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PROCEEDINGS
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7

8.

9

10'HAIRMAN

SALZMAN: The hearing will reconvene.

We have some preliminary matters. The first one

is that since we are starting early this morning, we will
break for lunch at noon rather than one o'lock.

I believe the second matter is that Mr. Lanpher

has something.

MR. LANPHER: Yes, Mr. Salzman, I would like to

offer in evidence Governor Grown's Exhibit R-5. It was

a 1973 Newmark, Blume and Khapur article. I have checked

I
V

CO
12

13;

with counsel, and there aze no objections.

CHAIRMAN SALZMAN: Hearing no objection, the

document, is admitted as Governor Brown's Exhibit R-5.

15

'7

(The document previously,

marked as Governor Brown's

Exhibit R-5 was received in
evidence.)

MR LANPHER: This is our only preliminary

20

matter.

CHAIEQRN SALZMAN: Mr. F leis chaker.

C
C
Pl

i

21. MR. FLEISCHAKER: Mr. Chai.rman, I have: a very

quick preliminary matter.

We requested on the first day of hearing that
Dr. Smith plot the exhibits, I think it is Applicant's
Exhibits R-2 and R-2, the location of the data. I believe
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3

he was going to do that., I was wondering if we could get
agreement that we would obtain that at the first break.

MR. NORTON: Excuse me. That was not my under-

standing of. the agreement. He was to be able to identify
certain of the stations on the graph, and that he can do.

7

8.

9

10

But there is not room, obviously, to write the identifica-
tion of all the stations on the plot itself. So you Qill
have to put a viewgraph up, or something, and show them

with a pointer, and say, "This is station such and such."

We don't have a new plot with the name of all
the stations.

12.

13 <

MR. FLEISCHAKER: Mr. Norton and I can work

out at the first recess the best way to have the

informa.ti on.,

15

16

17

lg

19,

20
'l

CHAIRMAN SALZMAN: I think you could do that.

Hearing no further; preliminary matters.

MR. NORTON: Mr. Salzman, there was one other

that we discussed last night at the end of the day. We

talked about the order of rebuttal. We were going to

address that'his morning the first thing.

CHAIRMAN SALZMAN: As I recall, the request was

that you be allowed to rebut the following morning.

,'/
b~

again.

MR. NORTON: Yes.

CHAIRMAN SALZMAN: Why don't you state it

AmKBSQN RK~ORT'.NG CCMPANYr INC
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7

9

10

ends in the middle of the day, or any time during the day, we

will not have time to prepare rebuttal, because the last part
of the last part of the case is, of course, Governor Brown's

and Dr. Luco and Trifunac, and the intervenors. So we would

not have the opportunity to prepare rebuttal until overnight.
What I would suggest is that we do the rebuttal of

the first two areas the first full day after those first two

12 areas are completed.

MR. NORTON: The problem is that there are four

2 areas of inquiry.. The way it was established the first day,

3 we would rebut as the first area of inquiry was completed, and

4 so on. The problem with that is, if':that area of inquiry

he

'JT

CD

13 I

14:

15
'6

17

CHAIRMAN SALZMAN: By the first two areas, do you

mean Questions l through 7?
I

MR. NORTON: That'is';the first area, Questions. 1

through 4 and 7q and then 5 and 6.l,

CHAIRMAN SALZMAN: I am not quite sure E am

Vl

Ca

Vl

I

c

Pl'

lg '

19;

20
'1

23'4

following.. Did you say you wanted rebuttal the day following
the completion of each of those?

MR. NORTON: It seems to me to make sense not to
make any rebuttal until each of these areas is completed.

The second area, there is no witness, so there is going to

no rebuttal. So we could do it before we start the second

area, or between those two areas, or even after those two

25 areas, whatever is convenient. But we would need at least
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overnight to prepare any rebuttal.
CHAIRMAN SALZMAN: 'r. Olmstead.

MR. OLMSTEAD: My view of that is that it should

depend. upon the circumstances as to what the nature of

7

8.

9

10

rebuttal is going to be. I don ' know exactly what it is
going to be at this point. But, I am not sure that it is
going to be. a problem..

CHAIRMAN SALZMAM: Apparently Mr. Norton thinks it
is going to be.

MR. OLMSTEAD: * I hear him say that it is a problem,

and. I guess the pxoblem I have with it is, if in order to
12: give him overnight to prepare rebuttal, it means that this

'earing goes on for an additional week, I am not interested.
74 i

15 .

17
'Q

'9

.

20:

21

23

24

CHAIRMAN SALZMAN: Mr. Pleischaker.

MR.. PLEISCHAKER: I share Mr. Olmstead's view.

In addition, it seems to me to make sense to have

rebuttal immediately following the discussion of the issues

in each. area, because that is when the matter is freshest in
I

our minds.

So, for example, after we finish issues l, 2, 3, 4

and 7, it would make. sense, then, to have rebuttal on the

issues. in connection with those Board questions. So I think

the Applicant ought to present his rebuttal upon completion

of the case for each of the areas.

CHAIRMAN SALZMAN: Mr. Lanpher, do you want to
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address that?

MR. LANPHER: I would like to ask for a clarifica-
tion.

7

8.

9

10

First of all, is this rebuttal by PGaE, or is it
an. opportunity for rebuttal by all the parties?

CHAIRMAN SALZMAN: Rebuttal by PGGE only. That is
what the rules provide.

MR. LANPHER: It is my recollection that we held

that in abeyance on the first morning.

CHAIRMAN SALZMAN: I don't think that that is quite

'ight. It is rebuttal by PG&E only, sir, otherwise we would

C
Pl

l

13 i

1g i

15
'6

17:

I

19:

20

21

2<

be here until the middle of next: year.

Mr. Lanpher, I presume that your own witnesses

will comment, when you put. them on. They will be entitled

to comment on the testimony that has gone on before, and that

is why they have been here.

MR. FLEISCHAKER: That is the discussion that we

had yesterday.

CHAIRMAN SALZMAN: The rebuttal is in. response to

your cri.ticism.
MR. LANPHER: I thank you for that clari:fication.

CHAIRMAN SALZMAN: Mr. Olmstead.

MR. OLMSTEAD: I think that while things are fresh

immediately, we ought to have the rebuttal immediately

following the completion of a subject matter area.

/V~KBBCN a~~~QRi.NQ ccMPANY. li4c
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CHAIRMAN SALZMAN: Just one moment.

(Pause. )

CHAIRMAN SALZMAN. Gentlemen, two observations.

One of them is that it is a highly technical matter; two,

7

9-

10

16

12

13:

15:

17:

that everybody has been very active. No one wants to delay

the hearing any longer than possible, but I think that it
would. be very difficult for Mr. Norton to immediately start
getting up and rebut without some time to talk to his wit-
nesses, and to indicate what he is going to do, otherwise

we are likely to be here while he thinks on his feet.
Why don't we, as usual, split the baby,, and wait

until the first panel of witnesses is finished, then see what

time it is, and when it would be appropriate to have rebuttal,
and what sort of'roblems Mr. Norton has, so he can decide

the problem in the concr'ete rather than in the abstract.

If you, gentlemen, will bear with that, we will tak

it up at that point. But I think that Mr. Norton is entitled

I

19;

20

to some time to get. his ducks in a row.

MR. OLMSTEAD: Mr. Chairman, there was something

you sai,d that caused me to clarify.
21 'HAIRMANSALZMAN: I should not have said anything.

MR. OLMSTEAD: When we first covered this matter

on Monday, the stipulation I thought, we had, and the agreemeng

that I thought we had was that each panel of witnesses could

assume that the testimony of the six witnesses, namely in our
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case the State and the intervenors, would be as filed,
therefore, minimizing the need for rebuttal, because they

v1

cIc
c

Ml

set
CV
C
cv

cv

C

CJ

C?' 10

could address that point while they were on the stand.

I have proceeded on that assumption.

CHAIRMAN SALZMAN: That is what I had understood

they were going to be doing while they were on the stand.

They are going to address the preceding testimony.

MR. OLMSTZAD: That is zLght, and there has been

a lot of rebuttal, for instance, to the direct pre-filed
testimony of Drs. Trifunac and. Luco by this panel already.

CJ

Ol

cA

hw
Cz.

"l

g'l

f~ .

4e

&
cCl

C
Pt

I

12

15

'7

'6

21

24

1$
I

19;

20

'o

the extent that you are talking about the formal procedure

that one would follow, the testimony comes in and then you

rebut that testimony—
CHAIRMAN SALZMAN: Mr. Olmstead, I think that it is

a complicated case, and the person with the burden of proof

is entitled. to attempt to straighten out what he thinks is a

problem. To that extent, I think we are going to allow him

this rebuttal.
MR. OLMSTEAD: Very well, sir.
DR. JOHNSON: Mr. Olmstead, you made a character-

ization that I don't think is quite correct. The testimony

of Drs.. Trifunac and Luco has been the subject of commentary

by these witnesses, but. only in response to questions asked

them on cross-examination. I don't believe that that could

be considered rebuttal. Attorneys from the intervenors and

At KjscN aVQRTlNG c MPANY. INC
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from the State have asked them auestions related to that

testimony and they have answered those questions. I don'

3 believe that any one of those witnesses has directly
' volunteered rebuttal testimony of those witnesses or anyone

else.
)e

MR., OLMSTEAD: I understand that, but by opening it
~r%
C%

C!
rv

C ~

cv

7

8.

9

10

12

up, it.is subject to redirect.
CHAIRMAN SALZMAN: I think this is enough. We

will make the ruling and decide when we finish this. But at

the moment, the ruling is as it stands.

Please, Mr. Brown, begin now.

MR. BROWN: First, I would like to have marked for
13 identification the three documents which were provided to

15

us by Dr. Frazier at the end of. the session yesterday.

Governor's Exhibit R-6 is entitled "Visco-elastic

XXX

C)

16

17

20

21

?2

i parameters of the earth structure at Diablo Canyon."

CHAIRMAN SALZMAN: The reporter will mark that as

Governor 's R-6 for identification.
(The above entitled document was

marked for, identification as

Governor's Exhibit R-6.)

MR. BROWN: Governor's Exhibit R-7, for,.identifica-

tion, is entitled "Prescription of Rupture. Incoherence Used

in Earthquake Modeling Process."

Governor's Exhibit R-8 is entitled "Source

Ice
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XXXX

'IN

4'ubi

I

IN
IN

Parameters for Rupture Simulations Along the Hosgri Fault."

CHAIRMAN SALZMAN: They will be so marked.
*

(The above entitled documents were

marked for identification as

Governor's Exhibits R-7 and R-8.)

CHAIRMAN SALZMAN: Mr. Brown, please proceed.
ea

hl

cv

cv

Ck

C'

8.

9

10 .

12

Whereupon,

GERALD FRAZIER

H. BOLTON SEED

STEWART SMITH

JOHN BLUME

ROBERT .EDWARDS

(ii

C)'

15
'6-

17
'

19:

Q

CROSS-EXAMINATION (resumed)

BY MR. BROWN:

Dr. Frazier, there was one data point that was

included if you used the same philosophy as you did in the

the witnesses on the stand at time of recess, resumed the

stand and, having been previously sworn, testified further

as follows:

2o 'an Onofree model, which is Joint Intervenor's Exhibit R-9.

21 CHAIRMAN SALZMAN: You will have to speak more
/

slowly and more distinctly, or we are not going to hear you,

i

25

s3. r
MR.. BROWN: Thank you, sir.
WITNESS FRAZIER: Yes.
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BY MR. BROWN:

Q Would, you please direct your attention to page 9

Vt

Cii
I

IA
V$

of your testimony, at lines 12 to 15, would you please read

4 , that sentence?

A The sentence reads: "Material attenuation propertie

which also vary with depth are assigned values based on

Cii

Cii

C
Cii

~ ~'et

7

8.

9

10

generic relationships used in all prior and on-going test
I

calculations for past. earthquakes. "
1

Q Referring to all prior and on-going test calculatio

for past earthquakes, Dr. Frazier, do you'nclude the follow-

CD

Ol

ing reports of terra delta, the May 1978 simulation of ground

12 motion at San Onofree, which was marked for identification
as Joint. Intervenor's Exhibit R-6'D

I

J2

i
CD

15

17:

19 .:

A Yes..

Q Do 'you include Supplement 1 to that report, which

is- a;,iJoint Intervenor's Exhibit R-7?

A Yes.

Q Do you include Supplement 2 to that report, which

is a Joint Intervenor's Exhibit. R-8?

20 ' Yes.

Q Do you include Supplement 3 to that report, Joint

Intervenor's Exhibit R-9?

A Yes.

Q Do you include the "Response to Proposed Test for

Earthquake Ground Motion Simulations for San Onofree Unit 1,"

Aa ERSON a~ORi.N6 C~iVIPANY. lNC.
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dated August 29, 1979, and revised September 5, 1979?

A Yes.

Q Are there any other reports that are included in
your statement, —. When I say your statement, I am referring
to al prior and on-going test calculations for past earth-

quakes?

A Not that, I can think of. I don't believe there is
any other.

Q So the answer is no. Am I coxrect that the answer

Ls no?

12

13 I

think of.
MR. NORTON: I object. He said, not that he can

CHAIRMAN SALZMAN: Mr. Brown ..

MR. BROWN: That is fine, I withdraw the question.
15

'6,

17
'

would like to mark for identification now the

document entitled "Response to Proposed Task 4 Earthquake

Ground Motion. Simulations for San Onofree, Unit 1, dated

August 29, 1979,"'nd revised September 5, 1979. That

would be the marking for identification of Governor's Exhibit

R-9..

CHAIRMAN SALZMAN: The reporter will mark the

document when it is given to her.
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(The above entitled document was

marked Governor's Exhibit R-9

for identification.)

M
I

IA
lrt

ye
Ct
C14 4

gv-

cv

1g

C1

C'

, 6

7'.

9'0

DR. JOHNSON:, Mz. Brown, may I interrupt you one

second?

Dr. Frazier, the data displayed on Governor'

Exhibit R-6 is supposed to be the same as that displayed in
Table 7-2 of your testimony, the graph of the depth dependent

parameters?

WITNESS FRAZIER: Yes.
/

DR. JOHNSON: The sheer velocity in the figure has

12 values that start at —I may be displaying my ignorance here

~e

I

g

13

lg
'5;

16.

17

—around 2,and go up to approximately 3 with depth, whereas

the s wave velocity in. the table start at approximately 3

and go up to 8.

It was my understanding that. S and sheer waves were

identifical?

J~

Vl

I

I

19:

20

2L

WITNESS'RAZIER: No, you are not displaying your

ignorance.. Let me take a moment, I think I see what the

confusion is.
(Pause. )

WITNESS FRAZIER: We are referring to Governor'

Exhibit R-6?

2<

25

DR. JOHNSON: That is right.
WITNESS FRAZIER: The first. column is now labeled

ALQKBSQN 'RK~QRi.NQ CciVIPANY. INC
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chic

I

lcl
Ml

chic

c

chic

OQ

a

3

'4

7

8

9

10

P-wave velocity, and it should be labeled S-wave velocity.
The second column is labeled S-wave, md it should be labeled

P-Wave velocity.
DR. JOHNSON: Thank you, sir.
MR. NORTON: Have counsel made the change in the

exhibit, and changed the copy of the exhibit given to the

reporter? I don't know if anyone was paying attention to

that.
CHAIRMAN SALZMAN: I think everyone heard the

statement, and will change the exhibit.

V

VR

c0 'I

CI

12

13;

15,

1S.
'7

BY MR. BROWN:

Q Dr. Frazier, could you turn to page 4-18 of the

final report on San Onofree, which is Joint Intervenor's

Exhibit R-6?

1g

19,

20
'1
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A What page again, please?

Q Iv-ls.
A Yes.

Pt'ic

I

ict
ict

cit
C2
cit

cit

cd

CL

7

8,

9

10

Q Would you first read the first paragraph for
the record?

A The first paragraph reads, "The effect of'he
geologic model was examined by computing what the site
response would be if the site were 'located on various

geologic structures.

Because of the availability of computed grains

CD

cct

lao

t
CI

~ %

cI ~

cIt

15':

16

17

19 .

These four structures are compared in Figure,,IV-ll.

Q. Dr., Frazier, which of the four geologic structures

to which you. just referred in that paragraph is the Hosgri

most similar to?

A I do not know. I don' know on what basis I
Zp would cite similarity.

functions, we chose structures characteristic of Southern

12 California coast: the San Onofre site, the region south-

13 'est of the San Andreas fault near Parkfield, and the

Imperial Valley.

21

M~ B

Pi. 24

Q In terms of shear velocity and Q.

A You are asking me to compare a rock site with

earth structures that are not on rock at the surface, and

you are asking me which is most similar, so I don't know.

(Pause. )

A~~KBSCN R~ORi.NC CCMPctii4Yi lsilc
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Q Would you say the average shear velocity in the

range of 5 kilometers is closer to the San Onofre or to the

Imper ial Valley'

(Pause.)

A I want to repeat the question in my answer to

make sure that I —I believe that the shear wave velocity

7

8.

9

10

12

is closer to that of San Onofre than it is to that of

Imperial Valley.

DR. JOHNSON: Dr. Frazier, when you say the

shear wave velocity, you mean the shear wave velocity

displayed on your table, which is Governor's Exhibit R-6?

WITNESS FRAZIER: Yes. And this Figure IV-ll
at. a depth of about 5 kilometers.

DR.. JOHNSON: Fine. Thank you.

C7

C't'

16

17:

'lC3 '

19;

20

'1..

23'4

25

MR. BROWN: Are you referring to this exhibit,

to the Joint Zntervenors'xhibit R-6?

DR.. JOHNSON: I am referring to Governor's Exhibit

R-6 which is the table of parameters.

. MR. BROWN: Thank you.

BY MR. BROWN: (Resuming)

Q Dr. Frazil.er, could you now—

MR. OLMSTEAD: Excuse me, Yw. Chairman. Now

I am confused. I thought we were referring to Joint

Intervenors'-6, the Table IV-11 on page ZV-19 ~

DR. JOHNSON: Well, since I raised the question,
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vt
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%Cl
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t4
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cv

C

7'.

Intervenors'xhibit R-6.

This velocity that he referred to is the velocity

referred to in the first column of Governor's Exhibit R-6,

which is the way I interpreted his answer.
9

I think maybe I can explain that problem. Dr. Frazie

said this velocity is closest to the velocity of San
2

3
Onofre or closer to the velocity of San Onofre than it is

to the Imperial Valley. San Onofre and Imperial Valley

velocities are displayed in Figure, IV-11 of Joint

10 .

MR. OLMSTEAD: Thank you.

CHAIRMAN SALZMAN: Dr. Fraz'ier, is that the

way —did Dr. Johnson interpret your answer correctly?
12

(tt

g
r~

Ls
t~ ~

I~

PI

I

13;

15
'6

17

'9

20

21

23

24

25

WITNESS FRAZIER: Yes.

CHAIRMAN SALZMAN: Thank you.

BY MR. BROWN: (Resuming)

Q Now, Dr. Frazier, could you please direct your

attention to the third paragraph on page IV-18 of the

Joint Intervenors'xhibit R-6, and could you please read

that for the record?

A "The pattern of grains functions" —let me start
over again. "The pattern of g'rains functions amplitudes

in Figure IV-12 repeats itself in the response spectra of

Figure IV-13. The horizontal responses indicate that at

San Onofre and Parkfield structures 'give comparable high

freauency responses, while the Southern California coast
I

AL~ERSON R~~ORT".NQ CoiVPANY. INC.
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leads to somewhat larger responses,',and the imperial Valley

leads to somewhat smaller responses."

Q Dr. Frazier, can you now refer to Figure IV-13

of this same exhibit, and that is at page IV-21.

A Yes.

7

8

9

10

13.

15

17

TQ

I

19

20
'1

Q Each of the three earthquake curves falls above

the Imperial Valley curve in the frequency range of interest.

Therefore, Dr. Frazier, isn't it correct that this figure

predicts for a.given source mechanism higher peak accelera-

tions at Diablo Canyon than at Imperial Valley due to the

effects of geologic structure?

MR. NORTON'. Excuse me. May I have a definition

from counsel of periods of interest within that question?

CHAIRMAN SALZMAN: Yes. Counsel, please present

a definition.
MR. BROWN: A frequency range of interest is what

you are referring to.

MR., NORTON: Yousaid your words. Now I need a

definition of what frequency is.
(Pause. )

BY MR. BROWN: (Resuming)

Q Dr. Frazier; by frequency range of interest we

are referring, to the range of 2 to 15 hertz.

MR. NORTON: I guess my problem is is that of

interest to who? Of interest to the Examiner—
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MR. BROWN: I substituted 2 to 15 hertz.

CHAIRMAN SALZKQI: That is obviously of interest,

to Mr. Brown.

MR. NORTON: F'ine.

Pt

I

v%
VS

Ct
oo

Cl

cv

5

6

7

8.

10

MR. OLMSTEAD: Mr. Chairman, staff does have a

point of clarification, however. Yesterday when- these

documents were interested —marked, we pointed out that„

this particular document we were in was published piior to

the October 1979 earthquake in'he Imperial Valley which

is the subject, of the Board's question. And to the extent

that we are getting away from that, the staff objects.

12

13

'HAIRMANSALZMAN: Mr. Brown, would you care to

respond?

MR. BROWN: We are simply cross examining the

15 I

16

17

'itness on his,model and on the data that he provided to

us,, and the application of those data here.

CHAIRMAN SALZMAN: I am sorry; I cannot. understand

Ql

VlC'Q

I

19 .-

20'.'1
1g'ou.

MR. BROWN. Mr. Salzman, we are just cross

examining the witness on his model and the parameters and

the application of those parameters here in order to draw

judgments on the soundness of the conclusions drawn.

MR. NORTON: Mr. Salzman,'ust a moment. Obviously

this is not the Imperial Valley earthquake of October 15,

1979; This neport was done in 1978, and while Mr. Frazier's
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model is good, it is not that good. This was an earlier

Imperial Valley earthquake, and I think it would help the

record if when referring to the Imperial Valley that this

one be called Imperial Valley '40. I believe it is the

Imperial Valley 1940 e'arthquake or some other earthquake

or whatever.

7

8

9

10

But this- modeling done in 1978 is not the 1979

earthquake, and we are going to have a very confusing record

if we do not clarify that.
DR. JOHNSON: Mr. Norton, I think perhaps you

have added some confusion here. We are talking about the

13.;

15;

16

17

'esult
of model calculation,. and the only relevance to

Imperial Valley is the fact that the geological structure

for which one of these calculations was made. was a geologica

structure which simulated that of the Imperial Valley, and

there is no data for any earthquake in this Figure IV-13-

that I. am aware of.
MR. NORTON: Okay.

19,

20

'3

24

25

DR. JOHNSON: Maybe I am mistaken, and maybe

Dr. Frazier would—
MR. NORTON: Maybe if Dr. Frazier could be asked

to clarify what these mean and what they were compared

against, because it is my understanding they were indeed

checked against real earthquakes at those places —Parkfielg,

Imperial Valley, etcetera. And we are going to get very

ALQKBSOi~h R~ORT.'NQ C iVIPA<4Y. tNC.
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confusing when we start talking about different Imperial

Valleys. The record is going to be hopelessly confusing.

CHAIRKQI SALZMAN: Mr. Olmstead, I do think what

Mr. Brown is attempting to do is to check the accuracy

and validity of certain calculations used by the witness in

evidence. He has-done some things which depend on this,

7

9

10

and I am certainly prepared to let him continue to determine

how valid some of those calculations are.

MR. OLMSTEAD: I apologize for not making my

objection clear. My objection is not, as Mr. Norton and

Dr; Johnson were characterizing it, that this essentially

13;

15

.'7':.

goes to the basis for the testimony which was available in

the hearings below. And to the extent that we are going

to go back into how these particular witnesses developed the

theoretical basis for their testimony before the Imperial

Valley earthquake of 1979, rather than focusing on any

changes in. their assumpt:ions that occurred as a result

Y-+

i

19
'0

'l

of that, I view it as beyond the scope of the Board's

question.

CHAIRMAN SALZMQl.: Mr. Brown, will you connect.

this line of,questioning for us right now into the matter

before us?

MR. BROWN: Yes. I am not sure I even understand

- what Mr. Olmstead is talking about. We are talking here

about the application of a given source mechanism for the
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development of each of these curves, and we are simply

asking for that given source mechanism what would be the

effect at the Diablo site, and then we, are going to make

some comparisons, and,this is going to be the basis of
VT

Pl
cIc

I

Mc

ccc
Ct
CV
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cv

C'

7'.

9

10

something'hat goes to the questions that are relevant

here.

(Board conferring.)
DR. BUCK: Wasn't this data all, available long

before this reopened. hearing?

MR. BROWN: Pardon me?

DR. BUCK: This data was available, and as far
as I know could have been used in the original hearing.

cA

c;

13
MR. BROWN: I know that. we are going to a question

here related to Dr. Frazier's models and his testimony

here on question 7, and this is part of the cross examinatio

we are using with respect to the tests and the calculations
he. refers to in his testimony.

c

1

19;

20

21

on this?
DR. BUCK:- How long do you propose to continue

MR. BROWN: On this particular line?

DR. BUCK: Yes.,

MR. BROWN: I would say no more than five minutes

if we get the correct answer, or the answer I should say.

CHAlRtQN, SALZMAN: The objection is overruled.

You .may continue.

Aa ~ERBQcl a%CRT.'NQ ccMPAcRY. INc
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MR. BROWN: Thank you.

BY MR. BROWN: (Resuming)

Q Would you like the question reread, Dr. Frazier,
or do you. recall it?

5

6-

7

&

9

10

A I recall it.
Q Would you please answer?

A The answer is no..
t

DR. JOHNSON: I am sorry. Dr. Frazier's memory

is very much better than mine.

(Laughter.)

And just so I will understand where we are without

having to have the Reporter read something back, Dr. Frazier,

13;

15

17'6

'9

20

21

74

could you say what question you are answering no to?

WITNESS FRAZIER: Roughly the question asked. if
this figure drew implications that. ground motions would

be higher at Diablo from an offshore earthquake than'in

Imperial Valley,. and the answer in my opinion is no.

DR. JOHNSON: Right. Thank you very much.

BY MR. BROWN:. (Resuming)

Q Now-,. I would like to pose this question. Is it,
correct that this figure predicts for a given source

mechanism higher peak accelerations at San Onofre than

those at Imperial Valley due to the effects of geologic

structure?

MR. NORTON: Excuse me, Dr. Frazier. Would you

/Vi Usoil R~+QFi.'NQ Cci4lPANY. li4C
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please listen to the last part of the question. I don'

think maybe you heard the last two words of the question.
\

BY MR. BROWN: (Resuming)

P1'v
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13;

14

15

16

17

1g

19:
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23

24
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Q Due to the effects of geologic structure.
A San Onofre is the higher of the two —it is

generally the higher of the two.

Q Dr. Frazier, is it true that high frequency

responses are controlled primarily by the Q structure?

A They are significantly influenced by Q.

Q And do low Q structures, Dr. Frazier, lead to

smaller responses than high Q structures?

A Not necessarily, not in the modelinq work.

Q Dr. Frazier, would you please refer to page 418

of the Joint Intervenors Exhibit R-6, which I think is
the one that you have before you? Could you please read

the last paragraph on the record?

A The last paragraph reads: "These computations

suggest that. the magnitude of high frequency responses are

controlled primarily by the Q structure. For low Q

structures" —I am sorry —"Low Q structures lead to

smaller responses than do high Q structures.."

Q Based on this paragraph, Dr. Fx azier, does. this
mean that increases in Q beta values reduce attenuation

and increase acceleration?

A Would you repeat the question, please?
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Q Does this mean, based on the paragraph that
you just read, that increases in Q beta values reduce

attenuation and increase acceleration?

5

A I don't comprehend the question.

Q The question is if the values of Q are increased,

does that mean that attenuation is reduced?

CD

01

7

10 .

13.;

15

A I am willing to volunteer a question in the line
that you are asking.

Q Please do that.
A If I increase —=

Q Does that lead to higher accelerations? Your

answer? What is your answer, please?

A Zn some cases, yes.,
Q Dr., Frazier, do you still continue to believe

what I presume you believed in the last paragraph of IV-18,

which you read for the record a moment ago?

C'l'

20
'1

A The last. paragraph on page IV-18 is in a context

~d within many contexts increases in Q lead to higher

accelerations. There are contexts. to where that. is not

true, or at least I would presume there. are contexts where

that is not true..

Q Would" you please explain your response?

MR. NORTON: I am going to object to that. That

is not really a question.
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BY MR. BROLCl: (Resuming)

Q I would like to know'the exceptions to which you

Vt'l

cv
I

VS
VS

7

8

9

10'2.

13:'g

'5;

17'

I

19;

20
'1.

22

'3
24

just, alluded.

A There are two things that 'are making it difficult
for me to answer your question. One is that in this model

the Q properties are tied to the- shear wave velocities,
so if we change Q, there is a question, that is, the

dissipation. or the quality factors, the question in my
I

'I

mind: are we at the same time changing the shear wave

velocities since they are tied in the model, and that. is
where we started from my testimony.. That is where we began

this line of questioning.

If I change simultaneously Q and the shear wave

velocity, then I get real confused about what the results

might yield.
Secondly —well, that. is enough.

Q Dr. Frazier, could, you now turn, please,. to

Figure III-15, which is in the Governor's Exhibit R-9. It
is the Task Four* response..

CHAIRMAN SALZKQI: At this point, Mr. Brown,. I
would like to.ask a question. A copy of Governor's Exhibit
R-9 for identification, which was presented to the Board,

is marked "Draft." Is that the one you are referring to'P

MR. BROWN: I believe it is.
I

CHAIRMAN SALZMAN: Is this the most recent respons
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MR. BROWN: The copy I had I believe said "Draft"

also, Mr. Salzman. It turns out Dr. Brune has one that

doesn'5 say "Draft."

cic
c
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MR. NORTON: May we have the table number we

are referring to? I

CHAIRS SALZMAN: Before we do that, Mr. Olmstead,

I would like to know is this the final document or has

there been a document that superseded this'ne? This is

a draft report that he is referring to dated August 1979.

MR. OLMSTEAD: You said Mr. Olmstead?

CHAIRMAN SALZMAN: I am sorry. I meant Mr. Brown.

MR. BROWN: To the best of my knowledge there is

not a future document on this, to the best of my knowledge.

MR. OLMSTEAD: I might note this is among a

series of draft consultant reports that are being submitted

to the NRC staff in. the San Onofre docket on this subject,

and as far as the staff knows, this is the most recent

one.

CHAIRMAN SALZMAN: But: it is not the final
I

conclusion?

MR. OLMSTEAD: Well, the staff has not yet —is,
not yet prepared to say what its. position is on modeling

23

24

25

studies which is exactly -why- I. have objected to this
II

discussion of all of the San Onofre material.

CHAIRMAN SALZMAN: Well, you did not, however,

ALCEBsQN RK~QRT'.NQ cciVIP4NY. inc
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object to the evidence introduced by the Applicant which

has a great many modeling studies in it, and I gather the

idea is to test the accuracy of those models, and the

Applicant is relying on them.

I

C7

C
C'l"

I

7

8:.
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19
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'1

23

24

MR. OLMSTEAD: Well, to the extent that they are

making at the end of Dr. Frazier's testimony —there are

three pages or so of references to this focusing study.

They are saying this is another look that comes out one

way. I guess I don't have any inherent objection to it.
I do have problems, though, if the staff is

going to be asked to comment on all of the reports that

are being submited to it in the San Onofre docket.

CHAIRMAN SALZMAN: Well, the staff has not been

asked to comment on anything beyond, this, and we will cross

those comments when we come to them.

Please continue.

BY MR. BROWN: (Resuming)

Q Referring, Dr. Frazier, to this Figure III-15,
do you have that before you?

MR.. NORTON: Could you give a page number on these

figures?
MR. BROWN: It is page 34.

WITNESS FRAZIER: Yes.

BY MR. BROWN: (Resuming)

Q Dr. Frazier, does this figure show the effect

ALDERSQN R~~ORi".NC C MPANY. (NC
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1
of changing Q on the amplitudes of seismic shear waves?

(Pause.)

ICC
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8.
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A. Zt shows the effects of changing Q, yes.

Q Could you please tell us what you mean in the

caption of this graph where there is a statement from the

double Q earth structure? Could you please define that

for us?

A E am going to paraphrase, and T. also want to

qualify my paraphrasing. This report was written some time
/

ago, and I have not reviewed it since it was written.

Without stopping to read it, I will tell you what that means

There were two earth structures studied, or there

cA

t

l
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ccc
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15.

16
'7

'9:

20
'1,

23-

24

was an earth structure studied, and the results were ob-

tained and response spectra were calculated. Then the

same earth structure tests were done in the same earth

structure, and the Q properties of that structure were

doubl d. Everything else was held the same, and the same

type of test calculations were performed. And then the

ratio of those two results were calculated in an effort
to get some understanding about how Q influences some

properties about the computed results.

Q. Dr. Frazier, what does this figure show —I will
withdraw that

Dr. Frazier, what does this figure show about

25
the. effect. of changing the Q structure on the accelerations
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to be expected'

A This figure was not derived from an earthquake

simulation, so it would be an extrapolation to deduce how

earthquake ground motions would be affected. In general,

j
8:,

9

10

12

13;

the figure shows that if you increase Q, holding everything

else constant, that ground motion would be expected to

increase.

Q Could you now please refer to Supplement 3

document which I believe is the Governor.'s Exhibit R-8?

CHAIRMAN SALZMAN'. Did you say Supplement 2 or

Supplement 3'P

MR. BROWN: Supplement 3.

CHAIRMAN SALZMAN: It must not be R-8. It must

be R-9.

15'6

17'

19

20
'1

MR.. BROWN: I have that as —oh, no, it is
the Joint Intervenors'. I am terribly sorry. It is
Joint Intervenors'xhibit R-9, yes.

CHAIRMAN SALZMAN: What. is the green one?

MR. BROWN: I do not have the green'ne.
BY MR. BROWN: (Resuming)

Q Could you refer, please, Dr. Frazier, to page

V-5?

A Yes.

25

Q This page is a point of reference for you. It is
the second page —the point in your report under the
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title "Results and Conclusions." If you want to refresh

your recollection for a moment, please do that. And I am

particularly interested —I will point out to you at this

point as you go through it briefly, in the second to the

last paragraph on page V-5—
A I have read the second to the last paragraph whici

I guess is also the second paragraph on that page.

Q i Are you familiar with that in the context of this

section of your report now?

A Yes.

Q Could you please read for the record the center

sent'ence —the second sentence actually in the second

to the last paragraph or the second paragraph. Xt begins,

"The conclusions are identical" and continues. If you

could just read that. sentence for the record.

A "The conclusions are identical to those for

station. 4 except that the deficiencies in the Fourier spectra

for .the horizontal components at higher frecyencies provide

further evidence for the need to further constrain the

material attenuation parameter for shear waves, Q beta."

Q . Now, I am referring, Dr.. Frazier, specifically

to a part of that sentence that I want you to recall the

total context if you can. The part that I am addressing

specifically is the word "except" and after that where it
states "except that the deficiencies in the Fourier spectra

A4~ERHCN RK~OR1".NQ CCMPANY, lNC,
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I

for the horizontal components at higher frequencies provide

further evidence for the need to further constrain the

material attenuation parameter for the shear waves, Q

beta."
let
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10

If you could please tell us does that language,

particularly that dealing with further constrain, mean

that the Q values, your Q values in this model are too

low or too high?

A They are probably too low. For clarification
of the Board that means they are probably too much

dissipation.
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7Q

.I
19;

21.

Q Dx-. Frazier, could you now turn to your testimony

DR. JOHNSON: I would like to interrupt a

minute. The earthquake that you are dealing with in these

analyses for San Onofre, how far away from that is the

fault from. the site?

|ITITNESS FRAZIER: We are referring here to

calculations of the Imperial Valley '79 earthquake and

synthetic ground motions were calculated from a distance

essentially. adjacent tothe surface rupture out to a
I

distance o'. 2l or 22 kilometers.

DR. JOHNSON: Are you sure you are dealing with

'79 in this particular document, Supplement 3?

WITNESS FRAZIER: Yes.

DR. JOHNSON: But earlier in the discussions
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you were modeling earthquake at San Onofre site".with

various soil compositions or structural compositions. At

3 the San Onofre site what is the distance of the site to

ice
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the positive fault that you were discussing?

WITNESS FRAZIER: Okay. The distance from the

hypothesized earthquakes of interest for San Onofre are

approximately 8 kilometers, but I would like to clear up

the earlier —this morning"this is not. what we were talking

about. We were again talking about modeling earthquakes

and other geologies. Those were not results at San Onofre

1], - per se, like the Imperial Valley results were calculations

],2 we had one earlier to simulate the Imperial Valley
1940'm

J
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19:

20

'arthquake.
That was one of the curves on that plot, for

example, or it had to do with that earth structure at

Imperial Valley. It was not per se an earth stucture for

San Onofre.

DR.. JOHNSON: On that Figure IV-18 I think it
was. It had four different structures on it, and they

were the same earthquake, and the only difference in those

spectra was the fact that you had different earth structures.

WITNESS FRAZIER: That is right, and it was at

8 kilometers.

DR. JOHNSON: Okay. Thank you. That's all I
have, Nr., Brown.
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BY NR. BROWN: (Resuming)

Q Dr. Frazier, would you please look at page VII-10

of your testimony? Do you have it?
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A VII-10?

Q Page 10 of your testimony.

A Yes.

Q Could you please direct your attention to line 7-

There. the term "dip slip" is used. Is. it correct that

you. are using dip slip here to mean dip slip on a vertical
fault?

A Yes.

Q Did your model or actually did you model any

specific non-vertical dip toward or under the Diablo Canyon

nuclear power plant?

4

ccc
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15:,

17
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19 .-

20
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A Would you repeat the question?

Q 'es. In the configuration of the model that you

did that you are addressing here in your. testimony, did you

model any specific non-vertical dip toward or under the

plant, the Diablo Canyon plant?

A No.

Q Do you, Dr. Frazier, have any geological evidence

that a: site specific to Diablo Canyon with respect to the

possibility. of a non-vertical dip?

A I believe that there is testimony by ~fr.. Hamilton

regarding evidence whether or not there is dip.
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2

Q Dr. Frazier, can you now turn to Figure VII-4 of

your testimony? We have had some diff'iculty, and Mr. Norton

3 was cooperative and sent us an additiona l copy of this

page, but unfortunately, the additional copy also was not

7

8.'

10

clear.
We would very much appreciate it, if you would

clarify for us the legend, particularly where it states

"strike slip rupture sequence," which is line A, B, C, and

so: on through G, and if —if you could start with .that,

please.

DR. JOHNSON: Wait a minute. What page are you

talking about?

13,
testimony.

MR.. BROWN: This is Figure VII-4 of Dr. Frazier'.s

15,

16:

17:

19',

WITNESS FRAZIER: I would like a moment to find

out what letters on the various dashed and semi-dashed

lines —I would be very hesitant, and I am going to take

a lot of time. if I have to do this on the spot. I would

like a moment to sit down and put the letters on.

, CHAIRMAN'ALZMAN: Did you say to make amendations

to this page?

WITNESS. FRAZIER: No. As I understand the

question, I have been asked to identify the various lines

shown on Figure VII-4 with regard to whether they are

associated with. fault A, B, C, D, and so forth. I would

r.. ~epsom a~~orr'r~a ccMpavv. wc.
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like a minute to be able to look at the dashes and the dots

and so forth to label them carefully.
CHAIRMAN SALZMAN: Okay. We will take a break

at this point. for five minutes.

(Recess.)
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4 CHAIRMAN SALZMAN: Mr. Brown, please go ahead.

r&t 2 BY MR. BROWN:

dsp4-1
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Q Dr.. Praser, do you have the informatico.that you

said you prepared during the break?

A Yes.

Q Could you please give it to us.

A Yes.

I would like to clear up an answer to a question

that may have been misleading, if I might at this time.

Q Go ahead.

A I think the answer is correct, but it may be

misinterpreted. When you asked me about the dip slip
calculations that appeared in my testimony, equal components

of dip slip and strike. slip„. my understanding, I think, was

that you were asking me if these calculations in my

testimony were performed on a vertical fault plane, and I
answered the question that they were indeed performed. on a

vertical fault plane.

I did not mean to imply anything beyond that. I
did not mean to- imply that other. cases have not been

considered; I did not, mean to imply that.

Q. Yes Can 'you please tell us. about the other

cases that were considered that you just mentioned? Could

you describe them?

A Which would you like me to do first? I have two
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dsp4-2

2

things to do now.

Q All right. Let's first get the data that you

were going to prepare, and then let's get back to this
4 question.
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A Okay. One possible way to transmit this informa-

tion, I think, would be to use a, vu-graph and point to the-
with. some verbal description, I guess, point to the curves

and say that this curve is such and such.

Q Xf it is all right with the board.

CHAIRMAN SALZMAN: Mr. Brown, are you interested
C

ccl
12

in all these curves, every one?

MR. BROWN: We are really not interested in those

13 'hat come together. We- are interested in the separated
I

14 ones.

15'

16

17

'HAIRMANSALZMAN: Why don't you identify which

curves you want the witness to speak to, and we will ask

the witness to do that.
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20;

MR. NORTON: Excuse me, Mr. Salzman. I think it
would be very difficult for Mr. Brown to describe which

curve he wants him to identify.. That is his'roblem, and

21 if Mr. Frazier just simply puts it up on the screen, then

he can point with. a pointer and say this is curve A,

curve B, et cetera.
+J

24

25

I think that. would be much quicker for everybody.

CHAIR%M SALZMAN: All right. Mr. Frazier, put it
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dsp4-3

2

on the screen.

(Slide)

CHAIRMAN SALZMAN: Mr. Frazier, I am going to

ask you to take the pointer and stand on the other side of
~rt
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the screen.

Pardon me, Dr. Frazier.

WITNESS FRAZIER: On the screen is a reproduction

of figure VII-4. In the upper lefthand corner of the

figure is the horizontal component 'for the north 65 east

synthetic calculation at high frequencies. The curve

C
CJ

CO

that separates out, that is the low curve, is earthquake

12

CO

Ct

13

15,

16'T

And similarly at the extreme long periods, the

lower curve is also G.,

And. then working up through this region, I will
describe the top curve is A,, at long periods. And what I
have right in front of me is this one..

(.Indicating }

19,20'1't
is earthquake B, as in boy. It is the

intermediate curve.. Do you want more. detail here, or is

this okay?

MR. BROWN: That is fine, Dr. Frazier.

WITNESS, FRAZZER: Moving to the upper righthand

corner, which is the synthetic south, 25 degrees east, the

curves are basically overlapping. The only one that is

ALQERSON RK~QRT'NG CCMPANY. [NC
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1 different and distinguishable is at long periods the

low value. is again earthquake G.

The lower lefthand corner are synthetics
' produced for the vertical components and again both at

ccc
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high and low frequencies. That one that separates out and

is low is earthquake G

BY MR BRONN:

Q Could you. please tell. us in the south 25 east

figure where G is among the congestion there where it
becomes congested, where they are separated there, right

ll beyond—

V1
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'5::,

17'(3

19:

20
'1.

'7Q

A I am going to have to take a blown up view of that

region. Those are so overlapping that it is clearly not

easy to read these right here..

Let me look at a blown up view.

MR. NORTON: Excuse me, Mr. Salzman. I would ask

as to the relevancy of lines that merge as to which one is.

which. I cannot in my —I cannot imagine how that could

he significant..
MR. BROWN: Me are referring to where they are

separated, which. is that curve in the open area that can

Rie identified. Dr., Frazier is going to tell us what it is.
The unmerged line= is what we are trying to identify.

MITNESS FRAZIER: At a period of one second or

25 slight shorter period than one second, I can see earthquake

AGCUsoN RK>QRi.NQ CCMPANY. li4C
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12.

G emerging out of the curves by maybe 10 percent.

-CHAIRMAN SALZMAN: Below the curve'?

WITNESS PRAZIER: Yes, and it is the low value.

(Pause)

At a period of approximately .2 seconds, G is the

lower value.

very much.

MR. BROlPiT: That is'all we need. Thank you,

DR. JOHNSON: Dr. Frazier, the design spectra

WITNESS FRAZXER: Yes.

displayed on those graphs, is that a 2 percent damped

version of the design spectra?

Cr

C7
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15:

17'

16
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i

19;

20.
'1

DR. JOHNSON: Thank you.

CHAIEQGQT SALZMAN: Dr.. Prazier, is that the

end of your presentation?

MR. BROWN: That answers our concerns on the

figure, thank you.

CHAIRMAN SALZMAN: You may sit down.

MR. NORTON: Did you also want the next one,

VII-5'. While we are there, he can do. the same thing.

MR. BROWN: I guess while he is, there we can

get that just to make sure there is no disagreement later.
BY MR. BROWN:

Q Actually, Dr. Prazier, if you would simply tell
us where G is on the third figure, if you can do it in

there, we need not even put it. up.

A~EBscc4 R~QRT!4C CCMPANY. lNC
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I

2

A You are asking about the vertical component in
the lower .lefthand of the graph?

Q Just where curve G is.
A For the vertical components?

7

8

9

10 much.

Q Yes.

A Okay, just a minute.

(.Pause)

Yes, G is also the lower value at long, periods.

Q Thank you. That:is all we need. Thank .you very

12

13,

CHAXEQIAN SALZMAN: Mr. Brown, before we go any

further, quite some time ago you said you would be

completing this line of questioning in about five minutes.

15

16

17:

lg

19

20'

How much longer do you. plan to proceed?

total, Mr. Salzman, I should be out of this seat in 30

minutes. Mt is my estimate.

CHAIRMAN SAIZMAN;

BY MR. BROWN:

Please proceed, Mr. Brown.

MR. BROWÃ: That part I was finished with. With

the next question in, fact we left that. I would say in

21

23

24

Q Dr. Frazier, there was a. second point dealing with

the dip slip matter that you wanted to clear up, and' asked

you if you would please explain. it.
Would you now like to do that?

A Yes. I thought that was cleared up, that what I

ALQEBscN RK~QRT'.NQ ccMPANY. INC.
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,1 was referring to was in my testimony; that was performed

2 for a vertical fault. plane. That is not to mean that

T

9

10

12

13

other considerations have not been made.

Q = If you had other considerations or you made others,

would you just identify those for us, please.

A Yes.. First of all, I would like to point out

that a vertical fault plane in the earthquake model can

yield results for dips slightly off from vertical. An

example of that is that in, modeling the Imperial Valley

1979 earthquake, that earthquake was modeled using a

vertical fault plane..

There is some evidence that that fault plane, as

many fault planes, may dip a bit off from vertical. There

16

is some evidence that it may dip at about 75, degrees to the

east

And so those test calculations to test the

validity of the earthquake modeling procedure have some

latitude with. regard.'o dip of the fault.

20

21.

Secondly, there are random parameters in the

model.; that is, in the modeling rupture segment, one

kilometer segments. on a vertical fault plane may just
'around a little bit away from vertical, and so we have

entered into the model modeling procedures, a random dip

of individual one kilometer= segments with a standard

25 " deviation of not to exceed. 20 degrees from the. gross dip

Ai USON RPQRT.'NQ CCMP4NY. INC
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)4-8 angle that was specific. So in that case, these random

2 parameters would have some asperity dip angles to them or

some random dip angles.

vt
Cl
cv
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cv
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7

8.'

10.

And thirdly, since the time of submission of

testimony, I have done additional calculations to ascertain

what sensitivity ground motions that Diablo might have from

non-vertical dip.

Q Now, do you have those calculations with you,

Dr. Frazier?

A ,Yes, Z believe Z do.

Q Would you. like to provide them to the board and

12 to us.?

13 'R. NORTON: We will have ta make copies, of

course. Zt perhaps might be quicker for him to give the

f
C7

Ql

tee

(0

i

16

17
''

1

19;

20
'1

results. We will provide you a copy, obviously, if you

want.

MR. BROWN:: All right.. We may have some questions

on that. Z guess we can —if the copies could be made

promptly, we may'have some questions while he is still here.

Zn a few minutes we could bring them out.

MR. NORTON: Do you have any transparencies of

those?

WZTNESS FRAZZER: Yes, Z do.

~ 24 MR. NORTON: Do you also have a paper copy?

WZTNESS FRAZZER: A single paper copy.

i
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MR. NORTON: Why don't we give the paper copy to

Mrs. Manning. She can go make copies, and you can

put the transparency up, and you can ask questions on the

transparency and we will bring the copies back.

MR. BROWN': That is fine with us.

CHAIRMAN SALZMAN: Mr. Brown, do you intend

to offer this as an exhibit?

MR., BROWN: Well, give us an opportunuty, please,

to see it. Perhaps we will.
CHAIRMAN SALZMAN: My problem is only referring

to it. You can mark it as an exhibit for identification.
Whether; you put it in or not is not the point. My point
is it is going to be hard to remember what you are looking.

at without it.
'Jt

C2

15

16

17

MR. BROWN: Well, then we will, yes.

CHAIRMAN SALZMAN: All right. The next one would
«

be Governor's Exhibit R-10 for identification. And I

19,

20
'l

23

24

would appreciate, it if you would describe it or give it a

title please.

WITNESS«FRAZIER: There are three —as in figures

four and five, there are three. components of motion,

and consequently. there are three vu-graphs or three graphs

of results.;
CHAIRMAN SALZMAN: Is there a title at the top

of it, Dr. Frazier that, we can refer to it?.

|ltd
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I 4-10 WITNESS FRAZIER: You can refer to it as a fault
2 dip study.

CHAIRMAN SALZMAN: Fine.

(The above-mentioned document

was marked Governor Brown's

Exhibit R-10 for identification

CV

cv

10

CHAIRMAN SALZMAN~ One moment, Dr. Frazier.

(Board conferring)

CHAIRMAN SALZMAN: Are you ready, Dr. Frazier?

WITNESS FRAZIER:, Yes, I think so.

CHAIRMAN SALZMAN: Are you going to put something

12 . up on the vu-graph for us all to see?

13

15

16

17

Dr. Frazier, how many sheets will you be showing?

WITNESS FRAZIER: I have three graphs.

CHAIERGQl SALZMAN: And they will be reproduced on

three pages?

WITNL'SS FRAZIER: Yes.

Vl

4~

CO

Tent

'I

19;

20

21

CHAIRMAN SALZMAN: A'll right. The reporter will
please make note that Governor's Exhibit R-10 for
identification is a three page document.

(.Slide}

2<

WITNESS FRAZIER: The first. one I am showing

here is, synthetic ground motions't Diablo Canyon from a

rupture offshore model, and it is the component for the

25 south 25 degrees east;shown on t:he graph is the suitable

velocity response spectrum versus period, for four

configurations of rupture offshore.

At K~SON RK+QRT'.NQ CCI'i1PANY. INC "
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12

13
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17

I

19

Each of these configurations corresponds to

earthquake A. The first. configuration —the first three

configurations involve a vertical fault plane with a dip

of 90 degrees with varying rates; the first is for
a'ake

of zero degrees which corresponds to strike slip
faulting.

The second is for a rake of 90 degrees which

corresponds to vertical dip slip faulting, and the third is
a rake of 45 degrees which corresponds to equal components

of strike slip and dip slip.
A'll three of these, are on a vertical fault plane.

And then finally the fourth in the legend is for a dip of
P

120 degrees,, which is 30 degrees from vertical for the

orientation of- the fault plane in a rake of 45 degrees.

That is equal component's of strike slip and dip slip.
MK NORTON: For apoint of clarification, I

don't think anybody has ever asked the question about. which

way it dips, and obviously that is of importance.

BY MR BROHN:

20
'1.

25

Which. way does it dip?

(Laughter)

CHAIRMAN SALZMAN: If you knoM, Dr. Frazier.

WITNESS FRAZIER: Itc dips eastward; in this
synthetic modeling here we have hypothesized rupture

dipping eastward underneath the site.

ALQERSQN RK~QRT'.NQ CCMPANYo (NC
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DR. JOHNSON: Is the model then in conformance

2 with. the 70 degree east dip that Mr. Hamilton suggests is
3 the characteristic of Hosgri offshore from the Diablo

' Canyon site?

WITNESS FRAZIER: I am sorry, Dr. Johnson. I
did not understand.

CV

CV'v

7

9

10

DR.. JOHNSON: As I recall the testimony of

Dr. Hamilton, he suggested Hosgri at a depth greater than

something like 2000 meters, I think, 2 kilometers as a

70 degree east dip.
C
I

Vl

CCC

WITNESS FRAZIER= Right. There is evidence

12 to that in his testimony, right.
DR. JOHNSON,: Does the dip which you have

included. in your model conform then to that actual

configuration of the Eosgri fault?
WITNESS FRAZIER:. Not precisely, no.

This is more extreme than what he sees from
C

evidence This is an effort, to hound the effect.

4

crv

19:

20 .'.

21

DR. JOHNSON: All right.
WITNESS FRAZIER: And basically the conclusion

here- is that there is little sensitivity to that sort of
d3.p'o

=r
>t r

24

25

BY MR. BROIIjtN:

Q Dr. Frazier, how much difference is it?
What do you,mean by "a little"?

ALQERSQN RK~QRT'.NG CciVIPANY. INC.
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sp4-13 1

2

A The various synthetic —the various results
obtained from the earthquake modeling are tightly packed

Pl
se

I

~cc
ccc

3 in the area of interest and the frequency range of interest,
and there is little separation between the various results.
That is whatZmean by insensitive= to this parameter.

CHAIRMAN SALZMAN: Mr.. Frazier, are you using

7

8.

9

10.

"of interest." in. the same sense we used it before?

WITNESS FRAZIER:. The results are very tightly
packed. for frequencies higher than about 3 hertz.

CHAIRMAN SALZMAN: Thank you.

DR. JOHNSON: Dr. Prazier, this is a plot of

12 pseudo-velocity versus period,. Is the frequency range of

cN

15

interest in this curve the. same as it would be for a plot
of acceleration versus period?

WITNESS PRAZIER:
Yes.'7

'R.,JOHNSON: Thank you.

BY MR. BROWN:

Ol

tw
2~ ~

C/7

c
Ct

I

19

20
'1

Q Dr. Frazier,is the top curve on the figure that

you have before us now higher than the top curve on your

figure VII-4?

Perhaps you, should get a copy of that; it is
from. your- testimony on the horizontal component, south 25

23

~. 2c

25

east. Could you compare those two for us, please.

A It- is a little confusing for me.

Q Would you compare that figure with your figure
VII-4?
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p4-14 1

2

(.Pause)

.Which of the upper curves is higher of the two

3 figures that you. are now comparing?

end 4
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It appears. to me that the one on the vu-graph

is higher at —yes, is slights.y higher.
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19,
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Q Dr". Frazier, is this the mean curve'?

A .Yes.

Q We are finished with this particular graph.

I. think we understand this without having to

513
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10

burden you with a question. There is no question on that

'I'one, so if you would like to go to the third one, it would

be fine..
CHAIRMAN SALZMAN: One moment.

Before you tell the witness to go on, Mr. Brown,

I would appreciate it if you would wait until we find out

12

whether we have any questions.

Go ahead, Dr. Frazier.

WITNESS FRAZIER: This is the corresponding

Vl

f

Vl'

15

16

17

hypothesized earthquake off-shore, and it presents four

pseudo-velocity respons'es, the vertical component ground

motion compare", with the ze-analysis spectrum.

DR. JOHNSON: Were these, calculations performed.

for 2. percent damping?

WITNESS FRAZIER: I will need to review that to

get the answer. I am not certain they are all 2 percent

damping. I am at least 90 percent sure that they are all
2 percent damping,, but perhaps I should check for the

record..

DR. JOHNSON: Thank you.

WITNESS'RAZIER: The answer is yes.
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DR. JOHNSON: Thank you, Dr. Frazier.
i

.BY MR. BROWN:

Q Dr. Frazier, could you go back to the second
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19,
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12

figure, we have one question.

A That refers to the north 65 east.

Q Could. you tell us please for the real earthquake wh t,

would be a reasonable standard deviation for response

spectrum of about 5 Hertz?

A With regard to what:? A reasonable standard

deviation with regard to what; I don't understand.

Q The standard deviation for many different earth-
quakes?

A You mean, if I recorded ground motion for many

different earthquakes and plotted response spectrum, and

looked at 5 Hertz what would be the scatter in the data?

Q Yes.

A I think that "it is a function of distance and

magnitude, and manY things, soil properties.

Q In close to the earth for Diablo Canyon, distance,

for example'

MR.. NORTON: It is. just one of many variables that
Dr. Frazier said he would need to know..

MR., BROWN: I would like to know whether he can

answer it with that additional variable.
WITNESS FRAZIER: I don't know if I understand the
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question. Even if we keep pursuing all the parameters, I
have not .done such a study.

DR. JOHNSON: Dr. Frazier, I believe in your writte
testimony jou indicated that you were performing calculations

of the IV-79 earthquake using this model.

WITNESS FRAZIER: Yes.

DR JOHNSON: But that those calculations had not

been completed. Is that still the situation?

WITNESS FRAZIER: No. Those calculations are

12

'- contained in, I believe, Joint Intervenor's Exhibit R-9, the

title is Supplement 3.

DR. JOHNSON: So those calculations which you

15 .

17

1g
I

19,

20
'1

indicated'ad not been completed have now been completed, and

they are in that exhibit; is':&at correct?

WITNESS FRAZ IER:. Yes.

DR'. JOHNSON: . Thank you.

BY MR.. BROWN':

Q We are finished with the graphs for our purposes.

Dr. Fraziez, in your model of Hosgri what would

be the effect on ground accelerations and response spectra

if the values. for Q beta were doubled?

A I have not performed the calculation, but I think

the ground motion would'ertainly increase.

Let me clarify that. I think that it is very

important. The results that are obtained from modeling

ALCKRSON RK+OPP.NQ Coil'FlANY. INC
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calculations are a complete package. That is, if for some

reason I were to want to double the Q values, or reduce

dissipation factors by a factor of two, I would be forced,

I believe, since that is contrary to the modeling procedure

that we are using, to go back and revalidate the model.
i

So in that context the ground motion probably

would not vary in any significant amount. To recalibrate

would make other properties in the model readjust to the

strong motion data closer into larger earthquakes that the

model has been calibrated against, and then brought back to

Diablo where we performed the calculations. It would yield
about the same results.

Q Dr. Frazier, would increases in Q values in your

Hosgri model increase the distance that high frequencies

will travel'

A I'hink I should answer the question that I think

you are asking me.. The question I think you are asking me

is, would high frequency motion from larger distances

increase in significance. The high frequences, I think,

don't travel any further, but the significance might be

altered.,

Q Yes, please answer that.
A Yes, that would be the case.

P~ 24 Q So, is it correct that, in your model, Dr. Frazier,

a decrease in attenuation, that is an increase in Q, will

Ai EisoN RK<QRi.'NC c i41PMY. NC
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extend the distance from the site that energy can contribute

to focusing?

A . That question, I think, bears on Qs at greater

7

8.

9

10

depth, and Qs within a few kilometers of the earth surface

probably would have little effect on that. I think that is
an issue of Qs down here near the mantle, just above the

HGQ 0 ~

Q Can you tell us please what would be the effect,,

if you know, at 5 to 10 kilometers?

A, We are still talking about focusing?

15.

17

16

13

14.
'

The same question, but taking the depth that you

just mentioned. going 5 to 10 kilometers.

A I think. that if -- I don't know, I think that is
a question, as I mentioned earlier, that would involve

recalibrating the model. So it is rather difficult to know

in calibrating the model. So you see, if we have other things

like randomness in the model that also bear on the question.

So if I arbitrarily change Qs in the model, I might

20

21

be forced; to go back and change other things in the model

which would give the opposite effect of my guess here. So I
don't know the answer. If I did not change anything, it
would be an. invalid model, and probably the answer to your

question would be yes.,

25,

Q Thank you.

Dr.. Frazier, could you now turn to your Piguze 7.-4
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in your testimony?
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Yes..

Q Do you have that:?

A Yes.

Q North 65 east, 'is the curve separated due to

focus ing?

A There is a tendency that earthquake G is lower

than the other values, and earthquake G is defocused. The

answer is that there are effects of focusing in these curves,

and you can see it.
Q Is, the corresponding curve separated in the

figure south 25 east:?

A Surprisingly not,. the frequency is higher than

about one Hertz.

Q Do you know why not?
"2

l
p

16

17'g

I

19,

Ql
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A In these calculations, the rupture nearest. to the

site on the Hosgri. at the points nearest to the site tend to

be the culprit for producing the highest amplitude ground

motions. I believe that the focusing or defocusing is not

very much at issue at points perpendicular to the site.

Q Dr. Frazier, could you now turn to page 5 of your

Supplement 1, which is Figure 6-3 in Joint Intervenor's

Exhibit R-7, page 6-5 of Supplement 1.

A Yes.
'I

Q Have you had a chance to briefly look at it?
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3

A:: Yes I think I am back up to speed on this one.

Q We are jumping between quite a few. We want

figure 6-2, and I may have said figure 6-3. I actually
4 would like the southeast site, do you have that?

lrt
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19;

A Yes.

DR. BUCK: Are you talking about page or figure?
4

MR. BROWN: We are talking about the figure. We

are talking about Figure 6-2, and at the top of the figure

it says southeast:.

DR. BUCK: Thank you.

BY MR. BROWN:

Q Dr. Frazier, you are comoaring curves B and F. Is
I

focusing shown for all three components at the eight kilo-
meter dist. ance from the site?

A For faults, the configurations B and F?

Q The question is, is focusing shown?

A The effects of focusing are shown.

Q Can you please explain for us why it is shown in
this- sout.heast component please, but according to your

testimony it is shown in the southeast component, and in

your Figure 7-4 of your testimony?

A I could speculate;. that is all I would know how to

Q If you don't know, that is a satisfactory answer.

A I don't know. I think there are many reasons.



0



520

ice

PV

I

ice
'ce

cic

cic

cic
C
cii

C

n

i4

7

9

10

12

13 i

1+ I

!

15,

Q«Dr. Frazier, now can you turn to page 7-11, or

page ll of your prepared testimony? I am specifically
looking now at lines 23 through 25 if you would like to

briefly look at that paragraph to refresh yourself. We are

dealing there with time demand signals.

A Yes.

Q Dr. Frazier, could you please explain why the

vertical accelerations do not show higher amplitude motion

given that the Diablo Canyon design earthquake is larger

than the IV-79 earthquake?

MR. NORTON: Excuse me, but is he restricted to

one reason?

MR. BROWN: He can answer it any way he likes.
WITNESS FRAZIER: The question is, why the high

vertical—

17

19;

20

'5

BY MR. BROWN.-

Q Why the vertical accelerations do not show higher

amplitude motion given that Cxe Diablo Canyon design earth-

quake is larger than the IV-79 earthquake.

A Is the question, why they are, not higher than the

IV-79 earthquake, but you are not telling me higher than

what?

Q Yes.

A I think that is laid out fairly clearly in my

testimony to Question 4.





521

DR. JOHNSON: May I ask. a question to clarify the

2 . question you just asked'

3 Are the maximum accelerations in each of the three
' directions indicated by the number on the left side of the

platt, for example, the vertical motion of earthquake F at
the top, having a maximum acceleration of 0.145G?

7'

10

12

16 '

17'3

24

WITNESS FRAZ IER: Yes.

DR. JOHNSON: Is that the way to interpret that?

WITNESS'RAZIER: Yes.

DR. JOHNSON: Thank you.,
CHAIRMAN SALZMAN: Go ahead, Mr. Brown.

MR. NORTON: Excuse me, we have the exhibit, I
guess it is Governor's R-10, paper-clipped in a packet of
three. I wanted to know that this is what was. They are

not marked, however.

CHAIRMAN SALZMAN: Take a moment and pass it
around.

Do you mind,. Mr. Brown'

MR. BROWN: I wonder if we might take a couple

of minutes break at this paint because something came up

which I would like to clarify.
CHAIRMAN SALZMAN In a couple of minutes, you are

going to give up that chair completely.

MR. BROWN: Apparently what happened is that we

had an additional response that we did not expect, and it
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involved a substantial amount of time when Dr. Frazier went

to the new exhibit to explain that.
CHAIRMAN SALZMAN: We will take a break for five

minutes, and only five minut.es.

(Whereupon, a short recess was taken.)

CHA'IRMAN SALZMAN: We are back on the record.

Mr.. Brown, since we have allowed considerable time

for cross-examination, we have a lot of other matters which

the Board wishes to get to, I. would appreciate your complet-

ing this line of.questioning in no more than 10 minutes.

MR. BROWN: That is fine.
BY MR. BROWN:

Q Dr. Frazier,. would you please direct your atten-

tion to page 6-23 of the Supplement, 1, which is the Joint
Intervenor's Exhibit R-7.

MR. NORTON: Excuse-me, but Mr.. Brown, would you

please identify the. document first, and the page last.
MR. BROWN: Supplement 1, Joint Intervenor's R-7.

BY MR. BROWN:

Q Do you:.have that?

A Yes.

Q Dr. Frazier; would you please look at the second

«~. 24

paragraph ..

A Yes..

Q Would you address yourself to that, because I woul
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like you to read one sentence for the record.

(Pause. )

I

Icc
ice

c%

cv

cv

4J

C?

7'.

9:

10 .

Q Have you read it?
A Yes.

Q Would you please read for the record the second to

th~.ilast sentence in that paragraph, which begins "our

abilx;ty is"?

A Yes The sentence reads: "The probability—
CHAIRMAN SALZMAN: Just one minute.

BY MR. BROWN:

12

Q Please continue, Dr. Frazier.

A "The probability is higher for getting large

p

CI

16

15:

17

'round
acceleration from large magnitude earthquakes since

there is: greater -likelihood of having the rupture focus at

the recording station for larger zones of rupture."

Q Dr.. Frazier, have you changed'our opinion on that

statement?

Vl

t~,
4o
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19;

20'

21

24.

No.,

Dr., Frazier, could you now please direct your

attention to Figure 6-19 of the same document, it is on

page 621?

Yes:.

Have you had a chance to look at it?
I think I am prepared.

25 Q Could you please explain to us the meaning of

Aa ~EBSCi4 RK~QRT'.NQ Coi4lP4NY. INC
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this figure'?

A What E see plotted in the figure is pseudo-

i'o
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velocity response spectrum for three hypothesized earth-
I

quakes For one hypothesized earthquake, I senthet;ized at

three distances, 4, 8 and 12 kilometers.

Q Kilometers from what, Dr. Frazier?

A From the surface trace of. the zone of rupture.

Q This is thefinal question for us, and it is going

to be complicated. I would like you to compare three

documents. So why don't I have you put the three in 'front

of you first.
The first..is Figure 7-6 of your. testimony.

Actually, I am going to hand you still a page that has all
three of them on it. We did it by Xerox,. and perhaps after

you have looked at the three figures, you can confirm

whether or not this is an authentic representation of the

three figures. E think that it will make it easier. for

everyone to look at a single document.

MR. NORTON: To speed things up, if you pass the

document out.

MR. BROWN: Perhaps we should mark that for
identification, We will mark that as Governor's Exhibit.

R-ll.
CHAIRMAN SALZMAN: The reporter will mark this

latest document R-ll for identification. Zt is entitled,

Aa EBsoN RK=QRi.NG c iVPAiQY. INC
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XXX 3

in the upper-right-hand corner, Imperial Valley Earthquake

Computation.

('I%a:above entitled document was

marked Governor's Exhibit: R-11

for identification.)
BY MR. BROWN:

7

8.

9

Q Do you have a copy of that now?

A Yes, I have a copy of what was just handed out.

I don't know where the various components- came from.

t~

/ac
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I

C
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16
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20
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'7g

Q The figure in the left corner of the page in the

vertical is Figure 7-6 of your testimony. If you would like
to mark that or confirm it.

MR. NORTON: Excuse me, but looking at 7-6, it is
only half of it.

MR. BROWN: Yes, it is the upper-half.

MR. NORTON: Okay.

BY MR; BROWN:

Q Next is the figure 3-8, which is at page 3-15 of

Joint: Intervenor ' R-6 .

DR. JOHNSON-.What do you mean by next?

MR. BROWN:. The one in the upper right.
DR JOHNSON.: Would you identify it again, please,

sir?
2< MR. BROWN:. It is page 3-15, and it is shown as

Figure 3-8. It is only the three eccelograms in that

ALQKBSON RL+ORT'.NC CciVIPAi4Y. INC
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figure.
DR. JOHNSON: Which document?

Co
Cl
CV i

cv

'ii

C?'R.

BROWN: It is in he final report, Joint
Intervenor's Exhibit R-6.

CHAIRMAN SALZMAN: The document first, ad then

~ the page.

MR- BROWN- It, Joint Intervenor's R-6, and the

page is 3-14. It is figure 3-7.

I am advised by Dr. Brune that it is not, the same

figure, but, it is a better representation. It is the Cal

Tech accelogram.

BY MR. BROWN:

V

C)
Ii~

13'5;

16
'7

'9,

za

21

Q. Dr. Zrazier; are you famili.ar, so that you are

comfortable .with this particular figure?

CHAIRMAN SALZMAN: I have lost you, Mr. Brown;

which is not the same figure?
MR'. BROWN: The bottom one.

CHAIRMAN SALZMAN: The bottom one is not Joint

Intervenor's R-6, page 3-14?

MR. BROWN: Dr. Brune advises me that it is a

better. representation.. It is the Cal Tech accelogram of

the El Centro earthquake, and I would ask Dr. Frazier to

W~ B

24

confirm that If so, I would ask that it be accepted for

this purpose.

WITNESS PRAZIER: Yes, I assume that that is a
i
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clearer representation of what is on page 3-14 of R-6.

. MR. NORTON: Excuse me, I would like to ask one

of my witnesses a question or two about this before I am

VI
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15

16 .

17

'illing
to accept it.

CHAIRMAN SAZZMAN: Go ahead, Mr. Norton.

(pause.)

MR. NORTON: I think we have to clear the record

up a little bit. The second thing discussed by Mr. Brown

is in the- upper-ri'ght-hand corner. What that is is from

3-15, page 3-15 of Joint Intervenor's Exhibit R-6, but

what they'ave, done is taken the top line of each of the

three diagrams on Figure. 3-8, page 3-15, not any one of

the boxes which that first glance might, cause one to

believe.

Similarly, when you go to what is on the bottom,

which supposedly is a better representation than on page

3-14 of. the same exhibit, again these are the three top

19

20,'1

lines of. each of the three boxes. The boxes, of course,

have three lines, and it is confusing at first blush. That

is what, I'as. confused about until I talked to Dr. Frazier.
I

So it is not a representation of'ny one of the

boxes, but only one line out of each box.

MR. BROWN: It is absolutely correct. Our inten-

tion was to simplify it.
MR. NORTON: But I was having problems identifying
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which one was which.

CHAIRMAN SALZMAN: Does the witness understand

which is which?

WITNESS FRAZIER: Yes, I believe I have it
ee
I

4l
ccC

pa'

cv

cv

cv
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CD

ccc

7,
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9

1Q

11

12.

figured out.

CHAIRMAN SALZMAN: Mr. Brown, please proceed

because this is- going to be your 'last question.

this.
MR. BROWN: I have three questions related to

CHAIRMAN SALZMAN: Get them out, please.

BY MR BROWN:

Q Is it correct, Dr., Frazier, in your figure 7-6

that earthquake F ruptures about 40 kilometers passed the

site?

o ~

17.

A This is figure 7-6 of my testimony?

Q Yes, sir.,
A Does it rupture about 7 kilometers?

ccrc

P~ ~

7Q
I

I

19,

About 40 kilometers:;passed the site?

A All I can do is refer to figure 7-3, and that

2Q may be approximately",~correct. I have no issue with the

21 number..

Q That is fine.
Is energy from'he southeast end from earthquake

F'hown on arriving at the site?

25 MR. NORTON: Where?

ALDERBOcg RK>CRT.NQ CCMPANY. (NC.
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MR. BROWN: On this record.
~ MR. NORTON: Where on the record do you mean?

5

6

7

8.

9

10

12

13.
'

15.:

16

MR. BROWN: The same figure.
MR. NORTON: That is what I wanted to make sure.

WITNESS FRAZIER: Energy from the southeast

extreme, or end of the earthquake F shown in figure 7-6, I
believe it is?

BY MR. BROWN:

Q Yes, arriving at the site.
A It is certainly contained in all those wiggles.

Q Zs amplitude high compared with similar energy

in the 1940 earthquake, which is in the figure on the

bot:tom of that page?

A I don't know how I would relate energy coming

from the southeast end of t:hat rupture with the Imperial

1940 earthquake. I don't have. a context, I don't think,

1$
I

19:

20
'L

;7+

23'4

for compaiing whether they are the same. or different. I
don't understand.

CHAIRMAN SAL'ZMAN: Mr. Brown, do you have one

final question'efore we proceed'?

BY MR. BROWN:

Q Dr. Frazier, please explain the figure in the

right corner of the Imperial Valley earthquake computation

why there is little energy shown on the right extremity

line compared with the real data?

ALCERHCN RK~QRT'Na CCMPANY, lNC
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'2
A One -of the reasons is thN this was taken from a

report more than two years ago, and has been redone and is
available in Supplement 1 in a revised fashion with an

improved earthquake model.

7

8.

9

10

12

13

19

20
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This is a version of the earthquake model that is
outdated, and I think that this is the major reason. '2hat

is, the model has no randomness on the rupture surface. It
incoherent rupture.

Q Is also part of the reason due to the low Q

values?

A I presume the Qs used for that rupture are

representative of the Imperial Valley —so low with respect

to what?

Q Low compared. with what would be needed to make

the two records agree with each other?

MR. NORTON: I object.
CHAIRMAN SALZMAN: Objection sustained.

The witness has already said that this is a

bad'epresentation',and that there is more recent up-to-date

data;

Sou have consumed the time available.
MR'.. BROWN: That is fine.
CHAIRMAN SALZMAN: I think we will close that line

of questioning.

Would counsel approach the bench, please?

At ~K»SON R~~OFi.NQ C MPANY. INC.
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CHAIRMAN SALZMAN: Mr. Olmstead, you are going

to waive cross examination of these witnesses?

3
MR. OLMSTEAD:

Yes�.

CHAIRMAN SALZMAN: A11 right. This panel is

excused for the time being.

7

8.

10

12

13

'The
witnesses were excused.)

ll)
'HAIRMANSALZMAN: Mr. Olmstead, would you go

ahead and proceed? You have a panel.

MR OLMSTEAD: Yes, Mr. Chairman. The staff is

going to call its fiist panel, a panel comprised of Dr..

Nathan Newmark,, and we are going to bring him up and his

chair, if you will-indulge us that —Dr.. Robert Rothman,

Dr. Pao-Tsin Kuo, and we would also —are planning on

bringing Mr.. James Knight out who has no testimony filed

15

16

1j.
lg '

j.9;

20,'1

on these issues, but who is responsible for coordinating

the staff' presentation of this case and appeared as

panel lead in the. Board below. I

CHAIRMAN SALZMAN.: Please ask them to take the

stand.

MR. OLMSTEAD: Now that the witnesses are all
seated, if they will stand to be sworn.

CHA'IRMAN SALZMAN= Mr.. Norton, are you ready to

23

24

25

proceed?

part?

Mr. Lanpher, are you. going to be handling this

ALQERSCN PA~CRT!NQ C MP4NY. INC
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MR. LANPHER: Yes, I am. -.

CHAIRMAN SALZMAN: Mr. Fleischaker, are you

ready to proceed?

MR. FLEISCHAKER: Yes, sir.
vt
Pt
cv
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cv
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cv
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CHAIRMAN SALZMAN: Will the witnesses please

raise their right hands?

'Whereupon,

NATHAN'. NEWMARK

ROBERT L. ROTHMAN

PAO-TSIN KUO

JAMES P.: KNIGHT

were called as witnesses by counsel for the NRC staff and,

having been f'irst duly sworn by the Chairman, were examined
I

and testified as follows:

CHAIRMAN SALZMAN: Mr. Olmstead.

XXXX

16

17

Tf3

I

19:

20

'IRECT EXAMINATION

BY MR. OLMSTEAD:

Q Dr. Newmark, I have in front of me. a. copy of a

document entitled "Testimonycf Nathan M. Newmark, Consultant

to the U.S'. Nuclear Regulatory Commission," and I ask you

if this document is your testimony in this proceeding?
I

(Witness Newmark) Yes,, it is.

Q And'o you have any corrections you wish to make

to that document?

A Yes. There is one correction. On page 14 there

AL ERSCN RK>OAT'.NQ C MPAi4Y. (AC
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is a typogx.aphical error. Either a sentence was omitted or

2
a reference was confused. I do not have my draft with me,

3
but I have made a correction which clarifies the point at

issue.

Pl
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Q, Would you indicate where that correction should

be inserted?

A Four lines from the bottom of page 14, the words

"more clearly described in" and. let me read the corrected

version instead of the actual version. "More clearly

described in a proposal to the National Science Foundation

for detailed analysis of the damage to the building by

Sozen, shown in Figure 1 taken from that proposal."
I

Q Do you have other corrections to your testimony

at this time?

N

Ca
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lg,:
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20
'1

A No.

MR. NORTON: Could someone who got that read it
back to me? I did not get it.

Qi

BY PM. OLMSTEAD: (Resuming)

Dr.. Newmark, attached to your testimony is a

statement: of professional qualifications. I ask you if
those are your qualifications.

CHAIRMAN SALZMAN: Will the Reporter please read

it back? It will, of course, appear in the transcript.

Yes, they are..

And taking your qualifications and your testimony

III
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as corrected, is it true and correct to the best of your

2 knowledge and belief?
A Yes, it is.
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MR. OLMSTEAD: Mr. Chairman, I move the testimony

of Dr. Nathan M. Newmark be bound into the transcript as if
read.

CHAIRMAN SALZMAN: Please do so.

(The document referred to follows: )
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INTROOUCTION

The purpose of this testimony is to reply to certain questions concerning

seismicity, seismic design, and safety to resist the effects of earth-

quakes, of the Oiablo Canyon Nuclear Power Plant Units I and 2 raised

by the Atosnc Safety and L1cens1ng Appea1 Hoard (ASLAB) 1 n 1ts Oecis1on
,ao

'atedJune 24, 1980

In order to present my comments and answers in a consistent
manner,'his

document fs divided into two parts. The first part is a brief

discussion of fundamental issues in earthquake resistant design, to

Iay the. groundwork and explain the basis of the second part, which con-

sists of answers. to specific questions raised by the ASLAB.

My qualifications for this work are described briefly below. I have

been a consultant to. the NRC. and to its predecessor, the Atomic Energy

Cotnnission, for nearly 20 years A suttntary of my extensive experience and

responsibilities is contained in my testimony of 8 November 1978 before the
I4

Atomic Safety and Licensing.Appeal'LBoard. A list of my degrees, both

earned and honorary, and my awards, medals, and honors, is contained in

my biographical sketch dated November 1979, attached hereto, with an

addendum to June 1980. A list of op published technical papers and

books, numbering- 243 as of. this date, is also attached.





I.- FUNDAMENTAL ISSUES IN EARTH UAKE
R N I

A. Relation Between Seismic Res onse S ectra and Seismic Desi n
Coefficients

ln order to understand some of the data concerning earthquake damage,

the damage, and also the, lack of damage, must be considered in re-

lation to the design basis. Nuclear reactor structures are designed

with the use of a. seismic response spectrum with generally elastic

behavior, with allowable stresses not exceeding the yield strength of

the material. See, for example, Newmark and Rosenblueth (1971), and

Newmark (1970). Other structures, and particularly 'buildings, in-

cluding schools, apartment buildings,. commercial structures, etc.

are generally designed using a seismic coefficient. specified by

building codes-, such as the Uniform Building Code, for. the total

lateral or shearing force at the base of the building, with- some-

distribution of'ateral force over the height of the building,

at a level of stress corresponding to the allowable static

working stress augmented by a factor of I/3 when earthquake

(or wind) forces act on the building. The net design coeffi-

cient at the base of the building is used with about 2/3 of the

yield'trength. The equivalent, coefficient fs, therefore, about

twice the allowable static coefficient at the yield point of the

material. There is an implied requirement of ductility to resist

the actual expected, earthquake, because the earthquake forces,

may be several times greater than the static coefficient. Taking

into account the spectrum amplification factor, the peak ground
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acceleration used for nuclear reactor structures is at least 3

to 4 times that corresponding to the seismic coefficient used for

even the most important building when the sites are the same, but

nuclear reactors are gener aIIy designed for a peak site ground

acceleration of I I/2 to 2 or more times that used for an ordinary

buf 1df ng..

Recently, design recommendations were made for design of structures

using a design response spectrum and a ductility factor or spectral

reduction factor depending on the framing and material of the building,

ranging from about I for unreinforced masonry walls to about 8 for
ductil'e steel frames- See ATC-3 (1978). The spectral reduction

factors developed give design coefficients generally exceeding

those-in- current. building codes

The design response spectrum is obtained by taking the peak ef ective

ground accelerations, velocities, and displacements expected at the

site; and amplifying them by factors such as those given in Newark

and HalI (1978), where these factors are a function of the damping

in the. structure and its foundation.

As a resuIt of. the fact that the effective peak acceleration used

for structures as in ATC-3 (1978) are generally only about half of

the SSE acceleration levels used for nuclear reactors, and because

there is no spectral reduction factor used in nuclear structural

design, nuclear reactor structures are designed for seismic forces

ranging from 4 to 10 times those corresponding to the Uniform
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Huilding Code or other building codes, for the same seismic envi-

ronment or site, as explained above.

8. Effect of Eccentrfcit of'eismic Loadfn

As. discussed in Newark and. Rosenblueth (1971) or Chopra and Newmark

(1980), there are: two sources. of enhanced response of a structure

in an earthquake over the=- response computed by assuming only uniform

lateral deformations over the width of a building. Lf the center of

stiffness of the: framing of a building departs significantly from

fts center of mass, there is a.real eccentricity giving rise to a

torsional or twisting deformation coupled with the uniform lateral

deformati on.,

This torsional response. causes one side of the building to deform-

more than the opposite side, and often causes a progressive failure

or collapse. Moreover, as failure occurs, the torsfona-I response

increases.

There fs also a small torsional response even for symnetrfcaI

structures with no real eccentricity, caused by the wave passage

of the. earthquke motions over the width of the building.

These topics are discussed in ATC-3 (1978) in the comaentary on

Chapter 4. In general, buildings to resist earthquakes should be

symnetric, and real tor sionaI eccentricity should be avoided.

Mhere it cannot be avoided, provision for the increased, response

must be provided. Most older buildings do not. have any provision
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even for real torsion in their design. Much of the damage noted in

earthquakes is caused by eccentricity of shear walls, or, by concen-

trating the shear resisting element near the center of the structure,

enhancing the torsional response due to wave passage effects.

C. Overturnin and Compressive Vertical Forces

-Because a building. est inevitably have a moment at its base (over-
I

turning moment) due to the distribution of inertial lateral forces

over its height, there is, a tendency to cause tilting or tipping,.

which produces'igher compressive forces in the vertical direction near

the perimeter of the: structure. This topic is discussed in the coaeen-

tary on Chapters 3'nd. 4 of ATC-3.(1978), and in Newmark and,Rosenblueth

(1971 ), Sect. 15.7'.

The increased compression due to the overturning moment must be provided

for in the outer and especially the corner vertical members (columns and

walls) of the structure. Methods of increasing the: vertical compression

capability of columns near joints and connections is required to give

both increased strength and increased ductility. Many of the fai lures.

observed in earthquakes were caused by inadequate or no provision for
the increased compressive. forces. The Imperial County Services Building

is a particularly good example. of inadequate provision for both over-

turning and torsional'eccentricity, with ties spaced at about 12 inches

or more apart rather than the 2 or 3 inches. corresponding to
good'esign

practice near the joint.
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O. Effects of Oiscontinuities in Stren h or Stiffness

When there are abrupt changes in stiffness or strength over the height

of a building there is. a concentration of stress at. the discontinuity
lC

which may give rise to collapse or failure. Such discontinuities. have

played an important part in many- af the observed failures- in earth-

quakes-'ne. of the most coaeon- discontinuities is the use of a so-

called flexible- first story, either intentional or unintentional.

Several examples are discussed herein of failure due, to discontinuities

or- abrupt changes. as documented in reports of earthquake damage. For

example, the Macuto-Sheraton Hotel near Caracas had its three lower

floors supported only on columns, while the upper stories: of the.ten-.

story building was of heavy- shear-wall construction. The columns in

the lower stories failed and.the building nearly collapsed.

A description of the building is contained in HansonInnd Oegenkolb

(1967), p. 98-99; and a detailed description of the damage in Sozen

et al (1968), p., 58-62. A sketch of the framing of the building is

shown in Fig.. 7.5 from that. reference. The column failures were

influenc d'rimarily by the discontinuities. in strength and sti,.ness

between the lower-3 stories to the upper part of the building, but

were contributed. to by the effect of accidental torsion and the over-

turning moment.

A particularly interesting response-occurred in the ?alace Corvin

in Caracas, which is described, in Hanson and Oegenkolb (1967),
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pp- 48-49. This structure consisted of two nearly identical ten-

story apartment buildings joined by a common elevator shaft and

staircase. The west building had exterior walls continuing to the

foundation. level, and the east building had the walls removed in the

first story to provide for parking.. The east building collapsed

completely, while. the west building had no structur al damage. A
l

photograph of the remaining west building, looking across the site

of the collapsed eastern half is shown in Fig. 4.11 taken from

Sozen et al (1968). This building failure demonstrates clearly the

damaging effect of discontinuit es in strength and stiffness.
r

It is. examples like this which Ied the ATC to provide for an

increased resistance near discontinuities. See ATC-3 (1978),

Sect. 3-7.3-

E'. Effects of Piles and Mave Passa es

In general, piles do not affect the lateral response of a.building

due to earthquakes, since they must conform to even soft ground

shear deformations because the soil mass is stiffer by a larger margin

than the; piles. However,, large and stiff caissons or piers may affec

the lateral response, depending. on the design of the pile cap between

the piles or piers of the building. Piles do affect the vertical

response. of a building. because of their transfer of the. point of

support to a level where the soil is generally stiffer than at the

surface level or the ,.undation mat or footing level. The fact that

a building is supocr ed on individual footings may affect its response



f

t l



«

r. ~

c

1

i',
:)Cp~ C ~ i
ice 'v

gggf.

jgg5
h')

1"
'I
\

c

~a4ej.

~.". >x.

8+f'K
~ PQ'Qcccc

i ':,
~id 'jjjjjjlllj

j
arm

ggg
cl ~

5 ~ig) c

~ ~ ~

b1 ij
t

~~
~ ~ ~

1
J t ~

~ ~

c

~ ~ pP
~ ~

":..': '"e«: "."'.<',
.

gt'cQ
%kg

FIG. 4.11 EAST ELEVATIOW OF THE PALACE CORVIN BUILDING SHOWING
THE WEST WING ANO THE SERVICE CORE



AU



-8-

compared with a building supported on a raft or large foundation,

if the individual footings are not well tied together ~ However,

buiIding codes generally provide for heavy ties or braces between

the individual footings, whether or not they are supported on

piles. When these are present and. properly designed, the building

responds. as if it were supported on a., single foundation structure.

Hence, the- ~ave propagation effect. in reducing the high frequency

response of a building is not affected by pile supports, but rather

by the design of the. pile cap under the: building .and the presence

or absence of ties connecting the pile. caps. However, one should

not'xpect to identify Tau effect reductions in response for poorly

designed buildings in which, because of torsional effects or. high

,overturning compressions not provided for or stress concentrations

due. to discontinuities, there fs a major increase in response fn the

lower f1oors. Moderately well designed buildings will genera11y

show the wave passage reduction effec.s. Poorly or inadequately

designed buildings will only show failure.

F. Over Registration of Response in '/ertica1 Acceleration

The- instruments. used to measure acceleration time relationships are.

themselves responding structures coupled with their supports. When

instruments that are mounted on, isolated blocks, generally of concrete,

resting on or only slightly embedded in the ground, the block and the

soil iamediately beneath it give a response which is amplified above

that of ".he acceleration of the ground itself in the free field. This
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is true also of instruments in buildfngs if they are not 'firmly tied
with ties of hfgh rfgfdfty to Che bufldfng structure. This over

registration gives a. spurious indication of high vertical acceleration

for frequencies fn excess of 3 to.,P hertz, as demonstrated in Newmark

(1974) and in 8oIt and Hansen (1977).. This over registration may be

as much a factor of 2, and may lead to indications that vertical

acceleratfons greater than I g exist, when the actual vertical accel-

eration in the free field is of the order of 0.5 to 0.6 g.

Although Chere is 'a. slight tendency, similarly, Co over'record hori-
zontal responses,. it is relatively negligfble and has not been con-

sidered in development of design criteria. The over registratian fn

vertical response, as indicated" in the references, is takerr into account

in- the criterfa that I developed f'r Che design of buildings and nuclear

reactor- facilities, in which the vertical acceleration response is taken
- as. 2/3'rds of the. horizontal acceleration- response over the entire range

of frequencfes, as developed from statistical studies reported in

Newmark and Hall (1978), and, in contrast with the earlier design re-

quirements of USHRC Regulatory Guide 1.60. This is also taken inta

accaunt in Hall, Nohraz. and Newark (1976). Occasionally in thrust

faults the: vertical acceleration response may exceed 2/3rds of the

horizontal value but rarely if ever in strikes-slip fault motions.

G. Probability Levels Implied in Oesi n Response Spectra

In general, in all of Che design criteria for design response spectra,

the SSE earthquake acceler atfon at which the spectrum is anchored is
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taken at the median plus one standard deviation value, and the spectrum

is also taken as the median plus one standard deviation value. Similarly,

the fragility or strength of structures and equipment is taken at the

median plus one standard deviation. When these are combined, the proba-

bility of exceeding the design level is at a much lower probability level

than the median plus one standard deviation. The techniques for making the

combination are described in Cornell and Newmark (1978) and in Ang and

Hewmark (1977) ..

Extreme upper limits for free field earthquake acceleration may be very

high but are not of significance since the spectrum does not depend on

isolated high peaks of acceleration.. If one were.to take an envelope.

, of al1 of the values developed for response spectra for various. earth-

quakes one would obtain an unreasonably high degree of conservatism

that would make it impossible to design buildings of any sort, and

particularly nucIear reactors, without causing failures from other

sources such as thermal stresses,. and brittle fractures arising from

lack of ductility in highly overdesigned sections.

Oucti lity and" energy absorbing capacity are the aims of. earthquake

resistant. design. Consideration of strength alone can often be self
def eating..
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II ISSUES RAISED BY APPEAL 80ARO

The following discussion fs in reply to specific topics raised by ASLAB

for the Diablo Canyon facilities.

A. Im erfaI Valle Earth uake Data

In. general, the revised and corrected data for the Imperial Valley

Earthquake give. results that are not greater than those used in nuclear

reactor design as exemplified in the design criterfa specffied by m
'I

for the Diablo Canyon. reactor facility. See Newmark (1976). There are

some instances. in which the uncorrected data are greater, and there are

also some instances in which the, vertical measurements in the hfgh

frequency region are greater than the horizontal reading of acceleration.

However, these instances are generally due to over registratfon in

frequencfes in excess of 3 to 4 hertz, as discussed in Part I F, above

and to site: conditions. in the Imperfal Valley which do not exist at

Diablo Canyon.

A recent study by Oonovan (1980) shows data from 115 stations within

20 kilometers of a fault, plotted to show the relation between peak

recorded acceleration and distance from the fault. in kilometers.

Hagnftudes'rom 3.5'r less up.to 7.5 are considered; and the data.

show no consistent relationship with magnitude. This is an indication

of the fact that the high dependence on magnitudes reported in some

attenuation relationships is probably a spurious'ne. Basic physfcal

principles indicate that close to the source of the earthquake the peak

acceleration should be dependent only on the local conditions, including
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the shear strength of the rock at the focus and is not a function of

the magnitude, although at larger distances the acceleration is

dependent on magnitude or amount of ener gy release. .A plot of these

data is shown in Plate C-I taken from Oonovan (1980). The linear

relationship shown on Plate. C-I was drawn to indicate the approximate

level of the 84 percentile or median plus one standard deviation

value, and indicates a peak acceleration level at about 6 kilometers

from the fault,. corresponding to the-Oiablo Canyon=situation, of

approximately 0.6 g or slightly less.

The Imperial Valley data do not require an increase in the design

requirements for nuclear reactors and other structures that I have

used since the'id. 1960's, and may even justify a less conservative

requirement than I specified for Oiablo Canyon in Hewmark (1976).

B. Vertical Relative to Horizontal Acceleration

The over registration- of the vertical relative to the horizontal'ccel-
"~

erations measured for various earthquakes in the high frequency region,

when taken into account', justifies the use of a vertical response

spectrum of approximately 2/3rds the horizontal response spectral

values throughout the entire ~ange of frequencies. The actual statis-

tical value of the mean of the vertical acceleration is less than

2/3rds of the horizontal acceleration, as indicated in Hall, Mohraz

and Newmrk (1976). The bases of this conclusion is presented in

detail in Item I-F. kt is noted that this over registration of

vertical acceleration occurs only close to the source or epicenter
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(or close to the fault break) where the frequency content of the

acceleration record is high.

C. Mave Passa e Effects
>i

The wave passage effect. or so-called Tau effect, is a. real effect.

This has. been demonstrated by a number of examples, and is discussed

in .some detail in Newmark (1976). 'urther studies by others, not yet

published, including studies by the TERA Corporation, indicate at

least a 20 percent reduction for- a number of structures for which free

field data, and data. fn buildings are both available. Part of the

reduction is due also to lack of coherence in time of the acceleration

versus tim acceleration. data over a. moderately large area corresponding

to the: width of the building This reduction, of, course, exists only

at frequencies in excess of 2 hertz. and in a near field phenomenon.

As explained i'n Item I.E. the: presence or absence of piles is not

relevant. to the behavior or response of buildings or to the Tau

effect. However; no Tau effect should be expected fn buildings that

are supported on independent spread. footings not well tied together

whether or not the footings bear directly on soil or on piles.

0. Conservatism of Newmark's Spectra

Some af the Imperial earthquake specrta are stated to exceed the

Oiablo. Canyon design value. Only a; relatively small number of

exceedances are obtained from the corrected ImperfaI data and the

exceedanca exists only over very short ranges of frequency, different
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for different stations. However, the design spectrum for Ofablo

Canyon, those in USNRC Regulatory Guide 1.60 and those in Newmark

and Hall (1978) are intended to be a median plus one standard

deviation value, and are not upper bounds. Hence occasional

exceedances over small ranges of frequency should be expected and

have no important significance. If conservatism were not used in

other aspects of the design calculations, it would be desirable to

use an envelope of the response spectra, but in order to obtain a

balanced degree of conservatism and to avoid other design difficulties,
the mean plus one standard deviation value fs the standard that has

been used, and is adequately conservative when proper account is

taken of all the parameters involved in earthquake resistant design.

E. Imoeria1 Count'ervices Suildin
/

* The damage to the- Imperial County Services Building is due to the

fact that the building was. inadequately designed. This has been

pointed out fn a number of reports, and the topics discussed in

Items I 8,. C and 0 are particulary pertinent. There was a large

torsional effect because of rea'I eccentricity in the first story

shear wall. This eccentricity is shown in the ground floor plan of

Services Building taken- from Blaylock-Hillis and Associates (1980)

in a, figure entitled "Services Building - Ground Floor Plan" and

more clearly described in the report by Sozen et al (1968), shown

in Fig. I taken from that report. The center of shear stiffness of

the four shear walls in the north south direction in the central

bay of the first story really is located west of the center of mass
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of the building. This could enhance the response of the eastern

perimeter of the building.

The overturning moment was apparently neglected, and provisions for

concrete restraint at the joints were inadequate. The ties that were

used to confine the concrete were only nominal and had a wide spacing

which allowed the s eel bars to buckle outward and rupture the concrete.

Closely spaced ties or spiral reinforcement containing the steel would

have: helped to prevent this; effect., as discussed in Item I.C-

There were abrupt changes in stiffness between the first story and

higher levels. in the building which caused stress concentrations in

the columns of. the first, story which exceeded the capacity of these

columns.. This ooint of view is supported by a news article in

Engineering Hews Record for 17 July 1980 in an interview with

Or. Paul Jennings of the California Instftue of Technology. He is

quoted as saying that he feels. the use of continuous walls on the

first floor. rather than beams and columns "would have definitely

reduced. or eliminated the damage."

"The damage-. to this building. shows, that: this is a disadvantageous

form for earthquake country." Similar comments were made in

Hrandow and Leeds (1980) in a review of damage in the imperial earth-

quake.

?n my view these 3 inadequacies in design dicussed above were of

primary importance in contributing.to the failure of the building
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as discussed in Items I.B, C and 0.

F. Effect of Pile Foundations

(elI)'s explained in Item I.E, the piles are not a factor in either the

Hollywood, Storage Building or the Imperial County Services Building

failure. The. Hollywood Storage Building,. although founded on piles,

would have no effect from the piles since the building was properly

designed and was not subjected to a strong enough earthquake to cause

damage to the building. The Imperial County Services Building was

improperly designed and the response of the building failing in

torsion and overturning increases as the earthquake vibration

continued.. It's not appropriate to consider- the results. of measure-

ments made. in the Imperial County Services Building as indicative of

the effects'f wave propagation or the adequacy of proper ly designed

structures,. because higher response. accelerations would be developed

in the progressive failure of. the supporting elements in the first
story of the. building.

G. El Centro Steam Power Station

The El Centra Steam Power Station was designed. for a seismic co-

efficient. of 0.2 g at working stress plus a 1/3 increase, according

to a private communication. from the designer. of Unit 4 of the building.

This corresponds. to a yield value of the response spectral acceler-

ation of about 0.4 g and therefore to a ground acceleration design

value for 5 percent damping of approximately 0.14 g. The actual

ground acceleration as reported in Brandow and Leeds (1980) in an
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II

article by Otto 'A. Steinhardt on "Earthquake Effects at El Centro

Power Plant," pages 57 to 60, indicates that the actual ground

acceIeration was of the order of 0.4 to 0.5 g for measurements

near the building'ence the building was overloaded by a factor

of approximately 3 to 4 times. Only slight damage was deve'loped

because of good design practices used in general for both Units 3

and 4. Some of the eouipment was not properly anchored and

suffered slight damage but these units were able to be put on

the line within a. very short tine after the-earthquake, Unit 3

being restored to services 5 minutes after the main shock, and

Unit. 4- being. restored to service some 5 hours later after repairs

were made to the unit substation which powers the cooling tower

fans and circulating water pump valves. This damage was not

necessarily seismic induced,, according to the reference previously-

cited'..

H.. Hard Rock Versus Soft Sediment Site

Energy. losses and attenuation of acceleration are greater in soft

soil than competent rock when the shearing stresses exceed the

strength in the material. 8ecause. of this fact one may expect

higher accelerations in soft sediment than fn rock when the peak

ef ective acceleration is- less than aouut .2. g, about the same

values for peak effective accelerations about .4 g, lower values

when the peak effective accelerations exceed about .6 g. These

phenomena have been taken into account in the development of the

design spectra recommended by me for Oiablo Canyon Newmark 1976.
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However, the apparent wave propagation velocity used in determining the

Tau effect should be based on the shear wave velocity at a depth of several

hundred feet below the surface of the site. The softer near surface

layers at the. site cause. a refraction of the wave, tilting it upwards,

but not changing its apparent horizontal velocity. For this reason the

Tau effect at the Hollywood Storage Suilding was taken as corresponding

to the apparent wave propagation velocity of 2000 ft per second and that

at Oiablo Canyon at 4000 ft per second.

Et should be noted that the Tau effect is essentially a soil structure

interaction effect. In my practice I'ave, never combined the Tau effect

with the effect of soil structure-interaction. In all cases either of

these effects reduces. the response and never increases it above the

free field indicated values. except. in instances of. progressf ve failure
due to inadequate design.

I.. General Comments

Many of the points made in this testimony were developed and accepted

by competent engineers at least as, early as the latter part of the

1950's- They were. emphasized in a number of. reports including

Hanson and Oegenkolb (1967), Blume; Newmark and Corning (1961),

Newmark (1969), and Newmark and Hall (1969). Of particular interest

is a section'ntitled "Lessons Learned and Relearned" taken from

Hanson and Oegenkolb (1967), pages 125 to 128. This points out the

influence of nonstructural elements which was not discussed in this

testimony, the effect of overturni ng forces, sudden changes of stiff-
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ness and framing, column ties, and, connections.

It can be inferred from the discussion in this testimony, and from

consideration of earthquake damage and. lack of damage in various

earthquakes, that the factor of safety for nuclear reactors based

on current design procedures is at least 3, and may greatly exceed that

value.

In my opinion, based on my extensive- experience and observations of

the effect of earthquakes and explosions, the design criteria given

in Newaark (1976) for Diablo Canyon are conservative and require no

change in the light; of the Imperial Valley Data-
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1 November 1979

NATHAN M. lKWMARK

Biographical Data

Nathan M. Nevmark, Professor of Civil Engineering and in the Ceater
for. Advanced Study, Emeritus, at che University of Illinois has been a member
of the: faculty at the Uzbana Campus since 1930. He. has been engaged in
research, instruction aad engineering practice in applied mechanics, structural
eagiaeering aad. structural dynamics for his entire career.

He was born. on 22 September 1910 ia Plainfield, Nev Jersey. He

attended Rucgers University where he received the B.S. degree in Civil
Engineering in June 1930. He- received the degree of ~iter of Science in
Civil Eagineeziag fram the University of 11Linois in June 1932 and che degree
of Ph.D. in Engineering from che sama institution in June 1934.

Zn January 1969'rofessor Newmark was awarded the 1968 National
MedaL of Scieace by President L. B. Johnson. On 21 February 1969 he
became. the 46th zecipieac of the. Vashiagton Award. On 2. April 1979 he
received the John. Fries Medal, awarded. annually since 1902 by the five major.
engiaeeriag, societies of the United States. 'a April 1980 he will receive
che. Gold Medal oi the Institution oi Stzuctural Engineers of Great Bricaia,
che fourteenth time: this medal has beea awazded ia the past 57 years.

Zn'955 Rutgers University conferred the honorary degree of Doctor
of Science on him. In, 1967 ha vas awarded the. degree of Doctor Hoaor's
Causa by. the University of Liege in Belgium oa the occasion of the. 150th
anniversary of the founding. of that University, and ia 1969 he vas avarded
the honorazy degree of Doctor'of Laws by the University of Notre Dame. He

waa honored ia 1972 by a degree from the National Civil Engineering Laboratory
of Lisbon, Portugal,, axe in 1978 by the honorary degree of Doctor of
Science by the University of Illinois at Uzbana~ampaign.

Dr. Nevmark's awards. aad honors include election to membership in
the: National Academy of Sciences in, April 1966, election as a Fellow of the
American Academy of Arts aad Sciences in 1962, and. election as a Founding
Member oc the National Academy of Eagineeziag when it was formed ia
December 1964. He vas a member of the Council aad of che Executive
Committee of NAE unti1. 1968. In August 1970, Dr. Newmark was made a Fellow
of the Argentine Academy of Exact, Natura1 and Physical Sciences, aad ia
June 1975 he vas designated as corresponding academiciaa of the Academy
of Eagineeriag of the Mexican Iascituta of. Culture.





His other honors include the Vincent Beadix 'Award for Engineer-
ing Research from the American Society of Engineering Education in June
196L, the Norman Medal of the American Sociecy of Civil Engineers in 1958
and the Ernest E. Howard Award of ASCE in the same year. He received also
fxom ASCE che J. James R. Croes Medal in 1945, the Moisseiff Award in
1950, and the Theodore von Kazman Medal in 1962. In 1950 he received the
Wasoa Medal of the American Concx'ete Institute and in 1956 an award from
the Concrete Reinforcing Steel Institute in recognition of his coatribu-
tioas to the field of xeiaforced concrete research. In 1965 Dr. Newmazk
was awaxded. the Order of Lincoln of Achievement in the field. of technology
and engineering by the Lincoln Academy of. Illinois.

Dr. Newmazk was elected to Hoaorazy Membership in the Americaa
Society of Civi1 Engineers. in 1966, and to Honorary Membership in the
American Concrete Inscitute in 1967. In 1969 he was elected an Honorary
Fellow of the Intazaationa1 Association of Earthquake Engineering, and
ia 1971 an. Hoaozazy Member of the Amexican Society- of Mechanical Engineers.
He is a Fellow of the ASCE, APK, the American Association for the Advaace-
menc of Science, the American Geophysical Union, and. the Inscitution of
Civil Engineers of Great Britain..

In. May 1958 the 43-story Latino Americana Tower in Mexico City,
for which Dr. Newmazk was the seismic coasuLtant, was given a special
award by the American Institute of Steel Construction because of its success-
ful resistance to. the ma]or earthquake of July 1957. A stainless scee3.
plaque was. attached to the building. indicating the part in its design thac
was played. by Dr. Newmazk.

Professor Newmark is the author of over 236 papers, artic3.es,
moaogzaphs and books in the fields. of structural aaalysis and design,
applied. mechanics, aumerica3. methods of stress analysis,, and effects of
impact, shock,, vibration, wave action, blast aad earchquakes on structures.
He is the co-author of two books oa earthquake engineeziag includiag "Design
of Multistory Reinforced Concxete Buildings for Earthquake Motion" with
J. A. Blume aad, Leo Corning, published by the Portland Cement Associacion
in Chicago ia 1961 aad. "FundamentaLs of Earthquake. Engineeziag," with
EmiXio Rosenblueth, published, by Prentice-HaLL, Inc. in 1971.

Professor Newmazk's chapters in books include Chapter 16, "Cuzrent
Txeads in the Seismic Analysis ancL Design of High Rise Structures,." in
Earthquake Engineeriag, published; by Prentice-HalL, Inc. in 1970; Chapter 4,
"Seismic Analysis," in "Pressure Vessels and Piping: Design aad AnaLysis,"
published by the American. Society of Mechanical Engineers, in 1972; and
others. Dr. Newmark is editor of a series of, texts in Civt1 Engineering
aad Eagineeriag Mechanics for Prentice-Hall, Inc.
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In Pebzuary 1965 Professor Newmark was selected to give the Fifth
Rankine Lecture under the auspices of the Institution of Civil Engineers
of Greac Bzicaia, in London; and in September 1978 he was selected to give
the Terzaghf. Lecture by the American Society of Civil Engineers. Both of
ches'e lectureshiys hzvolve the area of soil mechanics and geotechnical
engiaeeriag.

In June 1968 he was selected as one of the twenty-two eagineeziag
educators fox" the American Society for Engineering Education Hall of Fame.

Dr. Newmark has. been active oa a number of national connnitcees and
boards including: the Cotmnissioa oa Engineeriag Education, of which he
has been a member from its inceytion, in 1962 until 1972; the Coamerce
Technical Advisory Boazd of the U. S. Depax'tment of Commerce, during
1963-64; the Nacional Science Foundation's Advisory Panel oa University
Computing, Facilities, from 1964-1966; and the National Science Poundatioa's
Advisory Committee for Engineering, from 1966 to 1969.

From. 1969 co 1972. Dr. Newmark was Chairman of the Section oa
Engiaeeziag of the National Academy of Sciences, aad from 1974 to 1978 he
was. Chairman'f the National Research Coun~4 Comad.tcee on Natural Hazazds.
Since- 1977 he has been Chairman of the. Advtsozy Committee oa Earthquakes to
the U'. S. Geological Survey.

Ia, 1976 Dr. Newmark was appointed by the President's Science
Advisor as Chaiznum of an Advisory Gzoup on Earthquake Pzedictioa aad Hazard
Mitigation. to prepare plans to augment. the earthquake-relaced research
programs of the U. S. Geological Survey and the National Science Poundacioa.~. Advisory'roup's report was published in September 1976 aad has since
served as the: basis foz earthquake zeiated research by the cwo agencies.

From 1974'o 1978 Dr. Newmark had the principal techaical responsi-
bility for the-development of the Applied Technology Couacil's Recommended
SeisnzLc Design Pzovisioas for Buildings, as Chaixman of the Task Gzoup
Coordiaatiag Committee, the: Steeziag Commd.tcee, aad Task Group II on
Structural Behavior. These zecommendacioas involved the cooperacioa of
over 80 engineers, seismologists, aad. building code officials, and were
published.. ia: July 1978.

During World War IX, Dr. Newmark was a consultant, to the National
Defense Research Committee and the Office of Field Service of OSRD. Por
this service he was awarded the President's Cercificace of Yerit in 1948.
In ~ich 1971, he was awarded the outscaading Civilian Sezvice Medal by
the Department of the= Army.
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He has been a member of numerous boards and committees, including
the Scientific Advisory Board of the U. S. Air Force from 1945-49, the
"Gaither Committee" in 1957, and various other groups including boards
and panels. for the Office of the Chief of Engineers, the Air Force Space
and Missiles System Organization, the Air Force Weapons Laboratory, the

- Defense Atomic Support Agency, the Defease Nuclear Agency, the Defense
Intelligence Agency, the Office of Secretary of Defense, the Nuclear
Regulatory Commission, and other agencies.

He. has been a coasuLtant. to a great many industrial organizations
and. agencies, and has been associated with development of seismic design
criteria for the Saa Francisco Bay Area. Rapid Transit System, Le Chateau
Champlain, a multi-scory hotel building for the Canadian Pacific Railways
ia Montreal,. the sewer outfall for the City and Couacy of Saa Francisco
(which crosses the Saa Andreas Fault uader water), and the Liquified
Hatural Gas TermiaaL at Point, Conception, California, among others.

Other impor~c consulting work inc3udes his activities since
1970 as- principaL seismic consultant. on the Trans-Alaska Oil Pipeline
System and. the proposed. Canadiaa Gas Arctic Pipeline Recently he has been
engaged, in the preparation of seismic design criteria for the Northwest
Alaska. Qas. Pipeline aad. the Foothills (South Yukon) Gas Pipeline in Canada.
Siace 1972. he. has- had an association with the Bechtei, Corporacion on seismic,
structuraL, aad geodynamic problems. Since 1960, Dr. Newmark. has been
a consuLcant to. the Atomic Energy Coamd.ssioa and its successor, the Nuclear
ReguLatory Commission,. on various aspects of the seismic resistance of
nuclear reactor facilities. He has. been engaged ia development of seismic
design criteria for buildings- ia the United States, Canada, and 8~co,
and. oa nuclear reactor prospects. ia Iran, Israel, Italy, aad France. He
was. engaged by Electricite de France to develop criteria for inelastic
desiga of nuc3.ear reactor power facilities in 1978-79.

Dr.. Newmark has been iavolved in seismic design studies and
criteria. for a number of ma)or dams aad proposed dam projects excluding
Kremasca Dam in Greece, Portage- Mountain Dam on the Peace River Qx Canada,
Richard. B. Russell Dam, ia. Georgia,. H1rpux: Dike, a pare of the Kmgla.
Dam prospect; ia Pakistan, and ochers. His. Raakine Lecture describes.
his ear3y origiaa3. contributions in this field. His- Terzaghi Lecture
is- concerned with design concepcs for tunnel Linings.

He is a registerd Professional aad Structural Engineer in Illinois
aad a regiscared Civil Engineer ~m. California. As a Fellow of the
Institution of Civil. Engineers, he is liceased to practice engineering in
the United iUagdom.





Professor Newmark's cazeer at the University or Illinois included
service as a Research Assistant and Research Associate Ezom 1934 to 1937,
Assistant Professor to 1943, and Professor oE Civil. Engineering since 1943.
He served as Head of the. Department of Civil Engineering from 1956 to 1973,
and as Chairman of the Digital Computer Laboratory from 1947 to 1957.

In September 1973 Dr. Newmark resigned as Head of the Departmentof'ivilEngineering and became Professor of Civil Engineering and
Professor'n the Center for Advanced Study at the University of Illinois
at Uzbana~smpaign. He retired and became Pzozessor Emeritus in July 1976.
Since that. date he has devoted, Eull time ta work on national boards and
committees and on his consulting. practice.

The following was included in a. statement prepared by his
colleagues in- support of his nomination for the Honorary Degree from the
University of Illinois in 1978:

"Professor Newmazk has made outstanding research contributions
in. a wide variety of areas of structural engineering and foundation engineer-
ing. His papers, books and. chapters in books Eorm a list of publications
with moze than two hundred entzies. These, however, are not the sum. total
of his efforts, for'is, concern has always 'extended to the realization of
new concepts in the steel. and, concrete of actual engineering works."

"His influence. on engineering education has been extensive.
Graduate study, in structural, engineering today bears his indelible imprint.
as a result of the large group that he attracted to Illinois to work with
Mm and. because of the mora than ninety Ph.D. 's for whom Professor
Newmark was adviser or co-adviser. His style, combining rigorous analysis
with a sophisticated appeal to experience and intuitive leaps, while
inimitable, has provided, generations of graduate students with a model
of engineering creativity- at, its best."

"The threefold purpose of this University, teaching, research,
= and. public. sezvice, rarely finds exemplification in a single. career. The
engineering profession,, the nation and. the University. of Illinois are the
richer Eor the rentable exception of Professor Nathan N. Vewmark."

The following is the citat'on for the John Prier. Widal.

"Eoz inspired, service in enhancing the welfare of mankind and
the practice of engineering. By his unceasing devotion to research, his
noteworthy contributions. to impzovtng design practices and his leadership
in engineering education he has been an inspiration and a source of
guidance to the engineering profession."

A list of former John Prit medalists is appended.





JOHN FRITZ ~ALISTS

1902
1905
1906
1907
1908
1909
1910
1911
1912
1914
1915
1916
1917
1918

1919'920

1921
1922
1923
1924-
1925
1926
1927
192&
1929
1930
1931
1932.
1933
1934
1935
1936
1937
1938
1939
1940
1941

John Prits.
Lord Kelvin
George Westinghouse
Alexaader. Graham Bell
Thomas Alva Edison.
Charles Talbot. Porter
A1fred Noble
Sir William Henry White.
Robert Woo1stoa Hunt
John Edsca Sweat,
James Douglas
Elihu Thomson
Henry Marion Howe,
J. Waldo Smith
George W., Goethals
Orvtlle Wright.
Sir Robert'. Hadfield
Charles P. E. Schneider
Guglielmo Marconi
Ambrose Swasey
John P. Stevens
Edward Dean Adams
Elmer Ambrose: Sperry
John Joseph Carty .

Herbert Hoover
Ralph Modj esker
David, Watson Taylor
Michael. Idvoxsky Pupin
Daniel Cowaa Jackliag.
John Ripley Freeman
Frank Julian Sprague
William Prederick Durand
Arthur Newels Talbot
Paul Dyer

Meric'rank

Baldwin Jewett
Clarence Ployd Hirshfaid.
Ralph Budd

1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952.
1953
1954.
1955
1956

1957'958

1959
1960
1961
196?.
1963
1964.
1965
1966

'967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979

Everatte Lee De Golyer
Willis'odney Whitney
Charles Franklin Ketteriag
John Lucian Savage
Zay Jeffx'ies
Lewis Warriagton Chubb
Theodore Voa Karmaa.
Charles MetcaLf Allen
Walter Hull Aldridge
Vaanevar Bush
Ervin George Bailey
Benjamin F. Fairless
William E. Wrather
Harry A. Wiaae
Philip Sporn.
Bea Moreell
John R. Sumaa
Mervin J. Kelly
Gwilym A. Price
Stephen D. Bechtel
Crawford. H. Greenewalt
'Hugh L. Drydea
Lucius D; Clay
Frederick R. Kappel
Warren K. Lewis
Walker L. Cisler
Igox'van Sikorsky
Michael. L. Haider
Glenn B. Warren
Patrick E. Haggerty
William,Webster
Lyman W. Wilbur
H. I. Romaes
Manson Benedict
Thomas. O. Paine
George- R. Brown
Robert G. Heita
Nathan M. Vewmark
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Addendum: July 1980

NATHAN H. NEWMABK

Biographical Data

On April 15, 1980, Dr. Hewmark was awarded the 16th Gold daedal
in 57 years by the Xnstitution of Structural Engineers of Great Britain.
Only one other: American engineer has received this medal.

Za June 1980, Dr Newman was: elected as the 5th honorary member
of the SeismologicaL Society of America..
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HR. LANPHER: No ob jection.

MR. NORTON: No objection~

MR. FLEISCHAKER: No objection.

BY MR. OLMSTEAD: (Resuming)
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Dr. Kuo, I have in front of me a document entitled

"Testimony of Pao-Tsin Kuo." I ask you if you prepared

this testimony for filing in this proceeding?

A (Witness Kuo) Yes, I did.

Q And do you have any corrections or additions to

make to this testimony?

A No, I do not.

Q Attached to this testimony is a statement of

your personal qualifications. I ask'f those are your

qualifications?
A It is.
Q Is this testimony and the attached statement of

17: professional qualifications true and correct to the
best'l'.

i
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Pl i
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20

21

22
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24

25

of. your knowledge and belief?
A - It is.

MR. OLMSTEAD: Mr. Chairman, I move the testimony

of Pao-Tsin Kuo be bound into the transcript as if read.

CHAIRMAN SALZMAN: Any objections, Mr. Fleischaker?

MR. FLEZSCHAKER: No, Mr. Chairman.

CHAIRMAN SALZMAN: Mr. Lanpher?

MR. LANPHER: No, sir.
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CHAIRMAN SALZMAN: Mr. Norton, any ob jection?

MR. NORTON: No objection.
CHAIRMAN SALZMAN: The Reporter will please do

(The document'.referred, to follows: )
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

I

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD

in the Matter of
)

PACIFIC GAS AND ELECTRIC'OMPANY )
.)

(Ofabio Canyon Nuclear Power Plant )
Unit Nos. 1 and 2)

Docket Nos. 50-275 O.L.
50-323 O.L.

TESTIMONY OF ROBERT L. ROTHMAN

g. By whom are you employed, and describe the work you doT

A. I am employed as a seismologist in the Geosciences Branch, Division of

Engineering, Office of Nuclear Reactor Regulation, U.S.'Nuclear Regulatory

Commission. My work includes the technical review and evaluation of

the acceptability of proposed and operational nuclear reactor sites

with. respect to the seismological aspects of the sites. My work includes

the use of my expertise in the areas of seismfcf ty, rupture mechanics,

seismic wave propogation, and seismic instrumentation.

g. Mould you describe in general terms the development of your testimony

fn responding to the Appeal Board's questions.

A. Yes, my testimony in response to the Appeal Board's'uestions related

to sefsmic matters was developed in coordination with Or. Pao-Tsin Kuo
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and under the general supervision of James P. Ynight, Assistant Director

for Canponents, and Structures Engineering".

g. Mould you detail your professional qualifications.

A. A copy of my professional qualifications are. attached to this testimony.

A copy of my professional qualifications was previously'submitted in

this proceeding as an attachment to the "Joint Affidavit of Robert L.

Rothman and Pao-Tsin Kuo" dated Bay 5, 1980. That affidavit was attached

to the May 5, 1980 "NRC Staff Response to Joint Intervenors'otion to

Reopen" submitted in this proceeding. I have not previously testified

in this proceeding,, however.

g..Mould.you describe the scope of your testimony?

A. Yes. Ny testimony is directed specifically toward the seismological

aspects of the questions raised by the Atanic Safety and Licensing

Appeal Board (Appeal Board) in the Appendix to Pacific Gas and E1ectric

~Corna~n (Diablo. Canyon tluclear Power Plant,. Units 1 and 2), ALAB-598;

Slip Op. (June 24, 1980).

g. Mhich questions does; your testimony address?

A. Nj testimony is directed to Appeal Board questions 1, 3, and 7.





g. Are there any particular caveats you have with respect to use of the

seismic data generated by the imperial Valley Earthquake of October 15,

1979 (EV-79) with respect to nuclear, power plant design.

A. The ImperiaI Valley Earthquake occurred on the ImperiaI Valley Fault

which is a part of the San Andreas System. This area is one of high

seismicity and an area where earthquakes of this type might be expected

to occur.- A number of strong motion seismic instruments were located

near to the site of the earthquake prior to its occurrence because it
was, thought that the area was one where such- an earthquake might occur.

The large number of seismic recordings at close distance has made this

particular earthquake. important as a data source, but because of speci-

fic. geologic conditions within the Imperial Valley the data must be

subjected to criticaI analysis before it is applied.

The particular characteristics at the,IV-79 area must be carefully.

considered. before. applying the data recorded at IV-79 to the design of

nucIear facilities at sites having different characteristics. For

example such things as earthquake focal mechanism, seismic wave propa-

gation path characteristics and recording site geology can have a

significant effect on the. data recorded. Thus, data from IY-79 must be

used with caution if transferred to the. OCNPP site. In particular the

geology at OCNPP is different than that of the Imperial Valley. The
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Iatlvely thin section of sediunderlain by a relat've yCanyon s

Francf sc»fn the basement which consists o ementary rock overlying e a

a basin in w chf h overrial Valley is a sediment ryFormation. The Imper a

b a proximately "alluvium are underlain by approx300 meters of unconsoI fdated a uv

5 s rock.. See also discussion below in5.5 kilometers of sedimentary rock.. ee a

res ponse o pt A peal Board's question No. 3.

q. Appeal oaB rd question Ho. 1 states:

h uake {IV-79, M =6.4-6.9)1979, Imperial Yalley Earthqua ef strong motion records inided. an extensive set o
.33 The parties shouth severe earthquake.~

ak acceleration values reco
t ositions with ear er... those contained in the

the Oiablo Canyon Nuclear Power
0 LL 11B, Figures Z, 3 and 4; and U~ite

{ SGS) ircu ar 9 , gures

ff t,fh Id (if possible) address w e tude
de ndence or a saturation e

the near efi Id of earthquakes.~34

ical Survey Stong-Motion
15, 1979 Imperial- Yalley

of the U.S. Geolog ca
EarthquakeRe rds fran the October

ella and R.B., Mathiesen'
. Oecember 17, 1979.in Board Notification,. ecem

Tr;. 8597; 10,105; 5889-90.~34 See, for instance, Tr;. 8

1 I have made canparisonons between theres nse to question Ho. 1,

a ea recorded for IV-79 at variousal eak acceleration values recor ded. orhorfzonta pea

48 of United Statesd Fi ures 4, N, 47 and 48 o nf>ns irumtrument positions an >g

re et al., 1978). In(USGS) Circular 795 (Boore et a .,Geol og ical Survey
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Circular 795 the results of the study by Boore et al. of the relation-

ships between peak accelerations, distance, earthquake magnitude and

recording site characteristics are presented. ?n addition, these

results are compared with the results of other studies on the same

subjects,(Schnabel and Seed,. 1973; Oonovan,, 1973; and Trifunac, 1976).
K

Figures 4, 24, 47 and 48, of Circular 795 contain plots of the predic-

tions and compilations. developed in these four studies. As a means of

comparing'hese studies with the data obtained fran IV-79, the peak

hor izontal accelerations frcm the various instrument positions in the

imperial Valley were- plotted on Figures 4, 24, 47 and 48 of Circular 795.

The. Appeal Board has indicated, in question No.. 1,. a range of magnitude

ML- values for Pl-79 of- 6.4-6.9. The USGS magnitudes for this event are

>AIL = 6.6, mb 5.7 and H 6.9. At this point it might be beneficial

to discuss this variation in magnitude values.

The-differences in these magnitudes is caused by the way in which they

are each calculated, specifically, the periods (frequency) of the waves

which are used in each measurement.. M< is the original Richter magnitude

which was developed for Southern California earthquakes recorded on

Mood-Anderson seismometers (free- period 0.8 seconds) at distances of

600 kilometers or less. N and mb use signals recorded at teleseismic
s,

distances (2000 kilometers or greater). The H measures the amplitude

of surface waves with periods of 20. seconds and the mb is a measure of

the 1 second body waves.. The variations in the magnitude calculations
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are due in part to the fact that different size earthquakes generate

relatively different amounts of energy in these frequency bands..

As, a. means of presenting the peak horizontal accelerations recorded at

the various. locations for IV-79. E have plotted Figure 1. This figure

contains the peak horizontal accelerations recorded at ground level

plotted as a. function of distance. The distances are the normal -to the

surface expression of the Imperial Fault or its projections. The

circular points are fran stations in the U.S. owned by either the U.S.

Geological Survey or the California Division of Nines and Geology. The

squares represent stations in Mexico owned by the University of California

at San Diego and the: Universidad Hacional Autonana de Mexico

There is. considerable scatter in the data. with a range of from 0.22g to

0.81g for stations within 10 kilometers of the fault. The highest peak

horizontal acceleration was recorded at Bonds Corner. However, the

Bonds Corner high reading may be, to some extent, due to an ancmalous

site condition. During a subsequent earthquake, Calexio Yalley earth-

quake of June. 8, 1980 (Magnitude 6.2),. the. Bonds Corner station recorded

a: high peak horizontal acceleration of 0.14g. This reading was approxi--

mately three times larger than any of the other stations in the region

at approximately the. same epicentral distance.(USGS, 1980).

Studies of earthquake ground motion parameters (Schnabel and Seed,

1973; Oonovan, 1973; Trifunac, 1976; and Boore et al, 1978), have had
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ta rely on the extrapolation of far»field data to make predfctfans for

engineering estimates in the near field. This has not proved to be

completely satisfactory. For example, when various relationships are

ccmpared in the distance range for which there is abundant strong

motion fnstrument data,, 30 to 100 kilometers, they are in reasonably

good agreement, with each other. However, when they are ccmpared at

dfstance of less than 30 kilometers there is considerable divergence

among these relationships. This is illustrated by Figure Za which is a

copy of Figure 47 fran USGS'ircular 795 (Boore et al, 1978) and contains

the dfstance»peak horizontal acceleration r elationships for a magnitude.

6.6 earthquake as developed from the above mentioned references. The

peak horizontal accelerations from IV»79 (small dots) are also plotted:

in-this figure.. The IV-79 data generally falls below the curves of

these studies and especially so at short distances. The IV-79 data

tends to support the theory that the peak horizontal acceleration-

,distance curve flattens out at short distances. I say tends to support

because IV-79 is only ane,event and I cannot'make a definitive statement

solely on it.

Figure Zb is' copy of Figure: 48 frcm USGS, Circular 795 (Boore et'al,

l978). It. contains the. distance»oeak horizontal acceleration relation-

ships for a magnitude 7.6 earthquake as developed fran the references.

and the peak horizontal accelerations fram IV-79. The IV-79'ata

generally falls below the curves. Figure Zc is a copy of Figure 4 fran
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USGS Circular 795 (Score et al, 1978) with the peak hor izonCaI <co=I..r a-

tions from IV-79 also plotted. The IV-79 data appears to be generally

consistent with the plots. and there is an indication that at distances

of LO kilometers and less it even falls- within She range of the magnitude

5.0-5.7 curves.. Figure 2d is a copy of. Fiqure 24 fran USGS Circular

795 (Boore et al, L978) with the peak horizontal accelerations from

Vf-79'lotted on it. Tne IV-79 data seem to be generally consistent

with the. Circular 795 data and, in addition, indicate a fIattening of

the curve at short distances fran the fault Tnis. one earthquake has

given us. data that tends to show that previous predicitons, based on

the extrapolations of'ar-field data, oyer-estimate the peak accelera-

tions ta be expected. in the near field. As a. consequence, use of the

ciacular 795 figures discussed above to predict peak accel'eration at

the OCNPP fran a Hosgri earthquake could also result in an overly

conservative value of peak acce'.eration.

g. Have you addressed whether the above described ccmparisons show that

there is magnitude independence or a, saturation effect for ground

motion intensity in the near field of
earthquakes'.

Yes..

g.. What can you state on this subjects
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A. It has been postulated that peak ground acceleration=saturates with

increasing magnitude in the near field. A ccmprehensive report on this

subject 'is that; of Hanks and Johnson (1976). Their conclusion was that

the causative processes, in the source region'„',responsible for generating
'

peak ground accelerations at distances of approximately I.O kilometers

are independent of magnitude for events of magnitude 4.5 or greater.

They explain this with a theoretical argument, predicated. on the basis

that.. high-frequency accelerations reflect. isolated bursts of rupturing

of localized fnhomogeneities which are magnitude independent. Figure 3

is a. copy of Hanks and Johnson's. figure showing peak accelerations as a

function of earthquake magnitude at approximately 10 kilometers. The

peak horizontal accelerations of IV-79 for stations less than 1L kilo-

meters has been plotted on the Hanks and'Johnson figure. The log of

the mean peak horizontal acceleration of Vl-79 for stations less than

11 kilometer is 2.6. This value- is in agreemmt with the Hanks and
j«

Johnson plot., The Imperial'alley earthquake is, in effect; one

additional data point which. adds support to the theory that accelera-

tion saturates, with magnitude. This means that in the near field the

peak ground accelerations for larger earthquakes (magnitude. 4.5 and

greater) are probably independent of magnitude.

Q. Appeal Board Question Ho. 3 states.:

Me are told that IV-79 data are not relevant to the Oiablo Canyon
. seismic analysis because that plant fs a "rock" site,'hereas the

Imperial Valley data were obtained on soil sites. (Rothman - l<uo

Affidavit at p. 3; Blume Affidavit, Para. 8.) Mhat is the signifi-
cance of this difference in view of the conclusion of the authors
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of USGS Circular 795 (based on an analysis of data provided in that
document) that, for ctmparable earthquake magnitude and distance,
there are no significant differences between peak horizontal acceler-
ations measured on soil or rock? (USGS Ctrcular 795 at pages 1,
17, and- 26.) This question should be considered in light of state-
ments by applicant's witness Blume to the effect that acceleration,
rath'er than velocity or displacement, is the critical parameter in
the design of Oiablo Canyon (Glume Affidavit, Para. 9; Testimony
fol. Tr. 6099, p. 33).

A. The key to my discussion in answer to question Ho. 3 is the fact that

the specific geologic. conditions in the Imperial Valley are significantly.

different fran those at Oiablo Canyon and the high peak accelerations

recorded. at some of the Imperial Valley stations for IV-79 may be

directly attributable to the geology.

The Imperial Valley is a sediment filled. basin in which approximately

5.5 kilometers of sedimentary rock ar overlain by over 300 meters of

unconsolidated alluvial soil. This basin has a very steep vertical

velocity gradient with the P-wave velocity increasing fran 1.8 km/sec

near the surface to. 5.6 km/sec at a depth of approximately 5 kilometers.

Studies are currentl'y being performed to explain the high-frequency

high peak vertical acceIer ations. recorded at some of the strong motion

stations during 1Y-79. Helmberger and Hadley (1979) and, Archuleta.

(1980) attribute these, anomalous readings to the geologic setting of

the area and to fault. breakout from the basement into the sediments.

There is. a considerable range in the peak horizontal accelerations

recorded fran IV-79, see Figure 5. Sane of these variations may be due

to the differences in geology between sites. As noted in the response
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to Appeal Board guestfon 1 the Bonds Corner station has recorded a

higher peak acceleration than other stations at approximately the same

distance. for another earthquake. Boore et al {1979) have reported

consistent differences fn the amplitude of signals recorded at El

Centro Array Station 6 and Station 7. These two stations are approxi-

mately two kilometers apart and on opposite sides of the fault. They

found, fn a study of the aftershocks. of lY-79, that the S waves near

Station 6 were delayed by about 0.5 seconds with respect to Station 7

and the spectral amplitude in the range 2. to 5 Hz was increased by up

to a factor of 10. In a study of a, 1977 swarm of earthquakes they also

found that the peak accelerations at Station 6 were larger than at

Station. 7.

U.S.G.S. Circular 795 reports that for caspar able earthquake magnitude

and distance, there are no significant differences between peak horizontal

accelerations measured on soil or rock. Assuming the same propagation

path and other conditions being the same, I agree with Circular 795.

This fs a. different situation than that addressed by the Rothman-Kuo

affidavit, at page 3..

In the Rothman-Kuo affidavit we should have more clearly emphasized the

difference fn overall'eologic characteristics rather than simply

referring to rock and soil distinctions. The point is that the geology

at Oiablo Canyon fs different than that at Imperial Yalley. Thus, some

of'the high acce'lerations frcm IV-79 may be due to specific source
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characteristics, recording site considerations, and propagation path

effects. The distribution of peak accelerations in the Imperial Valley

frcm IV-79 was ve~ canplex. A generally accepted explanation has not

as yet been found for this complexity. However, explanations such as

those discussed above based on the particular geologic setting of the

Imperial Valley would tend to indicate that the conditions experienced

fran IV-79 would not. be directly applicable at Oiablo Canyon.

4

The fact, that lV-79 occurred, in sedimentary basin. with particular

geology, which is different frcm the OCNPP site, is significant enough

to caution that the data generated by IV-79 must be. used with care when

applied to another area with different underlying geologic characteristics.

g. Appeal Board guestion No. 7 states:

Entervenors (Brune. Affidavit, p. 5) and the applicant (Frazier
Affidavit, para 3) have. suggested that the strong motion data
obtained from stations along the direction of the Imperial Fault
evidence the "focusing" of earthquake motion. Yet, when the,acceler-
ation data of two. such*stations, Kl Centro Array Numbers 6 and 7,
are plotted as a function of distance frcm the fault (e.g., Blume
Affidavit, Figures 1 and 2), the horizontal acceleration values
fall well below the regression. line mean for the 1 km distance.
The vertical acceleration values are also lower than the mean on
such a. pIot..

To the extent. possible, the. parties should analyze the seismic
records for the IV-79 earthquake as they pertain to'he focusing
phencmenon and relate the results of such analyses to the likeli-
hood that, in the event of an earthquake anywhere along the Hosgrf
Fault, focusing might result, in amplified seismic motion at Oiablo
Canyon.
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A. Focusing is a signal amplitude effect resulting fr cm rupture propagation.

Figure 4 is a schematic representation of the focusing phenomena taken

fran Hugo 8enioff's article on the Kern County Earthquake (Henioff,

1955). The focusing effect results frcm constructive interference of

signals, whose velocity is close to..that of the rupture propagation

velocity.. The focusing effect probably occurs to some degree in all

earthquakes. The strong motion recording data base which is used by

the seismological camaunity to establish the distance-acceleration,

acceleration-magnitude, and other strong seismic motion relations

undoubtedly contains values which are the result of focusing.

The, Pacoima. Oam record of the: San Fernando Earthquake which played a

key roll in the. development of the OCNPP design spectra displayed large

ground motions. These values were, in part, caused by the focusing

phenomenon (Heaton and Helmberger,, 1979).

Me have examined, to the extent possible fran available data and studies

performed, the peak accelerations and their relationship ta the focusing

phenanenon. Figure 5 is a map of the- section of the Imperial Yalley

within the U.S. The epicenter of EV-79 and the U.S.. strong motion

stations are plotted. on it'Srady et, al,. 1980). The rupture of the

IY-79. is believed to have. initiated at the epicenter (10/15/79) and to

have propagated. to the northwest. The peak horizontal acceleration

recorded at each station is also noted in Figure" 5. There is no obvious

indication of focusing in this data.. The fault propagating to the
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northwest should cause larger signals in the U.S. than in Mexico if
there is a focusing effect present. Referring to Figure 1, it can be

seen that the Mexican stations (squares) fall within the general scatter

of the data and there is no obvious indication of focusing affecting

the peak horizontal accelerations. If focusing did, occur with IV-79

the, evidence is hidden within the considerable complexity of this data

set. This is not surprising since ground motion at a particular site
- results from a combination of many factors including, for example,

radiation pattern, localized source effects, site effects and focusing.

As indicated above, the analysis and interpretation of all these complex

ground motion parameters from IV-79 is not available at the present

time.

g. Can- the results of the analysis for focusing phenomenon of tV-79'e

related to th'e likelihoodr~that, in the event,, of an earthquake anywhere

along the Hosgri Fault, focusing might result in amplified seismic

motion- at Oiablo Canyon.

A. Since. the examination of IV-79 seismic data thus far has not resulted

in a clear indication of the focusing phenomenon it is not possible to

apply data from EV-79 to the Hosgri Fault and focusing at Oiablo Canyon.

However, as discussed. above it is my opinion that the focusing phenomenon

is necessarily incorporated in the design spectra for the OCiRPP.
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The spectral approach used by the NRC in its review of seismic design

is based upon data from a selected population of earthquakes. Me

believe the data range- is sufficient to reflect the effect of focusing.

Thus, the data base under lying the spectra which we use inherently

contain the focusing phenomenon.

q. Is there an explanation as to why the stations 6 and 7 peak accelera-

tions from IV-79 fall below the regression lines in the Hlume Affidavit

Figures: 1 and 2.

A. As noted by the Appeal Hoard, if focusing were occurring the accelera-

tions at stations 6 and 7 would be expected to be-much higher than

those predicted by the regression line.. However, the. fact that the.

peak accelerations for stations 6 and 7 fall below the regression line

cannot be used to address the focusing question. Rather, this demon-

strates the. inappropriateness of linearly extrapolating the regression

to a distance of L kilometer from the fault. This is explained in my

response ta question No.. 1. where I discuss the acceleration-distance

relationships developed. with far field data and the inappropriateness

of applying them in the near field. 1f indeed we had an adequate near

field acceleration distance relationship to compare the stations 6 and

7 values to, then I would expect them to be above the line if there

were focusing.
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PROFESSiONAL qUALIFICATIONS

I received a 6.S. degree in Geology from Sraaklyn College and tI.S. and Ph.O.
deare s in Geophysics fram the Pennsylvania State University.

I have be n employed by the NRC since October 1979 as a Seismologist in the
evaIuation of the suitability of nucIear po~ier plant sites. My areas
of expertise include. seismicity, rupture mechanics, seismic wave proaagatian
and seismic instrumentation.,

Fram 1975 through 1979, I'ias employed by the, U. S. Air Force Technical Applications
Canter. as a seismologist in the, nuclear explosian detection program. I .vas invol;ed
in several projects of this program both as a Technical Project Officer and as a
researcher. These projects included the detection of and the discrimination between
underground, explosians and'arthquakes, magnitude and yield relationship studies,
seismic ne;;;ark det ction and Tocation capability studies, reaional and
teleseismic ~;ave propagation studies and projects to operate seismic instr;mHfnt
arrays and automatic data processing and carriunications systems.

~ rom 196~ througa 1970 I::vas employed as a seismologist by the U. S. Coast
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Nev York State Oepartment of Public. Marks. In this position, I conducted
geophysical field surveys in support of cans ruction projects such as bridges,
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BY MR. OLMSTEAD: (Resuming)

Q Dr. Rothman, I have in front of me a document

entitled "Testimony of Dr. Robert: L. Rothman." I ask you

if this is the testimony you prepared to be filed in this
1

proceeding?

A (Witness Rothman) Yes.

CV

cv

CV

cv

n

7

8.

9.

10

12

13 '

And do you have any corrections or additions to

make to this t:estimony?

A Yes, I have one change to make.. On page 9, the

last line to'the answer, strike out: "independent of" and

replace it with "not linearly dependent on."

Q Okay. Do you have other correct:ions?

A No, I don'.
Q Okay. Attached to your testimony is a statement

of professional qualifications. I ask you if those are

your professional qualifications?

17 ' They are.

19:

20

21

Q Dr. Rothman, your testimony as just corrected

and your statement of professional qualifications as filed
in this proceeding, are they true and correct to the best

of your knowledge and belief?

".2

~t

24

25

A Yes.

MR. OLMSTEAD: Mr. Chairman, I move that the

testimony of Dr. Rothman be bound into the transcript as

if read.

AL~EBHci~l R~:-oRi.NQ c iVIPANY. linc
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CHAIRMAN SALZMAN: Any objection, Mr. Fleischaker?

MR. FLEISCHAKER: No ob jection, Mr. Chairman.

MR. LANPHER: No obj ection.

MR. NORTON: No obj ection.

CHAIRMAN SALZMAN: The Reporter will please do so.

(The document referred to follows: )

t

CO
12

13:

15

'7:

19,

20

21

23

24





UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD

In the Matter of

PACIFIC GAS AND ELECTRIC COMPANY

(Diablo Canyon Nuclear Power Plant
Unit Nos. 1 and 2)

'ocket Nos. 50-275 O.L.
50-323 O.L.

TESTIMONY OF PAO-TSIN KUO

g. By whom are you employed, and describe the work you perform.

A. I am employed as a structural engineer in the Structural Engineering

Branch, Division of Engineering, Office of Nuclear Reactor Regulation,

U.S. Nuclear Regulato~ Cmmrission. My work includes review 'of commer-

cial nuclear power plants fran a structural engineering perspective

including the analysis of structural systems, static and dynamic analysis,

design, and testing of safety-related structures. „, My work also includes "

the review and evaluation of the criteria developed and used for protec-

tion of nuclear power plants against the adverse effects associated

with natural environmental loads and postulated failures of fluid

systems for nuclear facilities.

g. Mould you detail your professional qualifications?





A. A copy of my professional qualifications is attached. I also testified
" at the Atomic Safety and Licensing Board proceedings, and a copy of my

professional qualifications are bound into the transcript following

Tr. 8697. I was also a participant in the "Joint Affidavit of Robert T.

Rothman and Pao-Tsin Kuo" dated May 5, 1980 attached to the May 5, 1980

"NRC Staff Response to Joint Intervenors Motion to Reopen" submitted in

this proceeding. The purpose of that affidavit was to provide our

evaluation at that time of the preliminary seismoIogical data fran the

Imperial Valley Earthquake of October 15, 1978 and its implication on

the adequacy of the seismic design criteria for the Diablo Canyon

Nuclear Power Plant (DCNPP). That analysis was based on the prelimi-

nary data then available from the Imperial Valley Earthquake. It was

my view then based on the preliminary data from the Imperial Valley

Earthquake, that the data should not cause any concerns about the

seismic design criteria used for the Diablo Canyon Nuclear Power Plant

(DCNPP). Further analysis of the data has not changed my position.

The Imperial Valley Earthquake does not provide a basis for me changing

my conclusion that: the seismic design criteria used for the reevaluation

of DCNPP are adequate for engineering design purposes.

g. How did you develop your testimony'P

A. My testimony in response to the Appeal Board's questions was developed

in cooperation and consultation with Or. Robert Rothman, and under the

direct supervision of Mr. James Knight, Assistant Director for Components

and Structures Engineering, USNRC.
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q. Mould you describe the scope of your testimony2

A. Yes. My testimony is directed specifically toward the structural engi-

neering aspects of the questions raised by the Atomic Safety and Licensing

Appeal Hoard (Appeal Hoard) in the Appendix to Pacific Gas and Electric

~Coot an (Diablo Canyon Nuclear Power Plant, Unite l and 2), ALAN-898,

Slip Op. (June 24, 1980).

q. Mhich questions raised by the Appeal Hoard does your testimony address2

A. My testimony is directed toward questions 2, 4, 5, and 6. I also want

to point'ut that Dr.. Nathan M. Newmark, who acts as a consultant to

the. Nuclear Regulatory Commission Staff in structural engineering

matters, is submitting separate testimony addressing the same Appeal

Hoard's questions.

g. Are there any significant difference in conclusions between Dr. Newmark's

testimony and your testimony2

A. No. The conclusions. arrived at in both testimonies are essentially the

same although the bases used to draw the conclusions may be slightly

different. My assessment shows that even in light of the- IV-79 data

the Diablo Canyon seismic design criteria reviewed during the Atomic

Safety and Licensing Hoard hearings are adequate. The data generated

from the recent Imperial Valley Earthquake of 1979

affect the adequacy of the seismic design criteria

do not adversely

used for the OCNPP.





Q. Do you have specific response to the Appeal Board's questions'P

a

A. Yes, I do. They are as follows.

Q. Appeal Board Question 2 states:

2. Response spectra have been developed from the near field (1 to
11 km) ground motion records produced by IV-79. The records
contain horizontal peak acceleration values in the range of
0.81g to about 0.2g. The applica'nt calculated a mean peak
acceleration of 0.36 for IV-79 at the 5.8 km site-to-fault
distance that characterizes the Diablo Canyon site (Appli-
cant's Brief). Despite the fact that the IV-79 peak acceler-
ation values are generally lower than the 1.15g peak acceler-
ation or 0.75g zero-period acceleration used as the design
basis for the Diablo Canyon plant (resulting from a postulated
7.5M event on the Hosgri fault), there are instances(although
only those from the El Centro Arrays are significant) for
which the IV-79 horizontal responses exceed the Newmark

'esign Response Spectrum for Diablo Canyon. (See Staff brief
at p. 9; Brune affidavit, Attachments A and B.) In view of
this, the parties should discuss whether the Newmark Spectrum
is an appropriate and sufficiently conservative representation
of the 7.5M event at Hosgri.~35

n other words, if the various IV-79 near-field response spectra
were used to generate a smoothed, average response spectrum for
a zero-period acceleration appropriate to that event (in accord-
ance with techniques explained in Blume's testimony fol. Tr. 6099
at page 6 and pages 39 and 40), and if this spectrum were scaled
to a 0.75g zero-period acceleration, would the resulting res'ponse
spectrum be bounded by the Newmark'pectrum for Diablo Canyons

Q. Before you answer the questions, are there any clarifications you wish

to make- with respect to the question and footnote 35 to the question.
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A. Yes. I did not perform the analysis requested by footnote 35 to

question 2. I did not do this analysis because (I) I do not have the

data available to canplete such an analysis in the time required, and

(2) I believe there is an equally convincing way to demonstrate that

the Newmark Spectrum for DCNPP -is appropriate and sufficiently conser-

vative.

Mould you please explain2

A. Attachment 1 is a. plot of an envelope of upper and lower bounds of all

horizontal response spectra for 5X damping generated from the IV-79

motions recorded within 11 Kilometers of the fault.. Plotted in the

same graph is also a. Newmark horizontal design spectrum for 5% damping

used for the Diablo Canyon seismic reanalysis.

It'an be seen that for periods in the range of interest (i.e., lower

than 0.5 seconds), the Newmark design spectrum is for the most part

above the upper bound envelope of the IV-79 data. For a few places

where the Hewmark design spectrum falls below the upper bound envelope,

the. differences are minor. Should a smoothed, average response spectrum

be generated fran the IV-79 data for a mean zero period acceleration

scaled up to 0.75g as, suggested on p. 22 of the ALAB-598 decision, in

my opinion it would be bounded by the Hewmark design spectrum for

Diablo Canyon over the frequency range of interest (i.e., above 2 Hz

for DCNPP). 'This is because the amplification factors exhibited in the '





IV-79 data do not appear to be greater than those used in the Newmark

design spectrum. Therefore, the few small exceedances shown in Attach-

ment I will not be heavily weighted if a statistical averaging process

were applied to the entire EV-79 data set.

Attachment 2 is a plot'f the ver tical response spectrum at EI Centro

Array 6 Station and the upper and lower bounds of a11 the remaining

vertical response spectra for 5Ã damping generated from the IV-79 motions

recorded within 11 kilometers of the fault. Plotted in the same graph

is also a Newmark vertical design spectrum for 5X damping used for

Diablo Canyon seismic reanalysis.

The same type of trends explained above for the horizontal response

spectra can also be said for the vertical response spectra. Although

it is seen that the vertical spectrum at the El Centro Array 6 station

is considerably above the Newmark vertical spectrum, because of the

peculiar geological environment at that station as explained in

Or. Rothman's testimony, this spectrum is considered nonr epr esenta-

tive of the IV-79 data in general. More discussions, on the vertical

response spectra are given in my response to the 8oard's guestion 4.

Furthermore, I am of the opinion that there are inherent conservatisms

{e.g., elastic design, conservative loads and load combinations) in the

nuclear design practice which are enough to alleviate any concerns

caused by these occasional exceedances over small ranges of frequency.
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It is also worth noting that Regulatory Guide 1.60 Design Spectra are

not intended to be statistical upper bounds. They are instead design

spectra of mean pIus one standard deviation values. Therefore, there

are a few spectral values in the statistical data used which actually

exceed the Regulatory Guide 1.60 Design Spectra.

For the above reasons, my opinion is that, even in'ight of the lV-79

data, the Newmark design spectra for Diablo Canyon are appropriate and

sufficiently conservative.

g. Appeal Board guestion 4 states:

The magnitudes. of vertical and horizontal acceleration values meas-
ured at IV-79 are generally comparable. (Mean values calculated
at a distance of 5.8 km from the fault a'e virtually identical.)~36
The response spectra developed for vertical motion within 11 km of
the Imperial Fault during IY-79 appear to show generally equivalent
values of vertical and horizontal response for periods 'less than
about 0.2 seconds (i.e., frequencies in excess of 5 cps).37/
Finally, in some instances the higher frequency portions oF the
IY-79 response spectra for vertical motion exceed comparable por-
tions of the Diablo Canyon Design Response Spectrum.38/

Observations made of the IV-79 data and response spectra appear to
be consistent with the criteria set forth in NRC Regulatory Guide 1.60.
These require that vertical accelerations in the higher frequency
range be equal to horizontal accelerations.. As the guide states:

It should be noted that the vertical Design Response Spectra
are 2/3 those of the horizontal Design Response Spectra for
frequencies less than 0.25; for frequencies higher than 3.5
they are the same,. while the ratio varies between 2/3 and 1
for frequencies between 0.25 and 3.5.~39

The references. to vertical motion made in the Diablo Canyon record,
however, indicate that a 2/3 ratio between vertical and horizontal
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motion was apparently utilized at all frequencies.40/ The parties
should address this apparent inconsistency and expWain it, if
possible. Should there be substantive and relevant analyses sug-
gesting that vertical motion records do not reflect the true vertical
motion, these should be provided.~41 I.footnotes deleted]

g. Is it correct that Regulatory Guide 1.60 specifies that vertical

accelerations in the higher frequency range be equal to horizontal

accelerations2

A. Yes. That is correct.

g. Then would you explain how the staff's position on vertical motion

adopted for Oiablo Canyon of 2/3rds the horizontal acceleration value

is consistent with the established staff position2

A. The position adopted for Oiablo Canyon is not inconsistent with the

staff position. But the overall staff position was changed after

Regulatory Guide 1.60 was issued (and revised in Oecember 1973). After

Regu1atory Guide. 1.60 was issued, the staff had contracted with N.N.

Newmark Consulting Engineering Services to perform additional statisti-
cal studies of recorded earthquake motions. The final report resulting

from this contract was entitled "Statistical Studies of Vertical and

Horizontal Earthquake Spectra" and was issued in January 1976 by NRC as

Report No. NUREG-003.
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One of the conclusions and recommendations of this report was that the

response spectra for vertical motions can be taken as 2/3rds of the

response spectra for horizontal motions over the entire frequency range

for sites in the Mestern United States. This finding was adopted as

the branch position on JuIy 22, 1976. Attachment 3 is a copy of the

memorandum by the Branch Chief reflecting the branch position. The

memorandum indicates that "we will allow applicants the option of

taking the vertical, design response spectrum as 2/3rds of the horizontal

response spectrum over the entire range of frequencies in the Mestern

United States only., For other locations, the vertical response spectra
k

will be the same as. given in ReguIatory Guide 1.60".

The basis for the branch position was the extensive study by Newmark

involving a large statistical population of the earthquake records

available at the time of the study.
l

g.. Are there any substantive and relevant analyses suggesting that vertical

motion records do not reflect the true vertical motion?

A. Yes. Mith regard to the. records of the observed vertical motions,

Hewmark (1973)- and Bolt and Hansen (1977)- demonstrated in their

papers that an upthrow of objects could physically occur during earth-

quakes even if the vertical ground motions did not attain the value of

lg. This implies that an overregistration by recording instruments is

entirely possible, especially if the instruments rest directly on the

earth without any anchors.
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g.,Have the new data generated by IV-79 altered the NRC Staff conclusion

with respect to the Newmark vertical design response spectrum for

Oiablo Canyon?

A No. Although the- IV-79 data show in some instances comparable vertical

and horizontal accelration values and resulted in three vertical response

spectra (Stations 6, 7, and El Centro Differential Array) which exceeded

the Newmark vedrtical design spectrum, these data do not serve as an

adequate, basis for altering the previous conclusion that the Newmark

design response spectra are adequate.

g. Mhat is the basis for this Staff conclusion:

A. The basis for the Staff conclusion is as follows:

(1) Geologica1 differences between Imperial Valley and the Oiablo Canyon

site. This is discussed in detail in Or. Rothman's response to

ALAB guestion 3; but in general, the high vertical peak acceleration

in Imperial Valley may be due to the high seismic velocity gradient

(Archu leta 1980).

(2) Inclusion of IV-79 data in the Newmark Statistical Study will
not'ikely

alter the finding of that study significantly. Of the many

data recorded from IV-79, only three data points exceed the Newmark

design spectrum.
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(3) Uncertainties about the representative characteristics of the

records as explained in Rothman-Kuo Affidavit, pages 9-10. They

are (a) El Centro Differential Array Station and (b) difference

between corrected and uncorrected data.

Appeal Board guestion 5 states:

Peak horizontal acceleration values measured at the base of the
Imperial Valley Services Building during IV-79 exceed those measured
in the free field 103 meters away from the building. The motion
records are described as showing similar amplitudes but greater low
frequency motion in the building than in the free field.~42 No

response spectra for the two recording locations have been provided.
The acceleration data, however, may be taken to indicate that no
reduction in building motion due to the tau effect was realized in
this instance

Based on these observations, intervenors question the validity of
the tau concept as well as. its use to reduce the higher frequency
portions of the Diablo Canyon Design Spectrum. The Staff and the
applicant answer that, because the Imperial County Services Building
was supported on piles in a deep soil structure, these observations
are irrelevant to the use of a tau effect in the seismic reanalysis
of Diablo Canyon, which is built on a rock site.~43 Staff witness
Newmark, however, used recorded earthquake motions at the Hollywood
Storage Building to demonstrate the use of a tau effect analysis.44/
The Hollywood Storage Building itself is built on piles in soil. Thus,
the "built-on-piles" rationale appears insufficient to explain why no
tau effect was evident at the Imperial Valley Services Building.

One feature distinguishing the two buildings that no party commented
upon is that the Hollywood Storage Building has a partial basement
and the Services Building does, not. Intervenors'itness, Dr. Luco,
used this fact to explain in part why he believes the. Hollywood
building should have a large tau value.45/ Rojahn and Ragsdale's
discussion implies that to some extent ground level instrumental
responses within the Imperial Valley Services Building may have
been influenced by the response (and failure) of the building
i tsel f.~46

In any event, given the apparent similarities between the structural
foundations of the two buildings, the explanations provided thus
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far for a seeming lack of a tau effect at the Imperial Valley
Services Building are inadequate. The parties should provide
additional information on this point and relate their analyses to
both geologic and structural conditions prevailing at the Diablo
Canyon

site.'42

See ' Pre im nary Report on Strong-Notion Records from the
Imperial County Services Building. by Christopher Rojahn, U.S.
Geological Survey and J.D. Ragsdale, California Division of
Nines and Geology (undated but issued early January 1980),
pp. 7 and 8.

~43 Blume Affidavit, Para 10; Rothman - Kuo Affidavit, p. 7.

~44 SER Supplement 5, Appendix C'.

'45

Tr. 8949.

~46 Rojahn and Ragsdale, pp. 7 and 8.,
information regarding the Services
(at pp. 2 and 3) which may explain
damage (see Newmark Testimony fol.
14 and 15).

That report also reflects
Building asymetric structure
why it was susceptible to
Tr. 8552, Attachment B, pp.

g. The Appeal Board's question indicates that the answer given in the

Rothman»Kuo affidavit does not sufficiently explain why no Tau effect

is evident at the Imperial County Services Building (ICSB). Oo you

have any more information to addi

A. Yes. I would like to point out that'he structural response recorded

during the IV-79 earthquake at the Imperial County Services Building is

very complex in nature due to its design and structural failure during

the earthquake. The dynamic response. of the building could have been

influenced by a number of factors such as "Tau", torsion, yielding and

cracking of structural members,. failure of columns, and soil-pile-

structure interaction. The fact that no Tau effect was evident at ICSB
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can be attributed to the masking influence of any one or a combination

of these factors. For example, Or. Newmark's testimony attributes the

lack of ability to identify the Tau effect to the influence'of torsion,

yielding, and failure of columns. In Rothman-Kuo's affidavit on Page 7,

we, attributed the apparent lack of the Tau effect to the influence of

piles This was based on our preliminary assessment., We have since
V

examined the situation that occurred at ICSB more closely. It is my

opinion that what appears to have happened to the dynamic response

recorded at ICSB was a combination of the influences from all these

factors. Attachment 4 is a comparison of the response spectra for 5C

damping, generated from the motion recorded at the ground floor of the

Imperial County Service Building and in the free field (Response Spectra

were taken from a preliminary data report by California Oivision of

Mining and Geology.— ). In the north-south direction, the response.3/

spectra at the ground level is above the fnee field spectrum for periods

lower than about 1.3 seconds,. while in the east-west direction, the

response spectrum at the ground floor oscillates about the free field

response spectrum. The comparisons demonstrate the complex nature of

the response characteristics of the Imperial County Service Building

whi'le. it was undergoing failure

q. How do you explain the fact that the dynamic response characteristics

are so different for two buildings, i.e., the ICSB and the Hollywood

Storage Building, with the apparent similarities between the structural

foundationsT
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A. Although both the Hol'lywood Storage Building and the Imperial County

ServicesBuilding were founded on piles, the construction of th'e pile

foundations for the two buildings were quite different. At the Holly-

wood Storage Building, the tops of the piles were encased in the founda-

tion slab; while at the Imperial County Service Building, the piles
1

were linked together by concrete beams. This difference alone in my

opinion was enough to cause the different dynamic response character-

istics. Moreover, the Imperial County Service Building has serious

stiffness discontinuities between the 1st and 2nd floors and its columns

failed during the earthquake. The column failure inevitably increased

the eccentricity in the building. It -is my opinion that all these
|

factors have contributed to the difference in response characteristics

between the two buildings.

g. What is the conclusion, then, based on your assessment of the IV-79

data as it affects the ICSB?

A. My opinion as expressed on Page 8 of the Rothman-Kuo affidavit is that

the records at the ICSB for the IV-79 earthquake can neither validate

nor invalidate the use of the "Tau" effect as an engineering equivalent

factor at this time. But the absence of a record showing the Tau

effect at ICSB does not detract from properly taking account of the,

Tau effect for the design of buildings.
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g. Appeal Board guestion No. 6 states:

Throughout the Licensing Board hearings, parties stressed the role
of soil-structure interactions as a mechanism that would reduce the
magnitude of structure motion relative to ground motion (e.g.,
Tr. 8878; 8947.-46). 'Staff and applicant's arguments (in response
to intervenors'uggestion of the apparent lack of tau effect
during IV-79) point to soil-structure interactions as the reason
for building motion exceeding that of the ground (Blume Affidavit,
para. 10; Rothman-Kuo Affidavit, p. 7). (a) Describe and explain
the circumstances in which soil-structure interactions produce
enhanced or reduced structural response. (b) Discuss the relevance
and applicability for such interactions to the seismic response
assumed for Diablo Canyon.

g.. To what do you attribute the apparent lack of Tau effect in the Imperial

County Services Building'

A. In- the Rothman-Kuo affidavit referred to in the Appeal Board's question, I

initially indicated that "The motions recorded at the Imperial County Services

Building foundation, it appears, are the amplified responses from the

earthquake motions through the piles." Since that time, as indicated

in my response above to question 5, we have examined the situation at

ICSB more closely. As I indicated, what appears to have- happened to the

dynamic response recorded at ICSB was a combination of a number of

factors in which the Tau effect was masked.

g. Describe and explain the circumstances in which soil-structure inter-

actions produce enhanced or reduced structural response.
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A. The effect of soil-structure interaction is also a very complex phenomenon.

There are many different modeling techniques being used to analyze such
I

phenomenon. A great deal of engineering judgement is involved in each

of these techniques. ln general, it has been my experience that for

structures founded on soft soil and especially with basements, the effect

of soil-structure interaction reduces the structural response at the

foundation level. On the other hand the response at high elevations in a

structure may be enhanced due to the fact that the relatively soft soil

allows the structure to rock on its foundation.

g. Discuss the relevance and applicability for such interactions to the

seismic response assumed for Diablo Canyon.

A. Since all major structures for Diablo Canyon are founded on a rock site

which is generally recognized as having little or no soil-structure

interaction effect, the discussion of such effect does not apply to the

seismic response assumed for the design of Diablo Canyon facility.
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NUCLEAR REGULATORY COMMISSION
WASHINGTON. D. C 20555

JU1 g< g76

Members, Structural Engineering Branch

RESPONSE SPECTRA IN THE VERTICAL OIRECTION

Subsequent to the issuance of Regulatory Guide 1.60, Nathan M.
NewIrark Consulting Engineering Services performed for us an additional
statistical study of'ground motions for a number of horizontal and
vertical components of strong motion earthquake records to deter-
mine the dependence of design response spectra on the earthquake
ground acceleration level. The final report on this study entitled
"Statistical Studies of Vertical and Horizontal Earthquake Spectra"
was issued in January 1976 by NRC as Report No. NUREG 0003.

One. of the important conclusions of this report was that the response
spectrum for vertical moti n i be taken as 2/3 the rI c nnca enon~ i m

n ri nta mo ion over th entire rance of reo II cies in the
Mestern United States. According to egulatory Guide 1.60, the
vertical response spectrum is equal to the horizontal response spectrum
between 3.5 cps. and 33 cps. To be consis ent with the latest
available data in NUREG 0003, we will allow aoolicants the ootion of
taking the vertical design response spectrum as d ~ the orizontal
reso n~o c c trum over t ent~ re r na oT rreouenciI n

Western Uni ted States gnly. For other locations, the vertical
response spectrum w o~ the same as that given in Regulatory
Guide 1.60.

cc J. Knight,

/~ ~&~uc
I. Sihweil, Chief
Structural Engineering Branch
Oivision of Systems Safety
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PROFESSIONAL QUALIFICATIONS

PAO-TS IN '<UO

U.S. NUCLEAR REGULATORY COMMISSION

STRUCTURAL ENGINEERING BRANCH

DIVISION OF SYSTEMS SAFE

I am a Structural Ergineer responsible for review and evaluation of

design criteria for structural systems, static and dynamic analyses,

design, and testing of safety-related structures, and the criteria for

protection against the adverse effects associated with natural environ-=

mental loads and postulated failures of fluid systems for nuclear facilities.

I received an Engineering Diploma in Civil Engineering from Taipei Institute
of Technology in 1958, a M.S. degree in Civil Engineering from North Dakota

State University in 1966, and a Ph.O. degree in Civil Engineering from Rice

University in 1974. I completed my graduate studies all under scholarships

and fellowships. My major fields of studies included structural dynamics,

engineering mechanics and. earthquake engineering in particular. I was

elected to be a member of Sigma Xi honor society in 1970. Currently, I

,am a member of both Earthquake Engineering Research Institute and American

Society of Civil Engine'ers. I am also a registered Professional Engineer

in the State of Maryland.

From September 1958 to June 1960, I served as a commissioned lieutenant

officer with Chinese Marine Corps. During the last eight months of this
period I also served as a field engineer involved in the reconstruction of

a reinforced concrete dam destroyed by a record flood.

From July 1960 to June 196T, I was employed by Taiwan Mater Conservancy

Bureau as a.:civil engineer involved in embankment line layout.

From July 1961 to March 1965, I joined Keelung Harbor- Bureau in Taiwan,

China. I served as a field structural engineer responsible for cons ruction
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of a number of harbor structures including both steel and reinforced

concrete structures.

From April 1965 to September 1965, I was empIoyed by John A. Hackel and

-Associates in Los Angeles, California. as a Oesigner responsible for analysis

and design of highrise commercial buildings.
(( ~ I

Immediately after I received. my NSCE degree, I was employed as a Senior

Oesign Engineer by Gushing and. Nevell Technical Oesign Corporation on

contract to Ebasco Services, Inc. in New York City from July 1966 to August

1967., Ouring this period E was primarily concerned with the structural
analysis and design for a commercial nuclear power plant.

From March 1971 to May 1975, I was associated with Bechtel Power Corporation

in Gaithersburg, Maryland. Between the years of 1971 to 1973, I served as

a Senior Engineer in charge of seismic analyses for a commercial nuclear

power plant. I was also responsible for reviewing and approving the seismic

qualifications of'echanical and electrical equipment by. either analytical
means or laboratory testing. Our ing this period I was also engaged in impact

analysis for cask drop and aircraft impact and. in developing design criteria
and methods for pipe. whip restraint design.

Between the years of 1973 to 1975, I served as an Engineering Specialist
responsibIe for reviewing: and establishing criteria for seismic analyses of
structures, performing specialized investigative studies in the seismic

analysis. area, and advising the Chief Engineer concerning problems related

to sesimic. analyses and design.

Representing the Gaither sburg Oivision, I also served as, a member of the

Bechtel Seismic Task Force Comnittee during the period from 1972 to 1975.

The Committee had the responsibility of establishing the corporate standards

related to seismic analyses and design. Me co-authored the Bechtel topical
report, BC-TOP-4A, entitled "Seismic Analyses of Structures and Equipment
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for Nuclear Power Plants" which is widely referenced by the nuclear

.industry.

In June 1975, 'I joined the Nuclear Regulatory Commission and have rmained

with this organization since. Ouring this time, I have participat d in

the review. and evaluation of many construction permits and operating'icenses
and in the generic review of topical reports, seismic analysis methodology,

and strue'ural aspects of suppression pool dynamics. I have also partic-
ipated in the NRC'ponsored confirmatory- research activities related to

seismic analyses.

I have also served as a member of AISC Nuclear. Specification Task Committee'II responsible for writing the nuclear specification (ANSI N690).,
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MR. OZMSTEAD: Mr. Chairman,'Mr. Knight also has

testimony filed in this proceeding, but it is on a later

question, so I propose to defer moving that into the evidenc

until we reach the question.

CHAIRMAN SALZMAN: As you wish, Mr. Olmst:ead.

BY MR. QIMSTEAD: (Resuming)

~»1
CV

C%

CV

Ck

CL

7

8:

9

10 .

Q Dr. Newmark, you have been present during the

course of these proceedings since they began on Monday,

is that correct?

A (Witness Newmark) Yes, I have.

Q And have you heard t:estimony concerning the

(4

~ »

g

12

13

'5.

17

question of earthquake acceleration levels, ground motion

levels involving an amplified envelope, probabilist:ic levels

and questions as to the appropriateness of using amplified
r

envelopes for design response spectra?
P

A Yes, I have.

Q And. do you have a particular viewpoint on the

appropriateness of using amplified envelopes inseismic desig

&~

4»

f
Vl

19

20
'1

response spectrums?

A I have great objections to that, and I would like

to explain in some detail. I will try t:o keep this as

brief as possible, Mr. Chairman.

23

24

Let me outline the way in which I have. approached

the design of critical. facilities of all kinds for a number

of years, . and in particular, nuclear reactor facilities.
i

ALCKRHON RK~ORT!NG C~»VIPANY. 1»NC.
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The design of a nuclear reactor facility is

2 essentially composed of a number of aspects governed by

criteria which involve decisions as to parameters to use

and their interaction. None of these is -independent of the

Pt
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15,

17'6

7I3

19;

20
'1

others. For example, the earthquake acceleration level or

ground motion, more precisely including velocity and displace

ment, may involve an envelope, an amplified envelope, a mean

or some probabilistic level such as a mean plus one standard

deviation or other probable level.
Zf only the ground motion were, involved in

design with no safety factors or conservatism in the other

parameters, it might be appropriate to use an amplified

envelope or an envelope spectrum, but the problem is really
a probabilistic one, although it is usually stated in

deterministic form.

The most important parameters can be stated more

or less as follows, omitting some which contribute to

additional conservatism. Each of the following has a

probability distribution function.

One, the earthquake magnitude and the distance

from the site. We do not know precisely, what the earthquake
r

magnitude will be for design purposes. We even have(

difficulty in ascribing a specific magnitude to a past

: 24

25.

earthquake. There is some uncertainty in the numbers.

Two, the peak ground motion values of acceleration,
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n

velocity, displacement, the transient values of these, and

Z not nearly the acceleration level. Each of these has a

3 probabilistic, distribution.

7

8.

9

10

Three, the response spectrum or other measure of

the effect. on structures and equipment These might be

rather than the. response spectrum, the Fourier spectrum,

the paraspectral density and the like..
Four, the damping level for energy absorption

essentially in the linear or elastic range.

Five, the analytical p'rocedure used which involves

developing a model of some sort which. is analyzed, but

13

15 ';

16.

17

'hich
represents only approximately the real structure and

the real equipment at its mounting.

Six, the combinations of loading and/or motions

and in particular, the earthquake motions in the various

directions, both horizontal and vertical,. and other loadings

including operating loads=, accident loads, and. the like.

f

Vl

1$
l

19:

Z0 of equipment or in the equipment itself.

Seven, the material properties of which the

structure is composed or which is involved in the mounting

21

Y-> z4

Eight, the strength of the structures and the

fragility levels of equipment. By that I mean the levels

at which they cease to function properly or have some

aspects of inadmissible deformations.

And nine, which is essentially closely related to
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the p'receding one, the ductility levels or energy abso'rption

in the range of 'permissible non-linear action.

Q Dr. Newmark, have you reviewed copies of the

testimony filed in this- proceeding by Dr. Luco?

Vt

Ct
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t4
Ct
CV
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~v

CV
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C?

CD

Vl

C0

a

7

8.

9

10

13

14;,

15

16

17
'

Yes, I have.

Q On page II-3 of his testimony—
C

(

MR.. NORTON:~tt'Excuse me. If we could ask that
when you refer to somebody else's testimony, could you give

us a chance to get it out and be looking at it before you

ask the question?

CHAIRMAN SALZMAN: Surely. Please, Mr. Olmstead.

(Pause.)

MR. NORTON: I think we need the page. We are

all scrambling for the. document..

MR. OLMSTEAD: Page II-3.

40

(ac.

l
CO

l
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Fl '

1C3
'

19

20
'1
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dsp7-l
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7
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BY MR. OLMSTEAD:

Q Dr Newmark, do you have a copy of Dr. Luco's

testimony?

A Yes, I do.

Q If you would refer to page II-3, at the bottom

of the page, there is a paragraph numbered three, which

says, "To study whether the Newmark Spectrum is an

appropriate and sufficiently conservative representation

for the 7..5 magnitude event at, Hosgri, I have used the

following procedure:" and then there are five numbered

paragraphs in small Roman numerals continuing on to page.

II-4.

CA

f
CI

Le

13
I

15

16

1T

'o you agree with those five assumptions?

A I disagree completely with those assumptions,

except for one point in the third item in which Dr. Luco

states that the value of the median plus standard

deviation. is approximately 1.5 times the median value.

Ui

f

Vl 20
'1

: 23.

. 24

However, his value 'of .75g as a mean'xpected

acceleration is not correct; it is not supported by evidenc

from actual earthquakes; nor, by any of the statistical
studies that have been made of actual earthquakes.

And it implies essentially an envelope of data

rather than a probabilistic distribution at. the level which

should'e used.

Z would like to explain the data that I have
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dsp7-2 1

2

used in determining the levels for the design or review,

rather, of Diablo Canyon and for the design of other

nuclear reactors, if I may.

lrt<

Pf
cv

I
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cv

cv
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9'0

12

16

1Q

I

19,

20

21

23

24

13

14.,'

15,

17 '

Please explain, then.

A In the development of my concepts from about

1965 I have used data from actual earthquakes, analyzed

statistically, and have published from time to time papers

describing and characterizing the mean and mean plus

standard deviation levels of ground motion for use in

design.

At that time the Atomic Energy Commission, the

forerunner of the Nuclear Regulatory Commission was using

a design spectrum developed by Dr. George Housner of

the California Institute of Technology, which I felt was

much too low for: the design of nuclear reactors.

And I presented evidence to support my contention

that those should be increased by 6Q to 7Q percent, and

those were presented in detail in a paper given in Japan

at a meeting of the International. Atomic Energy Agency in

1967 and later adopted more or less informally by the AEC

in their review of nuclear reactor design proposals for
seismic resistence..

There were not very many earthcpxakes available at

that time, but the advantage of the probabilistic
interpretation of the records is that there has been only

AL EB8CN R~ ORT.'NQ C MPMY. INC.
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sp7 3 1 slight changes required in light of the additional data

2 , that had become available from time to time since that
3 paper was presented.

Pt
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cv
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10

As a matter of fact, my earlier recommendations,

were perhaps somewhat conservative or more conservative

than I think they needed to be,and further data have permitt

in some cases a reduction in that conservatism.

An envelope of data would have required a constant

increase, however; in the design —the development of the

criteria for the Diablo Canyon reactor, I took as-the basis

CCC

11 the strongest earthquake record that was available, assumed

12 that this would, represent something that would be

13; conservative for the design.
p

V

f
C7

CCl

f~
4

V2'l

15

17'6

I

19 .

20
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1g

This was the Pocoima Dam record of the San

Fernando earthquake, but I recognized from the chta and the

records that the. peak on which the instrument was mounted

was responding at much the same was as a structure. For

example, all three components of motion that were

measured showed a very high degree of correlation,
which. is very much different. from all other earthquake

records except'or one or two others on similar peaks.

Z arrived at an effective value —not so much.
I

effective value; it was a real —at a real value for the

earthquake if the peak were not there of 0.75g, which is

25 subs'tantially the same values that Dr. David. Boore developed
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p7-4 1 for that record of 0.8g.

2 ,And because it was a thrust fault very close to

nan

ee

cv

3 the site and because our experience had indicated even at
' that time that very close to a fault within a distance

that is less than or at most equal to the rupture length of

the —or a measure of the rupture area in any one slip
7 phase of an earthquake, the acceptation level and, other

parameters describing the earthquake should be, independent

of the magnitude and, depend only on the stress drop and

10 for a thrust fault, a stress drop that would take into

12

account thrust on the surface.

I, therefore, used 0.75 g for. the design level. In

CN

K
~ r

C)

14 'ade more. recently, I have looked at a. number of sets of

15
'6.

17

AC)

t

19

data for various earthquake measures, and I find of course

that: there is a range of values. different; people come up

with different results not greatly different, but different
enough to require some rationalization and selection of

the proper parameters.

13 the further studies that I have made and those that I have

20 The first. of these studies that I know of was

c

C

C

21 one made. by Luis Esteba of the University of Mexico followin

a suggestion by me of ways of plotting the data that would

permit. better inferences to be drawn,'ut there were so

Pz 24 few. data available for his processing. that I do not feel tha

Z can rely on those results.
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The best set: of early data was that of Donovan in

1973, published in one of the proceedings of the

International Association for Earthquake Engineering in
which he. used the hypocentral distance as the parameter

against which to make estimates of the acceleration levels

for var'ous magnitudes of earthquake.

And he arrived at. a value for the mean plus

standard deviation relative to the mean which he stated

as corresponding to. a. factor of about two.

But on close examination of the data that factor
is less for points close to the source than it is for
points 'several hundred kilometers away,, which corresponded

to, much of plotting.
I used, a value of 1.6 as the ratio for the

range of zero to 20 kilometers in reviewing his data. ,There

were a. number of other. sets of data, some of which have

been diI~~carded. Thera was. a. report which. was referred to

and sponsored by Dr. Tewart Smith in the preceding

presentations hera prepared by the TERA Corporation, which

uses-. a relationship between mean plus standard deviation
of. 1.52. times the mean and develops an equation which is
constrained to have a certain exponent on the attenuation

factor.
However, the TERA Corporation Tow'. horizontal

components of motion rather than the maximum which I prefer

to use, and which the Geological Survey uses, and therefore
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I have corrected upward the values given by the TERA

equation by approximately 10 percent to take account of

the fact that in general the minimum horizontal recorded
\

motion is about 80 percent of the maximum.

CV.
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There is another TERA equation which has

statistical regressions for all of the coefficients that

appear including the attenuation exponent which includes a

number of European earthquakes and probably is not suitable

for very large distances, but does not give substantially

greater values in the range of about 1 or 2. up to 10 or

C
CJ

ccl
12.

cli

Ca

l
co

7Q

'9';

20.

'3

cA

c 4
'5

i- 16

17

15 kilometers.

And that has a relationship between mean plus

standard, deviation to the mean or median of 1.5 and again

requires in my opinion an increase of 10 percent.

Then there ia a. relationship presented in an

abstract given in a meeting in. Canada by Dr. Donovan this

year in March, I believe, and a plot of which is, contained.

in my testimony where Dr. Donovan claims that there is
noc;.effect essentially of magnitude on the acceleration

level within 2Q ki,lometers.

21 Let. me see Z am looking for a copy of my

testimony.

Oh.,yes, that equation is marked plate C-l,

preceding page 12 of my testimony. And you. see there are

25 two points'representing the Pocoima Dam record that are
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above lg acceleration. Those should be reduced, in my

opinion to about .75 g.which would be closer to the other

values.

And I have drawn a line; the line that is shown

here is not the line that I finally settled on as being an

appropriate value of mean plus standard deviation for these

data which drops from .6 g at zero distance to .4 g at
H

20 kilometers.

MR.. FLEZSCHAKER: Excuse me, Dr. Newmark. Can

Z ask you to hold on one moment while we get plate C.

cD

ccj

CD

12.

13 I

14..;
'

15 '.

16

17:

(Pause}

We found it. Thank you.

Thank you.

MR. LANPHER: Could you please repeat the previous

statement or maybe the reporter could read it back.

CHAIRMAN SALZMAN: Dr. Newmark, can you repeat

it?

Vl

t~ .

4e'll

I
Pa

c

I

Tg '

19;

20
'1.

'Dg'ITNESS
NERGGK: I can repeat it.

CHAZEQI|AN SALZMAN.: Thank you, Dr. Newmark.

MR. LANPHER:. Where you were talking about the

Pocoima Dam record, please.

WITNESS NEHMAEGC; Oh, yes. The Pocoima Dam

points are shown on the record at about a little over eight,

kilometers distant.. This is an aritmetic plot of distance,

25 incidentally, and of peak acceleration.. The unit is gals,
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2

which is essentially 1000th of the acceleration of gravity.
Those should be dropped to about .75 and about .65 or .6

respectively, rather than being situated where they are

on the figure if they are to be representative of other

data on essentially level surfaces.

The determination that I have made from these data

a

C7

C.

I

7

8.

9.

12

1g
'5.

1S

17"

19 .

20
'21

of a mean plus standard deviation value or of a 15 to 16

percent exceedence level is a striaght line between 600

gals at zero distance to 400 gals at a 20 kilometer distance.
h

Incidentally, the TERA equations and the Donovan equation

use the distance from the fault rupture at the surface as

a parameter rather than the hypocentral distance.

I started using. that after some work that I had

done with Dr. A E.. S. Ang, who developed with a student

of his at Berkeley where this was first published, as. a

better basis for distance, rather than the hypocentral.

distance.

And. Dr Ang and I.used that data in our probabi-

listic studies of the Diablo Canyon reactor in one of the

reports that'. was developed for, that. project in about, 1976.

I have data which: I have computed for magnitude 6.5, 7, and

7.5 for these four equations.

And. it may be worthwhile to mention these to

show some indication in the spread of the data amongst

these various relationships and the numbers that are
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arrived at for the median plus standard deviation level

of acceleration at magnitude 6.5.

12

I shall read'n order the Donovan 1973 estimate,

the TERA equation that is recommended for use in the

areas of the United States west of the Rockies, the TERA

equation which is —which involves a complete regression

analysis, and the Donovan plot which is shown in plate
C-l.

At magnitude 6.5 these values are, respectively:
39 percent of gravity; 47 percent, which I have increased

arbitrarily to 52 percent of gravity because of the v@y in
which the two horizontal components were used, with which

13

'5

16
'7:

I do not agree; the 47 percent again increased to 52

percent for the other TERA equation; and 54 percent of

gravity for —. from plate C-1. These are all at 5.8

kilometers distant from the fault.
At magnitude 7 the numbers are -™and I will.

just read the final numbers in the same order: 50 percent;

59 percent; 65 percent; and 54 percent.

20

21

And for a magnitude 7.5: 65 percent; 66 pexcent;

78 percent; and 54 percent.

Now, this is not to say that there will be larger

values of acceleration recorded for some earthquakes at

some stations. I have taken a median plus standard

devi'ation value, and the reasons for that I tried to explain
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earlier.
. I think it is an unw'arranted degree of

conservatism to use envelopes for all of the parameters that

enter into earthquake resistant design. Unfortunately,

end 7
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acceleration is not a very stable or good parameter to
»

designate an earthquake.
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I would have preferred to have used from many

years ago the peak ground velocity which is a better measure

Vt
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20

of the energy available to be stored into or absorbed by
i

a structure.
In the paper by Newmark, Blume, and Kapur, which

was referred to and entered into evidence earlier today—
I cannot remember the number. Perhaps someone could help

me.

CHAIRMAN SALZMAN: Governor' Exhibit R-5.

MR. LANPHER: R-5 ..

WITNESS NEWMARK:. R-5. That was developed as a

sort of compromise between two studies made by —one made

by a group working under my direction for the Nuclear

Regulatory Commission and, Dr. Blume's organization.

We. used different approaches, different ways of

baQ.ancing the records and so forth.. My effort was described

in a report, I. believe number WASH-1255, and an earlier

report. I don't recall the numbers, but they are listed,

in my testimony,. I believe, in the references. If not

there, then in the earlier testimony in 1976.

Dr. Kuo 'has volunteered to look up these

references for us.

I have used amplification factors for different

ranges of frequency. For high frequencies I amplified the
'

acceleration levels of the ground to obtain the spectrum
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13;

values or I looked at the statistics for that for inter-

mediate frequencies. Up from about a quarter hertz to 2

hertz I used the maximum ground velocity as a normalizing

factor, and below the quarter hertz or four-second period

the maximum ground displacement.

That is really of no consequence in the design

of structures like nuclear reactors where almost all of

the equipment. and structures have frequencies above one

hertz. The purpose of this, however, was to develop

essentially site specific spectra for design, avoiding

some of the difficulties in the footnotes that were

referred to by Dr.. Blume in the paper R-5.

In other words, one would make for the particular

site conditions, source conditions and the like, separate

estimates: of the peak ground acceleration, the peak ground

velocity, and the peak ground displacement at the level of

probability that one wished to draw the spectrum and

come up withthe design spectrum.

In making the plot in this way, I found that

the standard'eviation over the whole range of frequencies

C
c

I

.21

23

24

from very low to very high was nearly constant and was

less in. general than for the use of —than was developed

for'he use only:..of the peak. ground acceleration as the

basic parameter with which to normalize the spectra.

Also, I would use the median.'.plus one standard
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deviation acceleration level for the very high frequencies

for the median plus one standard deviation spectrum, and

the median acceleration level with the median, amplification

vt'

Ill
vl

CV

f4

gv.

CX.
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factors for the median spectrum. So that there is
I

essentially a range in values between median and median

plus one standard deviation at all
frequencies,'ncluding'he

high frequencies in the way in which I used the data.

That range is a factor of about 1 1/2 for the very high

frequencies and for about between 1.4 and 1.5, with

occasional dips down to about 1.3 for the lower frequencies.

By the way, the two references that were referred

12
to earlier, WASH-1255,. April 1973, which is entitled "A

Study of Vertical and Horizontal Earthquake Spectra;" the

K
"J'

~

Cl

15

16

17

19'0

'1

1g'
I

24

next, NUREG-0003, published in 1976, and entitled "Statistic

Studies of Vertical and Horizontal Earthquake Spectra." A

more recent update with very little change in any of the

parameters is published in a report to the Nuclear

Regulatory Commission by Dr. W. J'. Hall, my associate, and

myself, entitled "Development of Criteria for Seismic Review

of Selected Nuclear Power Plants, published in May
1978'eport

NUREG/CR-0098,. which, is, I think, so far informally

and probably will be formally adopted by the Nuclear

Regulatory Commission for review of the older 'nuclear

plants to make certain that they are adequate, to resist

the. seismic motions to which they might be subjected.
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I think that, covers pretty well my views on

the appropriate level of earthquake motions, including

all of the motions, not only the accelerations, that

should be used in a review of nuclear power plants. But.

I should point out again and caution that when one uses

CIA

cv

cv
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15
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'hese

median plus one standard deviation spectra, there is
an implication that one should use appropriate values

having appropriate factors of safety in them for all of
the other eight aspects of'esign which I listed.

And if one were to take only a strength level
and design for that without some appropriate conservatism,

one would then properly use something like the data

suggested by Dr. Luco in his report
It would be inappropriate to do so if one makes

a complete statistical study, even though it may be

couched in deterministic language.

CHAIRMAN SALZMAN: Just one moment, please.

(Board conferring.)
CHAIRMAN SALZMAN: Mr. Olmstead, if it won'

interrupt your presentation of your witnesses, we did

start:. early this morning, and it would seem to me

23

24

appropriate to take a break until l:15 for. lunch, unless

someone has a problem with that.
MR. OLMSTEAD: I think that is fine.
CHAIRMAN SALZMAN: Gentlemen, the hearing will
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1

2

be recessed until 1:15.

(Whereupon, at ll:52 a.m., the hearing was

recessed for lunch, to be reconvened at 1:15 p.m., the same

day.)
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AFTERNOON SESSION

l:15p.m
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CHAXRMAN SALZMAN: The hearing will reconvene.
III have a request. At the close of the testimony

today, which will be shortly after five, t.o accommodate

people using this hall, I would like the attorneys to

please join the Board. at the bench to discuss whether it
will be necessary to continue this hearing over the weekend

and into, next week.

I would also appreciate if you would'. make

arrangements to have someone move the material, any material

you wish to keep in the building, behind those doors which

will be open at 5:00 o'lock for that purpose. You can

leave it in that room securely, as securely as anythihg

that can be left in this building.
I would like the attorneys to come and see.me

at the close of. testimony or when we finish today. I
I

would also like to discuss at that time the possible

reordering of the order im.'.which. we. are going to hear the
I

panels., ~ We are going to hear the 'staff's panel, Dr;

Newmark and others; on Questions 5 and 6 first, rather

than second. We will discuss this at the close of the

hearing

Are there any other preliminary matters?

Mr. Lanpher?
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MR. LANPHER: No.

CHAIRMAN SALZMAN: Are you sure.

MR. LANPHER: If Mr. Brown were here, he was

going to raise —I don't know where he is, and I apologize.

He wants to raise the question of moving into evidence

certain of the exhibits.
CHAIRMAN SALZMAN: If he wants to do that, we

can do it at the opening of the next session.

Are. there any other preliminary matters?

(No response.)

CHAIRMAN SALZMAN:. Mr. Olmstead, please continue.
)W

n

l .

C)

12

13

'5
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17

Whereupon,

NATHAN M. NEWMARK

ROBERT L.
ROTHMAN"'AO-TSIN

KUO

JAMES P. KNIGHT.

the witnesses on the stand at time of recess, resumed the

stand and. testified further as follows:
'IRECTEXAMINATION (resumed)

20
'1

BY MR., OLMSTEAD

Q Dr. Newmark, before we recessed for lunch, you

had been discussing what. you thought were the appropriate

~W 24

parameters to consider when evaluating the design response

factor, and had concluded that discussion.

Now, I would like to ask you if you have reviewed

ALCKBSON P~QRT'.NQ CCMPANY. (NC
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the testimony of Dr. Young in this proceeding?

'2 A (Nitness Newmark) Yes, I have.

Q I would like to refer you to Figure 3 on page 10
4

of that testimony.
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A I have located it.
Q In Dr. Young's testimony, he characterizes your

procedures, and then plots some data on this chart. I ask

you to comment on the significance of the data points

falling below the bars. indicated on figure 3?

A I am not quite sure what Dr. Young meant by these

curves, whether there was a implication that the data

12

13 I

t

15'6

'7'

points- justified the use of a stress drop of 350 bars, whi

appears to be an upper-bound rather than any standard

statistic
Incidentally, the data points appear to be those

from the Imperial earthquake of 1979, and are consistent

with the numbers -that I quoted. and with the values of

acceleration that I have used on a statistical basis, all
f~

Vl

Pt

I
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21

falling below, except for one point, the values that would

correspond to platt 7' at one kilometer distance, and

, about less .64 six kilometers, distance.

The figure itself= does not cause many problems,

but the implication that the lines on that figure are to

be recommended for use in design does not seem to be

justified by data, nor does it seem to me to warrant an
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2

7

8.

9-

10

12

extrapolation to a larger magnitude or larger acceleration

for magnitude 7.5 earthquake.

In particular, I refer to the report by Dr. H. S.

Shaw, San-1011-125, entitled "Correlation of Peak Earth-

quake Ground Acceleration in the Very Near Field."

Apparently these figures come from that report, and I
believe that Dr. Young was associated in some way with that

report.
On page. 1-3, there is a statement by the author.

MR. LANPHER: Could you wait just a moment while

we get our copies.

MR. OLMSTEAD: For the record, while we are

waiting, that report is the last reference on page 42 of

Dr. Young's testimony. It is the reference in Dr Young's

testimony on page" 42.

WITNESS NEWMARK: There are three paragraphs,

(a), (b) and (c) down the main part of the. page, and (c)

reads as follows: '"The regression equation for peak ground

acceleration developed in this study is- not recommended.

for use as a design prediction equation at this time.

Additional. work is needed before values can be specified

23

24

for the stress drop and fault dimension. Both are a

function of magnitude and 'are probably also a function of

local faulting conditions." In view of the fact that this
equation i,s not recommended by the author, I wonder why
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it. is stated as being the basis for a value to be selected

in place of the values that" I recommended for use for the

C.
'l

I

5

6

j'„

8

9

10

13,

15
'6-

1T'Q

19';

20
'1.

Diablo Canyon facility as affected by the Imperial Valley
1

earthquake.

BY MR. OLMSTEAD:

Q Dr.. Newmark, I would like to refer you to page

15 of Dr. Young's testimony, Question 8. The question

reads: "What peak horizontal ground acceleration would

you predict at the Diablo Canyon site for a magnitude 7.5

earthquake located on the Hosgri fault at an epicentral

distance of six kilometers, and having a full depth of 10

kilometers, with the equation 2 using E equals 0.545.-The

answer. is the- equation would give a mean peak horizontal

ground, acceleration of 1.0 G for these conditions." Do you

agree with that, stat.ement?

A It may well be true for the parameters that were

used by Dr. Young, but I question. the validity of those
'\

for the. site considered, and for the Diablo Canyon reactor.

1.0 G for the mean peak would imply something like 1.5 G

for the mean plus standard deviation, which. is above all
of the data that we have available for earthquakes,and,

therefore, is an amplified upper-bound rather than a mean

value ..

MR'. OLMSTEAD: I believe I have no further

questions of the. witnesses at this time.
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1 CHAIRMAN SALZMAN: Before I turn the panel over

'2 to the next group of questioners, I want. to talk to my

colleagues for a second.

vt
Pl
ns
I

Ill'

Cl

CO

7'.

9

10

12

13

(Pause. )

CHAIRMAN SALZMAN: Mr. Fleischaker, as counsel.

for the intervenors, it is your turn.

MR.. FLEISCHAKER:. I believe the applicant goes

first.
MR. NORTON: I don't believe the applicant goes

first at all. Zt is Mr. Fleischaker who goes first, then

the Governor, and then myself.

CHAIRMAN SALZMAN: Do you have any objection to

going first?

Vl

I

1'4..

'5;:

j

16

17'9

.

20
'1

MR NORTON: Yes.

MR.. FLEZSCHAKER: I will go.

CROSS-EXAMINATION

BY MR. FLEISCHAKER:

Q. Dr Rothman, I am. going to ask you a series of

questions now related to the Appeal. Board's Question No. 1,

and I would like to direct your attention to page 6 of

your testimony.

Do you. have page 6?

A (witness Rothman) Yes, I do.

Q Could you read the first..three sentences in the

second full paragraph on page 6?
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A "There is considerable scatter in the data with
a range, of from 0.22 G to 0.81 G for stations within 10

kilometers of the fault."
MR. NORTON: Could Dr. Rothman get closer to the

microphone, it is very difficult to hear.

THE WITNESS: ."The highest horizontal accelera-

tion was recorded at Bond's Corner. However, the Bond's

Corner high reading may .be to some extent due to an

anomalous site condition.

BY MR. FLEISCHAKER-

ccc

J

ccl

C

I

13

15,

17'.

16

21

20 '

Stop-.right there..Do you.„sir, have any data

to indicate that the conditions at Bond's Corner are

anomalous with respect to other recording sites at Imperial

Valley?

A No, I. don'„t;

Q Do you have any geo-physical data, other than the

seismogram. from the Gal'exio Valley earthquake?

A I don't have a seismogram from the Galexio Valley

earthquake. I don't have any other geo-physical data.

either
Q You do not have any geo-physical data to indicate

that the conditions at Bonds Corner.:are anomalous'

A That is right.
Q I. would direct your attention to the last

two sentences of that paragraph, and I want you to read
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those please?
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15

20

A'During a subsequent earthquake, Galex'o Valley
earthquake of June 8, 1980, magnitude 6.2, the Bond's

Corner station recorded a high peak horizontal acceleration
of 0.14 G. This reading was approximately three times

larger than any of the other stations in the region, and

approximately the same epicentral distances referenced in
the U.S.G.S. 1980."

Q Dr. Rothman, have you conducted any analysis, or

have you been able through analysis to exclude the

possibility that the peak accelerations at Bond's Corner

which are high relative to these other stations that you

refer to in your testimony, was due to fault rupture

orientation or distance from the recording site, as opposed

to anomalous site conditions at the Bond's Corner site?
A No, I haven'..

The other stations in the Imperial Valle'y are

approximately the same as or fairly close azmuth to the

epicenter, but the distances vary.

Q I would like to direct. your attention to page 8

. of your test:imony, t:oward the bottom. In the middle of

23

24

the page, your testimony begins, "This one earthquake has

given us data." Could you read us that: sentence and the

following sentence, sir?—

A "This one earthquake has given us data that tends

g,~~gPSOg ~~=OAT!NG C MPANY. !NC.



N

'

t ~

il



565

2

to show that previous predictions based on the extrapolatio

of far field data over estimate'the peak accelerations to

be expected in the near field. As a consequence, use of
the Circular 795 figures discussed above to predict peak

acceleration at the DCNPP for Hosgri earthquake would also

result in an overly conservative value of peak

7

9

10

acceleration."

Q Is. this conclusion, sir, based on your analysis

of figure 2A in your testimony, which is attached to the

end of your testimony?

A, In part it is, yes.

Q Now I would. like to direct your attention to

13

15

16

l

19;

ZO

'4

page 7 of your pre»filed testimony and ask you to read

what you stated. about Figure 2A, which begins in the middle

of the page with the sentence "this is illustrated by-

Figure 2A," and I would like to ask you to read that
sentence and the two that follow?

A "This is illustrated by Figure 2A, which is a

copy of Figure 47 from USGS'ircular 795 (Boore, et al.
1978) and contains the distance peak horizontal acceleratio

relationships for a magnitude,6.6 earthquake as developed

from the abovementioned references., The peak horizontal

accelerations from IV-79 (small dots are also plotted in
this figure) .

Q And, the following sentence.
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9

10

A The IV-79 data generally falls below the curve of
these studies, especially so at short distances."

Q Let's turn to Figure 2A and examine that figure,
I

please, in light of,what you have just stated.

Is it your testimony that the IV-79 data falls
generally below the 70 percent prediction of the USGS in the

range that is defined here?

A No. I said short distances in the range in which

they are defined, meaning distances of 10 kilometers or

less.
4

l
CD

OJ

Q Can we agree that the USGS has not extended their
12 predictions any closer than 10 kilometers here?

C0

CJ

Ol

J~

Q7'

I

13:!

15

17

16

24

1Q

I

19,

20 .'

Yes.

CHAIRMAN SALZMAN: Dr. Rothman, put your micro-

phone up, and speak louder.

MR. NORTON: I did not hear the last answer.

Can we agree 'that Me USGS. has not extended their predic-

tions beyond 10 kilometers in Figure 2A?

MR. FLEISCHAKER: Closer than 10 kilometers to the
4

, fault.
/

WITNESS ROTHMAN: The U.S.G.S. 70 percent

confidence level, only goes to 10 kilometers from the fault.
CHAIRMAN SALZMAN: It might help if you would

clarify the;lines on that figure. Which are the, USGS lines?

WITNESS ROTHMAN: The two straight line, one of

AL~EBBQN a~~oRT'.NG c MPANY. ti4tc
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which is the lowest line on the figure, extends from

approximately, I would say, 15 kilometers, to approximately

60 or 70 kilometers. Then there is another straight line,
which is difficult to. see, and it is overlapped in part by

Vt

P1'V

I

v1

tV
C1
C%

Cii

PQ

CX.

8.

9

10

the curve marked "T-2," but it is parallel to the lower

line and extends over the same distance range.

BY MR. PLEISCHAKER-

Q Moving on to the Donovan curve, is it your

testimony that the points plotted —the IV-79 points plotted
fall generally below the Donovan curve, close distances is
what we are concentrating on.

A I would estimate that about one-third of them are

13: at 10 kilometers or less. Maybe one quarter to one-thi.rd

fall below the. Donovan curve.

Q What about the Seed curve?

A I would'ay an additional five or so.

V1

L~,

CO

1

Pl~

i

17

Ig
I

19

20
'l

Q Now let's talk about the Trifunac curve. It would

appear'hat most of these dots fall below the Trifunac, would

you agree with that, sir?
A At distances'loser than. 10 kilometers?

Q Yes

A Yes

Q Is it your understanding that the Trifunac

correlations, were developed. using epicentral distances?

A Yes.

ALQKRBON P&3RT.'NC CciCIPANY. INC.
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Q What is the distance. for which the IV-79 data is
plotted on this graph?

A These are the distances that were used by Boore

and Porcello, I believe, in one of the references that

CV
I

III

ee
C
00

CI~

eo

~ ~

Cl

7

9

10

Governor Brown's attorneys introduced into the record

yesterday. It is the use, depending on what part of the

fault, they were on, they used the shortest distance,to the

fault in the middle range at the northern end. They used

the. distance to a: particular point where they assumed that
—.they used the closest distance to the trace of the

Imperial Valley fault but at a depth of five kilometers, I
believe. At Bond's corner it was the distance to the fault

13; at a depth of three kilometers .

Q Have you determined how the IV-79 data would fit
the Trifuna curve if they were plotted at epicentral

16 distances on this plot,?

A No, not on this plot. But I have plotted that

I

19;

20
'1

C'

24

data versus epicentral distance. and we have,:since the

numbered stations in the array all are epicentral distances

on the order of about 24 or 27 kilometers, most of the.

points plot up at that distance, range, have a fairly large

range of peak'orizontal acceleration, About the only point

that those plot: near the Trifuna curve is the.Bond's Corner

station, whose epicentral distance is fairly close to the

distance to the fault trace.
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t.'P9 ends

Q So you have done that analysis, and you have

plotted. the points.
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Q So you have done an analysis and concluded, and

you have compared them to determine how they fit the

Trifunac curve.

A I have not plotted them over the Trifunac curves,

I do not believe. I have plotted them and looked at them

in relation to what I would project the Trifunac curves to

be an that plot.

10

Q . And, what have you concluded? Have you concluded,

they are a good fit or a bad fit to the Trifunac curve?
\

A I have concluded the Trifunac curve was a bad

L~

g
CC

M

f .

Vl

l

12

13
,'g.

'

15:

17
'Q

19;

20
'1

1Q

fit to the IV '79 data.

Q Okay. Let me get back to the conclusion. You

stated on page 8 that the use of the Circular 795 figures

let's get back to the conclusion that you have drawn that

use of the Circular. 795 figures'—
A Is that on page 8?

Q That is correct..

A I see that now, sir.-
Q The conclusion at. the bottom of that page is

what we are discussing, and it is that the use of the

Circular 795 figures discussed above to predict the

acceleration at the DCNPP from a Hosgri earthquake could

result in overly conservative values of peak acceleration.

And I will ask you what else did you rely on for that

25 conclusion?
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A When you say what else, you mean beside the 'figures

that were discussed?

Q Okay.'hat conclusion is derived from your

Vl
Pf
C«i

I

vl

C2
t4

i«i

CL

?,'

8.

9

10

analysis of the figures.
' Yes. From a plotting of the data from IV '79 on

the four figures that we were instructed to by the—
CHAIRMAN SALZMAN: Would you speak up, please?

WITNESS ROTHMAN: By the plotting of data from

IV'79* on the four figures as the Appeal Board instructed.

BY MR. FLEISCHAKER: (Resuming)

Q Okay. Let's go to Figure II-B then. Now,. this

12 is the IV '79 data plotted against predictions for a

{0
l««

~ 2

f ~

C7

Vl
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V7

13 i

15:

16"
'7

'Q

I

19

20

2I.

magnitude 7.6 earthquake, and I will ask you what about

that figure, leads. you to your conclusion?

A The fact that these curves, the Trifunac curve

at„short distances is completely above the highest data

points recorded for the IV '79 data. The curve marked S,

which is the Schnabel and Seed, at short distances except

for one point, envelopes of the data,. and the Donovan
t

curve except for, I. believe, two or three points, is above

the data at short distances.

Q Wouldn' you expect this data to fall above—
excuse me. Strike that.

Would you expect this data to fall generally below

these .curves, given the fact that the IV '79 earthquake has
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been estimated magnitude —surface wave magnitude 6.5 to
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24

6..9?

MR. NORTON: I object. I am not sure there is

any evidence in the record about a surface wave magnitude

of 6.5. I think the'only numbers I have heard are 6.8 and

6.9 MS. I could be corrected.

(Pause.)

MR. FLEISCHAKER: We have the pre-filed testimony

of Dr. Luco which estimates 6.5 to 6.9.

MR NORTON: Which. is not in evidence.

MR. FLEISCHAKER: And we have Dr. Blume's testimony

which estimates it as a 6.4 to 6.9, 'footnote 1, page I-l.
MR. NORTON: That is not MS.

MR.. FLEISCHAKER: I think I asked him that

question. 'He indicated it was MS.

MR. NORTO¹ Absolut:ely not.

MR. FLEISCHAKER: It seems to me-that we are

spending a little too much time on this point:. We have

Dr. Luco's testimony.

CHAIRMAN SALZMAN:. Mr. Norton, do you object to

his answering the question subject to his finding that?

MR.. NORTON: I object to Mr. Fleischaker saying

we have evidence that it is 6.5 to 6.9.. The only evidence

in the record to date is that it is a 6.8 to 6.9 MS, period.

MR. FLEISCHAKER: I have notes from the —I have





10-4 573

notes from the first day of hearing, and I will be glad to

check the transcript, but these notes reflect that when

I questioned Dr., Blume about the meaning of that footnote,

he indicated that:the numbers 6.4 to 6.9 were surface wave

VI
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cv
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Crc

cv

crc

C'v

CS

CL

7

8.

9.

10

12

'agnitude.
MR. NORTON: Well, all I can say is Dr. Blume is

sitting right here saying that is not so. Mr. Fleischaker's

notes are One thing, and Dr. Blume is here.

CHAIRMAN SALZMAN: Mr. Fleischaker, why don'

you ask the question on the assumption that that was

Dr. Blume's testimony, and you: can tell us where Dr. Blume

said, it after we have had a break. You have the transcript,
don' you, sir'P

13

ccc

ccrc

C'

I

15,

16

17':

tQ':
1

19 .

20
'1

MR FLEISCHAKER: I do have the transcript.
CHAIRMAN SALZMAN: All right. Let's assume Dr.

Blume so testified subject to confirmation.

MR. FLEISCHAKER: We don't have to —the record

will be confused. We can, I think, reference Dr. Luco's

testimony subject to it being introduced into evidence later

on in this proceeding.

It is quite clear—
CHAIRMAN SALZMAN: Any way you wish to proceed.

BY MR. FLEISCHAKER:, (Resuming)

Q Dr. Luco in.'.~has prefiled written testimony has

estimated the surface wave magnitude of this earthquake
25
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in the range of 6.5 to 6.9 in his prefiled direct testimony.

-2 In view of that, would you expect the IV '79 data to fall
3 below the curves depicted in Figure II-B of your testimony?
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A For an earthquake which had a possibility of a

magnitude of 6.4 surface wave magnitude or 6.9, yes, I would
I

expect it to fall below the curves.
I

Q Let me direct your attention, sir, to Figure II-C

of your prefiled written direct testimony, and I will ask

you what is it about this particular figure that supports

the conclusion that we are discussing on page 8 of your

CJ
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19.:

20
'1.

')p

testimony?

CHAIRMAN SALZMAN: Let me make sure I follow you.

The conclusion is these data overestimate the peak accelera-

tion to be expected in the near field, is that the

conclusion?

MR., FLEISCHAKER: The conclusion is in the last
sentence, "Use of the,USGS Circular,795 figures discussed

above to predict peak accelerations at the DCNPP from a

Hosgri earthquake could also result in an overestimated

value 'for peak acceleration.

CHAIRMAN SALZMAN: Thank you. I 'understand.

WITNESS ROTHMAN:. The magnitudes olotted'on this
curve, it is not clear whether they are surface wave magnitud s

or local magnitudes. However, if we are in the range 6 to

6.4, that they are Ml, and we have a magnitude 6.6 Ml for

ALCERsoN a~-QRT!.4Q C iVIPANY. INC





10-6 575

the Imperial Valley earthquake of 1979; and we take the

70 percent confidence levels of that earthquake and

extrapolate them linearly into short distances, we will be

over. the data points in the range of 10 kilometers. They
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12'.

will not be encompassed by the 70 percent confidence

levels, but the confidence levels will pass well above

those points.
In fact, I imagine they will —those confidence

levels may intersect the 1 kilometer axis at about 1 1/2 g.

I. cannot tell because there is no —the scale does not go

above 1 g. But the lower limit may actually predict,

extending that into 1 kilometer,: - the: peak horizontal

acceleration close to 1 1/2 g.

BY NR. FLEISCHAKER: (Resuming)

C7
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19;

20 'istances closer than 10 kilometers?
21

Q Dr.. Rothman, has either the. USGS or Dr. Luco or

Dr. Trifunac or Dr. Seed argued for linear extrapolation?

A No.. I don't think they have argued for a'.linear

extrapolation.. This. is not their curve. This is the USGS

curve.

Q Has the USGS argued for linear extrapolation from

c
c
Pt

I

23

24

25

A, No, they have not.

Q, Let me. direct your attention now to Figure II-D.

What is it in this: figure that leads you to the conclusions

expressed on page 8 of your testimony?
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A The fact that the data, again from IV '79, at

Vt

Pt
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distances less than 10 kilometers would fall below extensions

3
of the 70 percent confidence levels the mean or the -- II

think those are -- I am. not sure what the other ones are.
t

They are either 90 or possibly 84 confidence levels.

Q Are you referring here to a linear extrapolation

of the lines?
cc'v

cv
c

cv
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A Yes, I am.

Q And again, we agree that the USGS has specifically

stated that they do not intend these lines to be linearly
extrapolated.
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A - No, I do not remember them saying that. I don'

think that they have said it. They should be, but I don'

remember, them saying that they should not be either.

Q Okay.

MR. NORTON: Excuse me. I would like to go back

for a moment.. Mr. Fleischaker is examining at page 70,

Dr. Blume,. on the first. day regarding that footnote. I
c

would like —question: I would like to direct your attentio

to the footnote on page I-2 of your testimony.

CHAIRMAN SA'LZMAN: One moment, please.

MR. NORTON: And Dr. Blume indeed—
CHAIRMAN SALZMAN: Mr. Norton, one moment, please.

Is it necessary we do that now? We passed beyond that,

point.

ALQEiiSON RK~ORT!NQ CCMPANY. (NC





10-8
577

CV
I

IA
IA

7

8:

9

10

MR. FLEISCHAKER: And I might add that my question

was not premised—
CHAIRMAN SALZMAN: He withdrew that point. You

can make it in your paper, sir,. but he did not choose to

rest on. his recollection of what Dr. Blume testified.
MR. NORTON: Well, I was trying to correct for

Mr. Fleischaker's benefit.
CHAIRMAN SALZMAN: Mr. Fleischaker I think is

the best judge of his own benefit, sir.
MR.. NORTON: What I am saying is Mr. Fleischaker

was correct..

12

13,
I

CHKIRMAN SALZMAN: So be it. Maybe I was wrong.

(Laughter. )

MR.. FLEISCHAKER: It is hard to keep up with Bruce.

16

19;

20

'5

',

17

He keeps things moving.

One moment, please.

MR. NORTON: I will not ever interrupt to tell
Mr. Fleischaker that he is correct again.

(Laughter.)

(Pause..)

WITNESS ROTHMAN:. I might add on, the analysis Qf

t:hese figures I have been in conversation with some of the

23

24

authors of these reports, and they are at the current time

doing a re-evaluation of the dat:a, new regression lines

for t:he data to encompass the ZV '79 data, and they expect.
25
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to have those curves flatten out at distances less than

10 kilometers to include the IV '79 data.

MR. FLEISCHAKER: I would like to move to strike
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that, because I think he is now referring to Dr. David
R

Boore. I recpxested a subpoena for Dr. David Boore.

WITNESS ROTHMAN: I am not referring to Dr. David

Boore. I am referring to Bill Joiner of USGS.

MR" FLEISCHMER: It is hearsay. I would move to

strike it. It would be very difficult to cross examine that

statement.

MR. OLMSTEAD: Mr. Salzman, I would like to respond

to that.

Vl
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23

24

CHAIRMAN SALZMAN: I was about to ask you.

MR OLMSTEAD: Mr. Fleischaker is the one that

asked him whet:her he had heard whether anyone at USGS

contended whether the, data fell below the curve, and in order
E

to give a complete response, he told us what he had heard.

So I find it. interesting that he is now objecting to his

own question
i

CHAIRMAN SALZMAN: All right.. Mr. Fleischaker,"

that is true, but I don't think this is a major point, and

I think we. will accept it; for what it is worth. The motion

. to strike is denied.

MR. FLEISCHAKERl I will move on. Thank you.

ALQEitsQN RK~ORi.NC CcMPANYe (inc
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BY MR. FLEISCHAKER: (Resuming)

2 Q , I would like to move on to page 9 of vour testimon

vl
Pf

I

cc\

3 Dr. Rothman. At the bottom of the page there I want to make

' sure I got your correction, because we had some discussion,

we were looking forward to some discussion on that.
At the bottom of page 9, the sentence that begins

end 10
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74 I

15,

16

17'

19;

20
.'1

the last full sentence on the page above question 3,. could

you now read that as you have amended it?
A "This means that in the near field, the peak

ground. accelerations for larger earthquakes (magnitude 4.5

and greater) are probably not linearly dependent on

magnitude."

Q Okay. Thank you.

DR. BUCK: You did change "independent" to

"dependent,"'is that right?
WITNESS. ROTHMAN: It was made in a negative--

excuse me. I said "not linearly dependent."

DR. BUCK: Dependent.

WITNESS ROTHMAN: Yes.

DR. BUCK: Thank you.
I

BY MR. FLEISCHAKER: (Resuming)'

I would like to move on to question Dr. Kuo.

23

24

A Yes, sir.





Q I am looking for the figure which sets forth

the spectrum. Is that in the back of your testimony?

A That is correct.

7

8.

9;

10'

Okay. Attachment 1 to your testimony depicts an

upper bound and a lower bound as compared to the Newmark

spectrum. The upper bound curves derived from ll —the

ll stations that recorded the ZV '79 earthquake, is that

correct?

A That. is correct.

Q Is the upper bound spectrum there —is that

11 essentially the Bonds Corner response spectrum'3

A I cannot recall, but I would say on the righthand

13 side of the spectrum is basically Bonds Corner spectrum.

I am not sure of the spectrum curve on the lefthand side.

15 I would have to check..

Q Could you give us some reference for left and

I

19,

20

21

right by indicating the period or second, the vertical line'

A Yes. For periods higher than 1 second, I believe

that portion of the spectrum is basically Bonds Corner

spectrum. For periods below 1 second. I am not so sure. I
I

would have to check. I don't have it with me right now.

DR. JOHNSON': Mav I interrupt a minute, Mr.

Fleischaker?

. 24

25

MR. FLEISCHAEER: Yes, sir.
DR. JOHNSON:, Do I understand from your testimony,
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Dr. Kuo, that these upper bounds are composites of spectra

at various. locations?

WITNESS KUO: That is correct, sir.
DR. JOHNSON: Thank you. Excuse me, Mr. Fleischak r.
BY'R. FLEISCHAKER: (Resuming)

Q Dr. Kuo, could you do —would you t.ell me-
identify for the record the ll stations that were used to

derive the upper bound and lower bound? If that is set up

in your testimon, just direct me to the page it is on. I
could not find it.

A It is not listed in the testimony.

Q lf you would like to make the information availabl

at a later time, that: would be sufficient also.
I

A Yes, I would be happy to.

15,

16

17

'1g

i

19 .

20
'1

Q Okay. Now, could you just explain for the record

how you derive an upper hound?

A Yes. What I did, I plotted all the response

spectrum curve from the stations within ll kilometers from

the fault, and then I drew an envelope of the —of those

~ response. spectra..

Q How did you measure the ll kilometers?

A The fault distance from the stations.

23

24

Q Is that distance normal to the fault?

A That is,. correct..

MR. FLEISCHAKER: Thank you. I have no further
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cplestions ~

2 Question 3, Dr. Rothman.

BY MR. FLEISCHAKER: (Resuming)

Q Dr. Rothman, l would like to direct your attention
to page ll of'our testimony.

A (Witness Rothman) Yes.

Q And I would like you to read the first sentence

in the first full paragraph of that page.
/

A Zs that the one that. begins "USGS Circular 795?cc

10 Q Correct.

A "USGS Circular 795 reports that for comparable

12 earthquake magnitude and distance there is no significant

13 'ifferences between peak horizontal accelerations measured

on soils"—excuse me —"on soil or rock."

15

16

17
'lg

I

19;

20
'1

Do you want me to continue?

Q That is fine. Do you have a copy of 795 available.

A I think so.

Q I would like to direct your attention to page

l of 795, Joint Xntervenors'xhibit R-l.
A Could you tell me what page that is again?

Q Page- l.
(Pause. )

Let me ask you

what part of 795 are you

this question. To what, 'specifical y

referring when you make this
statement.?

Ac c ERSON R~ORT.'NC CocVIPANYo INC
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Page 1, the abstract, the last sentence in the

first paragraph.

Q Would you read that sentence, please?

A "In the distance range used in the regression,

analysis (15-100 KM) the values of peak horizontal accelera-

tion recorded at soil sites in the. San Fernando Valley

t4
Cl
C%

Ce

cv

Cl 10

earthquake are not significantly different. from the values.
a

recorded at rock sites, but values at peak horizontal

velocity and displacement, are significantly greater at

soil sites than at rock sites,."

Q There is a difference between that statement and
I

the one. that is in your testimony, isn'0 there?

r
I

Cl

01

t~ .
Ca .

Vl'

e

C '

13,

1+',

15

16;-:

1$
I

19.,

20:

21

JQ

A I believe I was paraphrasing that.

Q Isn'5 the difference that USGS is talking about

distances of 50 to 100. kilometers?

A I did not mention distance in my statement.

CHAIRMAN SALZMAN;. Please speak up.

WITNESS ROTHMAN:., I did not mention any distance

'in my testimony.

BY MR; FLEISCHAKER: (Resuming)

Q Is it fair to conclude that to make it. accurate,

we would have to qualify'he statement'.in your testimony

to indicate that USGS was referring to distances of 50

2< to 100 kilometers?

A I guess you could do that.
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2

~ Q . I would like to move on to question 4.

CHAIRMAN SALZMAN: Dr. Rothman, I did not hear

the answer.

I pl
cv

I

IA

cva
cv

CS.

CL.

C5

Vl
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10

12.

13

15

17

WITNESS,ROTHMAN: I said yes,. you could do that.

BY MR. FLEISCHAKER: (Resuming)

Q I am not sure to whom to address this question.

The'estimony I am referring to is on page 9 of Dr. Kuo's

testimony, but apparently he has referred to a report by

Dr. Newmark, so I will address 'this to both of you and

ask either of you who„feels —who wants to. respond.:to

please respond..

At the top of page 9 you discuss the change in

the —you, indicate that the change in the reg guide

position —no. You indicate the reg guide position, Reg

Guide 1.60, has been changed —has been interpreted

differently and that you have developed a staff position.

Let me ask this question. What is the. engineering

rationale for taking vertical design spectrum as two-thirds

of the horizontal response spectrum over the. entire range

20 of frequencies in the near field? Why is that warranted

in the western United States for nuclear power plant

design but not warranted in the. eastern United States for

nuclear power plant design?

24 MR.. OLMSTEAD: Could we have the frequency range

25 we are talking about?

Aa ~ERsoi4 R aoRT'.NG CCMPAi4Y. liXC.
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15.:

17 '

20

2I."

CHAIRMAN SALZMAN: Excuse me. I was interrupted

twice. Will you hold on that one moment?

(Board conferring.)

CHAIRMAN SALZMAN: Is that--
MR. FLEISCEV~R: Let, me strike that and ask that

in a more precise way.

CHAIRMAN SALZMAN: I certainly cannot refuse that.

BY MR. FLEZSCHAKER: (Resuming)

Q At page 9 the following sentence is found-
Dr. Kuo this is in your testimony —"The memorandum

indicates that we will allow Applicant the option of

taking the vertical design response spectrum as two-'.thirds

of the horizontal response spectrum over the entire range

of frequencies in the western United States only. For

other. locations the vertical response spectra will be the

same as given in Regulatory Guide 1.60."

My question is what is the engineering rationale

for making that particular distinction for nuclear power

plants located in the western United States versus those

located in the eastern United States?

A (Witness Kuo) This conclusion basically was'

Pt
I taken from Dr. Newmark.'.s report, so Dr. Newmark would like

23
~r r

24

to respond to your question.

Q Thank you.

A (Witness Newmark). I have some comments on vertica

P~cg+SCN P~~ORT,'NC C~iVPANY, INC
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acceleration in my testimony in item F on page 8, and I
have some other material that I prepared for'ther purposes

which discusses that same topic. Since the testimony is

available, let me summarize the material that supplements

it, because that might explain in more detail than the
c

testimony does.

CZ
cc

cv

10

MR. FL'EISCHAKER: Excuse me, Dr. Newmark.

I cannot hear him,'Mr. Chairman.

CHAIRMAN SALZMAN: It is too noisy?

MR. FLEISCHAKER= Could you move a little closer

to the microphone?

cA
13.

17:

WITNESS NEWMARK: Thank you.

Shall I repeat?

MR. FLEISCHAKER': No. I followed you.

MR.. NORTON: Excuse me, Mr. Salzman. There is

a lot of noise. There are people talking out in the foyer.

CHAIRMAN SALZMAN: Could you be kind, enough—

Vl

Ca'

~

1Q

19;

20

'R. NORTON: If we shut the doors, the t.emperature

goes up 20 degrees.
4

CHAIRMAN SALZMAN:. I suggest the gentleman in the

21 back close the door„and you take. your jacket off. You

can't please everyone. I notice Mr. Olmstead has a wool

23

24

25

suit, a jacket and a vest. Please continue.

MR. NORTON: The NRC is always over~conservative.

(Laughter.)

i
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1

2

CHAIRMAN SALZMAN: Dr. Newmark.

WITNESS NEWMARK: Yes, sir. Generally the mean

value and the mean plus one standard deviation are the

4 vertical accelerations as related to the horizontal accelera

5 tions ranges from about one-third to one times the

9

horizontal accelerations, with a mean plus one standard

deviation at. about two-thirds.

This —these data come from the several studies

that were recorded —identified this morning. That does

10 not preclude the fact that occasional values go higher.

There are two papers, one of which was written by me and

12 another by Bruce Bolt, and I shall refer to them shortly,

13 'hich indicate that vertical earthquake recording elements

I'4,

15

'6'7

lP
I

19

20
'1

23

24

generally over-register the vertical motions in certain

frequency ranges, usually above about 3 to 3.5 hertz up

to about 10 or 15 hertz because of the way in which they

have to be mounted, unless they are embedded or firmly
attached by bolts to a heavy foundation.

This is because the instrument itself acts as a

system resting on a spring which is the soil or soil and

concrete pedastal on which it is mounted. When the

frequency of that system is close to the frequency of the

vertical motions accelerations which the instrument is

set to record, there is an. amplification of the actual

25 ground motion. This may be as much as 1.5 to 2 times the
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actual ground motion.

The two papers, one by N.M. Newmark entitled
"Interpretation of Apparent Upthrow of Objects in Earth-

quakes," was published in the proceedings of the Fifth

ye

cv

cv

CS

C?.

l
Q

Vl

(W

Ct

&~

Cs

Vt

l

C'l '

T'.

9

10

14!

15 I

16.

17

1$
I

19 .
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24

Norld Conference on Earthquake Engineering in Rome, 1974.
f

It was an attempt to explain why certain historic earth-
II

quakes showed deformations of light objects that corresponde

to vertical motions greater —critical accelerations

greater than 1 g, although damage to buildings and other

heavier items was not consistent with that.

And it was a fairly simple matter to show by

calculations of the frequencies of the system, the fact

that it is a two-mast system not. a single mast, that this

amplification must take place.

Dr. Bolt, who is director of the Seismographic

Research Laboratory at Berkeley; and. a student of his,

R.A.. Hansen, became interested in this topic and studied

it again and published. a paper entitled "The Upthrow of

Objects in Earthquakes," which was published in the bulletin

of the Seismological Society of America,, Volume 67, No. 5,

in October 1977..

This study substantiated my results, and although

it has not been used to correct, records in general,- it
has been used by a number of investigators to discount

25
essentially some of the larger vertical recordings that
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been measured.

So from the point of view of actual records and

taking into account this 'over-registration or reading of
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many of the instruments —bear in mind that this is only

in the higher frequency region —that I felt that the

'readings in this range could be discounted.

There are other reasons for discounting the

vertical records close in in the Imperial earthquake

which were summarized in the previous panel's testimony.
t

BY NR. FLETSCHAKER: (Resuming)
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13,

Q Dr. Newmark, have you determined that the

recording instruments in 0he eastern United States are

mounted differently from those in the western United States?

A I do not agree with the NRC'hat you should use

the larger values in the eastern United States. l would

use two-thirds wherever.

Q That clears that up.

ccc
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1g
I

19 .

20

'Laughter.)
Dr. Newmark, does either the USGS or institutions

like. Cal Tech at Pasadena and the Scripps- institute at
UC'an Diego, generIally those institutes. that are concerned

with seismology,, do. they apply a correction for the vertical
acceleration in"the recording. instrument?

A No. They properly do not because to make a

correction. one would have to measure the frequency of the

A~ERSCN RK>ORi.NQ CoiVIPANY. INC
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soil column and identify precisely the amount of over-

registration.
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The purpose of these institutions is to report

the data as it occurs. Some earthquake engineers do take

account of this fact, but only in the sense that I have

taken account of it, by neglecting the occasional larger

values unless they are substantially larger than can be

accounted for by the particular circumstances.

In- other words, if I were to see an earthquake

acceleration recorded of 2 g and a. horizontal of .6, I

V

01'i 13. j

1g
.'5:

17

would feel inclined. that this was a real value greater-than:
'

the horizontal.

Q Thank you..

Dr Kuo, I would like to turn to page 9 of your

testimony.

MR. OLMSTEAD: Excuse me, Mr. Chairman. Just

to clear up the record,, the references that Mr. Fleischaker

Ol

L».

C»
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19 .

20:

21

got, in response to the earlier question are on pages 20

and 21 of Mr Newmark's testimony.

CHAIRMAN SALZMAN: Of Dr. Newmark's testimony?

MR.. OLMSTEAD: Of Mr. Kuo's testimony. 'I am

I

end ll
>~. 24

sorrv.
CHAIRMAN SALZMAN: Thank vou.

25,
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arker 12
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dsp 1

2

BY MR. FLEISCHAKER:

Q We have already covered that. Let's move on

to question seven.

Vt
Pl
cv
I

4l ~

CZ
cv

cv

cv

CS

7

10

Dr. Rothman,' would like to turn to page 13

of your testimony.

Could you read the second full paragraph there,

please.

A (Witness Rothman) "The Pocoiman Dam record of
the San Fernando Valley earthquake, which played a key

role in the development of the DCMPP design spectra,
11 displayed large ground motions. These values were in part
12

13.

caused by the focusing phenomena."

The reference in parentheses is Heaton and

Helmberger, 1979.

V2

g
16 .

17

19

20

21

23

24

Q In your testimony you refer to "these values."

What values are you talking about specifically?
A The values of peak horizontal acceleration—

the value of peak horizontal. acceleration on the Pocoima

Dam record of the San Fernando Valley.

Q So it is your testimony that your reading of
Heaton and'elmberger —strike that.

You conclude as a resul't of reading Heaton and

Helmberger that, focusing played. a part in causing the

peak accelerations recorded at. the accelerometer at
Pocoima Dam during the San Fernando Valley'earthquake of
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1971?

7

8

9

10.

A . Yes.,

Q Okay.

A (Nitness Kuo} I. would like to respond to your

previous question as to the stations that were included in
the attachment one of my testimony,

Q Okay. Pine.

A I can read it to you. Those are stations 7, 6,

8,. 5, Bonds Corner. Station, El Centro differential array,
station 9, station 4, Holtville, and Brawley Airport

11 Station 10, Calexico, and that is all.
12 MR. FLEISCHAKER:- I have no further questions of
13 this panel.

CHAIRMAN SALZMAN: I think at this moment it would.

19-;

20

'e

appropriate to take 'a break for just five minutes. I
intend to keep it very short.

(Recess}

CHAIRMAN SALZMAN; I believe, Mr. Lanpher, the

hall is in your court.

BY MR,LANPHER:

21

23

24

O'. Dr. Newman, in response to one of Mr.
Fleischaker'uestions,

I believe. you stated that you think that the

vertical accelerations are overrecorded unless the

recording instrument is firmly attached. I believe that
is consistent. with. what you have stated. at the top of page

9 in your prepared testimony..
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p12-3
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2,

Is that correct?

A ,(Witness Newmark) Yes, I believe so.

Q Have you performed any'nalysis to determine

4 which IV 79 recording instruments meet this criteria, if
Vt
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any?

A I have not done so because the studies that I
have been accpxainted with were the Imperial Valley earthquak

and they had indicated that the situation there is one that,

would lead to large. verticals close to the source in a

situation that would be different from Diablo Canyon. I
11 was primarily interested in the applications to Diablo

12. Canyon.
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-Eventually, I shall go into more detail for other

purposes for other problems,. but I did not have time to

study the implications 'of Imperial Valley for other than

the distances and, geology that would be related to the

Diablo Canyon situation.
By the way,let me correct one. point. What I

meant by "firmly attached" is bolted with a considerable

amount of initial tension, not just barely bolted in place.

Q Thank. you.

Dr. Kuo, I would like you to turn your attention
to attachment two of your prefiled testimony.

A 5Titness Kuo) Yes, sir.
Q Am I correct that. this represents the response
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spectrum for the scatter band for vertical accelerations of
i

your ll stations?

A That is correct, except station 6, as you see

there', which is separate from the rest.

7

8

9

10

A Let me try to clarify first.
the upper bound?.

Are you talking abou

Q Is it correct that again except for station 6

in the frecpxency of approximately 1 —well, the period of

approximately .1, there is an exceedance of thd Newmark-

Hosgri response. spectrum?

12

15
I

16.

17'

Q Yes, the upper bound.

=A For all the stations except station six?

Q Yes.

A Yes-.. At. periods lower than .1 seconds. Yes,

there is some exceedance there.

Q Does that, exceedance give you any concern?

A'o, I would not think so. Based on the statistica
analysis, if you. plot off, the mean on all the records as

instructed by the hoard, I would. not, see such an exceedance.

20 ' Did you plot a mean spectrum of these records

, and, a. mean plus sigma. spectrum of these records?

A, I did: not perform that. I did not plot the

mean. spectrum curve as you. suggested, but I believe in
tea previous testimony, I believe, in Dr. Brune's

25 testimony, figure 2 —just a minute.

%~ERSON RK~KPNQ C MPANY, INC,
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L (Pause)

.Figure II-3, I think he plotted the mean spectrum

curve for the set of data that I am plotting here.

Q That. was for. the horizontal acce3eeation; is that.

correct?

7

10

L1.

13

'5:;

17

'9

20

21

A That. is correct.,
Q 'hen you do not know whether a mean spectrum or

a mean plus sigma spectrum of these stations for the

vertical accelerations including array six—
CHAIRMAN SALZMAN: Let me interrupt, please. I

understand that you are talking about an exhibit prepared

by Dr. John Blume; is that correct?

HITNESS, KUO: That is correct, sir.
CHAIRMAN SALZMAN: Thank you.

BY MR. LANPHER:

Q Just so I am clear, it is your testimony you

have not determined whether a mean spectrum or a mean

plus sigma spectrum of the 11 records which you have
C

referenced —and this time I am including array-
El Centro array number six —would; or would not exceed

the Newmark-Hosgri vertical design spectrum?

A No, I did not perform that calculation.
MR. LANPHER: I have no further questions.

CHAIRMAN SALZMAN: All right. Mr. Norton?

MR. NORTON: No questions.

AL~ERBON ~~>aRT"4Q C™<%PONY lNC
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CHAIRMAN SALZMAN: Mr. Olmstead.

MR. OLMSTEAD: I don't believe we are going to

ask any further questions on these questions.

CHAIRMAN SALZMAN: That is, I take it, we are

Ft'V

c

ice

cic

cic

cic
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cv

Ct.

7

8

9

10 .

12

talking about questions 1 through 4 and 7.

MR. OLMSTEAD: That. is correct.
CHAIRMAN SALZMAN: Dr. Johnson, did you have

any further questions?

DR. JOHNSON: No.

CHAIRMAN SALZMAN: Dr. Buck?

DR. BUCK: Hold on, just for a minute.

CHAIRMAN SALZMAN: One moment..

DR. BUCK: I would like to have a moment 'o check

14 'o see whether some of the questions I have here have been

l
Ct
4e.

15
'6

17

'nswered.
(Pause.)

MR. NORTON: Mr. Salzman, could counsel approach

~9 'he bench for a minute, please?

19
.'0

.'HAIRMANSALZMAN: Yes, certainly.
(Bench conference.)

C.'%

I

I

21 DR. BUCK: I have no further questions, Mr.
'I

Chairman.,

CHAIRMAN SALZMAN: Gentlemen, the Board has

24 no further questions of you at this time, and you are

excused, for the time heing.
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(The witnesses were excused.)

MR. FLEISCHAKER: Counsel have agreed to

stipulate that Dr. Brune and Dr. Young would take the stand

at the same time. Dr. Brune appears in this proceeding

7

8.

9.

12

13

'5.

-'6

17

as a witness both on behalf of the Joint Intervenors and

Governor Brown. However, to expedite the proceeding, instea

of having Dr. Brune take the stand twice, we have agreed

that he will take. -- he will appear now and be questioned

about the prefiled. testimony that he has submitted on

behalf of both the Joint Intervenors and Governor Brown.

In addition, I will ask all of the direct ques-

tions, permitting Dr. Brune to respond to the testimony

given so far in the prefiled direct on questions l, 2, 3,

4, and 7. I will ask those questions both for the Joint

Intervenors and on behalf of Governor Brown, again in order

to expedite the proceeding.

CHA'IRMAN SALZMAN: I understand all counsel

have agreed, Mr. Norton.

MR. NORTON: The one thing I was not sure about:

20
'1

23

24

is is Mr. Fleischaker going to be cross, examining Dr. Young,

who is. a member of his own. panel?

CHAIRMAN SALZMAN: Yw. Pleischaker, I take it
you are. not going to be cross examining Dr. Young, are

you?

MR. PLEISCHAKER: I may cross examine Dr. Young.

A'ERSON >K>CRT'~G C VIPANY INC
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I think to say he is a member of my panel is not exactly

correct. I will not be cross examining Dr. Green, of

course, because I share him as a witness with Governor

7

8.

9

10

13

Brown, but I have no relationship to Dr. George Young.

CHAIRMAN SALZMAN: I see nothing wrong with that,

sir. The Board„has no objections.'hat will be fine.
It)<

Mr. Fleischaker, will you proceed?

I think, before we begin the witnesses ought, to

raise their right hands.

Whereupon,

GEORGE A. YOUNG

AND

JAMES "N. BRUNE

were called as witnesses by counsel for the Joint

15;

16

17 .

19;

WITN3jPS BRUNE I
CHAIRMAN SALZMAN:

would like to affirm..

That is quite fine.
The Reporter, will please. note that Dr. Brune

Intervenors and, having been duly sworn by the Chairman,

were examined and testified as follows:

20 will affirm.

21

ALQEBSON R~~QRT'NQ COMPANY. INC





MR. FLEXSCHAKER: I will ask the introductory
questions of Dr. Brune, and Mr. Lanphex vill ask the ques-

tions of Dr. Young. Then we will'et on to the substantive

testimony

DIRECT EXAMINATION

BY MR. FLEXSCHAKER:

7

10'

Dr..Brune, you have appeared before in.'this
proceeding. Xs that correct?

A Yes

Q You appeared as a witness on behalf of the Joint.

1ntervenors during the evidentiary hearing before the

Atomic Safety and Licensing Board'P

A That is correct.

Q X would like to call your attention to documents

19

20

21

that I have before us, 'if you have them before you. The

first: document is entitled Testimony of James N. Brune on

behalf'f the Joint Intervenors regarding Appeal Board.

Questions- 1, 4-partial, and 7, dated August. 8, 1980.

The second document is entitled Prepared Direct

Testimony of James N'. Brune on behalf of Govexnox Edmond

G Brown, Jr , regarding Appeal Board Question. 7, dated

August 1980.

Were these document.s prepared by you, sir?

Yes, they were.

Q And they have been pxefiled 'as you written direct
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testimony in this proceeding on behalf of the Joint Inter-
venors and Governor Brown?

A That is correct.

ice

cic
I

4'c

vc

chic

c
chic

chic

cic

CL

l
C3

ccl

c0

c'

p

7

8.

9

10

12

13.,'5

.

16

Q Now, sir, do you have any corrections that you

wish to make to the first document, that is the testimony

submitted on behalf'of the Zoint Intervenors?

A No, I do not.

Q Sir, do you have any corrections that you wish to
~ make to the second document, which is your direct testimony

prepared on behalf of Governor Edmond G. Brown, Jr.?
MR. LANPHER: If I could interrupt just one

moment. There i's one correction that was made, and I mailed
f

out the correction. It is to page 7. I think everyone has

it. The correction has. been made in the copy given to the

reporter.
CHAIRMAN SALZMAN: Why don't you repeat the

ccl

t~

ccl

l

I

1g

19,

20'

21

?Z

2<

,
17. correction so that. I can make sure that Ihave it.

MR . LANPHER: It is on page 7.

CHAIRMAN SALZMAN: On the stress drop?

MR. LANPHER: The eighth line, instead of 100

bars,, it should read 1000 bars.

CHAIRMAN SALZMAN: Thank you, Mr. Lanpher.

MR. FLEISCHAKER: Are we ready to proceed, Mr.

Chairman e

25. CHAIRMAN SALZMAN: You.will have the testimony

ALDERBC!4 aK~CRi.NG ccibclPANY. 'iiRC.
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bound into the record.

.MR. FLEISCHAKER: Yes, I will.
CHAIRMAN SALZMAN: If there is no objection, the

reporter will bind the testimony of Dr. James Brune as if
read into the transcript at this point.

(Testimony of Dr. James Brune follows: )

10

12

13
I

15

16:

17

'tlat
'

19

20
'1

23'4
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TESTIMONY OF JAMES N. SRUHE

On Sehalf of Joine Intervenors*
Regarding

APPEAL 30ARD UKSTXONS 1, 4 ARTIAL AND 7

DXABLO CANYON NUCLEAR POWDER PLANT, UNITS 1 6 2

Docket Nos. STB 50-275, 50-323'.L.

IHTRODUCTXOK'y

name is James K. Brune.. X am-Professor. of Geophysics

at, the University of California- at. San Diego.. + educational
backg ound includes a Bachelor of Science degree in Geological
Engineering from the University of Nevada and. a Ph.D. in Seks-.

logy from: Columbia University. X have carried out a number

of studiis re1ating to, earthqu@ce source mechanism and strong
r

r

motion in recent years. Currently I am. conducting a study of
the. strong motion. records'esulting, from the October,15, 1979

" Imperial Valley. earthquake.. My study of the. strong motion data.

resulting from the Imperial. Valley earthquake is being funded, by
f

a grant from, the National. Science Foundation Hence, X. am very
A

famfliar ~ith current and.;previous investigations oZ earthquake.
source- mechanisms anK s.trong motion data My qualifications.

1j ~ * Joint. Intervenozs are: Scenic Shorelines: Preservation
Conference, Inc., San Luis Obispo
Mothers for Peace, Ecology Action.
Club, Sandra A. Silver, and John
J. Forster





~ ~ ~ ~

~ ~

tp
I>'>gt
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experience, and a list of publications. are described in detail

~

~in m attachment to the.tastimony X presented to the Atomic.

Safety and Licensing Board during the Diablo Canyon seismic

! hearings Xn January, 1979.—X/

IX. STATEMEHT OF ISSUES

The purpose of my testimony today is. to address Questions;

1 and 7 proposed by the Atomic Safity and Licensing Appeal Board

(Appeal Board) in. ALS-598 as follows:

.

( nestion 1) "The October 1$ , 1919 ~ Imperial
Va ey artbqnahe (TV-79, ~6.6-6.9) pnovided
an extensive set of strong motion records in
the near field. of a. rathez severe earthquake.
The parties should. compare the hori"ontal. peak
acceleration values ecorded for vaiious instru-
ment positions with .earlier predictions and
compilations of such motion, e.g., those con-
tained in the 2'inal Safety Ana ysis Report (ASAP)
on the Diablo Canyon Nuclear Power Plant,. Amend-
ment 50, Appendix D LL LLB, Figures 2, 3, and. 4;
and United States GeologicaL Survey (USQS) Circular
795, Figures 4, 24, 47, and 48. Those comparisons
should (if possibLe) address. whether there is
magnitude independence, or a saturation, effect:. for
ground. motion intensity in the near field of
earthquakes."

B ( uestion 7) "Xntervenors (Brune Affidavit,.'p. 5)
an e applican (Frazier, Affidavit, .Para.. 3) have
suggested that the. strong motion data. obtained from
stations along the direction of the Imperial. Fault:
evidence. the focusing'f earthquake motion. Yet;
when the: acceleration data of two such stations,.
E1 Centrol Array. Numbers 6 and. 7, are plotted as
a function of dfstance, from the fault (e.g, BlumeAffidavit, Figures l and 2), the horizontal accelera-tion, values fall well below the regression line meanfoz the L, km distance The verticaL acceleration
values are also lower than the mean'on such. a plot.."



I b



~ ~

(Ques%i'on 7'ontd) To the extent, possible, the....pa~es should analyze the seismic records for
the ZV-79 earthquake as they pertain to the
."focussing phenomenon and relate the results of
such analyses to the Likelihood that, in the
event of an eaztduyxake anywhere along the Hosgri. '-
Pault,. focussing might result in amplified seismic
motion at Diablo, Canyon

My testimony today also pm~ally addresses Appeal BoarcL

Question 4, (the portion regarding the. application of Re~0.atory
CaMe 1.60 to. DiahZo. Canyon is- not discussed. herein) as follows:

'(Quest'on 4) The magnitudes of vertical andh~ 1 ti 1: kl e IV-79
aze generaLLy ccmqmrable . (Mean values calculatedat a distzUxce of 5 8 km from the fault are virtuallyidentical) ..., ~ ..Should there be substantive and
relevant 'analyses suggesting that. vertical motion
records do not reflect the true vertical motion,-
these should be provided."

~0

XZZ DISCUSSION OF ISSUES

i

The AppeaL Board in ALAS-598 granted. Xntervenors'otion
to reopen the- Diablo Canyon record to address nine questions
drafted by the Appeal Board concerning" the NRC review of. Diablo
Canyon Nuclear Pew'; PXant, Units 1. and. 2 The- AppeaL Board.

questions were in response to Zntezvenors.'otion that new data
obtained. from the October. 15', 1979, XmperiaL 'Valley earthquake

~ ~

cast. a'shadow on the; adequacy of the Licensing Board's seismic
analysis presented. in the September: 27; 1979 partial initial
decision

A . Horizontal Acceleration:
In. my affidavit of February 29, 1980', I: stated that

the new data from the ImperiaL VaLIey earthquake of 1979 provide
the only extensive- set of data points for a single earthquake
in the, distance range relevant for the Diablo Canyon site.—





As:.noted in my 1980 affidavi.t, the peak horizontal

accelerations for the 1979 Xmperial Valley ea&Aquake were M
genera1 agreement with the 70% prediction intervals of Soore

~ I

1 1978 (IINSI Cl* I. 79 ~) f I 6. ~ ~ . F

distances less: than XS'm from the slip surface (less than the

distances of the Boors curves, where there were few data before

the XV-79 data points), the data indicate that acceleration

. increases with decreasing distance, but Wth a flattening
slope a4 close distances-

I

Considering the inherent variability from earthquake

to earthquake,. it must; be considered likely that. future

W I t8'11 1 ..g
higher accelerations A magnitude 7.5 earthquake would. be

expected to generate- still higher average accelerations

indicated; in; my, 197&'estimony before ASLB thaC. about= 10

earthquakes of magnitude near 7.5 would have to be: recorded at
close- distances. before we could be confident. of expected

accelerations . Prazier,. Qz his .1980 affidavit (23 April, 1980)

agrees that Near field. data; from several earthquakes should

be considered, to. assess the variability. in ground motion

between earthquakes.
'asecLon. the observations from the- XV-79'arthquake,

and.
On'lementaryphysical considerations of. such phenomena as,

focussing by'upture propagation and. possible. localized
anomalously high stress drop,. I conclude that there is no

reason to assume thaC the accelerations observed for the IV-79





~ ~

earthquake zepzesent. the maximum likely or conservative values
for.earthquakes of. this magnitude. Rather, the most logica1
assumption (with lmr confidence because of the lack of

~ " I ~

sufficient data) would be. that, the acceLerations for the XV-79

earthquake represent the average expected, and. thus other
earthquakes of the same magnitude would-be expected to, in

t'g

soma cases,, generate considerably higMer average. accel'erations-
and'n. other cases, consid'erably lower average accelerations..

B Horizontal Veloci

The-peak.hozixonta1 ground velocities recorded for
the IV-79 earthquake agree. weLL with the curves of USQS

Circular 795. For. distances less- than 15 km,. the new data

suggest extrapolations, with an average velocity of about
40: cm/sec. at a distance of: about. 7 km,, with a. corresponding
70% prediction interval. velocity of about 75'm/sec.. For.

example,. the Seismic Engineering. Data Report:, for the IV-79

earthquake (Brady- et al,. X9BO) — give.'z peak (single component)3/
ji

velocities of 67 77 cm/sec at. station 5 (4 km), and 77.65

'm/sec at. station 4 (7 km) and 108.6 cm/sec't. station 6

(L. km} Since this eazthcpxa3ce had a relatively small amount

of slip- compared to the 194Q'1 Centzo earthquake of nearly
the same. or slightly smaller magnitude {see next section)',.

it is. likely. that some earthquakes in this magnitude range wild.
have considerably higher velocities at comparable distances.
A magnitude 'T.5. earthquake would be likely to have still
Larger 'velocities Thus, a. hozirontal ground, velocity of
61 cm/sec for the Diablo.. Canyon nuclear plant. is.





definitely not supported as a conservative value by the
present data.

C C arison Mi.th 1940 F~~ ake

%h 1S40XW K1V11W~
the ¹ame Richtez Local magnitude (6.4) as the VT-79 cazthqua3ce<

e, with nearly

'ad

considerably larger displacements (up to 3 meters and

greater) and thus, a highez. average stress. drop. The high
slip values. occurred. southeast of the only operating

strong'otion

station Farther, the fault ruptured southeast, away"

from the strong motion station, focussing the energy in a
direction where there, vere no strong motion recorders (see

my ASLB testimony) Thus,, the 1940 earthquake probably
generated acceLerations and. velocities. to the southeast of
the epicenter that. were..higher, than recorded in the ZV-79

earthquake~ Thus,. the. ZV-79 earthquake is probably noh a

consideration emphasizes the lack of reliability, due to
lack, of data, in csthnating Likely near. source vaLues of

~ ~

acceleration- and velocity.
Several persons have. noted that. damage was reLatively:

f th 1V-79 ~: .8 llh:**&& ** 1*
vere relatively high (e g. ~ NRC staM response) Estimates of.
the: Madified HercaLLi. Intensity in the. near-field. for the.

XV-79 are less than for the ZV-40 earthcpxake (see
attached'omparison,

Figure 1)., Although this, may in part be due to
ambiguities in the Modified Mercalli -Intensity scaLe, it is

conservative example. in tezms of: its. stress drop, accelerations,
and. velocities (relative to. its Richter. local magnitude) This.





clear that tha damage from the ZV-79 earthquake was

considerably less than for the XV-40 earthquake, even though.

for the XV-40 eaztheyxake. the direction. of ruptuze was away.

from the region where most, ?nxildings were located. This
&xxMer supports. the conclusion that the VT-79 earthquake is
not a conservative example for its Richter magnitude. The

fault length and average slip vere: both larger for the XVWO

earthquake The ac'face wave magnitude for XV 40 {7.2. 0 L)

is. also larger than for ZV-79 (6.9) reflecting. in part the larger
slip in XV&0 (James. Xienk~aper, USQS, personal ccemmxnication) ~

9 Extra olation to
M~7.5'oncerning

extzapo3.ations of results for. the
VT-79 earthquake to higher magnitudes; ale. statistical
correlations- available in literature indicate an increase in
average. peak. accelerations,. velocities and spectnxm of ground

motion vith. magnitude, with decreasing slope for larger
magnitude However,. there aze.- so few data available for
earthquakes near, magnitude 7.5 {only one good data poixxt,
fram the Garli. earthquake), that. there can be little confidence
in these extrapolations, and thus large uncertainties exist
in the ground'otion spectmxm. and peak acceleration values
appropriate. fox= an. 8 7 5 earthquake . Re cazr only be sure that
on. the average they will. be higher for an. 8 7.5 than for an

ide from the.- correlations: referenced. in my testimony before
Z have recently been shown resul ts fzom a study by Ts i ao

(198O) wh) ich also indica e inc easing average peak accelerations
with magnitude between N 6.5 and. M 7.5.,





8 p~1
Zn AMB 598, the Appeal Board stated that,

Zntervenors {Brune affidavit, p.S)...have suggested that
tha strong motion data obtained from stations along. the

direction of: the Zmperia1 fault; evidence the focussing'f
earthquake: motions., Actually,
Z aaggesteci in my, 1980 affidavit that. focussing may h'ave been

operative in. three other; earthquakes (Santa Barbara,. 1978,

Gilroy,- 1979,and Livemnore,. 1980) ~ The evidence for the2

effect;. oZ focussing on the ohs'erved accelerations in the case

of the ZV-79- earthquake is. no< clear to me at this time, anL

X. believe that it is necessary to further analyze the data

and the rupture mechanism before the'effect. oK focussing can

he assessed. Zt may Nun out. that the ZV-79 earthquake is
hetter represented as a. sequence of multiple events than as

a continuous: rupture. Thus, i< may he that focussing from a;

more; continuous rupture vouM. have. led to even higher-

accelerations.
~ ~ 4

F Vertical Accelerations.

The magnitudes of vertical'nd horizontal. acceler-
ations near the: fault. (~, 10 km) for ZV-79 are generally
comparable,. hut at some stations'he vertical values

~ considerably exceed the horizontal. Previous suggestions that
Recently Boore. and Porcella<1980) have further documented

the evidence for. focussing in the Livexmore, 1980 earthquake.





the vertical accelerations are less than 2/3 the horizontal
appear aot. to apply very aear faults Even with the data

th ZV'll~, th l Rt 'Bi ~

establish the expected average ratio of verticaL to
horizontaL acceleration very near faults. T, know of, no

evidence to suggest that verticaL acceleratioas do aot refLect
the. true vertical motion

G Hi h Vertical Accelerations
To my knowledge, the explanations for the high

frepxency vertical accelerations. of X.74g at station 6 (L. km) and

93g at the El. Cent o differen'tiaL, anay station (5 km) have

aot been. fiaaLLy established.. There are. several. possible
factors which may have led. to. increased accelerations at
these.'sites, iacludiag effects of crustal structure, Local
amplification, Localized high stress drop f aad- focussing
rapture propagation., Extensive analysis will be repzired, before
a final, explanation is accepted. Xt seems probable that
whatever the explanation, it represents a combination of
phenomena which could only. occur relatively close to the
fault. surface However, until the finaL explanation is
established; there remains the possibility tha< such

accelerations could. occur at. distances. as. -far as several km

from the fault trace and in @articular at the. Diablo
Canyon. site
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XV~ CONCLUSIONS

The main conclusions of my testimony are as follcws:
~ A . The recorded eak horizontaL accelerations for:.p

ZV 79 are in approximate agreement with the 70% prediction
Limits of 'USQS Circular 795 for an M 6.4

earthquake ia the'common distance range. For distances less
than LS- Rm fram the clip, surface, the ZV-79 data indicate.
that. accelerations increase vith decreasing distance,. but:

vith. a fl'atteaiag slope- at. close distances.'he IV-79

earthqua3ce is probably aot. a conservative example ia terms

of its stress drop, accelerations, velocities, aad. spectrum,

relative to its Richter locaL magaitude.

B There are too fev data. for earthcgxakes of M~6.5

to M T.S, to establish the rata of'ncrease. of average peak

acceleration or spectra of grouad motion going from M~6 5

to M 7.5. Me can. onLy be sure that on, the average they viLL.
b htah:f llT'fth f M'6E

C«The effects- of'ocussing.. have aot yet been

established. for the. IV-79 earthcpxake Further analysis viLL
be required Focussing. could, have Le& to even higher
accelerations than vere observed. in the ZV-79 earthquake.

There is. indirect evidence. that for the IV-40. earthquake,
/

higher accelerations might have been generated (to the
southeast) than were recorded for XV-79..

D Data from the IV-79: earthquake indicate that in
the near field,, values of vertical acceleration can be

considerably higher than 2/3 of the values of the horizontal
accelerations.





I
~ Zn susmnary, the XV-79 data discussed in the fozegoing

and in my affidavit indicates that the Diablo Canyon design

accelerations, velocities and displacenents of 0.75g, 61 em/sec

and 24 cm, respectively, if assumed to zepresent,true ground'
'I

sation, are no< established as conservative values foz the

E 7.5 -design earthquake, since they were exceeded in the

distance range of 3 to 7 km by the Zmpezial Valley earthquake

with: 4-, magnitude'f only approximately 6 6 the first
earthquake of this. size for which there were extensive near
field. recordings., The data also

indicate that, in the near field, values of vertical
accelerations can be considerably highez than. 2/3 of the values

of the horironta1 accelerations..

Me are not in, the. situation of. having an. extensive

body of'ata on accelerations, to be expected in. the near-field"
(clD km) of evert H~f;5 earthquakes, leC alone M 7.5 earthquakes.

methods of extrapolation have not been established: as reliabXe.
No reliable. estimates. of means. or standard. deviations can be

made Each new well-recorded earthquake. can be egcpected. to
bring surprises (as did. the ZV-79'arthquake~ with its high
vertical'. accelerations) and. thus. significantly change our
perceptions, of. what: accelerations are: probable and possible..
Zn. this situation, statements'hat" certain. assumed peak

accelerations. are ~conservative are necessarily cast in
doubt', whereas the negative statement, that; such accelerations
have not been established as conservative, remains true.
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0



4
r

II)Itoat PI

HfVAOA

CAt.
ll6

llw»»t~

t»ll4 Sy lstl4

ll" ~

~ litlllll

~ ~ I ~

~ ~ ~

~ ~

~
~ ~

IP IlOOO ItOI

<At ttoatt tA

tXPLAHATlott
*tftttnttt
I fib OI btOothf >
~ f!Ol f)lI

~4»liar I.OI lll
~ O»IAO

» l»rr

~4 E.If

IVl~

A I X.~II~t~

~ 4

~ 4

~ ~
S o 4 ~

~
~ ~

~ ~
~ ' ~

~ ~ » ~

~ IOI,OOttttt »I
)

O V)fr
~ ~ Qe

S

yo

4) ~

4 i
o > IOIh~8 O

4~ ~
o

4

4

1IIN O

Ol
e

JA '8 X.

~ »

ANiiatt A

~ ~
~ fm

~~hi.-f~II~IIoocttof~>III|rolttf&)tie llof Mof iO, Iote.
~ » ~ »r

ei ~ )<
h Chttte
«»»»»»» ~

'

~»0»»

1 ~

~ ~

e eo4s

r

figure t.-lfofobtttot mop fof ffte ttttporIot Volta( ocrlttqttotti of October t$, t919.

Reagor and others, (1980)

I

~ r r l »II LC ~ lw» ~ ' wkly r»I »r»»,,l . ~,

~ It

p@

~ »

~~~~





UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

BEFORE THE'ATOMIC SAFETY AND LICENSING APPEAL BOARD

In the Matter of
PACIFIC GAS. AND ELECTRIC COMPANY

(Diablo Canyon Nuclear Power Plant, )

Units-1 and 2)

Docket Nos. 50-275 OL
50»323 OL

Prepared Direct Testimony of James N. Brune

on Behalf of Governor Edmund G. Brown, Jr.

Regarding

'APPEAL BOARD UESTION 7

August 8, 1980





Testimony of James N. Brune

On Behalf of Governor Edmund G. Brown, Jr.

Regarding Appeal Board guestion 7

The purpose of my testimony today is to address guestion 7

proponded by the Appeal Board. in the Appendix to ALAB 598. 1

I have already'xpressed certain views relating to this question

in my prepared testimony on behalf of Joint Intervenars. There

I stated:

In ALAB»598, the Appeal Hoard stated that, "Intervenors
(Brune affidavit, p. 5) . . . have suggested that the strong
motion data obtained from stations along the direction of
the Imperial fault evidence the 'focusing'f earthquake
motions;" Acutually, I suggested in my 1980 affidavit
that focussing may have been operative in three other earth-

~ guestion 7 states:

"Intervenors (Brune Affidavit, p. 5) and the applicant (Frazier
Affidavjit, Para. 3) have suggested that the strong motion data
obtained'rom stations along the direction of the Imperial Fault
evidence the 'focusing'f earthquake motion. Yet, when the
acceleration data of two such stations, E1 Cent ro Array Numbers-
6 and, 7, are plotted. as a function of distance from the fault
(e.g., Blume Affidavit, Figures 1 and 2), the horizontal

'ccelerationvaIues fall well below the regression line mean for
the 1 km distance. The vertical acceleration values are also
lower than the. mean on such a plot. To the extent possible,
the parties should analyze. the 'seismic records for the IV-79 earth-
quake as they pertain to the focussing phenomenon and relate the
results of such analyses to the likelihood that, in the event
of an earthquake anywhere along the Hosgri Fault, focussing might
result in amplified seismic motion at Oiablo Canyon."





2.

quakes (Santa. Barbara, 1978, Gilroy, 1979, and Livermore,
1980). The Evidence for the effect of focussing on the
observed accelerations in the case of the IV-79 earthquake
is not clear to me at this time, and I believe that it is
necessary to.further analyze the- data anci the rupture
mechanism before the effect of focussing can be assessed.It may turn out that the IV-79 earthquake is better repre-
sented as a sequence of multiple events than as a continuous
rupture. Thus, it may be that focussing from a more continu'ous
rupture would have led to even higher accelerations.

My purpose in this additional testimony. is. to express further views on

this subject.

'
INTRODUCTION

In guestion 7 appended to the NRC Atomic Safety and Licensing Appeal

Board decision- of June 27, 1980, ALAB-598, the Appeal Board said that the

parties should "analyze the seismic records for the IV-79 earthquake as
1

they pertain to the. focussing phenomenon and relate the results of such

analyses to the likelihood that, in the event of an earthquake anywhere

along the Hosgri Fault, focussing might result in amplified seismic

motion at Diablo Canyon." I. concur with the Board that this analysis is

important to understanding the seismic hazard at Diablo Canyon.

IMPORTANCE'ND. REI.EVANCE 'Of 'OMPUTER 'itGDEL'F ING

I believe that it is important that one aspect of the analyses for

carrying out the boards, directive be use of computer modelling of fault

2
A statement of my professional qualifications and publications has
previously been submit.ed as Attachment A to my ASLB testimony
dated November 15, 1978.





rupture to simulate strong motion. Without this modelling, we will not be

able to make full use of important new data from the Imperial Valley earth-

quake. Modelling, along with new, information provided by the Imperial

Valley earthquake, will provide improved understanding of the strong

motion, especially the effects of focussing by rupture propagation and

localized: concentrations of- high stress drop, which might occur at the

Diablo Canyon Nuclear Plant from a rupture on the Hosgri Fault. This

modelling can significantly reduce our uncertainties about the expected

ground motion at Diablo Canyon. It will provide. a range of realistic

models of ground motion records from which to predict expected response

spectra parameters.

In previous testimony (prior- to the existence of the Imperial

Valley data), I indicated that computer modelling would be important

in estimating the strong motion to be expected at Diablo Canyon (ACRS

testimony,. 1977, p.4). The main reason for. this was that because of

the. lack of data it is not possible ta establish empirically the average

peak acceleration at close distances (<10 km) for large earthquakes

(M>7), nor to establish the standard deviationof peak accelerations from

this mean. There was only one data point for an N>7 event at close

distances (< 10 km) (Gazli earthquake). Since new data can only be

accumulated with time, as important future earthquakes ar recorded

on strong motion instruments, numerical modelling represents the best

and most timely way to reduce existing uncertainties in the expected

I indicated in my HRC testimony that about 10 earthquakes of magnitude

near 7.5 would. have to be recorded at close distances before we could

be confident of the expected accelerations.
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" ground motion at Diablo Canyon. Modelling provides a method of assessing

the importance of phenomena such as focussing of energy due to rupture

propagation and anomalously high stress drop.

The existence of the Imperial Valley. earthquake data will further

decrease the uncertainty and non-uniqueness in the modelling process

and thus increase the 'value of modelling at Diablo Canyon since this

earthquake is the first with multi-station near-fault strong motion

observations. Once the data from the Imperial Valley earthquake are

modelled, including the effects of parameters such'as focussing and local

concentrations of high stress drop, we will be able to better assess

their importance for Diablo Canyon.

Computer modelling capabilities have improved in recent years.

Computer modelling is in the process of being developed for the San

Onofre Nuclear Plant (Del Mar Technical Associates,. 1978, 1979). In

the case of San Onofre and Diablo Canyon the distance of the postulated

design earthquake from the nucelar plant is very small (5 km for

Diablo Canyon), and thus in the range where, due to the lack of

empirical data-,. modelling is most important.

FEASIBILITY

Irr my previous testimony before the ACRS and NRC, I indicated

that useful numerical modeling techniques were availab1e to aid in

estimating the expected ground motion at Diablo Canyon. The capability

for doing site specific calculations similar to those proposed here
I

Iias been developed by my colleagues at UCSD (Apsel and Luco, 1978).and

I have been involved, along with other colleagues and students, in

using their computer program (.PROSE) and i.ts results to interpret strong
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motion records from several, earthquakes, including earthquakes

in 1977 near Acapulco, in 1977 along the Imperial fault, and in

1978 along the Cerro Prieto fault. At the present time I am

working on a modelling study of the Imperial „Valley earthquake of

October 15, 1979. The above studies are briefly described here.

Hartzell, et al (1979) used the PROSE program to model the

strong motion records from the October 1977 Acapulco earthquake.

In another study (Nava and Brune, 1980) the PROSE program was used

to model strong motion records of the double-event Mesa de Andrade

earthquake of magnitude 5.3. In an unpublished study, Adair, et al

(1979) found, using the PROSE program, that earthquakes recorded at

Imperial Valley College from a 1978 earthquake swarm along the

Imperial fault could be closely matched by a simple concentrated

str ess drop. In another study underway, (Nunguia, et al, 1980), we

are. comparing strong. motion records from the Victoria earthquake

swarm of March 1978 (records shown in Appendix II of my ASLB testi-
mony). I am presently involved in a modelling study of strong

motion records from the Imperial Valley earthquake of October 15,

1979 using results from the PROSE program.

The basic di fference between the model 1 ing studies referred

to. above and the modelling which I am recommending for the Diablo

Canyon site. is one of scale. Mith the limited funding available.

at my institution, it is not possible to make the multiple. computer

runs with variations in parameters that would be required for the
N

Oiablo Canyon study. To estimate the effects of uncertainties in

the parameter s for the Oiabl o Canyon modelling, reasonable varia-

tions -in model parameters will indicate worst-case or conservative

conclusions.
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6.

GEOLOGIC PARAMETERS FOR MOOELING

The numerical modeling would include effects of rupture on all

faults considered capable. In particular, the orientations and locations

of fault ruptures should be varied to take into account possible effects

of focussing, i.e., whether fault rupture could proceed toward the plant,

thus focussing energy in that direction. A conservative approach in

this case would be to choose fault orientations as close to the

direction toward the- plant as allowed by the data.

It is also important to consider the effect of possible rupture

on the several splay or branch faults of the Hosgri indicated on various

maps (see Geologic Map References). These maps show splay or branch

faults which point in a more easterly direction than the overall fault

zone. Especially important would be splays or branches. which strike

toward the Oiablo Canyon site. The most general model should include

both a rupture on the main fault and super imposed effects of rupture.

on branch faults.

The calculations. should also consider the possible range of

fault orientations and mechanism, in particular the type of motion

(normal, thrust or strike slip), and the possibility that the faults

may dip under the plant.

The layered geologic model used in the numerical modeling

should be chosen to be as representative as possible of the site-

specific-geologic structure at Oiablo Canyon, based on appropriate

geologic mapping, and refraction and reflection- profiling. The

effects of reasonable variations in structure, given the existing

uncertainties, should be taken into account.
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STRESS OROP

The main physical parameter necessary as an anchor value for the

numerical modeling is stress drop. The. 1979 earthquake is the first
earthquake for which we will be able, after modeling studies„are done,

to determine the stress drop with some certainty, and this wilT aid in

predicting the stress drop which might occur along the Hosgri fault.

In my NRC testimony, I indicated that most earthquakes have stress drops

less than 100 bars, but there was evidence that in some circumstances

stress drops of over 100)bars could occur over volumes at least a few km

in dimension relatively near the surface.

A reasonable initial model for an earthquake on the Hosgri

fault would be a model with a uniform stress drop of 100 bars (over the

entire fault rupture), and superimposed local stress drops of about 500

bars for local stress concentrations of about 5 km in radius, located. at

several points along the main fault branch and on splay or branch faults

which are judged capable. Refined estimates for these values could be

made when the initial results of the modeling are obtained (by comparison

with existing strong motion records from the Imperial Valley earthquake

and with other strong- motion records considered important). It should

be emphasized that it is not necessary to arrive at a final choice on

faulting parameters'efore important and useful reduction of the

uncertainties in the strong motion to be expected at Diablo Canyon are

achieved. Initial results from the modeling will be of great benefit

in this respect, since the information from empirical data is so limited.
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CONCLUSION

I believe that it is important that one aspect of the analysis

of the seismic. records for the IV-79 earthquake as they pertain to the

focussing phemonemon and the possibility of amplified seismic motion

at Oiablo Canyon, suggested in guestion 7 of the appendix to ALAB-598,

be use of computer modeling. Such modeling is presently feasible and

represents the best and most, timely way to reduce the uncertainties

in the expected ground motion at Diablo Canyon for an M 7.5 earthquake

on the Hosgri fault, particularly as these uncertainties relate to

the possibility of focussing and localized stress drop.
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MR. FLEISCHAKER: I might note at this time, Mr.

Chairman,.that Dr. Brune's qualifications are set forth in a

separate item attached to the testimony, 'and they were

submitted at the evidentiary hearing before the Licensing

Board.

CHAIRMAN SALZMAN: I know that, and no one is
questioning Dr. Brune's qualifications.

MR. FLEISCHAKER: This is all I have at. this
point.

MR. LANPHER: May I go ahead?

CHAIRMAN SALZMAN: Yes. Do you want to go to

Dr. Young's testimony'?

CA

C

C

CD
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ccl

I

I

13

15

16

17

19:

20
'1

23

24

25

MR. LANPHER: Yes.

BY MR. LANPHER:

Q Dr. Young, do you have before you a document.-

entitled Prepared Direct Testimony of George A. Young on

behalf of Governor Fdmond G. Brown, Jr., regarding Appeal

Board Questions 1-6?

A Yes, I do..

Q Do you also have a loose page numbered 43?

A Yes, sir.
Q Is that a correction to the page 43 which was

pre-filed?
A Yes, sir. Two references have been added.

Q Which, references have been added?
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A . Thh last two references on the. page. The first
is Trifunac MD-1972-A, and the second is by the same author,

3 1972-B.

7

8

9.

10

Q There is a statement of your qualifications
attached to your testimony, Dr. Young?

A No, it is not.

MR. LANPHER: They were attached to the copies of

the testimony that were submitted.

CHAIRMAN SALZMAN: It is attached to my copy, if
it will help.

12

13

16

19;

20
'1

23

24

15

1T '.

BY MR. LANPHER:

Q Is that a .statement of your qualifications?
A Yes.

Q Do you have any other corrections to your testi-
mony for the one noted with regard. to page 43?

A Yes. sir. On page 6, the re ferences that have

been cited. on page 43 are also corrected in the text on the

fifth line from the bottom. The citation was originally
Trifunac 1972, 1976. Those should, be changed to Trifunac

(1972-A, 1972-B) .

CHAIRMAN SALZMAN: Are you dropping the 1976

reference.,
WITNESS YOUNG: .Yes, it could be dropped.

CHAIRMAN SALZMAN: The question is whether you

25 are dropping it?

ALQEBsoN RK~QRT'.NQ CCMPANY. lNC.
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WITNESS YOUNG: I left it in the reference. My

2 thought was that it would not hurt anything, but it is not

referred to in the text.

Vl

CV
I

VS
then?

CHAIRMAN.SALZMAN: That makes it clear, then.

WITNESS YOUNG: Should we drop it on page 42,

CHAIRMAN SALZMAN: It does not make any difference.

cv

ye

C! 10

You just told us what we wanted to know.

WITNESS YOUNG: I prefer leaving it. Zt is a

correction that does not have to be made and does not cause

CA

C,

he ~

12

15,

any trouble.
DR. JOHNSON: There is a reference to it above,

about the fourth line.
WITNESS YOUNG: Then you are correct, I should

leave it in.
1e:

17 Q

BY MR. LANPHER:

Dr. Young, do you have any other additions or

4~-

4o

CO

I

C

I

19:

20:

21

23

24

corrections that you would like to make?

A No, sir.
I

MR. LANPHER: We would ask that Dr. Young's pre-

fihed testimony be incorporated in the transcript as if
read.

CHAIRMAN SALZMAN: Any objection?

MR. OLMSTEAD: Mr. Chairman.

CHAIRMAN SALZMAN: Mr. Olmstead?

A@~ERSON ~~~ORT'NCs CCMP4N'Y INC





605

vl
Pt
CV

I

vT

cv
Ck.
os

C»O

cv

Ct

Vl

4'l

l
p»

I

5

6.

7

8.

9

10

12

13
j

1+

'15

17:

I

19;

20
'1

;7+

MR. OLMSTEAD: Mr. Chairman, there is a question

10 on page 22 of his testimony to which we would pose an

ob jection.
CHAIRMAN SALZMAN: What is your objection?

MR. OLMSTEAD: We object to the question as not

being responsive to the Bo'ard's question, and as irrelevant

to the issues related to the Imperial Valley earthquake 1979.

CHAIRMAN SALZMAN: How fax does this response go?

MR. OLMSTEAD: It starts on page 22.

CHAXRMAN SALZMAN: It goes how far?

MR. OLMSTEAD: Xt runs over to page 25.

CHAIRMAN SALZMAN: Including the diagram on page

24?

MR.. OLMSTEAD: I think the diagram is only for
that question, yes.

CHAIRMAN SAI ZMAN: Mr. Lanpher?

MR. NORTON: If he is going to respond to the

objection, I would assume that you would want all of the

object:ons first before the response.

CHAIRMAN SALZMAN- All right.
MR. NORTON: We would join in the objection Mr.

Olmstead may not have been at the hearing several years ago,

but I am sure he is familiar with the transcript. Effective

acceleration was litigated extensively, ad nauseam, days and

days. It was not a concept subject for rehearing. The
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concept subject to rehearing was Imperial Valley 1979.

.We join in the objection. To.,relitigate the

3 concept of effective acceleration in this setting is a waste
' of time. It already has been litigated.

Vt

Pt
C»I

I

lD
ICI

tion?

CHAIRMAN SALZMAN: Are you joining in the objec-

CIIa
CII

CII

ci

8,

9

10=.

MR. NORTON: Absolutely.

CHAIRMAN SALZMAN: Mr. Lanpher.

MR. LANPHER: Appeal Board Question 2 asked the

parties to address whether the Newmark spectrum is an

C

CD

11 appropriate and sufficiently conservative representation of

12 7.5 magnitude event at Hosgri. I believe the question of

13, the effective acceleration, especially in the context as
C0

i
C)

15

17

address by Dr. Young in the testimony, is completely

responsive to the Appeal Board's question.

CHAIRMAN SALZMAN: We will take one. moment, please.

MR.. NORTON: Excuse me, Mr. Salzman. I would like

1Q'9,
to comment on Mr.Lanpher's statement on Question 2.

Question 2 has to do in light of Imperial Valley

I
I»»

20
.'1

1979 very explicitly.; and not generally into the whole

world, but in light of Imperial Valley 1979, which does
not.'nvolve

effective- acceleration.

23

24 right now.

CHAIRMAN SALZMAN: Let us consult on the answer

(Pause. )

AL~KBSCN R~QRT'.NQ C™MP4NY. INC.
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CHAIRMAN SALZMAN: Mr. Lanpher, the Board has

2 'onsidered the objection in light of your confirmation that

3,the answer offered in response to Question 2. The Board

4 does not find the answer is responsive to Question 2, and

the motion to strike this answer is granted. The reporter

will. note that in the record, without specifically striking
-7

8.

9

10 .

that portion of the document.

MR. NORTON: Mr. Salzman, I assume that, we are

striking figure 8, which is reference in the text that is
behxg struck. I suppose we ought to ask if figure 8 is

11 referenced any ilace else in the testimony, I don't believe

12 it is.
13

'5;

16.

CHAIRMAN SALZOKN: Mr. Lanpher, can you answer

that, or can you ask your witness?

MR. LANPHER: 'et me ask Dr. Young.

BY MR. LANPHER:

17

I

19:,

20 'oo.

Q Dr. Young, is- that correct?

A (Witness Young) As I recall, that is correct.
I

CHAIRMAN SALZMAN:,Then figure 8 will be stricken,

21. Mr. Olmstead, do you have any further objection'?

MR. OLMSTEAD:.;I did have one question that I
wanted to ask on voir dire, but I don't know whether the

applicant is going to do that yet, or not. I would assume

25 that. the applicant would- go first.

ALQEBscN RK>CRT'.NQ c MPc44Y. liXC
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MR. NORTON: Please go ahead, Mr. Olmst;ead.

~ MR. OLMSTEAD: Are you going to do voir dire?

f

4

MR. NORTON: I have no questions on voir dire.
MR. OLMSTEAD: I have a question an the qualifica-

tions of Dr. Young.

7

9

10

MR. NORTON: No.

CHAIRMAN SALZMAN: Do you have .,a question?
1

MR. OLMSTEAD: I, have one question.

VOIR DIRE

BY MR. OLMSTEAD:

Q Dr. Young, on the 'first page of your qualification

13;

14'

15,

16.

17:

IC3

'9,

20

21

23

~ 24

25

and yaur experience, it says that your engineering career ha

included teaching,. research and consulting in the fields of

structure mechanics and hydraulics.

I was wondering if you would outline for us.

experience you have had where you were retained as a con-

sultant: on a major project to develop a seismic design

criteria for a building or structure the size of the ones

that. we are considering here?

A I am afraid I missed the very first part of your

question.

CHAIRMAN SALZMAN:. Please restate it, Mr. Olmhtead..

BY MR.: OLMSTEAD:

Q Essentially, I am asking you to tell us any

experience that you have had that: might be included within
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2

'4'

the statement I read in which you were retained as a con-

sultant or as the principal engineer in a maj or pro ject to

develop a major seismic design criteria. for the building or
structure, the building or structure being the size of the

C
cic

cv

chic

CL

7

8.

9

10

buildings or structures that we are considering at Diablo

Canyon.

In other words, you are not associating soil
mechanics, hydraulics, and so forth, which were in the

general opening sentence that you referred to. You are

referring now relative .to seismic criteria for a major

CJ

Vl

(4

I

i
C7

r~
V

CCl

i
Ql

12

13 i

I

15 I

16

17
'Q

I

19;

20

21

'?2

24

project. Is that correct?
I

Q Yes. A structural engineering consultant in a

project of that type.

A My activities in this area have been primarily in
the capac'y of reviewing criteria, and, in studies for'he
development of criteria. In those capacities, I could give

you examples, but I have no specific example of a completely

new project where I have had the responsibility of providing

the overall criteria for the design of the plant.
MR. OLMSTEAD: Thank you very much.

CHAIRMAN SALZMAN: Are there any further questions.

MR. OLMSTEAD: No.

(Written testimony of Dr. George Young follows: )

25
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PREPARED DIRECT TESTIMONY

OF GEORGE A. YOUNG

Q 1 Please state your name.

A 1 My name is George A.. Young.

Q 2 Where- are you employed'7

A 2 I am self-employed.

Q 3 What is your professional background7

A 3 A statement of my qual ifications and professional background is

attached.

Q 4 What is the purpose of your testimony7

A 4 This testimony is to respond to Questions 1-6 set forth in the Appendix

to ALAS-598, as set forth below.

Q 5'tem 1 of the Appendix of ALAB-598 requests the parties to compare the

horizontal peak acceleration values recorded in the near field during the

October 15, 1979 Imperial County, California, earthquake (IV-79) for various

instrument positions with earlier predictions and compi I'ations of such motions,

e.g., those contained in the Final Safety Analysis Report (FSAR) on the Diablo

Canyon Nuclear Power Plant, Amendment 50, Appendix D LL 11B, Figures 2, 3,

and 4; and United. States Geological Survey (USGS). Circular 795, Figures 4, 24,

47, and 48. The. comparisons were to address whether there is magnitude

independence or a saturation effect For ground motion intensity in the near

i





field of earthquakes. Have you made these comparisons and addressed this

question2

A 5 Yes, I have made both comparisons and have studied the question of

whether there is magnitude Independence, or a saturation effect for ground

motion intensity in the near field of earthquakes.

Q 6 Would you summarize your results and state your conclusions2

A 6 I have consolidated Figures 4, 24, 47, and 48 from Circular 795 into the

enclosed Figure I. Upon each figure, I have plotted the two peak horizontal

ground accelerations reported for each station listed in Table 1 for., the

IV-79 event. This includes all USGS stations closer than 18 km to the fault

except Brawley Airport and the Parachute Test Facility. I have excluded these.

two stations because they are located well beyond the horizontal extent of the

fault. The plot includes Kl Centro Stations 2 through 12, Holtsvi lie,
Calexico, and Bond's Corner. I have also plotted the mean SAN IV attenuation

curve for magnitude 6.5 on Circular 795 Figure 47, and the mean SAN V attenua-.

tion curve for magnitude 7 on Circular 795 Figure 48 so that I would not need

to repeat Figures 2, 3, and 4 from Appendix 0 I.I. 118 of Amendment 50 of the

Olablo Canyon FSAR.

The IV-79 data plotted on Circular 795 Figure 4 between 13 and

18 km are consistent. with the magnitude 6.0 to 6.4 704 prediction intervals

from Circular 795 data. Between 5'nd 13 km, the IV-79 data plots above the

mean of the magnitude 5.0 to 5.7 704 prediction interval. This would indicate
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FIGURE 1
- COMPARISON OF IV-79 NEAR FIELD PEAK HORIZONTAL GROUND

ACCELERATIONS WITH USGS CIRCULAR 795, AND SAM IV ANO V

MEAN ATTENUATION CURVFS (Basic figures From Circular 795)





TABLE 1 - PEAK HORIZONTAL GROUND ACCELERATIONS PLOTTED IN
FIGURE 1 FROH IV-79 EVENT

STATION

FAULT
DISTANCE

(Km)

EP'ICKNTRAL
DISTANCE

(Km)

PEAK HORIZONTAL
GROUND ACCELERATION

(G)

EL. CEHTRO 7

EL CEHTRO 6

BONO'S CORNER

EL CEHTRO 8

EL CENTRO 5

KC DIFF ARRAY

EL, CEHTRO 9

EL CEHTRO

HOLTSVILLE

EL CKNTRQ 10.

CALEXICO

EL CKHTRO 11

EL CKHTRO ,3

EL CKHTRO 2

EL CKHTRO 12

13

I3

16

18

27

27

28

26

26

19

27

27

28

31

30

0.52
0.36

0.45
0.72

0.81
0.66

0.50
0.64

0.40
0.56

0.51
0-37

0.40
0.27
0.38
0.61

0.22
0.26

0.20
0.23

0.22
0.28

0.38
0.38

0.22
0.27
O. 43
0.33
0. 11

0. 15
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that the peak horizontal ground accelerations are consistent with Circular 795

data, and. that the peak horizontal ground acceleration's are magnitude

dependent. Furthermore, peak horizontal ground acceleration-magni tude-faul t
distance curves should be approaching a 'horizontal asymptote at a fault

distance of 1 km. I find that the IV-79 data are consistent with this

relationship in Figure 1.

In Circular 795 Figure 24 the IV-79 data are ag'ain consistent with

Circular 795 data between 13 and 18 km, in general, falling within the one

standard deviation limits and having a mean that approximates the mean of

the Circular 795 data. The IV-79 data plotted ih Circular 795 Figure 47

plots above the SAN IV mean curve for M ~ 6.5. The IV"79 data 'are generally

above the Donovan (D) mean curve, below the Trifunac (TO; TZ) curves, and

scatters almost equally above and below the Schnabel and Seed (S) curve. The

(S) curve is an approximate mean of the IV-79 data. In Circular 795 Figure 48

the SAN V mean attenuation curve for a magnitude 7 earthquake is 'below. the

mean of the IV"79 (magnitude 6.5) data, the (0) curve for magnitude 7.6 is

higher than the mean of the IV-79 data, and the (S) and (TO; T2) curves for

magnitude 7.6 fal 1 wel I above the IV-79 data.. The curves in Circular 795

Figures 47'nd 48 lead to the following conclusions when compared to IV-79

data:

~ a. The SAN IV and Y, and the Donovan (0) curves are low.

b. The Trifunac (TO; TZ) curves are high.
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c. The Schnabel and Seed (S) curve for magnitude 6.6 plots as an

approximate mean curve to the IV-79 data. However; magnitude 7.6

near field data are needed to confirm the (S) curve at

magnitude 7.6.

d. Peak, ground acceleratIons are magnitude dependent in the near

field.

I would like to further state; that in interpreting the IY-79 data,

I da not agree with the general interpretation given in Testimony Tr. 8597;

10,105; 5889-90 by Or. Hewmark, relative to stress drop relationships. It
is true that studies such as those by Brune (1970), Trifunac (1976), Hanks

and Johnson (1976), and Bernreuter (1977) have expressed peak ground accelera-„

tion in the near field as a function of tectonic stress drop (ha) and fault

dimension (r) with- magnitude (M) not appearing in the relationships. However,

de and r are both a function of magnitude, and peak ground acceleration is

gnitude dependent. This has been demonstrated'y Ts'ao .(1980),therefore ma

who has provided a regression equation based on near field data compiled by

Trifunac (1972, 1976) from the 1940 Kl Centro (Imperial County) and 1971 San

Fernando earthquakes and aftershocks,- and from the near field data reported.

for. the Friuli, Italy, 1976 earthquake aftershocks. The correlation equation

developed by Ts'ao for peak horizontal ground acceleration for California

earthquake data is as follows.

'eferenced in ALAB-598 at Footnote 34.





3.05'.?4/H - 1,60 in (R + 1) + 0.58 <n (4o)

+ 0.91 an (r)

where

RnA' The natural logarithm of peak horizontal ground acceleration
in units of 0.1 g

H ~ Local magni tude

R ~ Hypocentral distance in km

4cr ~ Tectonic. stress drop in bars

r ~ Radius of equivalent circular dislocation (fault dimension)
in km

Ts'ao- found magnitude (M), stress drop (4a), and fault dimension (r) all to be

significant statistically, and since N is determined independent of 4e an

r, all three. terms, were included In the correlation relationship. This gave

a more stable relationship than was obtained when H was omitted.

The fact that 4a and r are a function of M is also indicated

in Figure 2 which has, been constructed from the. data used by Ts'ao from the

1940 Kl Centro earthquake. It is. possible that the stress drop curve in

Figure 2 may become horizontal (i.e., independent of magnitude) at some

higher magnitude, as has been indicated in the figure, but we have no data

to indicate this and I don't recommend that we assume this to be true below

magnitude 8 (see Fig. 2a) .



e



500

„400
Cl

POSS I BLE CURVE.

EXTEIIS I ONS

0

300

~ 200

g. 100

5 6

E'ARTHQUAKE HAGN I TUOE

(a) Relationship between magni tude-. and stress drop

OATA FROM

TABLE 2 I

2

I

1

5 6

EARTHQUAKE MAGH I TUOE:

(b) Relationship between magnitude and faul t dimension

FIGURE 2. RELATIONSHIPS BETWEEN EARTHQUAKE MAGNITUDE ANO STRESS DROP

AND FAULT DIMENSION BASED ON 1940 EL CENTRO EARTHQUAKE
DATA COMPUTED BY TRIFUNAC (1972) (From SAN/1011-125)

8





As proof of the validity of the Ts'ao relationship, which was

developed before the IV-79 event, Equation I is compare'd with IV-79 recorded

horizontal peak ground accelerations in Figure 3. The locations of the da'ta

stations are given in Figure 4. The correlation equation was evaluated and

plotted in Figure 3 for a magnitude of 6.5, a fault dimension of 3.2 km,

and for stress drops of 350, 200,'nd 100 bars, respectively.'he. fault
~

PC

dimension of 3.2 km and„ the. stress drop of 350 ba'rs represent plotted p'o'ints

taken from Figure 2 that were derived from the 1940'l Centro 6.5 magnitude

event. The 200 and 100 bars were selected to bracket the IV-79 data since

the stress drop obviously varies along the fault, as has been noted by

Bernreuter (1977).

In contrast to the IV-79 event, the 1971 San Fernando earthquake

was a reverse fault of almost the same magnitude (6.5), but had a higher

calculated stress drop and shorter fault length. However, the stress drop

ahd fault dimension derived from the 1971 San Fernando data were also found

Therefore, while stress drop equations. can be

used to explain w'hy the same peak accelerations may occur at the same source

distance from earthquakes of two different magnitudes, these equations do

not imply that peak ground acceleration in the near field is independent of

magnitude;

In summary, I conclude that the IV-79 data comparisons indicate

that in the near field the SAN IV and V attenuation curves used by Blume and

the Oonovan ground motion attenuation curve used by Hewmark are Iow, the

Trifunac curves are high, and the Schnabel and Seed curve is in agreement with
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the IV-79 data for a magnitude 6.6 earthquake. I further conclude that the

peak ground accelerations in the near field are magnitude dependent. I would

like to add that these conclusions are not new discoveries to me as I have

conducted a broader comparison of peak ground motion attenuation relationships

during the past. two years and reached substantially the same conclusions
I

relative. to the Donovan, Trifunac, and Schnabel and Seed attenuation relation-

ships. I also directed the study by Ts'ao (1980) which demonstrates that

peak ground acceleration is magnitude dependent.

9, 7'ould you recommend Equation 1 as a relationship that could be used to

predict the peak horizonta1 ground accelerations that would result at the

Oiablo Canyon nuclear power plant site from a magnitude 7.5 earthquake

located on the Hosgri fault at an epicentral distance of 6 km?

A 7 Yes:, if we could predict appropriate values. for the stress drop and

fault dimension terms. However; these values are a function of the type of

faulting and have been'stimated for the faulting associated with relativeiy

few large earthquakes. (I.e., 1900 El Centro, 1971 San Fernando, and 1976

Friuli earthquakes). I would therefore recomnend a less complex relationship.

I find the Schnabel and Seed (1973) relationship gives reasonable estimates of

mean peak ground acceleration ct'he ground suzgace up to magnitude 6.5. Above
t

magnitude 6.5, I have greater, confidence in the regression equations developed

by Werner, Ts'ao, and Rothman (1979) which have been recently published as

NUREG/CR-1175.. Their regression equations were expressed as a function of

epicentral distance since practically all strong motion data available to

them had. been recorded at epicentral distances greater than 20 km. The
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difference between their epicentral distance term (D+1) and the hypocentral

distance at fault distances greater than 30 km for a focal depth of 10 km

is 24, or less. However, the error grows progressively larger for epicentral

distances less than. 30 km. In order to extrapolate their relationship to '

near field distances, their equations should be adjusted by substituting

hypocentral distance R for the term (D+1). The Merner, Ts'ao, and Rothman

. adjusted regression equation for peak horizontal ground acceleration is as

follows:

an a'2.38 -—„' 1.01 an 8
32.85

+ 1.72 E. - 0.38 (Cn R)E. (2)

Rn a' Natural logarithm of the peak horizontal ground
acceleration in in./sec2

Richter magni tude

Hypocentrai distance in km

A constant based on earthquake data sample

where

E ~ 1 for 1971 San Fernando earthquake data

E ~ 0 for earthquake data based on 56 other.
earthquakes

E ~ 0.545 for data based on all 57 earthquakes

I have compared Equations 1 and 2 in Figure 5 us.ing the stress'rops

computed for the ImperIal County fault for Equation 1. It wilI be noted that

good agreement is obtained in the near field with E ~ 1 and ha ~ 350 bars,

13
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and for E ~ 0.545 and le ~ 200 bars. I would recoamend Equation 2 for

the Diablo Canyon site with E set equal to 0.545 to 1.0; If E is set

equal to 1.0 you will be correlating with the 1971 San Fernando data. With

E ~ 0.545 you will be correlating with data from 57 earthquakes including

the 1971 San Fernando earthquake. I would be unwilling to accept a value of

E less than 0.545 for the Diablo Canyon site.

Q 8 What. peak horizontal ground acceleration would you predict at the Diablo

Canyon. site for a magni-tude 7.5 earthquake located on the Hosgri fault at an

epicentral distance of 6 km, and having a focal depth of 10 km, with

Equation 2 using E ~ 0.5452

tl

A 8 Equation 2 would give a mean peak horizontal ground acceleration of

1'.0 g for these conditions.

Q 9 Item 2 of the Appendix of ALAB-598 requests the parties to discuss

whether.the Newmark Spectrum is'an appropriate and sufficiently conservative

representation of the 7.5 M event on the Hosgri fault in view of the fact

'hat response spectra resulting from the IV-79 event for the El Centro array

exceeded the Newmark Design Response. Spectrum even though the IV-79 peak

accelerations are generally lower than the accelerations used, as a design

basis for the Diablo Canyon plant. Have you compared the IV-79 response

spectra in the near field with the Newmark Spectrum2 If so., will you summarize

your results and state your conclusion on whether you consider the Newmark

15





Spectrum to. be an appropriate and sufficiently conservative representation of

7.5 N event on the Hosgri fau,l t for the Oiablo Canyon site2

A'es I have corn ared the res onse s ectra for the two horizontal9 p p p

components of recorded motion for Bond's Corner, Calexico,'oltsvill'e, and

the stations in the El Centro array withi'n 15 km of the fault. In my opinion

it is Important to develop mean and mean plus one standard deviation spectra

from the near field data from this -earthquake as suggested.-in Footnote 35'of
'

ALAS-598, but I would. recommend that the spectra not be'ormalized to peak

horizontal ground acceleration before statistical processing. These proce-

dures distort the response spectra in the higher frequencies and have led

to the development of an "effective peak acceleration" term to compensate

for the distortion. As discussed below, I have strong reservations about

the use of the effective acceleration concept. Instead, a response spectra.

regression equation should be. developed from the data using the procedures

demonstrated, in NUREG/CR"1175. In this procedure regression coefficients

were developed for 32 individual frequencies between 0.067 and 25 Hz wi th no

normalization and spectral distortions. Their regression equation is expressed

in terms of response velocity as a function of magnitude, epicentral distance,

fault. condition (i;e., E.' 1.0, 0.545, and 0), and site subsurface conditions

(i.e., rock, intermediate, and deep soils). However, great care wouid have

to be exercised when drawing conclusions for the Oiablo Canyon site based on

data from only the IV-79 event regardless of how the smooth spectra is

computed since the Oiablo Canyon site is not a deep soil site and a larger

magnitude earthquake has been postulated for the Hosgri fault than associated

16
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~with the.!V-79 event. Therefore, it would be better if the spectral data from

the IV-79 event were added to the data base used in NUREG/CR-1175 as the 58th

earthquake.

Since the above regression analysis could not be performed in the

time available,. I have proceeded as follows; . First, I have. constructed the

scatter band for the IY-79 spectra ($4 damping) for the two horizontal

components of those stations that recorded a peak horizontal ground accelera-

tion of 0.50 g, or greater. This was done to provide a sample of the strongest

IV"79 records since no attempt should be made to scale these spectra or the

scatter bands to higher peak ground accelerations, such as 0.75 or 1.0 g,

unless combined with more data. Second, since the Newmark spectra for the

Diablo Canyon. site were based on the strongest free-field spectrum recorded
I(

during the 1971 San Fernando earthquake (Pacoima Oam), I have next provided

a comparison of the strongest horizontal response spectrum recorded during

the IV-79 event; (Bond's Corner) with the strongest 1971 San Fernando earthquake

horizontal response spectrum (Pacoima Dam), and the Newmark free-field spectrum

for Diablo Canyon. Third, since (M+cr) amplification factors were used in

,the. development of the Newmark free-field. Diablo Canyon spectra, I have pro-

vided, a comparison between (M+cr) spectra developed by the, procedures given in
N

NUREG/CR-1175 with the Newmark Free-field Diablo Canyon spectrum, the strongest

IV"79 horizontal response spectrum, and the Pacoima Dam spectrum. My conciu"

sions are based on these three comparisons.
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The scatter bands for the two horizontal components of response

spectra for the six stations recording a peak horizontal ground acceleration

of 0.50 g, or greater, durihg the 1V-79 event are given in. Figure 6. Also

shown in Figure 6 for comparison are the Newmark spectrum for Diablo Canyon,

the strongest Pacoima Dam spectrum, and the strongest,'V-79 spectrum (Bond's

Corner) for frequencies. above I Hz. The twelve spectra used to construct the

IV-79 scatter bands were recorded at Bond's Corner, and at EI Centro Array

Stations 0, 5,', 7, and 8. These stations have fault distances of I to 7 km.

The Bond's Corner spectra are particularly significant since this station has

an epicentral distance of 6 km (fault distance of 3 km) which is the epicentral

distance postulated. for the Diablo Canyon/Hosgri fault magnitude 7.5 earthquake.

It Is extremely important to note in Figure 6 that for frequencies

between I and 15 Hz .the Newmark Diablo Canyon, Pacoima Oam, and Bond's

Corner spectra are all comparable. Based on theories postulated by Seed

et al. (1976), the response for a deep soil site (Bond's Corner) in this

frequency range should have been less than the response for a rock site

(Pacoima Dam) for earthquakes of the same magnitude. This indicates that

the Newmark D.iablo Canyon response spectrum is not conservative since it has

essentially been equalled on a deep soil site for a magnitude 6.5 earthquake

in the frequency range controlled by peak ground acceleration.

it is of interest to note in Figure 6 that the Bond's Corner spectrum

demonstrates low response in the I to 10 sec period range when compared with

the Pacoima Oam spectrum or with spectra for the H Centro array stations.
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Response spectra for Calexico and Holtsvi 1 le (these stations were not used

to develop the scatter bands) which have epicentral distances of 15 and 19 km,

respectively, show strong 3 to. 4 sec period surface wave response developing.

Maximum surface wave response, however, develops at the Kl Centro array

stations which have epicentral distances of 26 to 28 km. This is accompanied

with lower spectral response in the higher frequencies.

Figure 7 provides. a comparison of the Newmark Oiablo Canyon,

Pacoima Oam, and Bond's Corner spectra with spectra developed from the spectrum

regression equation given in NUREG/CR-1175, for a rock site, assuming a magni-

tude 7.5 earthquake with an epicentral distance of 6 km and a focal depth

of 10 km. The spectra are for K ~ 1.0 and E ~ 0.545. The spectrum for

K ~ 1 represents the (M+cr) spectrum based on the 1971 San Fernandc data

while the spectrum for E ~ 0.545'epresents the (M+a) spectrum based on the

data from 57 earthquakes which include the 1971 San Fernando earthquake. It
is particularly important, to note that both spectra developed from the

NURKG/CR-1175 procedures converge to the (M+cr) peak horizontal ground

acceleration while the Newmark Oiablo Canyon spectrum converges to a value of

0.75 g which is less than the mean peak horizontal ground acceleration

for E ~ 0.545. The 0.75 g value is. the so-called "effective peak ground

acceleration" which I consider to have. no. rational basis and. to be necessary

only because of the distortion created in the spectra by the normalization

procedure used to develop the Regulatory Guide 1.60 and the Newmark (1973)

spectra amplification factors. It should also be noted that significantly

greater response is indicated for the NURKG/CR-1175 spectra in the regions

20
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controlled by peak velocity and peak displacement than indicated by the Hewmark

Oiablo Canyon spectrum. It should be further noted that Or. Hewmark has used

a peak velocity and a peak displacement to scale the Oiablo Canyon magnitude 7.5

spectrum that are both lower than the respective peak values indicated by'he "-
~ I

Pacoima. Oam acceleration record which was a magnitude 6.5 earthquake.,

I conclude that an appropriate and conservative representation of the
~ ~ ~

7.5 event on the Bosgri fault would be a response spectrum that falls within
k

the limits of the two NUREG/CR-1175 spectra given in Figure 7.

Q 10 You hav'e indicated that there is no rational basis for the term "effective

peak acceleration" but that it is. a term that has resul ted from the distortion

that exists in normalized spectra. Could you explain the basis for this

statementf

A 10 The effective acceleration as used by Hewmark is actually the mean peak

acceleration of the normalized sample of records used to develop spectral

amplification factors in the 2.5 to-10 Hz range for the Newmark and Regulatory

Guide 1.60-spect'ra. ln order to understand why the effective acceleration is

a mean peak acceleratidn, it is necessary to consider how the response spectra

were processed in the studies. which Ied to these- amplification factors. For

example, in. the Newmark (1973) studies, the response spectra were normaZized

to the ins~entaZ peak accelerations before statistical processing when

computing the mean pius one standard deviation (M+cr) amplification factors

for the frequency region controlled by peak acceleration (i.e.,'frequencies

above about 2.5 Hz). This forced all response spectra to converge to the
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same normalized peak acceleration of 1 g. Since the normalized response

acceleration was 1 g for al 1 records, the standard deviation for the sample

was effectively made zero at the higher frequencies by this 'proces's. The 2 g

as thersfors a mecm peak accelsraticn fcr the normalized sampla, and the

(Ã+a) amplification factors at 2.5 and at 9 Zz for Regulatory Guide 2.60

spectra are expressed in toms of the mezn peak acceleraticn for the

normalized sample. There is, therefore, a distortion in the normalized spectra

in that (M+@) response is obtained between 2.5 and 9 Hz, but the spectra 'con-

verge to the mean peak acceleration of the sample at the higher frequencies

but should converge to Che (M+a) peak acceleration. If design response

spectra are developed using these amplification factors and a mean peak ground

acceleration for the. site resulting from the design earthquakes, the resulting

spectra should be sat'isfactory within the 2;5 to 9 Hz range. but will be

unconservative at higher frequencies as the spectra will converge to the mean

rather Chan the (M+cr) peak acceleration for the site. In contrast, if a

(M+cr) peak ground'cceleration is used with the (M+a) amplification factors,

the resulting design response. spectra wi I 1 be satisfactory in the higher

frequencies but will be. overly conservative at frequencies below 9 Hz.

The distortion that, exists in Regulatory Guide 1.60 spectra is

demonstrated in Figure 8 which has been taken from NUREG/CR-1175'for magni-

tude. 6.5 and 8 earthquakes having an epicentral distance of 50 miles. The

Regulatory Guide 1.60 spectra given in this figure were scaled using the mean

peak horizontal ground acceleration resulting from the NUREG/CR-1175 spectral

regression equation. It will be noted that the Regulatory Guide 1.60 (M+a)

23
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spectrum is 'converging to the mean accelerati'on at the higher frequencies

but the (H+e) RUREG/GR-1175 spectrum converges to the (I+a) peak ground

acceleration. I estimate the (M+a) peak ground acceleration for the

HUREG/CR-1175 spectrum for E ~ 0.545 in Figure 7 to be 1.77 g as 'compared

to the.1.0 g mean peak ground acceleration and the 0.75 g effective

acceleration.

9, 11 Item 3 of the Appendix of ALAB-598 raises the question whether .there

ls a significant diff'erence ln peak ground acceleration for soi.l and rock

sites, assuming.,other variables. (i.e., magnitude, source distance, stress

I'rop;etc.) are the same. Reference is made to the Rothman-,Kuo Affidavit

and the. Blume Affidavit which indicate that the IV-79 data are not relevant

to the Diablo Canyon seismic analysis because the plant is a rock site,

. whereas the Imperial Valley data. were obtained on soil'ites.. The question.

is to be considered. in light of statements by Applicant's witness Blume to

the effect that acceleration, rather than velocity or displacement, is the

critical parameter in the design of Diablo Canyon. Have you studied this

questlon7 If so, would you give your conclusion as well as the basis upon

which your conclusion is based.

A 11 I have studied this question over the past two years. I have also

reviewed USGS Circular 795 and the Affidavit by Rothman and Kuo and the

Affidavit by Blume. The results of my previous studies, which have been

published in Department of Energy Topical Reports, are essentially the same

as the statements in USGS Circular 795. The regression analyses reported in
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NUREG/CR-1175, which is the most extensive statistical analysis of earthquake

strong motion data that I know of, also led the authors lerner, Ts'ao, and

Rothman to the same conclusion (i.e., peak ground acceleration is not a

function of site subsurface conditions). As a result, their regression

equation for peak ground acceleration proved to be independent of site sub-.

surface conditions but their regression equations'or peak-ground veloci.ty

and peak ground displacement were found to be a function of site subsurface"

conditions.

It would appear that subsurface conditions modify the frequencies

of ground motion that are. amplified, but cause little change in peak ground

acceleration. Therefore, the long period amplified motion recorded for the

IV-79 event. (deep soil sites) are not typical of the amplified frequencies

that would occur on a rock site, but the response recorded at Bond's Corner

(deep soil site) at frequencies between 1 and 15 Hz;which are dependent. upon

the peak, ground acceleration are. equivalent to those monitored at. Pacoima

Oam (rock. site). This suggests, that the Bond.'s Corner response would have

been greater had it been a rock site. I consider the I V-79 near f iel d data

to be as important as the data collected from the 1971 San Fernando earthquake.

This. is particularly true for the design of nuclear power plant facilities

in light of Or; Blume's statements relative, to the importance of the accelera-

tion amplified region of the. response spectra.

Q 12 Item 4- of the Appendix to ALAB-598 indicates that Regulatory Guide 1.60

vert I ca I response spectr a shou 1 d be equa I to the hor i zon ta I. response spectra
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at frequencies greater than 2.5 kz, and that a vertical response equal to
f

two-thirds. of the horizontal response can only be used at Frequencies less

than 3.5 Hz. Item 4 then notes that vertical response spectra recoamended

for Olablo Canyon is. two-thirds of- the recoaeended horizontal response

spectra 'at all frequencies. It also. points out that response spectra developed ....

for vertical motion within ll km of the Imperial fault during the IV"79 event" ''"
appear to show generally equivalent values o$ vertical and horizontal response,

for periods.'less than about 0.2 sec. (i.e., frequencies greater than 5 Hz) .. It.

further indicates that in some. Instances the higher frequency portions of the

IV-79 response spectra for vertical motion exceed comparable portions of the

Oiabio Canyon design response spectra'. The parties are requested to address

the apparent inconsistency in the Oiablo Canyon design response spectrum (for

vertical motion) relative to Regulatory Guide 1.60 spectra recommendations

~

~

and explaI'n it if possible. It also requests. that. if there are substantive

and relevant analyses suggesting that vertical motion records do not reflect

the true vertical motion, these analyses should be provided. Have you studied

this Issue7 lf so, wi ll you give- us your conclusions and recomnendations7

\

A l2 'Yes., I have studied this problem in the'ast. based on data collected

prior. to the IV-79 event. I have also examined the vertical and horizontal

response. spectra 'that have been computed and. released by the U.S. Geological

Survey for'he near field stations recording strong motion during the IV-79

event.

Historically, it should be noted that prior to the issuance of

Regulatory Gu,ide 1.60, it was customary to use. vertical design response
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spectra that were two-thirds of the horizontal design response spectra at

all frequencies. During Che past 5 years i have directed statistical studies
I

of vertical response spectra scaling procedures under a Department of Energy

study contract which has Ied to three reports (SAN/1011.-113R, -114, and -125),.

l am also quite familiar with the NUREG/CR-1175 regression equations for

horizontal and vertical ground motion and response spectra.. All of these

studies resulted in regression equations, or response spectra, which indicate

that a design criteria providing vertical response equal to two-thirds of

the horizontal response would be adequate; However, except for SAN/1011-125,

these studies all utilized very little near field data. Therefore, I am

certain that the two~thirds criterion is a reasonable assumption based on

regression. analyses of past data for stations 20 km or more from the fault.

The data collected in the. near field during the lV-79 event is

signifIcantly different than the general trend of the data available prior

to this event. Examinati'on of the iV-79 vertical and horizontal response

spectra for stations. having a fault distance not greater than the focal

depth indicate a general pattern in which the vertical response is equal to

or greater than the horizontal response, at frequencies greater than about

5 Hz,. At lower frequencies. the vertical response is in general Ibss than

two-thirds of the horizontal response.

Secause of the relatively few near field strong motion earthquake

records, and because of the importance of vertical ground motions to the
C

design of nuclear power plant piping and equipment, t Peel this problem

requires additional study. Although 'i have been 'a strong advocate of the

28





tm-thirds criterion in the past, I now have serious reservations to applying~ ~ ~

this criterion to sites that have fault distances less than the potential

focal depth of the. design earthquake,

Relative to the credibility of vertical strcing'motion
acceleratl'on'eco'rds,

I personally have no basis for appIying a lower credibility'rating.
('I

to recorded vertical motions than Co recorded hor Izontal mot'lons. I Chink ~ "

if there was concern'hat a great number of vertical ground motion records

are in error, there would have been reservations expressed by those who have

processed most of .the records at the California Institute of Technology and

the U.S. Geological Survey. I know of no such reservations having been

expr'essed.

g, 13 Item 5 of the Appendix to. ALAS-598 points out the similarity of Che

Hollywood. Storage Bui.ldlng and the Imperial Yalley Services Building in

Chat both buildings are on,. piles. but records monitored at the latter site did

not)'mhibit the tau effect which Dr. Newmark Indicates was evident in the

records monitored at the Hollywood Storage Building site during the 1971

San Fernando earthquake. Item 5 states that given the apparent similarities
l

between the structural foundations of the two buildings, the explanations

provided thus: far for a. seeming lack of a tau effect at the Imperial Valley

Services Building are inadequate. The parties were asked to. provide additional

information on this point and relate their analyses to both geological and

structural conditions prevailing at the Oiabio Canyon site. Have you studied

this Issuef If so, would you summarize your resul ts and state your

conclusions.
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A 13 Yes, I have studied this problem relative to records compiled for both

the 1971 San Fernando earthquake and during the IV»79 event., Let us start

with the records computed, for the IV-79 event.

I have examined the horizontal (E-M) and vertical response spectra

for the base of the Imperial Valley Services Building and for the free field

that were- recently published in Preliminary Report 26 of the California

Division of Nines and Geology. I would like to point out the differences in

these spectra. which I think are due to soil/structure interaction. Later I

will translate this into tau effects. I have compared the E-M response

spectra for. the base of the building (Trace 13) with the free-field spectrum

(H92E) in Figure 9. Looking first at response at frequencies greater than

1 Hz it will be noted that the building base response is greater than the.

free-field, response at periods of about'1.5 and 3 sec, although peaks appear

on both spectra at these frequencies. I think study will reveai that these

peaks are. due to surface wave motion. Therefore, even if the structure were

rigid,, greater horizontal response would be recorded at the upper floors at

these frequencies than at the base- and this did occur. Since the building

base accelerometer, was near a shear wall, this response was picked up in the
I

base record. The enhancement In response here is then a. structure effect.

The building base record in the Z. to 5'z range an'd at 7 Hz is. significantly

stronger than the free-field response. These in my opinion are building

response effects. However, the response at 7 Hz'is probably not a normal

structural mode response.
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I have provided the vertical response spectra for the free field

and Che base of the structure in Figure 10. It will be noted that Che same

long period motions. which I attributed to surface waves in Figure 9 also

„appear at periods of about 1.5 and 4 sec but Chere is little amplification in

the. building response at these frequencies. This is. consistent with my

Interpretation Chat Chase-'are surface wave motions. The divergence In the

spectra at periods above 6 sec I would surmise is due either to a processing
*

I

error, or an error in the response spectra routine, probably the latter and

is of no consequence. The suppression of'the vertical response in the building

base record at frequencies above 4 Hz I would attribute Co building effects.

. Ie my opinion it has resulted from Che pile foundation as well as Prom'shear

wail restraint. I would consider the piles to be effective in reducing the

intens.ity of the vertically propagating Pmaves since they would reduce the~ ~

~

normal enhancement of the motion due to wave reflection at the surface.

However, I would 1 ike. Co note that I consider the pile foundation to have no

effect on the horizontal building motion record. The piles do not, in my

opinion, create an "upper story" response.

At this point we need Co consider the Cau effect that has been

postulated. by Or. Newmark for'he, Hollywood Storage. Building based on the

1971 San Fernando earthquake records monitored in the basement and. In the

free field for this site. I am in'trong disagreement with Dr. Newmark in

his interpretation of the causes of the reduced response in the basement, of

the Hoilywood Storage Building as compared. co- the response measured in the

free field, and with his logic. in justifying the use of a tau factor Co

reduce the Diablo Canyon free-field response spectra for reasons which I

~ ~

~

wi 1 1 explain.
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First,* I do not accept the tau factor explanation because the

~

~

Scanlon .(1976) derivation is based on the time of travel of surface uaxves

across the width of the structure,'ut the response at this site at periods

less than 0.4 sec (i.e., frequencies of 2.5 Hz and greater) was produced by

body cures which were essential ly propagating vertical ly. Therefore, the

time of envelopment is 'zero and tau is zero. It should also be noted that

the E"M axis of this building is normal to a radial line extended from the

epicenter of the 1971 San Fernando earthquake. Therefore, the SH wave which

produces the E.-M body wave motion in this, frequency range should reach both

the east and west ends of the building simultaneously, and tau would again

be zero. The dominant Ray1eigh wave motions. which would envelop the building

horizontally have periods in excess of 1.5 sec at this site but no modifica-

tion in response is indicated in the records for these periods. I am of the

op.inion, therefore, that there was no tau. effect exhibited by the. Hollywood~ ~

~

Storage Building records during the 1971 San Fernando earthquake since the

time of travel of the body waves across the building was zero and the wave

lengths of the surface waves were too. long to affect building response. The

same arguments apply to the Imperial Valley Services Building. The response

motions at the higher frequencies were body waves with zero time of envelop-

ment. Therefore thePe was no tau. effect. Fortunately, in this case it is

supported by the, strong motion records

Second,. important criteria conclusions for nuclear power plant

facilities should never be based on the comparison of only two records, but

should be based on an examination of a statistically significant number of
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pairs of records. For example, Figure 11 provides a comparison of 2~~ damped

response spectra for the. 1900 and 1901 Avenue of Stars buildings that were
I

derived fram the motions recorded at these two stations during the 1971 San

Fernando earthquake. Similar to the Hollywood Storage Building site, there

is a significant difference in the. response'for these two records for periods

less than 0.4 sec (2.5 Hz), but the motions vere recorded in the basements of

both buiEdkrgs vhmh are sepazated only by the uridth of the street.. The

difference obviously cannot be explained by a tau factor. There are other

examples from records in the immediate vicinity of the Hollywood Storage

Building. Bernreuter and Wight (1977), for example, in their report entitled,
I

"Analysis of Oiablo Canyon Response Spectra" have already pointed out that

response spectra for the building at 6430 Sunset Boulevard are in almost

complete agreement with the Hol lywood Storage parking lot spectra but spectra

from the building at-646'unset Boulevard are much like those recorded„ in the
(I

Hollywood Storage Building, yet both recorders are in the basement of the

respective buildings.

There'are. obviously several factors that can cause a difference in

the motions recorded from the same earthquake by two closely located accelero-

graphs.. I am of the opinion that the major cause of the difference in the

motions at the. Hollywood Storage. Building site was the fact that one instrument

'as located in the. basement near the corner walls, while the other was located

on the ground surface. more than 100 ft from the building. lf we accept the

fact that vertically propagating body waves are amplified at the free surface,

then referring to Figure 17., amplified response should be anticipated at A
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and C, when the basement depth is shal low and wide, but the wave front should

be smeared at B and lower peak motion should be recorded. In my opinion this

is a more -logical explanation of the difference in response of the two records,

but this conclusion should not be based on a single set of records.

Third, about 704 of the so-called free-field strong motion records

'hat we have were recorded In the basements or on the ground floor of multi-

story buildings. If there is a tau effect in the Hollywood Storage Building

records then it'must exist to different degrees in 704 of our records. On

this basis, regression analyses which have established peak ground motion

attenuation and response spectra relationships would be too low for free-

field values and should more nearly approximate the motions that apply to

the base of large buildings. The free-field spectra given in Figure 7 would

therefore be more applicable to the base of large structures, and the free-

field response should be something greater. On this basis, the tau factor

correction, should be. applied to increase the free»field response and not to

decz'ease the response spectra for the containment structure, turbine building,

etc. Frankly, I do not consider that there is a tau effect in the Hollywood

Storage Building basement record. Therefore I consider the NUREG/CR-1175

spectra in Figure 7 to be free"field spectra and I cannot recommend the

tau factor reductions given. by Or. Newmark.

Fourth, the so"called tau factor reduction applied by Dr. Newmark

to the Oiablo Canyon free"field ground motions is in real'ity a soil/structure

(I.e., rock/structure) interaction effect. Therefore t."he same free-field





spectra,should appZy to aZZ Category Z faciZi&as.

in the response of the larger structures due to soi
II

this should be demonstrated by good finite element

analyses in which the finite element models have a

transmit the frequencies in question.

lf there are reductions

1/structure i nteract i on,

soi 1/structure interaction

sufficiently fine mesh to
I

Q 14 item 6 of the Appendix of ALAB-598 requests the following: (a) Describe

and explain the circumstances in which soil/structure interaction produces an

enhanced or reduced structural response. (b) Discuss the relevance and appli-

cability for such interaction to the. response assumed for Diablo Canyon.

Could you. provide comments relative to these questions'7

A 14 It is difficult to provide the generalized response requested in 6a

since soil/structure interaction is a. complex problem and is affected by

many variables. Important variables are the relative stiffness of the struc-

ture. and supporting soil, the geometry and mass distribution of the structure

and tne depth of embedment of the structure in the soil, the dynamic properties

of the supporting soil (or rock), and the frequency content and wave charac-

teristics of 'the input motion. The problem is. therefore complex. Reliable

soil/structure interaction analyses are also difficult to perform. Within

practical limits of this testimony, 1 can provide only some general state-

ments and guidance.

The relative stiffness of the structure and the supporting founda-

tion is an important consideration since, frequently the structure is assumed

to have a rigid base in soil/structure interaction analyses. However, I

i
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have usually found the structure to be relatively flexible and not to behave

as though it has a rigid base. This is one of several reasons why I prefer

a finite element soil/structure interaction model to a rigid base-spring-

dashpot model .

The dynamic properties of the supporting soi I and rock are extremely

important since these properties are an important Factor .in determining the

rocking mode response. If the foundation is rock with a high, modulus, the

Standard Review Plan (USNRC, 1975) will permit an analysis ln which rock/

!

structure interaction effects are neglected, apparently on the assumption

that the foundation is rigid and foundation deformations wii 1 contribute

little to the response of the structure. This assumption was apparently

used in the initial design analysis for Diablo Canyon.

Tha geometry and mass distribution of the structure are also

'important considerations since they influence the. rocking and torsional

response of the structure. The depth of embedment is an important variable

for two reasons. First, if the structure is deeply embedded, the rocking

and tors i ona1 response of the structure can be s i gn i fi cant 1 y reduced and

second, if the structure does not extend over too large- an area and is

deeply embedded, the higher frequency, body wave motions may be reduced since

the structure will respond primarily to base motions which have not been

enhanced by the amplification that occurs at the ground surface.. However if
the base width of the structure in both horizontal directions is quite large

compared to the depth of embedment, this may not occur. This problem is
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too complex to generalize. Unfortunately we have Few cases where there are

~

~both free field and structure base motions that can be compared, such as for
t

he Imperial Valley County Services Bui lding.

Relative to.the Diablo Canyon structures, I do not consider these

structures deeply embedded nor do I consider them to be'sufficiently stiff
to permit one to assume that the structures have a rigid base. Since the

foundation material is rack with a shear wave velocity of 3600 to 5900 fps,

I would not'xpect significant. soil/structure interaction effects. Therefore,

I would not expect the free field response spectra to be greatly modified by

the structure. I would recommend that the reduction in response, if any,

be determined by a finite element soil/structure interaction analysis that

has a mesh sufficiently fine to transmit frequencies up to 20 Hz.
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CHAIRMAN SALZMAN: We are ready to proceed with

the questions, Mr. Fleischaker.

MR. FLEISCHAKER: Thank you, Mr. Chairman.

I have passed out to counsel, to all parties, and

provi'ded the reporter with three copies, and also the board
1

with copies of documents that have been, marked as Joint,

Intervenor's Exhibit R-12, R-13, R-14 and R-15. These will
be utilized by Dr. Brune in his opening statement.

Joint Intervenor's Exhibit R-12 is taken from Dr.

Trifunac's testimony, and is a map that is contained in his

testimony. It is entitled "Figure I. l.
(The above entitled document was

marked for identification as

Joint Intervenor's Exhibit R-12.)

DR JOHNSON....'Mr. Fleischaker, I see that there ar

changes made to the first of these figures. I think that it
would be well to indicate that these are modifications.

MR. FLEISCHAKER: You are quite right, there are

changes to both of these. Dr.. Brune will explain the

modifications.
DR. JOHNSON: Maybe you should refer. to them as

modified versions of the figures.
MR. FLEISCHAKER: I believe you are right. It

would be better for purposes of the record.

Joint Intervenor's Exhibit R-12 is a copy of a

ALLsEBSQN RK~CR j.N~ C™MPANY.INC,
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modified Trifunac map, which is denoted in his testimony as

Figure Z.l.
Joint Intervenor's Exhibit R-13 is Dr. Seed's

4'igure I-2 of his prepared testimony, but it has been

modified.

~el

CX

4'o
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7

8.

9

10
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13

15,

(The above entitled document, was

marked for identification as

Joint Intervenor' Exhibit R-13)

MR. FLEISCHAKER: Joint Intervenor' Exhibit R-14

is the Blume SAM 4 and SAM 5 curves that Dr. Brune has done.

(The above entitled document was

marked for identification as

Joint Intervenor".s Exhibit R-14)

MR. FLEISCHAKER: Joint Intervenor's Exhibit R-15

is a plot of the Trifunac curve that Dr. Brune has done.

VI

J~
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I

17

5Q
'

19 .

20
'1

22

23

24

(The above entitled document, was

marked for identification as

Joint Intervenor's Exhibit R-15)

CHAIRMAN SALZMAN: This is Dr. James Brune, to

distinguish from Dr. John Blume.

MR'. NORTON.: Mr. Salzman', I have a real problem

with. R-13. I do not have a problem with R-14 or R-12, but

R-13 is now something different than what it says on its fac

that it is. This gives me a great deal of problem. There

is nothing to- indicate; Zf you look at it, it is clearly
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19,
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'3

24

25

not what it says it is, and that bothers me.

.I think that they could Xerox them again, and put

a copy over what it says it is, because it is not what it
says it is.

CHAIRMAN SALZMAN: I think that it would be

satisfactory if @au took a pencil and drew a line through.

MR. FLEISCHAKER: I would be satisfied with that.
Dr. James Brune can explain precisely what it is.

MR. NORTON: But when it gets into the record

everyone will get confused..

CHAIRMAN SALZMAN: We will draw a pencil line
through the descriptive information on the graph.

MR. FLEISCHAKER: Thank you, Mr. Chairman.

DIRECT EXAMINATION (Resumed)

BY MR. FLEISCHAKER:

Q Dz.. Brune, have you reviewed the pre-filed
testimony in this proceeding relative to the questions l,
2, 3, 4 and 7?

A Yes, I have.

Q Have you been here throughout the proceeding'nd

listened to the testimony of the applicant's panel, and of

the NRC staff's panel?

A':;: Yes, I have.

Q I have a few questions for you in the beginning.

Dr. Blume, in his testimony at page 1-2, in the
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footnote regarding the significance of the recorded peak

acceleration measured during the IV-79 earthquake, stated

that his analysis assumed that the Imperial fault was

4 considered- a vertical plane of energy release.
icl
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24

25

Do you have information suggesting that that
assumption may be inappropriate?

c)4

A I have information indicating that it would not'be

a plane of energy release.

Q Could you describe, this information please?

A Yes.

I have been working with graduate student, Allen

Olson, to determine the nature of energy release during the

Imperial Valley 1979 earthquake

Q Dr. Brune,, you are going, to have to slow down.

A The main conclusiors important to the Appeal Board

Question 1 are: (1) The Imperial Valley 1979 earthquake

can be approximated, by concentrated stress release at a

depth of about six to 10 kilometers beneath the point of
maximum fault displacement observed at the surface.

This is: indicated in Intervenor's Exhibit R-12 as

a colored. in square area on Dr.. Trifunac's curve beneath the

point of maximu'm displacement on the surface, and labeled

"concentrated energy release" by, a modification of Dr.

Trifunac's curve

There was some additional rupture propagating

A~~ERSci4 RK~QRT".NQ c inc Ai4Y. linc
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7

8.

9

10

13,:

15
'6

'pward

toward Imperial Valley stations 6 and 7, and in

addition smaller energy releases occurring somewhat earlier
and near the epicenter.

This mechanism may explain the lack of focusing

observed in the Imperial Valley 1979 earthquake. The actual

surface rupture to'he northwest in the neighborhood of

stations 6 and 7 appears to have released relatively little
seismic energy.

We can plot peak acceleration as a function of

distance from the point of concentrated energy release as

suggested by Dr. Seed. I have taken this curve out of Dr.

Trifunac's testimony and simply plotted the points according

to their epicentral distance from the point, of maximum

displacement on the surface.

As you can see. in that curve—
DR. JOHNSON: Just a moment, Dr. Brune, I am

17 confused. Yo have gone to Joint Intervenor's Exhibit R-13?

WITNESS BRUNE: Yes, I am sorry.

DR. JOHNSON: Thank you.

C'

20 WITNESS BRUNE: You. can see that several points

fall above the curve. The same. is true if we use the curves

of Blume, which is Joint Intervenor's R-14.

If we use the curves of Trifunac, Joint Intervenor

R-15, the fit appears to be better. Thus the Trifunac

curve better represents the data from the IV-79 earthquake

Ai EBBQN RA+CRT!NQ c MPANY. INC
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1

2

given the concentrated source I have described, in particu-

lar the fact that the Bond's Corner station has the highest

horizontal acceleration and highest response spectrum, it
4. is understandable since it is the closest station to the

9

10

12

13;

zone of concentrated energy release.

Q Dr.. Brune, have you read the testimony of the

Applicant, in which plots and correlations are made using

distance to the fault as a parameter —normal distance to

the fault?
A Yes, I have

Q What is your opinion as to how this affects the

analysis of the data?

A I think that using the distance normal to the

fault may be seriously biasing the data. At the present

15 time, there is no basis. for assuming that the portion of the

16 fault northeast of the zone of concentrated energy release

]7 was- very important in the generation of strong motion.

1$ :

19,

20

'g'5

Nhat may have been primarily sympathetic slips triggered

off by the main energy release, this section of the fault
is well known to exhibit spontaneous grave. slips as well

as sympathetic slips.
There was actually a small amount of slip

triggered- off along the fault, as much as 20 kilometers

away, during the Imperial Valley 1979 earthquake.

I don't believe one should propose averaging in
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the data from the Mexican stations in this region as if they

were close to the energy release fault.
Similarly very small slips were triggered off

along the San Andzea. fault, more "than 20 kilometers north'f Brawley. Again, I don't believe we should average the

data from this region as if it were close to the center

of energy release.

A sLip observed on the Brawley fault itself may

have been sympathetic slip.
Clearly treating the station in the Clear Valley

Array as if they were close to the main energy release is

seriously biasing the acceleration versus distance data

downward if the mechanism I propose~.is correct.

16

17

1Q

I

19:.

20
'1

A more meaningful way to plot the data at this
time would be to plot 'as a function of distance from the

likely cent:er of maximum energy release, as I have done in

the previous intervenor figures.

Plus, I would conclude just the opposite of Dr.

Blume, namely,. that the Bond's Corner record rather than

being too conservative is the most obvious record to use if
one wants to estimate 0he ground motion at Diablo Canyon fo

a magni,tude 6.2 earthquake, and. energy release at the closes

place on the fault.
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Q Dr. Brune, in your statement I think you referred

to the fault northeast of the zone of concentrated energy

release.

A I am sorry. I meant that to be northwest.

Q Okay. Thank you.

A It was my—
Q Dr. Brune, the NRC staff and PGGE have prefiled

testimony discussing the dependence on magnitude of peak

ground accelerations in the near field. Could you please

provide your view as to that subject?

A Yes. As I indicated in my testimony, the

available evidence indicated that the, probability of getting

high peak accelerations, as well as average accelerations,

clearly increased with increasing magnitude. However, there

were so few data available for earthquakes. near magnitude

7.5 that large uncertainties, exist in estimates of peak

acceleration. expected for earthquakes of this magnitude.

Dr. Blume has referred to the paper by Hanks and

Johnson in the Seismological Society of America in 1976

stating that they showed::that magnitude is a very weak

parameter relative to peak acceleration. I believe that

the argument and data presented by, the Hanks and Johnson

paper have not been placed in the proper context.

Hanks and Johnson do not claim that they have

enough data for earthquakes of magnitude near 7.5 to
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establish a reliable estimate of peak accelerations for

2 this magnitude. To focus on this one speculative paper

and ignore the results of many other investigators referred

~

4 to in my testimony who do not speculate but actually do a

5
CV
I

correlation with magnitude as a parameter, and find a clear

magnitude dependence is not justified.
C»i
Ct
C»C

i»»

CV

CX

7

8.

9

10 .

Q Dr. Brune, Dr. John Blume stated that the local

magnitude measurement of 6.6 was to be preferred over the

others set forth in the testimony because it was obtained

on a Wood-Anderson instrument and was recorded by a trust-

I
Q

VC

worthy source, I believe it was Pasadena, and there may

12 be some disagreement that that is Cal Tech.

13 i
Do you have an opinion on that matter?

A Yes, I do. The equivalent local magnitude was

determined from strong motion records in Mexico in a study

C7
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f~ .

C»»

Cll"

I
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17:

1Q

I

19-;

20
'1.

23

24

done by myself using the technique developed by Kanamore

and Jennings and a value of 6»3 was obtaine" . As referred
C

to earlier, Dr. Luco reports in his testimony that Kanamore

at Cal Tech obtained a value of 6.2 using the strong motion

stations north, of the border. Thus, the strong motion data

suggests a local magnitude less than the preliminary value

reported by Cal. Tech of 6 6.

It is particularly important to have stations at

as many azimuths as possible in. determining magnitude.

Therefore, the Mexican results are important since the

Ai ~~8CN R~~Ri.NG CGMPANY. INC»
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Cal Tech stations only represent a limited azimuth sample

to the north.

Q Dr. Brune, have you studied the testimony of
Mr'. Edwards as it relates to focusing, as described in your

previous testimony regarding this phenomenon before the

Licensing Board?

7

8

9

10

A Yes, I have.

Q Do you agree that 'he properly relied on the state-

ment contained in your letter to the ACRS and attached to

your original testimony submitted in the evidentiary hearings

before. the Licensing Board, to reach the conclusion stated

13 i

15 i

16

17'Q

'

19;

20

21

in the last sentence of his prefiled testimony at VII-4?

A No.. Mr. Edwards states that "The rupture focusing

phenomenon is not relevant to the Diablo Canyon site in
light of the fact that the portion of the Hosgri fault face

which may be lined up with the Diablo Canyon site, plus

or minus five degrees, is so far from the site (nearest

approach is approximately 27 kilometers) that any amplifica-

tion by high frequency focusing would be eliminated through

material damping of high frequency radiation. Brune, ASLB

testimony. "

I feel that Mr. Edwards misrepresents the position

23

24

given in my testimony', and I welcome the chance to clear

this up. In my ASLB testimony I in fact concluded that

focusing was relevant to the Diablo Canyon site, and might,

ALQEBsoN RK>ORT!NG ccMPAiQY. linc
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along with other factors, lead to ground accelerations higher

'than the 1.5 g postulated in USGS Circular 672 for a magnitud

7.5 earthquake. That, was on page I-8.
4

My conclusion four was that, "Focusing of energy

5

8.

9

10

or directivity associated with fault propagation can lead

to accelerations and velocities amplified by more than a

factor of two in a sector of about plus or minus 5 degrees."

And I add the emphasis of the word "about" from the direction

of fault, propagation. Diablo Canyon could be in the sector o

focusing."

That is on page III-2. I referred to the study.

of Boore and Joiner which indicates that when incoherence

13 's introduced into the rupture proposition, the focusing or
Idirectivity effects are as strong or stronger than for the

15

16

17

1$

19;

20
'1.

25

corresponding smooth idealized rupture.

Q Dr.. Brune, you are going to have to slow down a

little bit.
A Thank you. I noted that the Hosgri fault is

curved. northwest of the Diablo Canyon site and might be

much closer than 5 kilometers to the projection of the

trend from the fault northwest ofthe site.
I'uote, "Energy could be focused nearly directly

at the Diablo Canyon site. A calculation should be made

to estimate the effect of focusing in this case." Page III-1
Concerning the initial idealized model of focusing,
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I stated: "However, since this idealized theoretical

model does not closely represent the real situation, we

must do other calculations to verify the possible effects

of focusing. In particular, if the rupture propagation is

not perfectly coherent,. we may expect the beam of focusing—

Ct
cv

Oi.
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fQ

7
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9
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12

focused energy to be wider but less intense." That is on

page I-5'.

I went on to describe the focusing phenomena from

another point of view -- constructive interference of bursts

of energy release. I then refer to a study of Dr. Steve

Hartsell which showed that constructive interference, focusin

during the 1940 Imperial Valley earthquake, could have led

13
to acce 1erations twice as high as in the unfocused direction

for the El Centro station which is 5 kilometers from the

C7

t~ .
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ir

I

15
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17

20
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21.

Imperial fault.,"
Clearly Mr. Edwards is not following the essence

of my testimony when he concludes that, Diablo Canyon cannot

be i;n the zone of focusing. Computer modeling which clearly

shows the effect of focusing has been carried out by

TERA Delta for the San Onofre Nuclear Power Plant which is

8 kilometers from the postulated fault, about 2 kilometers

further than Diablo Canvon.

These modeling results clearly show the effects of

focusing as stated by Dr. Frazier earlier this morning.

Dr. Frazier clearly describes. the phenomena of focusing on
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page VII-2 of his Diablo Canyon testimony, saying that it
can be understood in terms of time compression of signals.

The mechanism which he describes is not limited to plus or

minus 5 degrees and corresponds to the interference of bursts

of energy release described in my testimony. Thus, i6 ~s

clear that. in the real earth the effects of focusing are

not limited to plus or minus 5 degrees, as implied by

Mr. Edwards'onclusion.

In addition, Mr. Edwards has apparently relied on '

greatly oversimplified and inaccurate representation of

the actual fault pattern. In my testimony before the ASLB

12

13;

16

17

I was referring to various maps of offshore faulting in the

Hosgri fault zone which show numerous branches and segments

which leave considerable uncertainty as to a precise

direction of the fault at any given point. Thus, the fault
might. locally strike more in the direction of Diablo Canyon

than a. single line drawn, through these various branches and

segments ..

20

23

24

19;

21

'7g

In this situation the narrow limitation of focusing

to plus or minus 5 degrees from some imagined straight line

through the various segments is not an accurate characteriza-

tion of the true situation.
Among the maps which I have previously referred to

in my discussion of focusing was the Applicant's map, Plate

2-N in the Appendix 2.5E of the FSAR, which shows sections

of the fault northwest of the Diablo Canyon site which

AK~ERsciX 'R~QFi.'NQ cciVI?Ai4Y. linc
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could focus energy more directly toward the site, as well as

a branch fault which branches off the main fault and strikes

nearly directly at the Diablo Canyon site, coming at least

as close as 5.8 kilometers.
lit
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Unfortunately, the record has become confused by

Mr. Norton's cross examination of me regarding the phenomenon

of focusing relative to an idealized diagrammatic representa-

tion of the Hosgri fault similar to that used by Dr. Frazier

in his Appeal Board testimony, and not an actual geologic

map, for example, the Applicant's own map. which clearly

shows the type of complications occurring in the real earth.
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Zn addition, it should be noted that the official
USGS map of the region by Buchanan and Banks shows a branch

of the Hosgri fault of Holocene Age which is only about 3.8

kilometers from the site rather than the 5.8 kilometers

assumed by Mr. Fdwards. This could make the effects of

focusing even more important;,at Diablo Canyon.

Thus, from a geologic point of. view also, I conclude

that Mr. Edwards'onclusion that focusing is not relevant

to the Diablo Canyon. site is not warranted.

Q Dr. Brune, have you reviewed Dr. Frazier's prefiled

testimony as it relates to focusing which might have occurred

dura.ng—

MR. NORTON: Excuse me, Mr. Fleischaker. I want

to make an objection to the last response before you ask the
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next one, so rather than have you get it all out, I just

CD

CO

7

8.

9

10'3;

interrupted.
Mr. Salzman, I move to strike certain portions of

that last statement. Dr. Brune was very, very careful

at the last hearing to quantify and qualify his area of

expertise. He took great pains to point out that he is not

a geologist, and he was not a structural engineer, and he

refused;to answer: any questions of any kind asked bv either

his counsel or by myself in those areas.. I am sure he

will agree with me.

He is now giving geologic testimony about faults
and geologic "maps. He is talking about branch faults. He

said, and I quote, "a branch fault which branches off the

Hosgri fault." He is talking about the USGS map showing

15

i= 16"

a branch of the fault.
I submit that Dr. Brune does not have the expertise

CC%

C
C

Cl

I

17

TQ

i

19

20
'1.

to make those kinds of statements, or else he has suddenly

acquired it since he said he did. not have it.
CHAIRMAN SALZMAN: Mr. Fleischaker.

MR. FLEISCHAKER: Well, I think that this matter

could be more properly explored by Mr.. Norton on cross

examination.. I cannot speak for Dr. Brune, and I don'

agree with Mr. Norton's characterization of his expertise.

24
It appears to me that Dr. Brune is an expert in

I

modeling of fault rupture, and in that connection he certainl
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has an expertise in geological matters. He is not a geologis

but he has acquired through his studies and his experience

as a seismologist and geophysicist certainly a deep working

7

8.

9

10

knowledge of geology in order to be able to make the kinds .

of computations that he has.

It seems to me that this matter is more appropriate

pursued by Mr. Norton on cross examination, and to the extent

that he can discredit or discount Dr. Brune's testimony,

then he should do so then.

CHAIRMAN SALZMAN: One moment, Mr. Fleischaker.

Mr. Olmstead, did you wish to be heard?

12

13

MR. OLMSTEAD: Not on this
one.'HAIRMAN

SALZMAN: Mr. Lanpher, do you pass also?

MR.. LANPHER: Yes.

15:

17'$

19

20
'1

23

24

CHAIRMAN SALZF~: One moment, please.,

(Board conferring.)

CHAIRMAN SALZMAN: Mr. Norton.

MR. NORTON: Yes?

CHAIRMAN SPZZMAN: I think the fairest characteriza

tion of all this. is.-that your question is really the

weight of the gentlemen.'s testimony. One way or the other

I think the record will show whether he has the qualification

or has done what he says he has. or has not done'n'the past,

and that you will be able to indicate this fairly,'nd we

will take the testimony for what it is worth and subject

A~~K~SQN 'RK+QFi.N CCMP4NY. iNC
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to. your cross examination, certain cross examination, I
2 assume, and we will let it stand.

Please continue.
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MR. FLEISCHAKER: Thank you, Mr. Chairman.

BY MR. FLEISCHAKER: (Resuming)

Q Dr. Brune, have you reviewed Dr. Frazier's prefiled

testimony as it related to focusing which might have occured

during the IV '79 earthquake?

A Yes.

Q Do you agree with his conclusion that "Recordings

of the 1979 Imperial Valley earthquake provide further

evidence on the limited effects that rupture focusing has

13; on increasing peak acc lerations?"
c0

a

15

17

c

c

23

24

rcz 20 '

Yes-. I believe this statement. is misleading. Dr.

Frazier and I both agree in our testimony that there is

no strong evidence for focusing in the peak accelerations

recorded for the Imperial Valley 1979 earthquake. However,

Dr. Frazier implies that this is evidence against the

focusing of high frequency energy in general, based on

what I believe is an erroneous assumption,, namely that the

energy"release in the Imperial Valley 1979 earthquake

occurred along the more or less continuous rupture from

the epicenter northwestward beyond the stations in the "

Imperial Valley array.

The velocity and displacement records for the

A~~ERHON R~ORj.'NQ Coi41c ANY. lNC
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Imperial Valley 1979 'earthquake, especially those from

Mexico, strongly sugges t that this is not correct. As I
indicated in my Appeal Board, testimony,".the earthquake may
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be better represented as a sequence of multiple events rather

than a continuous rupture. Thus, it may be that focusing

from a more continuous rupture would have led to.even higher
r

accelerations.

The sharp velocity and displacement pulses recorded

south of the U.S.-Mexico international border clearly

suggest that the earthquake cannot be represented by the

continuous, uniform rupture to the northwest.

As I have described earlier relating to question 1,

the studies that Mr. Alan Olson and I have been carrying

out indicate that the earthquake can better be approximated

as a concentrated energy release at a depth of about 6 to

10 kilometers beneath the point on the fault with maximum

displacement, combined with some small energy release—
earlier energy release and subsequent energy release along

a rupture propagating northwestward, but not necessarily

with high energy release extending to the Imperial Valley

array.
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As I mentioned before, this would explain the

lack of evidence for focusing.

3 Q Dr. Brune, have you studied the testimony of Dr.,

Frazier as it relates to focusing as described in your

previous testimony before the Licensing Board?

10

12

13:

1g;"

15;

16

17

I

19

A Yes,-I have.
i'

Do you have an opinion on. his testimony that

"Focusing of high frequency ground motions from a large,

earthquake on the Hosgri fault is not expected to result

in unusually high accelerations at the Diablo Canyon site?"

And also states that "Furthermore, the Diablo Canyon site

is not positioned for significant focusing from rupture

along the Hosgri."

A Yes. Dr. Frazier's conclusion is not supported

by his testimony results nor the developmental studies

for the computer model. He has developed in association

with TERA Corporation and. Delmar Technical Associates in

Supplement 1 for the. San Onofre study that is Joint

Intervenors'xhibit R-7, page VI-1, it is stated that

20 for the San Onofre site, which is 8 kilometers from the

postulated fault, focusing is clearly included in Dr.

Frazier ' model.

If- focusing. occurs so obviously for the San Onofre

site at a distance of 8 kilometers from the fault, it
'ertainlyoccurs for the Diablo —it: certainly could occur
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for the Diablo Canyon site at a distance of only 5.8

kilometers.
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The obvious effects of focusing are obscured in
I

Dr. Frazier's testimony by his particular choice of fault
configurations which differ from the configurations presented

in the San Onofre report. That is, he did not show an

example corresponding to configuration G and D, San Onofre

report. Even so —excuse me —the effect of focusing

can be clearly seen in Figure VIl-5 in which the response
I

spectra for configuration G, the focus is. clearly less

11
U

12.

13;

15
VZ

i- 16
'I

17, .

than for the other curves which have the effect of focusing

in them, as was stated by Dr. Frazier this morning.

Dr'. Frazier'as chosen —if Dr. Frazier had

chosen a unilateral fault, as was done in the San Onofre

study, the effect of focusing would have been clearer, since

curve G would have been lower.

There are other limitations in Dr. Frazier's

I
Ol

Vl

CI

Pl'

Tg
~ I

19,

20
'1,

presentation which have obscured the effect of focusing.

The time functioning:"for fault slip has been forced to be
C

the same. at: all points on the fault,'whereas for an actual

earthquake starting near the site and ruptur'ng away from

it, fault, slip near the initiation would not. develop to the

final slip values until some distance down the fault.
Thus, the curve G or a corresponding unilateral

fault initiating near the site and rupturing away would have

~L ~ERSON R~~ORT'NQ C M&ANY. INC
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an even lower response spectra.

Similar conclusions obtained relative .to the peak

acceleration listed in Table VII-1 and Table VII-2 of Dr.

4 Frazier's testimony. The peak accelerations for configuratio
G are low because of the focusing,'nd the effect, would

have been more obvious if the configurations mentioned above

had been presented.

Another limitation of Dr. Frazier's results

9, stems:from the fact that the attentuation parameters in
1Q, his model attenuate high 'requency energy too -quickly, thus

preventing energy from farther distant parts of the fault
from arriving at the station. This artificially limits the

g 'ffect of focusing.

15
'6

17'Q',

1

19,

20
'1

This limitation of Dr. Frazier's computer results
has been mentioned in Supplement 3 tn the San Onofre study

showing>'.Intervenors'xhibit R-9, page V-5.

Thus, I feel that the proper conclusion to draw

from Dr. Frazier's testimony results is not that focusing

is not significant, but rather that focusing is very

significant, and the other parameters in "the model such as

dynamic stress drop, rupture velocity, attenuation, fault
consideration and randomness have been chosen in such a

way that the effects of focusing are not as obvious as they

were in the San Onofre study, Supplement .l, Joint Intervenors

Exhibit R-7.

AL~ERBON RK+CRT.'NQ CCMPANY. (NC
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0 Dr. Brune. have vou studied the testimonv presented

by Dr. Frazier relative to the computer modeling of strong

'otion at the Diablo Canyon site?

A Yes, I have studied his testimony and the related

publications of Delmar Technical Associates, Joint

Intervenors'xhibits R-6 through 9 and Governor Brown's

l

g
PQ

C

I

7

8.

9

10

12

13
i

15

17

16

20

21

I

19 .

Exhibit R-9, which explained the computer program developed .

by them.

Q What are the conclusions of your study related

to the recommendations for computer modeling given in your

testimony.?

A As I stated in mv testimony on behalf of Governor

Brown, I'eel that computer modeling is important to use

in conjunction with the Imperial, Valley 1979 data and other

data to reduce the uncertainties about the expected ground

motion at Diablo Canyon Nuclear. Power Plant from a magnitude

7.5 earthquake on the Hosgri fault.
I further. stated that to "estimate the effects:

of uncertainties in the parameters for the Diablo Canyon

modeling, reasonable variations- in model parameters will
indicate worst case or conservative conclusions."

The computer modeling results presented in the

testimony of. Dr. Prazier have con'firmed and strengthened

my previous estimation of the feasibility and importance

of mmputer modeling to understand strong ground motion at
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Diablo Canyon from a postulated magnitude 7.5 earthquake on

Hosgri fault. I believe that is now clearly on the record

that such commuter modeling is feasible and should be

'4

8

9.

10

12

13,'5

17

'0

'1

23

24.

carried out. Unfortunately, the results presented in

Dr. Frazier's testimony do not represent the results for

reasonable variations in model parameters which will
indicate conservative conclusions as recommended in my

testimony.

On the contrary, Dr. Frazier's results represent

only one set of the parameters important,to the results

and not reasonable variations in these. ln fact, in nearly

all the cases where I have been able to make a determination,

the parameters appear not to be conservative.

When the response spectra and peak accelerations

given by Dr. Frazier in his testimony are corrected by

amounts estimated from previous documentation of the TERA

Delta computation procedures to correspond to conservative

values, they clearly exceed the Newmark design spectra for

Diablo Canyon, and thus indicate that the Newmark design

spectra. for Diablo Canyon are not conservative.

First,: the mean. spectra and accelerations presente

by Dr. Frazier are. actually quite close to the Newmark

spectra; For the examples, which Dr. Frazier had in his

testimony originally.filed, they were less than a factor

of two different. And as we saw this morning, when a small
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amount of dip was introduced underneath the plant, the

response spectra, the means without any standard deviation

were almost touching the Newmark curves. When a realistic
standard deviation is added to these curves, they will excee

the Newmark spectra.

7

8

9

10

Second, the effects of a geologic structure, mainl

Q, the effect of geologic structure, mainly Q, has been

indicated by the Delta parameter studies, Supplement 1,

Figure IV-13,. to result in approximately 80 percent higher

response spectra at San Onofre than in the Imperial Valley

for the same source.

12 The Diablo Canyon structure is similar to the

13

'5,

17

'an
Onofre structure with higher rigidities and thus lower

attenuation at shallower depths. Thus, the TERA Delta

parameter study, along with the information provided by

Dr. Frazier concerning his Diablo Canyon correlations this

'morning, indicate that for the same source mechanism as

occurred for the Imperial Valley 1979 earthquake, -if it had

occurred at the —in the Diablo Canyon structure, the

response spectra would have been considerably higher.

Third, the effective value for dynamic stress drop

MR. NORTON: Excuse me, Mr. Salzman. I am having

a slight problem. The direct examination up to this point

in time has been submitted written testimony, and that is

it, and then there has been cross examination by questions.
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Dr. Brune is reading obviously rebuttal testimony.

I cannot write as fast. I. cannot take notes as fast as he

l
C7'

'

j
8.

9

10

12

1$ .

15;

17:

16

7Q:
I

19:.

20:

21

23

24

is reading.

Is it possible that copies can be made available

of what he is reading? There'.is just no way to keep up

with somebody when they are reading that rapidly.
CHAIRMAN SALZMAN: Ask that of Mr. Fleischaker.

MR. FLEISCHAKER: Well, there are three problems.

The first is that we just cannot make copies of what Dr.

Brune has there because he is not giving the precise

testimony for the record of the. thing that he has written

there.

Secondly, this document contains numerous inter-
lineations, changes, and my comments on it, so it is an

attorney work product.

MR., NORTON: Okay. You can stop there.

MR. FLEISCHAKER: Third, we would'ave to type it,
and fourth, if we were going to do that, I would like to

have the same—
CHKIRMAN SALZMAN: Wait.

MR. NORTON: I withdraw the request on that

'basis,, but we would like to see the transcript before we

have to complete our cross examination, because we just

cannot keep up. We. cannot keep notes as fast as he is

reading. He is reading quite rapidly. There is no way to

ALQERsoN RK+QP).NC ccMPANY. linc





635

5

6

T
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I

15,

16.

17 .

1$
I

19:

20
'1

take notes that quickly.
MR. PLEISCHAKER: We will have that same

problem.

CHAIRMAN SALZMAN: I think everybody will have

that sort of problem, but you are going to have this

transcript tomoxrow morning, and it is already ten minutes

after 4:00, so let's keep up. And Dr. Brune, a little
slower, please.

MR'. NORTON: Thank you.

MR. OLMSTEAD: Mr. Chairman, while we are here,

thouah,. I might say that. I have no objection to the

question that was asked, bbt I; am startina to have an

objection to the resoonse that is being given to the unasked

questions, so I would like another question.

CHAIRMAN SALZMAN: I don't follow you. You want-
I

your point is that the witness is not answering
the'uestionthat was asked.

MR. OLMSTEAD: Right. I mean, when he started

off I had no problem, but as he got into the question of

design response spectra and what is conservative and what

is not conservative, he is not a structural engineer, and

I would have objection to expert testimony in that. area

if there were a question to object to. But the question

that was asked was a geological question to.„ which I have

no objection.
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MR. NORTON: Could we have that question and

answer, please? That is why I interrupted. He was going

so rapidly that I frankly just got lost.
CHAIRMAN SALZMAN: If the answer is to be read,

it will.take the rest of the afternoon. You may go back,

please, if you can, Mr. Reporter, to the question asked

by Mr. Eleischaker and repeat Mr. Fleischaker's question,

unless Mr. Fleischaker has it written and can restate
\

his question quickly.
MR.. FLEISCHAKER: I can restate the question and

will do so to save us time.

What do you propose Dr. Brune to do, start from

the beginning of his response?

CHAIRMAN SALZMAN: I would like you to restate

the question that you asked Dr. Brune.

BY MR. FLEISCHAKER: (Resuming)

Q Dr. Brune, have you studied the testimony presente

Vl

4a

C.

I

1Q

I

19

20

'y-Dr. Frazier—
CHAIRMAN SALZMAN:. I would like you to state:the

question slowly so that everyone hears it, too, sir.
BY MR. FLEISCHAKER: (Resuming)

Q Dr. Brune,. have you studied the testimony presente

by Dr.- Frazier related. to computer modeling of strong

25

motion at. Diablo Canyon, and what are your conclusions

related to the recommendations for computer modeling given

Ai EBSCi4 RKMFi.4Q C MPANY. iNC.
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in your testimony?

7

8

9
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13;
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'HAIRMAN

SALZMAN: That being so, I suggest that
if you have an objection to something the witness is saying,

!

I suggest you make that objection when he says it, Mr.

Olmstead, and we will.allow Dr. Brune to continue from
!this point, a little more slowly, sir.

WITNESS BRUNE: Third —excuse me.

BY MR; FLEISCHAKER: (Resuming)

Q You. completed point two of your critique.
CHAIRMANSALZMAN: I heard Dr. Brune say third.

Please go ahead, sir.
WITNESS BRUNE: Third, the effective value for

dynamic stress drop in the TERA Delta model I believe is
only approximately 40 to 50 bars based on a dynamic source

study comparison by Dr. Steve Day at Systems Science and

Software. I. do not. —this is a conservative value. A

conservative value should be 100 bars, and in addition,
the possibil'ity of'ocalized stress drops of up to 500

bars should be considered as indicated in my testimony.

The parameter studies by TERA Delta have shown

that in the frequency range 2 to 10 hertz, the response

spectra are essentially linear with respect. to dynamic

stress drop. Zf we multiply the spectra in this frequency

range by a factor of. two to go from 50 to 100 bars, the

calculated response spectra will, exceed the Newmark design

AL~KRBQN aK~QRT!NG c iVIPANY. (Nc
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spectra at certain places.

Fourth, the low Q values—
MR. OLMSTEAD: Okay, Mr. Chairman, now that.

we are here, it.'is that portion of the response to and that'4
lrt
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portion right here that I start to object to, not to what

his representation of the model is, but when he starts

characterizing the Newmark design spectra, because I do

not think he is qualified to characterize the Newmark

-design spectra.

CHAIRMAN SALZMAN: Mr. F leischaker.

MR. FLEISCHAKER: The Newmark spectra represents-

MR. NORTON: Excuse me, Yw. Salzman. I think I
get a chance to make an objection, too.

CHAIRMAN SALZMAN:. I did not realize you were

ccc

Ca

I

c

I

15,

16.

17

19;

20
'1

objecting. Usually you state it: loudly and clearly.

MR. NORTON: I was: not as quick. as usual. Again,

Dr. Brune has stated very clearly in this record in this

proceeding that he has absolutely no expertise in the area

of structural engineering, and for Mr. Fleischaker to

define what Mr.. Newmark's design spectra is all about does

not,do us any 'good.. Dr. Brune —and I think he should

be v'oir dired an this question.

He has stated. he has no expertise in this area.

He should not be talking about—
CHAIRMAN SALZMAN: That is in the record, is it

AL~KBHON R~QR i.NQ C iVIPANY. INC
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MR. NORTON: It most certainly is, and so he

should not be allowed to testify about something he admits

he has no knowledge about.

CHAIRMANSALZMAN: Stop. Mr. Fleischaker, will

7

9

10

12

13 <

15:
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1Q
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20
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23

24

you respond to both Mr. Olmstead and to Mr. Norton's

ob jections, please:3

MR. FLEISCHAKER: Well, Mr. Norton's objection

is curious, because if we examine Dr. Frazier's testimony,

what we find throughout is a comparison, of the response

spectra, the free field response spectra generated by this

computer model, a comparison to the Newmark spectra. And

Dr. Frazier also is not a structural engineer.

CHAIRMAN SALZMAN: The obvious answer to that

is the time to object.to, that was when it was testified.
MR.. FLEISCHAKER: Still, the point is—
MR. NORTON: Excuse me Dr. Frazier is a Ph D.

structural engineer.

CHAIRMAN SALZMAN: Mr. Norton, please do not

interrupt. Mr. Fleischaker is speaking. I reserve myself

that prerogative.
Mr. Fleischaker, complete your answer.

MR.. FLEISCHAKER: Dr. Brune's —the computer

model that we are talking about predicts amplitudes of

strong ground motion at the Biablo Canyon site. In order
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to make a judgment as to whether the Newmark design spectra

are conservative, you have to have a'odel of "the strong

ground motion expected in the free field at Diablo Canyon,

and that is what this subject's all about.

There is a necessary relationship between the

result from the computer model, and you need the result

7

8.

9'0

from the computer model in order to determine whether the

Newmark spectra are reasonable and conservative.

CHAIRMAN SALZMAN: Mr. F leischaker, Mr. Norton

objected also. on. the ground that the witness had no experi-
ence as a structural engineer, and I would like you to tell
me whether the statements that Mr. Norton has made on the

record, because I was not presiding at the hearing below.

MR. FLEISCHAKER: I cannot answer that question,

but I. don't think that Dr. Brune is a structural engineer.

CHAIRMAN S ALZMAN: One moment, please.

MR. NORTON: Excuse me, Mr. Salzman.

CHKXEQKAN SALZMAN:. One moment, please.

(Board conferring.)

20
'1
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16 (Board conferring)

MR. FLEISCHAKER: Xf I might continue: one

other thing, I would like to direct the board's attention
4. to one thing here.
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CHAIRMAN SALZMAN: Yes, sir.
MR. FLEISCHAKER: Let me, see if I can state

this more precisely.
The purpose of this hearing is to determine what

the amplitude of strong ground motion in the —at the

Diablo Canyon site will be, given a 7.5 magnitude
11 earthquake.
12 The applicant has presented a computer model

(I~

O

15

16

17

lQ

19;

21

20

2<

that model to determine the validity of the computer's

output.
Xf you look at his testimony here, he simply

compares the calculated response spectra. with the Newmark

spectra. He says the line —the line on which we got

the objection was the calculated response spectra will
exceed the Newmark design spectra.

CHAZRKLN SALZMAN: Mr. Norton wishes to be heard.

MR. NORTON:. I am quoting Mr. Fleischaker from

page 7996 of the record below. "But more broadly"

starting on line 11 —"But more broadly on an different
kind. of objection is that the kinds of information that

13 that apparently gives us some answer. Dr. Brune has examined

g~~SPSON ~~aORT".AQ C MPANY. (NC





642
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2

Mr. Norton is seeking. to obtain or the kinds of testimony

thathe is. seeking to elicit is beyond the scope of this
witness's expertise.
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"Dr. Brune is a seismologist, and I think that
before he said he was. not a structural engineer, and he

was. not prepared to talk about appropriate numbers that

should be utilized. at zero period."
And't goes on and on and on.

For Mr.. Fleischaker to argue that he somehow

now should be talking.about it, I think is —I think it
C'

01

c It

f
a
r~

1213'ust
isn'.

CHAIRMAN SALZMAN: Mr. Olmstead?

MR., OLMSTEAD: Yes, I think it is difficult for

15

17'6

this testimony and. I must admit that I did not jump on it
as.- soorz as I probably should have. But when I began to

I

rezlie that what we were doing was starting to characterize

~4'e to get the precise words because I have just been hearing
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the Newmark design response spectrum as conservative or

not conservative after Dr. Newmark went to great pains

this morning to talk about all of the, various factors that

went into developing a design response spectrum, I don'

see how. someone who is not a cpxa h.fied structural engineer.

can start to make those characterizations,, and I think

Dr. Frazier has made. it clear in his testimony that he

25 coul'd not compute the number —namely, one standard
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deviation ™- because the procedures in -his model would

not permit this.
So how one could look at a chart with a design

response spectrum on it and say, "Well, because it is

so close to a line, it is not conservative," is beyond me.

CHAIRMAN SALZMAN: One moment.

MR. FLEISCHAKER: I think we have gone —may I
please respond to that?

CHAIRMAN SALZMAN: P lease.

MR. FLEISCHAKER: The beginning point of these

11 hearings, the beginning point of seismic design is to
C7

VJ

13

characterize the amplitudes of strong ground motion at the

site.
TERA Delta —excuse me —. Dr. Frazier has

presented a model and he believes that the result from that

Cl

16'odel properly characterize the amplitudes of strong ground

17'otion.
Three, Dr. Brune has examined that model and he

L»

4

Vl

19;

20
'1

concludes that Dr. Frazier's model underestimates the

character.'f strong ground motion at the site.
I

Four, he then takes what he believes to be a

24

proper characterization if the model had the appropriately

conservative parameters; thoseconservative
parameters'elating

to the. characteristics of the fault, the geologic

25 structure ..

i
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ground motion to the Newmark spectrum. Period.

CHAIRMAN SALZMAN: One moment.

MR. FLEXSCHAKER: That falls clearly within his
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expertise.
CHA32%AN SALZMAN: Mr.. Norton, one last word from
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you.

MR. NORTON: All right. The problem is that I
agree with Mr Fleischaker through the first several of

his points', that the ground. motion, that that is definitely
ll inthe area of Dr. Brune's expertise. But it is amply clear

t~

VT
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on this record, both below and presently, once you take

a free field ground motion, this is a whole new ball game,

a whole new science to get. into design spectra, one of

which Dr. Brune has never pretended to know anything

about.

And he should not be testifying. He is comparing

free field ground. motion with response spectra, and saying,

"Therefore the design response spectra is not conservative."

And he is not qualified to do that.

etc<

I

21 First. of all, it is improper, and secondly, he

is not qualified.
CHAZRN2QT SALZMAN: One moment.

MR. FLEZSCHAKER: I cannot find anything here

25 where he has characterized the design spectra. He has
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simply compared the amplitudes of strong ground motion

with a spectral shape.
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CHAIR%K SALZMAN: I think I understand everyone'

position. Mill you wait one moment, please.

(Board conferring)

CHAIRMAN SALZMAN: Back on the record. I
understanding, notwithstanding the magnitude of the

problem we were just addressing, the parties have a

stipulation, an agreement which I would like Mr.

Fleischaker to state, please.

MR. FLEISCHAKER: The agreement that has been ~

reached by counsel is that Dr. Brune in his testimony will
be able to compare the Newmark design spectra with the

amplitudes of strong ground motion which he would predict
or expect to occur at. the site.

16 However, he will not characterize the Newmark

17 . spectrum as conservative. or non-conservative at all.

C

1g'

19,

20

21

MR. NORTON: And I think it was further stipulated,

Mr. Fleischaker, that in those portions of his testimony

where he has already done so, that, comparison or the

qualitative comparison that it is conservative or shows

it to be nonconservative would be stricken.

/~ 24

MR. FLEISCHAKER:. I agree. I think it has been

done once, but.we w&l agree with that.
One further clarification, however: in his
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testimony, Dr. Brune has referred to the parameters in the

computer model as'onservative or nonconsezvative.

And I believe those fall. clearly within his area of

expertise.

CHAIRMAN SALZMAN: I see Mr. Norton nodding

in agreement. Mr. Olmstead, are you in agreement also?

MR. OLMSTEAD: I am in agreement with striking
the references to the Newmark spectrum as nonconsezvative,

whether they are or they aze not.

CHAIRMAN SALZMAN: Wha about the rest of the
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stipulatiomp is that satisfactory to you, sir?

MR. OLMSTEAD: I am not sure that I fully
understood. I think I agree with it generally, although

I just wanted to be clear that we are comparing free

field data. to a structural engineer's response spectrum

which includes a lot of. other things besides free field.
With that caveat, I agree.„

CHAIRMAN SALZMAN: I am not sure what that
caveat implies here, Mr. Fleischaker, it is correct

I

Dr. James Brune is not a structural engineer?

BY MR, FLEISCHAKER:

Q Dr. Brune, are you a structural engineer?

A No, I am not a structural engineer.

25

CHAIRMAN SALZMAN: All right. With that, is that

clear enough now?
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MR. OLMSTEAD: Yes.

.MR. FLEISCHAKER: Thank you. Shall we continue?

CHAIRMAN SALZMAN: In that case, all the learning

that was pumped into me in the last five minutes has been
i

wasted.

7

8:

9

10

Please continue, Mr'. Flesichaker.

BY MR. FLEISCHAKER:

Q Where were we, Dr. Brune?

A I was, beginning the fourth. I had, just finished

the third.

f
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Q You will be: careful. when you characterize the

Newmark spectra.

A Yes, I will be very careful about that.

Q Please continue..

A Fourth, the low Q values assumed in the TERA

Delta model. have excessively attenuated high frequency
I

energy traveling large distances and thus artificially
reduced the effectiveness of focusing.

Fifth, the TERA Delta model does not adequate

predict the accelerations actually observed in the. Imperial.

Valley 1979 earthpxake at stations a few kilometers from

the fault, being consistently a factor of two too low;

for example, Bonds Corner and station 8.

And I refer to supplement III of Joint
Intervenors'xhibit R-9. This indicates that the dynamic
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stress drop ox some other parameter should be changed

to increase the peak acceleration by about a factor of

two in order t:o fit the H equals 6.2 to 6.6 Xmperial

Valley earthquake.

Then appropriate changes in parameters to

correspond to a magnitude 7.5 earthquake should be made

and, the calculation be done for Diablo Canyon.

Sixth, the result of the computer modeling

cv

Cl
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1
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presented by Dr. Frazier do not constitute an adequate

study of the effects of varying the geological parameters

as suggested in my testimony. No variation of the position

and direction of the fault as been considered to determine

the effects of the differences corresponding to the

different geologic maps of the area:- for example, the

faults presented on applicant's map presented in the FSAR

does not coincide exactly with the USGS MS 910 map of

Buchanan and Banks,

Zf the Buchanan and Banks map had been used where

the fault; is only 3.8 kilometers offshore from the site,
the calculated, accelerations would have been higher.

Furthermore, no consideration has been given to the effect
~ of rupt:ure on a splay fault as shown on the applicant's

map, FSAR map plate, 11N, Appendix 2.5E, which points

directly at the plant and thus could lead to a maximum

of focused energy toward Diablo Canyon Nuclear Power Plant.

I!
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In conclusion, the results of the comput: er

2 modeling presented in Dr. Frazier's testimony support

Ct
CV
%or

rv
CR

'4

9

10

the feasibility and importance of doing a parameter study

such as that recommended in my testimony but by themselves

do not constitute such a study, but rather one specific

calculation in which several important parameters have

been given values which are not conservative.

If these parameters had been assigned conservative

values, the Newmark spectra would have been substantially

exceeded, based on the sensitivity studies presented in
the—

13

H,
16

17
'$

19;

20
'1

MR. OLMSTEAD: Mr.Chairman, the witness has

testified here that the Newmark spectra would be exceeded,

but that would be uncorrected data which would exceed the

also something you could discuss on cross examination of

the witness.

Q

Please continue, Mr. Fleischaker.

BY MR. FLEZSCHAKER:

Dr. Brune, have you completed your answer

to that question?

A Z think I ended with the words, "In previous

spectra and necessarily would not be subject to comparison.

CHAIRMAN SALZMAN: Yes, that. is true. But it is

TERA Delta reports."
Let me read the last sentence just to make it

i
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p16-10 ,1
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clear because. Z may have forgotten. Zf these parameters

had been assigned conservative values, the Newmark spectra

,would have been substantially exceeded., based on the

sensitivity studies presented in previous TERA Delta

PV
CV

I

VS

7

9

10

reports.

That concludes my statement on that question.

Q Dr.. Brune, have you studied the calculations-
and I will refer counsel and the board to page VIZ-10

of Dr.. Frazier's testimony —as they relate to estimating

the increase in peak ground accelerations with magnitude?

A Yes, Z have.

12

13

'5

16

17:

19:

20
'L"

23

24
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I conclude —Dr. Prazier states on VIZ-10,

"In addition, ground motions were calculated for an

even larger magnitude earthquake having a rupture of 120

Vt

CV
I

ICS
IA

CV
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CR
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CS

Ct
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7

8,

9

10

13

'5

'6

17'

kilometers nearly 50 percent longer than has been postulated

for the Hosgri Fault.
"The results show very little difference in

peak ground accelration for the longer length of rupture." .

Dr. Prazier further states in his conclusion.

three, "The computer levels of ground motion"

MR. NORTON: Excuse me. I am having a problem

finding this. He is supposedly quoting Dr. Frazier, but;I
cannot find where he is quoting.

CHAIRMAN SALZMAN: Mr. Fleischaker, will you

show us where on page VII-40 of Mr. Prazier's testimony

that that
appears'R..

PLEISCHAKER: Thi's is probably my fault. I
probably misprinted, the number here. Let me ask Dr. Brune.

01

t~
4'l

I

1Q

I

19:

20':

21.

from it.

MR'. NORTON: Part of it is there.

MR. OLMSTEAD: Line 23 is where he is quoting

MR NORTON:, Part of it.

23

~ 24

WITNESS BRUNE: Yes, the'uote starts, "In

addition," and that is on line 23.

CHAIRMAN'ALZMAN: Of page VZZ-10.

WITNESS BRUNE: VZZ-10, yes.
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dspl7-2 "Ground motions were calculated for an
even'4
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larger magnitude earthquake having a rupture of L20

kilometers, nearly 5Q percent longer than has been

postulated for the Hosgri fault."
I probably forgot to put the end quote in there.

MR. NORTON: That is what happened.

WITNESS BRUNE: "The results show little diffex'ence

in peak ground accelex'ation for the. longer length of

rupture."'r.
Frazier further states in his conclusion

three„ and I.quote again —that is on page VII-13, "The

computed levels .of ground motion are relatively
independent of the length. of rupture, and consequently

peak acce8.rations at Diablo Canyon should be basically
insensitive to.. increases in magnitude for magnitudes greater

than. about 6.5."'

do not believe that the calculations done

Ul

Qt

I

C't

I

Tg

19.:

20
'1

22

by. Dr. Frazier support this conclusion. The model he has

used does not appropriately allow for'a- change in slip
function with, magnitude'~ in particular an increase in
dynamic stress drop with. a magnitude corresponding to the

I

well documented increase in fault slip with magnitude.

Furthermore, the high attentuation used in the

P>. 24 earth model for the calculations prevents high. frequency

energy from distant parts of the fault from arriving at the
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sp17-3 1 station and thus artificially decreases constructive

2 interference for larger magnitude earthquakes.

3 Thus, the TERA Delta model has been constrained

ice

cv
I

Icl
Ul

4 to give little increase in peak ground. acceleration with

magnitude hy fixing certain parameters in the model and.
II

thus cannot without changing these parameters be used

C4

cv

cv

CL

7

8.

9

10

to predict zeal variations in peak ground accelerations .

with magnitude in the range 6.5 to 7.5.

BY MR. FLEISCHAKER:

Q Dr. Brune, you mentioned, in your testimony that

11 the possibility of anomalously high stress drop should be

c IO

f
C7

M

f~

Cfl

i

12,

13 j

lg.;

15

17"

1

19;

20-'1'aken

into account in modeling the strong motion at the

Diablo Canyonsite.

In your opinion,. do the computational results
presented by Dr. Frazier take this possibility into
account?

A No, I do not. believe they do.

The Delta computer model used by Dr. Frazier

corresponds to approximately constant displacement or

stress'rop over the fault surface with superimposed

randomness in, directions of faulting.',

Dynamic computer modeling of the fault by.

Dr-. Steve Day of SCCC shows that the—
MR. NORTON: Excuse me.

25 CHAIRMAN SALZMAN: Mr. Norton.
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dspl7-4 MR. NORTON: My understanding is that they

2 withdrew Dr. Day's testimony and have no intention of
3 putting Mr. Day on the stand, which means we cannot

cross examine him.

CHAIRMAN SALZMAN: That is correct.
MR. NORTON: I don't think that is fair to have

ee
Ct
ea

cv.

7'.

9

10

Dr. Brune read his testimony.

CHAIRMAN SALZMAN: Dr. Day's testimony has been

withdrawn, Mr.. Fleischaker.

MR. FLEISCHAKER: It is an old rule that an

11 expert witness has the right to rely on the opinions of

I

f-
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C/l
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Tg
'

19;

20.
'1

other experts.

CHAIRMAN SALZMAN: You cannot rely on testimony

that has been withdrawn.

MR. PLEISCHAKER: This was not the testimony.—

This was a study that he did.
His testimony, as I recall, recommended that a

certain kind of computer modeling be done. 'Nhat we are

talking about here is an entirely different document which

was a criticpxe that. Dr. Day had done several months ago

and unrelated to this hearing. of the TERA Delta report.

MR. NORTON:: Is Dr. Day still here?

CHAIRMAN SALZMAN: I do not know.

MR. NORTON: They sent him home?

MR.= LANPHER: Dr. Day is not here.
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MR. NORTON: Nell, I don't know which specific
study he is talking to,but Dr. Day's testimony certainly
referenced the studies that he was doing and that should be

cLone, et cetera, et cetera. I do not —I think it is
totally improper for them to tell us yesterday —I.think
they told us -- it might have been the day before that
they vere going to withdraw his testimony.

They were not going to have him as a witness, and

now. they are relying-on him.

MR. FLEISCHAKER: May I reply to that?

CHAIRMAN SALZMAN: Yes, Mr.. Fleischaker,

MR. FLEISCHAKER: I think if you read Dr. Day'

testimony you will see the principal reason that it was

withdrawn was because it was a recommendation about a general

type of modeling that should be done.

CHAIRMAN SALZMAN: Mr. Fleischaker,I'do not, know

why it is withdrawn. You cannot tell from reading testimony

why it was withdrawn, sir.
MR. FLEISCHAKER: I don't think that is relevant

here. The point- is the. testimony that was given, the

testimony that was prefiled was not at all about the same

subject of the paper that Dr., Brune was -- is referring to.
TMpaper vas generated for entirely different purposes,

for purposes unrelated to this hearing, and I think there

is a- well established rule of evidence that an expert.
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25

witness has the right to rely on the expert opinions of

other experts.

CHAIRMAN SALZMAN: All right, Mr. Fleischaker,

just one moment.

Mr. Olmstead, did you have an objection?

MR. OLMSTEAD: Well, I do have a comment on that,
and I guess it is an objection. The rules that Mr.

Pleischaker is referring to. has an important qualification,
and that is that expert. upon whom one is relying is
available and present. for cross examination within the

jurisdiction of the body that is asking for that testimony

unless it is a learned treatise that other'eople are

willing to say is relied upon by experts in the field.
My understanding of this particular so-called

learned treatise is that it does not yet have that status

because it has just been prepared.

CHAIRMAN SALZMAN: What?

MR OLMSTEAD: Just been prepared.

MR NORTON:, Excuse me, Mr. Salzman. I would

like to respond to Mr. Olmstead. I think he is wrong. I
do not believe that an expert can only rely on a witness

if that expert is available forsubpoena But he cannot on

ahearsay basis say, "Well, somebody is doing some work and

Iknow this and I know- that.."

If they have a paper that has been published and
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it is recognized by people within that. community, sure,

they can cite it and they can quote it and,.everybody here

3 . can look at it, and our experts can look at it.

7

8.

10

But what do I do when an expert witness says,

"Hell, gee, the witness was here a couple of days ago, but

',we sent him home. He did something that I know about and

this is what. it says.'

CHAIRMAN SALZMAN: I underMnd your objection.

CHAIRMAN FLEISCHAKER:. Might it be helpful to

have Dr. Brune describe thatpaper? He may even have it
11 ,here.

12

13;

MR. NORTON: Absolutely not.

CHAIRMAN SALZMAN: Wait. We will make a ruling.
>A '. Just one moment..

15 Mr.
Olmstead?'7:

19',

20
'1

24

MR., OLMSTEAD: I would like to respond. I think
l

Mr.Norton did not understand what I was trying to say

because I did not disagree with what I said, at all.
Essentially I was referring to Rule 803 on hearsay,'tem

18, learned treatises.; which reads: "To the extent called
I

to the attention of an expert witness uponzzoss examination"—

which this is not — "or relied upon by him in direct

examination, statements contained in published treatises,

periodicals or pamphlets,-'stablished as reliable
25 authority by the testimony or admission of the witness
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or by other expert testimony or by judicial notice"—
or in our. case, official notice, then it is excepted from

the hearsay rule.
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CHAIRMAN SALZMAN:. You are reading from the

Rules of Evidence?

MR. OLMSTEAD: Yes, Federal Rules of Evidence.

CHAIRMAN SALZMAN: I am aware of those.

Mr. Fleischaker, is this material to which your witness

is referring published?

BY MR. FLEISCHAKER:

C
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'1.

23

24

Q Dr. Brune, do you know whether it is published?

A Yes, it is a publication of the SCCC Corporation,

and it is part of a study that was done for the NRC, and

I believe it is a public document and perhaps Dr. Luco

is about to get.it.
He seems to- be--
MR. NORTON. If we have the document here—
HITNESS BRUNE: I have the document myself if

you will give. me some time; I am not absolutely sure it
is here. It may be in my motel room.

KWIRMAN SALZMAN= One moment.

(Board conferring}

CHAIRMAN SALZMAN: All right, Mr. Fleischaker.

If the document. is published, we can look at it and i will
say what it says it says.
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MR. NORTON: Mr. Salzman. I withdraw my objection.

We have a.copy of the document, and we will now allow him

3 to testify about it, but when he just started going into

it, I did, not have any idea what he is talking about.

CHAIRMAN SALZMAN: I understand.:Ra are a little

7,

9

10

rushed for time. The witness may refer to the document

Please continue, sir.
WITNESS BRUNE: I should have referred to it

more indicating that it was not just hearsay evidence.

However, I will state that just to be perfectly clear here,
II

that the conclusion stated in that publication is based .

12 on a comparison of the Delta model with. the Parkfield

13 modeling parameter — excuse me —is based on a comparison

1g

15

16

17

of Dr. Steve Day's results with the Parkfield. time function

and not with the Diablo Canyon time function.
And'herefore I believe there still remains a

basis for an objection because I have —I have relied—

20 '

19

21

MR'. FLEISCHAKER: Why don't you let me decide

rather than let Mr. Norton. decide what is the basis for
the objection.

(Laughter)

CHAIRMAN SALZMAN: The tansmogrification here

is enormous ~

24

25

. MR. FLEISCHAKER: Dr, Brune is learning.

(Laughter)

ALCERSQN a%~CRT.NG c~iVIPANY. tNC



0



660

dsp17-10 BY MR. PLEISCHAKER:
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Q .Having planted that, seed, Dr. Brune, could you

continue with your testimony.

A I would like to add one statement which will
be accurate in this respect: and that is Dr. Steve Day

has done a study for the NRC comparing the time function

for a dynamic model reported in this document. In

comparing that time. function with the TERA Delta time

function for Parkfield and concluding in the interim

report that that, corresponds to a stress drop of about

30 bars, that should be the correct conclusion.

These values of stress drop are not conservative

(0 ~

lee

l
C)

13 I

I

15 ':

17

'ased
on available estimates of stress drop for the

average stress, drop over' fault surface.,

As I noted. in my testimony, a conservative

value 'for average stress drop over the fault surface would

be about 100 bars.

t/$

t~ .
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19;
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Furthermore, the Delta computer model does not

take into account the possibility of concentrations of

500 bar stress drops recommended in my testimony. These

concentrations of high stress drop cold lead to considerably

highe~ accelerations than shown in the results presented

in Dr. Frazier's testimony,

In- particular, he does not consider the possibilit
of a 500 bar stress drop over a five kilometer zone near the
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plant or on the bxanch fault shown in the applicant's map

plate 2N,.Appendix 2e, FSAR, of the Hosgx'i Fault zone.

MR. NORTON: Same objection as befox'e for the

vt
pf'bt

I

41
vf

4 record.

I assume that the ruling is the same as to the

branch fault and the lack of qualifications of this expert
cv

Ol

cv

C.

7

8,

10

to so t,estify,
MR. FLEISCHAKER: I think. that remains to be

established. I think Mr. Brune has some qualifications
of which I was not advised and Mr. Norton can inquire into

11 that on cross examination.
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14.

'5'7

'R. NORTON: Mr. Salzman, I am just making my

objection for the recox'd.

CHAIRMAN SALZMAN: What qualifications?

BY MR. FLEISKGGCER:

Q Dr. Brune, do you. have any qualifications in

geology.cal science?''
I have a degree in geological engineering. I

believe that in the previous testimony I disqualified myself

not. from reading geologic maps and drawing the

obvious. implications, from that, but in matters relating to

determining the overall geologic history of an area and

the tectonic history when I had not studied. Actual

reading of geologic maps is within my expertise.

Q Thank you. Would you please- continue.
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CHAIRMAN SALZMAN: We will let, the witness

answer. Please continue.

WITNESS BRUNE: Just a minute. I am trying to

remember where I left off.
Thus., I conclude that modeling results presented

by Dr. Frazier do not, correspond to a conservative value

8.

9

10

of stress drop.

It is clear from the parametric studies of the

effect of stress drop in the. Delta model, San Onofre Report

Supplement I, Joint Zntezvenors'xhibit R-7, that the

12

13

peak accelerations and high frequency esponse spectra

vary linearally with effective stress drop.

Thus if the values of stress drop suggested in

my testimony were used in that calculation, the Newmark

design values and response spectra would be exceeded.

17'

BY MR. FLEISCHAKER:

Q X'ave one final question.

20

21

23

24

Dr. Brune, there. was this afternoon testimony

introduced on behalf of the staff that the high

accelerations recorded during the IV '79 earthquake 'were

perhaps due to anomalous site conditions at the recording—
at the site of the recording instruments.

Specfic reference to Bonds Corner was made. Do

you have any information indicating that these high

peak accelerations, were not anomalous?
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A Yes. The recent Victoria,Mexico earthquake of

January 9, 1980, magnitude 6.2 in nearly the same

tectonic environment as the Xmperial Valley '79 earthquake

recorded peak horizontal accelerations at: a station
approximately ll kilometers from the epicenter of 0.5 g

on one horizontal component and 0.92 g on the other .

horizontal component,and vertical accelerations of over

1 g.

Clipping the dynamic range of the kineme-tric

1 g instrument several times, this tends to confirm that
the level of'orizontal acceleration recorded for

4'l
'

Pl

I

12

13'

15 ,.

17

19

20

21

imperial Valley 1979,for example,. at Bonds Corner and the

high vertical accelerations over 1 g are not'unusual for
a magnitude 6.2 earthquake in this tectonic environment.

Unfortunately, parts of the record. are unreliable
or missing. Even higher accelerations may have occurred.

At the present time an accurate epicenter is not available.
There was no surface fault slip observed.

Q T. am sorry, E have one last question.

Dr. Brune,. in your prefiled testimony you

mentioned focusing, possibly focusing occurred in the

1978 Santa Barabaxa earthquake and the 1980 Livermore.

earthquake ..

24- Do you have any additional data related to those

two events?
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A Well, I looked at the publications that are

referenced in my testimony, and I believe that the only

additional thing I could mention is that the focusing did

occur at high frequencies. for Santa Barabara earthquake

and is inferred to have occurred at high frequencies

based on the intensity four the Livermore earthquake.

MR. FLEISCHAKER:.. %Pe have no further questions.

Thank you, Mr. Chairman.

CHAIRMAN SALZMAN: All right. Now, who is next?

We are going to run until 5:30. We have.to be out of

the building by. 5:30. Perhaps it might be wise if we take

a break now, and I would like counsel to come to the

15',

17

1g
I

19

20

'ench

and someone to make arrangements to move all of the

furniture.
Yes, we are g'oing to quit for the night. We are

going to resume again.

(Thereupon,

tomorrow morning at 8'0 a.m.
III

at. 5:03 p.m., the hearing in the

above«entitled matter was recessed to reconvene at 8:00 a.m.,

October 23, 1980.)

21

23

24

ALQEBSOiN a%~CRT'NQ C™iVIPANYeliNC





III NUCLEAR REGULATORY COMCISSXON

This is to cer tify that the attached pr oceedings be ore the

Appeals Board

in the matter of:
'ate of ?roceeding:

Docket tlumber:

10-2 2-80

50 —2 + > S'0 - 3 z 3

?lace of ?roceeding: San Luis Obis o California
wer e held as her 'n appears, and that this is t he or iginal transcript
the". eoz for the z"''e oz the Comm'ss'on.

P icia A. Minson

Offic'l. Repor ter (;yped)

Oz fic'l Reporter (Signature)





NUCLEAR REGULATORX COMMISSION

This is to c rtify that the attached proc edings be ore the

Appeals Board

in the matter of:
Date of Proce ding: 10-22-80

Docket tlumber: 50- 2. f~

Place oz Proceed inK: San LUis Obispo California
were held as her ein appears, and that this is the original transcript
thereof for the f' e oz the Commission.

David S. Parker

Of.icial Repor ter (Typed)

9. i) (=. )
Official Reporter ("'+natur )




