFTS UNSUPPORTED

AT THEIR LOWER ENDS OR CASINGS

WITH LATERAL SUPPORTS GREATER

THAN 20 FEET APART. AN

EXCEPTION IS WHERE THE SHAFT

AND CASING ARE LESS THAN 20

FEET LONG. FOR THIS CASE,

MARGIN EVALUATION IS NOT

REQUIRED FOR As< 0.5G.

SOIL LIQUEFACTION (16)X (16)X X 16. MARGIN EVALUATION IS REQUIRED

ONLY FOR PLANT'S THAT ARE

JUDGED TO BE THE MOST SUSCEP-

TIBLE TO POTENTIAL. LIQUEFACTION.



_

O O O'
-

1 SUMMARY OF CAPACITY ASSESSMENT OF NUCLEAR POWER PLANT COMPONENTS

1
J

PEAK GROUND ACCELERATION, AG

| COMPONENT <0.3G 0.3G- >0.5G REMARKS

| 0.5G
!
;

HVAC SYSTEMS

! - FANS & COOLER UNITS (17)X (17,18)X X 17. MARGIN EVALUATION IS REQUIRED

| FOR UNITS SUPPORTED ON VIBRA-
! TION ISOLATORS.

- DUCTING C (19) (18,19)X 18. MARGIN EVALUATION SHOULD,

i FOCUS ON ANCHORAGE SYSTEMS.

19. FOR DUCTING WHICH SPANS

| BETWEEN BUILDINGS, POTENTIAL

| FAILURE DUE TO LARGE RELATIVE

j DISPLACEMENTS SHOULD BE
i EVALUATED.

i CABLE TRAYS & CABLING C (20)X X 20. MARGIN EVALUATION SHOULD

| FOCUS ON ANCHOR PLATE WELD

CONNECTIONS, TAUT CABLES,

AND SHARP EDGES AT ENDS OF

CABLE TRAYS.

| CONTROL ROOM CEILINGS (21) X X 21. INSPECT FOR ADEQUATE BRACING.
'

DAMS, LEVEES AND DIKES X X X

i
.
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ASSESSMENT OF CAPACITIES

O
O PANEL ASSUMES COMPLETE PLANT WALKDOWN AND REVIEW

0F GENERAL DESIGN CRITERIA LOOKING FOR SUSPECT

SITUATIONS

8 WALKDOWN CONDUCTED BY ENGINEERS EXPERIENCED IN

EARTHQUAKE ENGINEERING AND FAILURE ANALYSIS

S DIFFERENT WALKDOWN AND INSPECTION REQUIREMENTS

DEPENDING ON MARGIN EARTHQUAKE LEVEL BEING

CONSIDERED

O . AREAS REQUIRING FURTHER INVESTIGATION AND RESEARCH

(DISCUSSED LATER)

DESIGN AND CONSTRUCTION ERRORS-

- RELAY CHATTER

SYSTEMS AND OPERATOR INTERACTIONS-

NOTE: THESE AREAS NOT INCLUDED IN MARGIN

RECOMMENDATIONS BY PANEL

O



- .. .. . . . . - . . __

. .

,O UNDISCOVERED DESIGN AND CONSTRUCTION ~ ERRORS

:

!

O NOT SYSTEMATICALLY CONSIDERED IN SEISMIC PRA

I

e MAJOR ERRORS MUST OCCUR TO SIGNIFICANTLY CONTRIBUTE

TO RISK
:

i e IF UNDISCOVERED D & C ERRORS COULD BE INCLUDED,

SEISMIC RISKS WOULD INCREASE, BUT LIKELY STILL WOULD

| BE ACCEPTABLE IF SEISMIC RISK IGNORING SUCH ERRORS

ARE CLEARLY ACCEPTABLE (ADDITIONAL RESEARCH REQUIRED,

iO TO VERIFY CONCLUSION)

| 0 RECOMMENDED CAPACITIES'BY PANEL BASED ON ASSUMPTION

THAT NO ADVERSE UNDISCOVERED D & C ERRORS EXIST

.

!

O

_ -. _ _ _ _ _ _ _ _ _ _ -
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CIRCulT BREAKER TRIP DUE TO RELAY CHATTER(]) ,

S CAN BE A MAJOR CONTRIBUTOR TO RISK IF INCLUDED IN

SEISMIC PRA

8 CONCERNS ARE CAPACITY OF RELAY CHATTER LEADING TO

BREAKER TRIP AND WHETHER OPERATORS CAN RESET

BREAKERS IN TIME. PARTICULARLY IMPORTANT TO

CAREFULLY REVIEW LOCK-IN AND LOCK-0VT CIRCulTRY.

([) 8 RESEARCH IS NEEDED TO RESOLVE CONCERNS

I PANEL HAS NOT RECOMMENDED RELAY CHATTER CAPACITIES

i

|

.
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SYSTEMS AND OPERATOR INTERACTIONS

O

O SYSTEMATIC STUDY MUST BE CONDUCTED AS PART OF MARGINS

REVIEW

G VULNERABLE AREAS IN NUCLEAR POWER PLANT

- BATTERY ROOM

- DIESEL GENERATOR AREA

CONTROL ROOM-

O
O GENERAL CONCERNS

NON-SAFETY RELATED COMPONENTS FAILING-

AND AFFECTING~ SAFE OPERATIONS

,

INVESTIGATE AS PART OF PLANT WALKDOWN-

:

0 RECOMMENDED CAPACITIES BY PANEL BASED ON ASSUMPTION

THAT NO ADVERSE SITUATIONS EXIST

($).

.

6

!

l
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O HISTORY OF LICENSE SEISMIC CONDITIONS

o ACRS LETTER JULY 14, 1978 SUGGESTED SEISMIC REEVALUATION IN 10 YEARS

o 0CTOBER, 1983 TO MARCH, 1984, STAFF BEGAN PREPARING SEISMIC LICENSING

CONDITICNS

o MARCH 26 a 27, 1984, STAFF PRESENTED PROPOSED CONDITIONS TO CO MISSION

o APRIL 13, 1984 CO MISSION ORDER CLI84-5 REGARDING LICENSE CONDITIONS

o APRIL 18,1%4, LICENSE AENDENT NO 9 SETS FOURTH LICENSING CONDITION
,

o JUNE 20, 1984, ACRS LETTER ENDORSES STAFF'S PROGRAM ELEENTS

O NOVEMBER 2,1984, LICENSE CONDITION L.C. (7) SETS FORTH SPECIFIC PROGRAMo

ELEN NTS AS LICENSE CONDITION

(1) GE0 LOGY 8 TECTONICS

(2) EARTHQUAKE MAGNITUDE

(3) GROUND MOTION /S0ll STRUCTURE INTERACTION

(4) PROBABILITY RISK ASSESSEhT/ DETERMINISTIC EVALUATION

s

O

i - - ..- - . _ -
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EETINGS TO DISCUSS EQUIREENTS OF SEISMIC LICENSE C0f0ITION

O
o 0CTOBER 4, 1984

DISCUSSED OVERALL PROGRAM - PLAN, SCHEDULE, ORGANIZATION, AP0 STAFFING

ELEENT 1 - GEOLOGY AND TECTONICS

o NOVEMBER 15 8 16, 1984

ELEENT 2 - EARTHOUAKE MAGNITl0E

ELEENT 3 - GROUNDMOTION/S0IL STRUCTUE INTERACTION -

o DECEMBER 11, 1984 *

ELEPDIT 3 - PROBABILISTIC RISK ASSESSENT

o JANUARY 10,1985

WRAP UP W ETING

O PGaE ORAL PRESENTATION OF PROPOSED PROGRAM INCLUDING ESPONSES TO NRC

ColTENTS MADE AT PREVIOUS KETINGS

O
.
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1

N ETING OF OCTOBER 4 - ELEE NT 1 - GEOLOGY AND TECTONICS

O NRC C0ftENTS

o STRONGER ElHiASIS SHOULD BE PLACED ON THE WAYS TO GAIN AN UNDERSTANDING

OF THE TECTONIC FRAfB.0RK OF SITE REGION

o PG8E SHOULD DISCUSS HOW THE DATA WILL BE USED TO HELP UNDERSTAND SITE

-TECTONICS

o THE ETHODS TO IDENTIFY AND DEFINE THRUST FAULT BENEADi SITE SHOULD

BE DESCRIBED

o IT IS IMPORTANT TO ASSESS FOLDING TO DEFINE FAULTS THAT DON'T CtX

SEA FLOOR

< ' p o EFFORT SHOULD BE MADE TO OBTAIN DATA FROM OFFSHORE SHALLOW ZONE WITHIN 3
d

MILES OF COAST

o RESPONSIBILITY FOR DEVELOPENT & EXECUTION OF PROGR#1 IS PG8E'S

,

s

O

.

?
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PEETING OF NOVENER 15 - ELEFENT 2 - EARTHOUAKE MAGNITUDE

. - NRC C0f elTS

. u).-

o GEOLOGICAL STUDIES, MAGNITUDE AND GROUND MOTION STUDIES SHOULD BE

COORDINATED

o PULTI-MODEL APPROACH SHOULD BE UTILIZED

o RESULT OF THE PROGRAM SHOULD BE A DETERMINISTIC MAGNIRJDE ESTIMATE

O
.
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W ETING OF NOVEN ER 15, 16 - ELEE NT 3 - GFOUND N TION

NRC C0ltENTS

1. EPPIRICAL GROUND STION STUDIES

o FREE-FIELD GROUND STION ESTIMATE IS NEEDED
.

2. NUERICAL V0DELING 0F GROUND MDTION

o BENCH-PARKING RESULTS W/ ACTUAL EARTHOUAKES, MAKING PARAETER

ESTIFATION FLEXIBLE, AND CONSIDERING UNCERTAINTY ESTIMATES ARE

IMPORTANT IN VALIDATING RESULTS

O
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KETING OF NOVEMBER 16 - ELEENT 3 - GROUND MTION

NRC COMENTSg
v

3. S0ll STRUCTURE INTERACTION

o S0ll STRUCTURE INTERACTION PROGRAM IS IPPRESSIVE MAY EQUIRE

NE THAN 3 YEARS

o SIN LATION OF UPLIFT PROBLEM, IF IT EXISTS, SHOULD BE ADDRESSED

o THE ADEQUACY OF KNOWLEDGE ABOUT LOCAL SITE S0IL 8 ROCK PROPERTIES

SHOULD BE DEMONSTRATED IN PROGRAM

o EFPIRICAL DATA BASE OF FREE FIELD VERSUS IN-STRUCTUE RECORDINGS

SHOULD BE C0tlSIDERED FOR APPLICABILITY

O.
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|
|

|

!

!
|

O
|
l

!

~

.b: _=;a_.w:.- __a-_ i_...a_...... G w__ . . w _ .. ... .. \ '. _ _ .. . ; _ .. ._.- - -



.

EETING OF DECEFEER 11 - ELEENT 4 - PROBABILISTIC RISK ASSESSENT

Q NRC C0ltENTS

o PG&E SHOULD UTILIZE ALL PLANT SPECIFIC WOPK IN REANALYSIS RAB ER

lliAN GENERIC WORK

o STAFF WILL ALSO CONSIDER PRA WITH PEGARD TO UNIT 2 & ITS

INTERACTIONS WITH UNIT 1

o A MORE EXTENSIVE SEISMIC HAZARD ESTIMATION THAN USED IN THE PAST

IS ENCOURAGED

O

O

_



-. .

d -

9

f

JANUARY 10 - SEISMIC REEVALUATION PROGRAM - SlfNARY EETING

. NRC C0 TENTS

o PG8E SHOULD FURNISH LIST OF PRINCIPAL IN\ESTIGATORS & LEVEL OF

INVOLV9ENT

o THE MJLTI-MODEL APPROA01 SHOULD BE USED IN PROBABILITY 8 DETERMINISTIC

STUDIES

o ALL REASONABLE TECTONIC MODELS SHOULD BE C0f61DERED

;
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o PROPOSED f9BERS OF EVIEW GROUP FOR DIABLO CANYON LONG TERM

SEISMIC PROGRAM-

O
STEPHAN BROCOUM, LEON REITER: TECHNICAL REVIEW GROUP LEADERS

HANS SCHIERLING: DIABLO CANYON PROJECT D'ANAGER

R. MCB1JLLEN, STPEHAN BROCOUM: GE0 LOGY, TECTONICS, EARTHQUAKE

MAGNITUDE, SEISMIC HAZARD ANALYSIS

R. ROTHMAN, L. REITER: TECTONICS, EARTHQUAKE MAGNITUDE,

GROUNDMOTION, SOIL-STRUCTUPE INTERACTION, SEISMIC HAZARD

ANALYSIS, PROBABILISTIC RISK ASSESSENT

P. T. KU0, H. POLK: S0Il STRUCTURE INTERACTION, STRUCTURAL
'

ANALYSISq,

U
(PROBABILISTIC RISK ANALYST): SEISMIC HAZARD ANALYSIS,

PROBABILISTIC RISK ASSESSENT

o MEMBERS AS NEEDED

(ECHANICAL ENGINEERS, EQUIPENT GUALIFICATION ENGINEERS):
,

FRAGILITY ANALYSES

o CONSULTANTS -?R THE STAFF

DR. DAVID B. SLEm0NS: GE0 LOGY, TECOTNICS, EARTHOUAKE

MAGNITUDE, SEISMIC HAZARD ANALYSIS
C

O u. S. GEOLOGICAL SURVEY: GE0 LOGY, TECTONICS, GROUND MOTION,
*

SEISMIC HAZARD ANALYSIS

~\./ s
1
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LLL SPONSORED PAEL: GROUND PDTION BY NLPERICAL ANALYSIS

O BROOKHAVEN SPONSORED PANEL: S0ll-STRUCTURE INTERACTION

,

PROBABILSITIC RISK ASSESSENT

,
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PROPOSED REVIEW SCEDULE FOR STAFF APPROVAL OF DIABLO CANYON PROGRAM PLAN

O FOR THE SEISMIC CONDITION

BY FARCH 15,1985 DIABLO CANYON REVIDI GROUP IN PLACE

MARCH 21, 1985: STAFF PRESENTS MANAGEMENT OVERVIEW TO ACRS

SUBCOMMITTEE IN LOS ANGELES

APRIL 1, 1985: INITIAL INDIVIDUAL REVIDER PRELIMINARY C0mfMTS

TO GROUP LEADERS ON PG8E PROGRAM PLAN

APRIL 15,1985 DRAFT STAFF COMENTS ON PG&E PROGRAM TO REVIEW

GROUP LEADERS

MAY 1, 1985 E ETING BETWEEN PG8E AND STAFF TO DISCUSS STAFF CODmENTS

Q ON PROGRAM PLAN (IF NECESSARY)

PAY 15, 1985: FINAL STAFF COWENTS TO GROUP LEADERS

JUNE 1, 1985: STAFF SUBMITS WRITTEN CCR ENTS AND PEQUESTS FOR

INFORMATION TO PG&E ON PROGRAM PLAN

JULY 1,1985: PG8E SUBMITS PEVISIONS TO PROGRAM PLAN INCORPORATING

STAFF CO W EhTS

|

| JULY 1, 1985: STAFF PRESENTS ITS RECOW ENDATIONS ON PGSE'S PROGRAM

PLAN TO ACPS

JULY 31, 1985: STAFF (THROUGH DL) FORPALLY APPROVES PG8E PROGRAM PLAN
n

i .

|

|

|
i
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VICE PRES 10ENT
ENGINEERING

0. A. Brand

!SEISMIC PROGR AM .

CONSULTING BOARD |
PROGRAM MANAGER

W. H. White
,

TECHNICAL

| | ADVISO RS

ADMINISTRATION
QUALITY CONTROL COST & SCHEDULING

;uttuu

ASST. MANAGERASST. MANAGER ASST. MANAGER -

PRA SEISMIC GE0 TECHNICAL

R. R. Fray B. Sarkat F.W. Brady
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WESTING. PG&E LEA 0 SEISMIC S0ll - EARTH-
Il0USE TECilNICAL PRA FRAGILITY HAZAHO STRUCTURE QUAKE GROUNO
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NSSS SUPPORT CONSULTANT ANALYSIS ANALYSIS INTERACTION MAGNITUDE MOTION

.

Garrick Wesley / Kennedy McGuire Tseng Wight / Smith Wight / Smith' Hamilton
PLG SMA RISK ENGR. BECHTEL TERA TERA ESA

Frazier
Figure 2.11 DIABLO CANYON LONG TERM SEISMIC PROGRAM ORGANIZATION sal
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LONG TERM SEISMIC PROGRAM

'

CONSULTING BOARD

; Clarence R. Allen
.

(]) Bruce A. Bolt
.

|
'

C. Allin Cornell

Thomas M. Leps
,

Cole R. McClure.

H. Bolton Seed.

, .

O

.



. .

; DIABLO CANYON
O LONG TERM SEISMIC PROGRAM

SEISMIC CONDITIONS OF OPERATING LICENSE

1. Update Geology, Seismology, Tectonics

e Reevaluate earlier data
e Evaluate data since 1979 ASLB hearing. -

Identify , examine, and evaluate all
relevant data and interpretations.

O e Acquire additionai new data as required.
.

2. Reevaluat'e earthquake magnitudes -

Based on results of item 1.

| 3. Reevaluate earthquake ground motions
Based on results of 1 and 2 and other

'

' site and relevant factors
,

i

4. Assess significance.of conclusions.from-'

1, 2, and 3, using probablistic and
deterministic anaiysis, as necessary,

Q to assure adequacy of seismic margins.
7

_ - . _ .. _ _ _ .- _ __ _ __. _ . _ _ _ _._._ ._ _ _ . - _ _ _ _ _ _ _ _ . _ _ . _ _ _ _ . _ . . . _ . . _ . .
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:

DEVELOPMENT OF LONG TERM SEISMIC PROGRAM

e Four meetings PGandE/NRC

i
' e Proposed program plan and schedule

^
.

Q for implementation submitted. -

'

e Program approval '

e Program implementation with
progress reports and meetings.

|

|

O
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PROGRAM OBJECTIVE

O ~ 'ATISFY THE SEISMIC CONDITIONSS
.

OF OPERATING LICENCE

DYNAMIC CHAR ^CTER Of LONG TERM SEISMIC PROGRAM
~

:
,

Structuring of program to accomodate changes,i e

new hypotheses and interpretations
~

Reevaluation of' earlier. datae

Evaluation of relevant new data and interpretations-e

Acquisition of new datae

.

O -

PROGRAM ELEMENTS
'

Seismic geology and seismicitye

Earthquake magnitude and recurrencee

Ground motion (empirical / numerical)e

e Soil / structure interaction
'

Seismic hazard analysis ~e

Fragility analysise
. . _ . - . . . . . . . - -

Probabilistic risk analysis*

O.

NEED ME'CH ANISIM

.- - . _ _ . . . - _ _ _ _ - . . - _ _ _ _ - _ _ _ - . _ _ _ .
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General Features of the Geology / Seismology
Reevaluation Program Proposed by PG&E:

* Review existing Geosciences data base

e identify new Geosciences data since 1978, including
goophysical, geologic, and seismologic data

e Review interpretations of geologic features and
seismo!ogic phenomena elsewhere for possible-

O app'lication to Diablo Canyon -

. -

* Evaluate need to acquire new data;

gather such data as required

e Evaluate geophysical data processing techniges for
,

| optimum results in varying conditions; have data
l processed as needed

|

O . inte,, ret and integrate aii data to achieve updated
geologic and seismologic understanding of the region

|
of interest for Diablo Canyon

|

-
.
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Major Goals of the Geology / Seismology
Reevaluation Program:

O
e Updated map of the central and southern Santa Maria

Basin and adjacent on-land area, with data relating to
the subsurface dimension

|

| -

,

e Updated map of the San Gregorio-Hosgri fault system,
also with data relating to'the subsurface dimension

O e improved understanding of the pattern and rate of
tectonism in the region of Diablo Canyon

e Reevaluation of the seismic capability of the Hosgri

|
fault and any other faults found to be~significant to
the design earthquake for Diablo Canyon

|

O

I
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| 'MECHANISIM - LOGIC TREE CONCEPT
.

Guide to help identify program' e
element relationships and interactions.

Tool to give insight, and set priorities.*

O Aid to establish scope of programe
'

elements.
i

Logical evolution of LTSP' to program*

implementation. .
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DEVELOP TETONIC'
,

-

MODELS

CHARACTERIZE SEISMIC SOURCES

e Fault behavior
e Sense of slip

Fault geometrye

e Fault segmentation
e S'elsmicity

ESTIMATE EARTHQUAKE MAGNITUDES
e Ruptur.e length
e Displacement / event
e Rupture area

e Seismicity

CALCULATE EARTHOUAKE
RECURRENCE

,

e Slip rates
-

e b-values

CHARACTERIZE EARTHQUA. EK
GROUND MOTIONS

SOIL / STRUCTURE
INTERACTION EFFECTS

\ J
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!

| GROUND MOTION BY
NUMERICAL MODELING

!
4

* ESTIMATE SITE-SPECIFIC GROUND MOTION
CHARACTERISTICS FOR CONDITIONS RELEVANT

| TO DIABLO CANYON
,

* EVALUATE THE RANGE OF GROUND MOTION
EFFECTS THAT ARE PLAUSIBLE AND THE
ASSOCIATED PROBABILITIES

* DECOMPOSE THE PREDICTED GROUND MOTION
INTO VARIOUS COMPONENTS OF INCOMING
WAVES FOR SOIL-STRUCTURE INTERACTION
ANALYSIS

_. _ _ _ _ _ _ - _ _
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|
! MODEL KEY FEATURES:

* FAULT GEOMETRY
'

:

i * FAULT ORIENTATION
: * RUPTURE VELOCITY

* SOURCE DIRECTIVITY

j
* STATIC AND DYNAMIC STRESS DROP
* TRAVEL PATH GEOLOGY

*
STRENGTH OF ROCK VARIES WITH DEPTH

,

U
:

:
'

_
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|
WAVE PROPAGATION TECHNIQUES

REPRESENTATION OF SCATTERING EFFECTS*

EMPIRICAL GREEN'S FUNCTIONS*

USE WELL-RECORDED SMALL EARTHQUAKEi

I RECORDS AS ELEMENTS OF LARGE
: EARTHQUAKE

RAPID CALCULATIONS IN PLANE-LAYERED! *

| MODELS
i

i

.

d
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|
|

|
| PROGRAM DESCRIPTION
!

!

|

|

| * FORMULATE AND DEVELOP COMPUTATIONAL
| METHODS
!
'

* MODEL EARTHQUAKE RECORDINGS

* ESTIMATE PREDICTION UNCERTAINTY

* COMPUTE MOTIONS CHARACTERISTICS AT
DIABLO CANYON

_ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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,'

SOIL-STRUCTURE INTERACTION

* DEVELOP INERTIA LOADS AND FLOOR
RESPONSE SPECTRA WITHIN MAJOR,

STRUCTURES FROM THE FREE-FIELD MOTION
|

.
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i

: OUTLINE OF ANALYTICAL APPROACH >

I

THREE-DIMENSIONAL (3D) SOIL-STRUCTUREo

INTERACTION ANALYSIS METHODS WILL BE EMPLOYED;

ALL COMPONENTS OF NEAR-FIELD STRONG GROUNDo

MOTION WILL BE INCLUDED IN THE ANALYSIS
SIMULTANEOUSLYj

i

ANALYSES WILL CONSIDER SEISMIC WAVE INCIDENCE! o

CHARACTERISTICS INCLUDING INCLINED BODY WAVES
''

AND SURFACE WAVES
.

ANALYSES WILL CONSIDER THE EFFECT OF INELASTICo

RESPONSE, IF SIGNIFICANT, OF THE PLANT STRUCTURES
UNDER THE STRONG EARTHQUAKE GROUND MOTION

AVAILABLE RECORDED EARTHQUAKE DATA AT THE*

DIABLO CANYON PLANT SITE WILL BE UTILIZED TO
ASSIST IN CALIBRATING THE LOW AMPLITUDE DYNAMIC '

CHARACTERISTICS OF THE SOIL-STRUCTURE DYNAMIC
MODEL

. _ __ _ __ ____ - _ _ __ __ __ _ - _ _ _ ___ _ _ _ __ _ _ _ _ _ _ _ _ _ _
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STRUCTURE'
(ELASTIC, SYMMETRIC,
OR NONSYMMETRIC)

XY

.

i

/

( ,j FOUNDATION

,e- - (RIGID, FLAT, OR l

K*p%W/ EMBEDDED)/

s' j
/

j |'

/
/

/

*
i

|
[ SEISMIC
| EXCITATION
| (NONVERTICALLY ggg

H RAYLElh kND '

LOVE WAVE)

|O

~ Figure 7.21 DESCRIPTION OF THE SOIL STRUCTURE SYSTEM
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:

| SEISMIC HAZARD ANALYSIS
1

i

! KNOWN TECTONIC INTERPRETATIONS WILL BE*

| |NCORPORATED WITH SPECIAL CONSIDERATION
| GIVEN TO THOSE ASSOCIATED WITH CENTRAL
! COASTAL CALIFORNIA.

PROVISIONS WILL BE MADE TO ACCOMMODATE*

| THE INFORMATION BEING GENERATED ON A
CONTINUING BASIS IN OTHER AREAS OF THE

I LTSP.
!

ANALYSES AND ASSESSMENTS, SOME; *

INVOLVING EXPERT OPINION, WILL BE
CAREFULLY DOCUMENTED.|

.

_________ __________ _ __
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SOURCES OF INFORMATION
|
i

i

* GEOLOGY AND TECTONICS
l
| * SEISMOLOGY
i
i

! * GROUND MOTION

* SOIL-STRUCTURE INTERACTION i

. . .-
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t

GROUNO SOlt. STRUCTURE
GEOLOGY SEISMOLOGY MOTION INTERACTION

N %

M1,P1

STRIKE SLIP
REGIME EARTHOUAKE M2, P2 _

i: ''

SIZE?

M3, P3 _
_

INTERMEDIATE gg,,
REGIME .

.

GROUNO MOTION
TECTONIC M2. P5 GROUND MED,P ISPECTRALEARTHOUAKE i .'

MOTION?' '
. SSI g

'
| INTERPRETATION? | :| t

: ORDINATES,SIZET
~

EFFECTS
DURATlONI AT

M3, P6 BASE MAT
HIGH, P

CONVERGENCE M1, M
REGIME _

_

M2,M
EARTHOUAKE

_'
SIZE 7

M3, P9
i

.

Figure 8.3-1 EXAMPLE OF ELEMENTS IN SEISMIC HAZARD ANALYSIS FOR DIABLO CANYON
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3 TYPICAL FRAGILITY CURVE
ACCELERATION CAPACITY

l
:

!
1.0 - ,-

/
/'

/
/ /

95% /, un 0.8 -

/i E / /3 /
Q / -|.

! MEDIAN /u. /j o ACCE LER ATION /0.6 /-

CAPACITY
/ fz / /

i $ - - - - f-- - - - - - MEDIAN /----------

8 i /
f I /; e

"-
j 0.4 -

| | /
/

| / 5%
/ I /i

I
! 0.2 / | /

- /
/ I

1

/
/ | /

/ | s'
/ f

'I ' ' '8 ' ' '0 *

O 0.2 0.4 0.6 0.8 1.0 1.2 1.4

PEAK FOUNDATION ACCELERATION, G's

|
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!

MEDIAN SEISMIC CAPACITY EVALUATION

|
| DETERMINATION OF MEDIAN SEISMIC CAPACITY IS
! CONVENIENTLY TREATED USING FACTORS OF
! SAFETY BASED ON CURRENT EARTHQUAKE

' ^ ' " " " " "
! e"siWaA"?JRi*'BLES

! VARIABLES INCLUDE:
|

|
* STRENGTH

I * DUCTILITY
!

!
* STRUCTURE / EQUIPMENT RESPONSE

!
;

i______________________________-___--
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1

STRUCTURAL STRENGTH
|
i

!

ACCCOUNT FOR CONSERVATISM IN CURRENT
ALLOWABLES

,
:

! EVALUATE POSSIBLE VARIABILITY IN STRENGTH
,

| PARAMETERS
* MEDIAN VS. CODE ALLOWABLE STRENGTH

'

FROM CONCRETE CYLINDER TEST DATA
= AGING EFFECTS ON CONCRETE
* MEDIAN VS. CODE-ALLOWABLE REINFORCING,

STRUCTURAL, OR COMPONENT STEEL
STRENGTH

* CODE-lMPOSED CONSERVATISM FOR VARIOUS
ELEMENT CONFIGURATIONS AND FAILURE
MODES

_ _ - _ _ _ _ _ _ _
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!

DUCTILITY
!

!

:
:

! * MOST STRUCTURE AND MANY EQUIPMENT
| FAILURE MODES DEVELOP CONSIDERABLE

INELASTIC RESPONSE BEFORE FAILURE OCCURS

* CONSIDERATION OF DISSIPATION OF INELASTIC
l ENERGY RESULTS IN MORE REALISTIC
| STRUCTURE RESPONSE LEVELS THAN SCALING
l ELASTIC VALUES

* PRELIMINARY FRAGILITIES WILL BE DEVELOPED
.USING APPROXIMATE METHODS TO ACCOUNT
FOR DUCTILE BEHAVIOR |

,

_ _
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|

|
; RESPONSE

,

; VARIABLES INCLUDE:

! * SPECTRAL SHAPE
!
; * DAMPING
|

| * MODELLING ACCURACY

| * COMBINATION OF MODES AND DIR.ECTION
'

COMPONENTS
.

* SOIL-STRUCTURE INTERACTION
* TESTING METHODS (SINE BEAT, BROADBAND,

ETC.)
* MULTIAXIAL COUPLING (EQUIPMENT)
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MEDIAN FRAGILITY EVALUATION
'

i

= NAn

h = MEDIAN FACTOR OF SAFETY ON CAPACITYi

! ABOVE THE APPLICABLE EARTHQUAKE
LEVEL CONSIDERING STRENGTH, DUCTILITY, ,

AND SEISMIC RESPONSE

A = MM NMMBM EEEMBM & mEg
APPLICABLE EARTHQUAKE (HOSGRI)

E=k'u '

s n

Fs = STRENGTH FACTOR !

Nu = DUCTILITY FACTOR
.

!

f N=E@MEMNRg

!

l
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!

l

!

PROBABILISTIC RISK ASSESSMENTl

'

j

!

|

|
!ASSESS THE SIGNIFICANCE OF CONCLUSIONS*

DRAWN FROM SEISMIC REEVALUATION STUDIES
|
!

ACCOMPLISHED BY DEVELOPING AND*

INTERPRETING PROBABILITY CURVES FOR
FREQUENCY OF OCCURRENCE OF DIFFERENT

;

| PLANT DAMAGE STATES
1

METHODOLOGY WILL ALLOW BACKTRACKING TO*

IDENTIFY THE MAJOR CONTRIBUTORS
,

- . - . -. _

_ _ _ _ _ _
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,

PINCH g Y|IE
,

POINTS: INITIATING PLANT
EVENT STATE,

F 3I PLANT c, -
EVENT ~ '

SEGMENT TREE'
d

MODELS: *

' PLANT MODEL
L J

.

,
1 < ,

I I I VFREQUENCY g -{p j g 2.- I W "I8 1 2,

VECTORS: (PLANT STATE VECTOR)llNITIATING
,

EVENT bo
VECTOR) *s4 ,p

@, - _

" 11 * 12 -
TRANSITION

< M. "12
MATRICES: ..

..

L -
_ _

(PLANT MATRIX)

ASSEMBLY PROCESS:

,Y-gM *THE PLANT EVENT TREE,WHICH IS VERY LARGE, MAY BE SUSDivlDED INTO SEVER ALI

EVENT TREE MODULES TO FACILITATE PRESENTATION AND OUANTIFICATION.

.

Figure 10.5-3 OVERALL VIEW OF THE PRA ASSEMBLY PROCESS SHOWING RELATIONSHIPS OF
EVENT TREES, FREQUENCY VECTORS, AND THE MATRIX

/
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