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1 UNITED STATES OF IMERICA
2 NUCLEAR REGULATORY COMMISSION
3 - - - e .. me .. e .= ==a- X
4 In the matter of: :
: Docket No. 50-70
3 GENERAL ELECTRIC COMPANY : Operating License
: No. TR-1
6 \Vallecitos Nuclear Center - : (Show=-Cause)
General Electric Test Reactor) s
7 :
.................... x
8
3 Holiday Inn - Golden Gateway
Van Ness at Pine
10 Crystal Room
1 San Fraacisco, California
12 Friday, June 5, 1981
131 The above-entitled matter resumed at 9:00 a.m.,

4 pursuant to adjournment.
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| .
15 BEFORE:
16 HERBERT GROSSMAN, ESQ., CHAIRMAN,
17 Atomic Safety & Licentcing Board Panel
™ GEORGE A. FERGUSON, Ph.D., Member
19 HARRY FOREMAN, M.D., Ph.D., Member

]

APPEARANCES:
20
DANIEL SWANSON, ESQ.,
21 RICHARD G. BACHMANN, ESQ.,
Office of the Executive Legal Director

2 U.S. Nuclear Regulatory Commission

Washington, D.C.,

U 2 Appearing for the NRC Staff.
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ECWARD A. FIRESTONE, ESQ.,
General Electric Company
Nuclear Energy Division
175 Curtner Avenue
San Jose, California 95125

-and=-

GEORGE L. EDGAR, ESQ.,
Morgan, Lewis & Bockius
1800 M Street Northwest
Washington, D.C.,

Appearing for the Licensee.
GLENN CADY, ESQ.,
Carniato & Dodge
3708 Mt. Diablo Boulevard, Suite 300
Lafayette, California 94549,

Appearing for Intervenors Friends of
the Earth, et al.
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PROCEEDINGS

JUDGE GROSSMAN: The eighth day of hearing in
the show-cause proceeding is now in session.

Mr. Edgar, do you have any more gquestions?

MR. EDGAR: Not at this time, no, I don't.

JUDGE GROSSMAN: It is now time for the Board
guestions, and I will start off --

MR. CADY: Excuse me, your Honor. May I
introduce as Intervenors' Exhibit 8 the 1979 Staff SER,
with the conclusions included into the recerd?

JUDGE GROSSMAN: Do you have the requisite
copies for the reporters?

MR. CADY: Yes, I do. She has been presented witﬁ
them.

JUDGE GROSSMAN: Any objection?

MR. EDGAR: No objection. '

MR. SWANSON: None.
JUDGE GROSSMAN: What is that marked as?

MR. CADY: Intervenors' Exhibit 8.

JUDGE GROSSMAN: Admitted.
(The document previously marked
Intervenors' Exhibit 8 for

identification, was received

in evidence.) |

MR. SWANSON: As long as we are on the subject

ALSERSSN 3ERORTING CSMPANY. INC
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1 of ext.oits, I have been doing some thinking about the
2 various charts we are using, and we have been doing a lot
3 of marking of just one copy, Staff Exhibit 4. I think what
4 might be the preferable route, if no one else needs Staff
g 5 Exhibits 3 and 4 in evidence, is to perhaps identify the --
g 6{ we'll wait until the end of the day and see if there are any
E 7 more markings on the chart, but take the completely marked-
: - up version of what was Staff Exhibit 4 and ask that that
E 9 be marked Staff Exhibit 7, and we will just have to make
: 10 copies and distribute them to the Board, and that will
g 11 probably be the only one we would then offer of the series
§ 12 of blow-ups of the trench logs. The others are just
% 13| simplified versions of the same diagram, and I believe
; 14 every mark that's on Exhibits 3 and 4 is now included on
§ 15 this lftest and most complete version.
g 16 JUDGE GRbSSMAN: Any objection? That sounds
§ 17‘ like a reasonable course.
j 9 Mr. Cady, along these lines, have you offered
£ 19| all the exhibits you intend to offer into evidence?
§ 20 MR. CADY: All except for the testimony of Dr.
% 21 Rutherford, who is our structural engineer.
s 2 JUDGE GROSSMAN: There were a number of -- well,
ﬁE?;; 23 not a number, but a few documents that were mentioned, I
§;r7 24| believe your first three documents on the offer of proof,
25 and I'm not sure that you offered any more than the first
ALSERSON ITBORTING STMPANY. NG
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document which is the one you just offered ncw. Are you
satisfied to let the record stand this way? Have you =--
and if not, have you laid sufficient foundation, you believe,
to offer any other documents into evidence?

I'm just pointing that out to you now, and I
will proceed with my questions, but you ought to decide
some time as to whether you have your documents in order.

MR. CADY: Yes, sir. Thank you.

EXAMINATION BY THE BOARD
BY JUDGE GROSSMAN:
Q Dr. Brabb, it appears to me as though there

were certain assumptions that were made in the probarilistic |
studies that were submitted to you for your opinion, which
may or may not be realistic, and I assume that these studies
were submitted to you for the purpose -- for one purpose,

of determining whether the geologic assumptions were

realistic. Was that one of the purposes, sir?

A (Witness Brabb) I can't recall, Judge Grossma2n,

S ———— —

what the purpose was. There was certainly a purpose to
make certain that we had all of the information that was
being used by the NRC Staff in coming up with their final i
interpretation, so that was certainly one purpose, of ‘
particularly anything that had geologic information in it |
as one »f the inputs. !

To scme extent, I'm not qualified to review the

ALSERSCN ITSCOATING CSMPANY. INC
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mathematical parts of the probabilistic analysis, and I have
therefore been somewhat distant or somewhat less than
thorough ir. the review of the complete analyc<is. In the
beginning, as I mentioned previously, I had looked at the
geologic parameters, and I felt that the figures that were
being used were unrealistic, and I so commented.

In the latter documents on probability analysis,
I felt that the figures were more realistic in terms of
the geologic parameters, but I had not in fact reviewed
every one to make certain, nor was I asked to, to make
certain that they do conform to the geologic information.

Q Dr. Jackson?
A (Witness Jackson) I'd like to respond a little

more additionally. Since the probability study was done
at a later date in a different type of approach, we thought
it would.be best to assign one geologist to work with the
probability team to make sure he worked closely with them
on the assumptions,of the validity of the assumptions used
in that, and we asked Dr. Slemmons to maintain that role,
since Drs. Herd and Brabb were busy with the rest of the
project and other duties. -

So I think we tried to put Dr. Slemmons as the
focal point on that, and questions then on that should go to
him.

Q Dr. Brabb, was one of the assumptions used in the

ALSERSON ITBORTING CCSMPANY. INC
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probabilistic studies the assumption that the existing
shears within the Verona Fault zone had already been dis-
covered? And let me restrict that to the younger soils. I
don't think we are interested in the older soils.

A (Witness Brabb) Yes, I believe that information

was taken into account.

Q I'm sorry, that information was what?
A Was taken into account.
Q Well, what I'm asking you is, was it the basic

assumption that the existing shears had already been
discovered within that fault zone in between the two trenche%
I believe that the studies were directed towards?

A I'm not sure how to respond to that. I simply

don't know the answer to that guestion.
A (Witness Justus) I think that you may have
implied that shears between the existing shears exist, and

were they taken into account? Is that -- that may be a

point of confusion on our part. If that is -- could you

rephrase your question, please, I think is what --

Q Well, perhaps if the answer needs some elabora-
tion, we can elaborate; but my question, I tiought, was prett%
specific as to whether one of the assumptions made in the ;
probabilistic studies was that the shears that had been
discovered were the shears that exist within the parameters i

of the -- or within the perimeter of the two trenches.

ALSERSON IEPORTING CSMPANY. INC )



16 questions, and I think it would be a little unwieldy to

17 put the probability panel on, and then put this panel back
1g| on, and so I think where the answers have to be qualified,
19 | such as Dr. Brabb has already qualified his answer by

201 saying he can't go into th: mathematics, I think it would

21 be appropriate to qualify the answers, but I don't think
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1 A That is correct.
2 Q That is one of the assumpticns?
3 A Yes.
4 Q We have heard some sugaestions made by the
E = panel and as directed to Dr. Brabb =-- Dr. Jackson, did you
# @] have anything to add?
e
E 7 A (Witness Jackson) No, I think -- I really
~
. 3 believe that the probability panel that's going to be on
=
S 9 knows what the assumptions were better than us, and we
: 10] have not focused on them, and I want to make sure that we
g 11 are talking from our supposition. We are not as close to
§ 12 that aspect as that panel would be.
n
<
f 13 Q Well, let me preface my remarks by saying that l
(i |
‘ s 14 all I want are some basic observations on the probability
{ =
2 15 ] studies in order to lay a foundation for asking the geologic
=
-
:
-
s
7
B
=
5
=
-
B3
-

22 I'm going to venture into any detailed discussion of the

~< 2 Dr. Brabb, we have heard some testimony to the

Ry X ;

. robabilistic studies. ,

=L B P |
]

|

25 effect that to the extent that evidence of seismicity is i

:
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discovered in an area, it would suggest that there is
increased seismicity. That ‘s the extent -- let me
rephrase it.

To the extent that shears are discovered, it
suggests that there might well be other shears in the area.
Is that a correct assumption? Dr. Herd?

A (Witness Herd) 1In other words, the fact that

we have found three shears already, doesn't that mean

W 0 N OO LN -

that there might be more?

Q Yes.

—
o

A Indeed, I think that's an accurate assessment.

—
—

The Verona Fault zone would appea: to be not just a single

o

13 fault plane, but one of complexity. I believe the =-- when
14 I first went and mapped in that area, I envisioned the

15 Verona Fault as basically a simple strand along the hill-
16 front. It was in the course of the excavation of the

17 additional trenches that we saw more breaks in that, so it
9 would appear that the Verona Fault zone is quite complex,
19 and that apparent complexity certainly would allow for

20 even more breaks to be found, or to exist that just have
21 not been encountered heretofore in trenching.

22 Q And in fact, the more breaks you find, the more

23 you expect to find in future trenching, if you were to

o
300 TTH STREET, S.W. KEFORTERS BULLDING, VASHINCTON, D.C. 2002% (202) SS8-2348
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24 trench further; isn't that so?

25 A Weli. that might be true. I would think that
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there would be a point of =--

Q A plateau?

A Right. But characteristically, if you would
look at an active fault zone in say just the San Andreas
Fault zone, although that is a strike slip fault zone =--
well, let's just talk about San Fernando which is a thrust
fault zone. If you look at the outcrop pattern of the
rupture which occurred during that event, it is quite
complex. There are a number of small, little discontinuous
breaks. So.if we were afforded the opportunity to plane
off the surface of the ground in the GETR area, we might see
quite a great deal of complexity, not necessarily continuouvs
throughgoing faults, but a number of smaller, intermittent,
short-length faults.

Q Dr. Justus?

A (Witness Justus) I believe vou mentioned the :

word briefly "seismicity" when you asked the question,
and that captured my attention, too, and in the context of

the answer I think it would be important to add that

whether more faults are found or not, would not seem to

change our view of the seismic potential for that fault zone |

!

such as -- and this is a perspective to the answer, and I
think it might relate to the discussion of faulting and
seismicity. i

Similarly, for the San Andreas, or other faults,

ALSERSCON 3ITE0ATING CTMPANY. INC.
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if we find one, yes, it is likely we will find more, but that]

needn't change our opinion of the hazard.

A (Witness Jackson) I would like to add a brief
comment, too. I agree with what Dr. Herd said. However,
we had a very extensive trench that was dug in many --
from B-1 trench, especially, and B-2 trench, and between
the existing shears we did not see, at least in those soil
layers or those stratographic layers, that kind of faulting
along that strike of the fault running perpendicular to the
strike of the major faults tha! we did see.

We also can use discovery tools which lead us
to request the trenches in the location where we put them,
based on our geologic knowledge and judgment, especially
the use of aerial photographs now.

'So I believe you have'to -- I would qualify and
say it is possible, and I think it is very reasonable,
especially in the tarust fault zone, to expect other shears.
However, there 2re techniques which allow you to make some
value judgments on that.

Q Drs. Brabb and Herd, was one of the reasons why
you had reservations about the use of the probabilistic
studies or the reliability of the probabilistic studies,
the fact that there hadn't been, in your opinion, enough
investigation of the existing shears in that area in

which you could -- so as to allow you to rely on that

ALSERSCN IFEBORTING CTMPANY. INC.
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assumption made underlying the probabilistic studies?

A (Witness Brabb) Yes, sir.

A (Witness Herd) Can I, just for the completeness
of the record -- I did not participate in that statement.
As I have said previously, I didn't consider the

probabilistic assumptions =-- the probability model.

A (Witness Devine) May I make a comment on this?
Q Certainly.
A I think we need to add to these answers the

fact that I'm not sure any of our people here are aware of
the sensitivity that these assumptions carry. As I recall
some of the discussions that I was only peripherally
involved, but overheard, was the techniques that the
probability people used is not heavily dependent on just
exactly how many shears they wquld find.

So there is a sensitivity as to what it means

if there is one found or not found, and that we can't judge.

A (Witness Brabb) I can judge it in the light of
whether or not the information that we have to go on, on a
geologic basis, is adequate. We have said that we felt
that the information was not adequate, and that's how 1

responded to Judge Grossman's question.

Q Now it also appears to me that certain assumption§

were made with regard to the amount of slip within the Verona

Fault area, and it appears that that was also done on the

ALSEISCN FTBORTING CSMPANY. INC.
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basis of the slip that had been observed in the existing
-= in the discovered shears. 1Is that also correct, that
that assumption was made, Dr. Brabb?

A Assumption by who, Judge Grossman?

Q Underlying the probabilistic studies at the rate
of =-- that the amount of slip or the amount of offset
observed in the existing shears is the amount of offset
that had taken place within that fault zone.

(Panel conferring.)

A {(Witness Jackson) Mr. Grossman, the problem, I
think =-- and Dr. Brabb may not even know about all of the
reports, there are three =-- there are two probability
studies by Jack Benchman Associates for GE, and two
probability studies and reports done for the U.S. NRC
by TERA Corporation and Lawrence Livermore National Labs.
There are a variety of different assumptions used in those
different reports.

Now I haven't talked to Dr. Brabb about this
aspect, but I think that you, to be more specific, should
comment on which probability study.

Q Well, I want to be general, and I understand
that this isn't a probabilistic panel, but nevertheless,
Dr. Brabb had certain studies submitted to him for his

opinion, and I'm basing my questions on the studies that

he's aware of.

ALSERSON ITSORTING CTMPANY. INC.
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1 A Those studies were not submitted to Dr. Brabb

2 for his review.

3 Q Well, whether they were submitted to him for his
4 review or his knowledge of them from some other source, I
5 prefer to have his opinion on it, so that we can get on to
6 the geologic foundation for certain of the assumptions.

7 Dr. Brabb, could you answer that?

8 A (Witness Brabb) To the best of my knowledge,

9 the amount of displacement on the shear would have been

10| one of the factors in the probability analysis.

11 Q And that displacement was determined on the

121 basis of observations from the discovered shears; isn't

13 | that correct?

14 A To the best of my knowledge,yes.

15 Q Is it possible that if there were existing

—
()]

shears that had not been discovered, that the amount of

-
~

offset within that fault zone could be considerably in

w

excess of what was assumed within those prcbabilistic

studies that you have seen?

n
o

A I don't have any basis to make an answer to that

n
—

question. I don't recall.

3

Q Well, basically, wasn't the methodology used

(N

that the amount of offset observed on each shear was added

SR

/":‘@ IO ITH STREET, S.W. REFORTERS BUILDING, VASHINCTON, D, C. 20024 (202) SS4-2048
—
w

24 to the offset observed on the other shears, until there

25 was a cumulative amount of offset determined?
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1 B That is certainly one of the possible scenarios
2 that could be used in the probability analysis. I don't
3] know if, in fact, it was.
- Q Well, it seemed to me that the USGS offered an
§ 5 opinion with regard to that at one point, and I recall
é 6] questioning a 1.5 foot offset that was included in the
§ 71 studies.
; 8 Does that -- am I wrong, or does that refresh
g 9 your recollection as to whether you were ever asked to
: 10 comment on that total amount of offset?
E 11 (Panel conferring.)
é 12 A (Witness Brabb) Sorry, your Honor, I don't :
i 131 remember that. 3
§ 4 Q Okay. Well, then, maybe I'm wrong.
§ 15 MR. EDGAR: Judge Grossman, it may be gratuitous,
é 16 but there is a fundamental point here, that there are two -- |
§ 171 there are methodological differences between the GE and i
j i | TERA studies which the probability panel can point to at ;
é 19 some length. i
% 20 Furthermore, there is another significant .
E 21 distinction. The GE probability analysis calculates i
. g - 4 the probability of any size offset beneath the foundation. i
gE?;g a3 It could be a micron. The GE analysis is independent of !
z-
K 28] size. |
25 In contrast, the TERA, NRC, Livermore analysis i
|
l
!
|
ALSERSON STIORTNG CSMPANY. INC. |
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calculates the probability of a one meter offset. So if
that's helpful, that's an important distinction.

JUDGE GROSSMAN: 1Is this along the lines that
GE takes the position that it doesn't really matter as to
the size of the offset within certain limits, of course?

MR. EDGAR: No, I don't think that's the implica-
tion. The purpose of the analysis was to detemmine
what the probability would be of any offset reaching the
foundation without regard for its size, and if you do that,
then logically one could conclude that if the probability
of any offset is low, then the probability of one meter is
low.

BY JUDGE GROSSMAN:

Q we}l, let me rephrase my question.

If the amount of offset were a significant
factor in a probabilistic study, would you consider that
there was sufficient information with regard to that Verona
Fault zone on which to base a conclusion?

A (Witness Brabb) That's a good question. No,
this is one of the elements of our concern, that the
critical information needed to predict the future
behavior of the Verona Fault, both in the sense of time
and in the sense of the amount of displacement, and in the
sense of where this displacement will occur, are some of

the elements of information that we feel uneasy about.

ALSERSCN SEPORTING CTMPANY. INC

S S ———




nd

1

arl-18

IO ITU STRELT, S.U. KEPORTERS BUTLDING, VASHTHGTON, D.C. 20024 (202) SS5H-2388

W 0 N OO LN

& 8 B ©

14
15
16
17
'3
19
20
21
2

24

1544

A (Witness Jackson) 1I'd like to add a comment, and
again put the clause in there that we as geologists, and I
as a geologist on this panel, would indicate that in my
knowledge and interaction with the probabilistic people, is
that the geologic assumptions that we feel are so important
are not always as important as we'd like to feel that they
are.

That doesn't mean it chancges our conclusions,
necessarily. In fact, that's what led us to require some
level of offset under the plant, even though there was low
probability of any offset based on that. But that again
could be explored with the probability panel.

I think I am making comments as a geologist.

ALSERSON IESORTING CTMPANY. INCL




JWBeach
$2
6=5=81

1
2
3
4
z 5
;':e
§7
e O
H
= 9
<
s 10
g 11
=
: 1
: 13
i
: ou
g2 15
i
c 16
4
3 17
P
£ 19
z
& 20
=
-~ 2
H
2
=% 3
) Py
~ 2
25

1545

Q I think we have established, Dr. Brabb,
that with regard to the probabilistic studies, you are
somewhat uneasy with regard to the underlying
information that was utilized, or the extent of the
information. I recall that yesterday there was some
extended discussion wiéh regard to a sentence in the
SER in which the geolcgists indicated their uneasiness
with relying on probabilistic studies to a disputed
extent.

It app«:ars to me that some or all of the
information that you feel that might be inadequate
with regard to the probabilistic studies would be very
helpful, not only for probabilistic studies, but also
for a deterministic study of the seismicity in the area
and the ramifications of that.

Is that correct, Dr. Brabb?

A (Witness Brabb) Yes, sir.

Q It also appears to me as though, if you had
all of the information that you would consider necessary
to have a realistic and valid probabilistic study, that
you could pretty well make a deterministic study that
would conclusively determine to your satisfaction
everything that you would want to find out from the
probabilistic study.

Could you comment on “hat statement, sir?

ALTERSCN IEBORTING COMPANY. INC
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1 A I think I agree in general terms with what
2 you are implying, with the possible exception of the
3 word "everything." I don't think in any investigation
4 of the geology it is possible to determine "everything."
§ 5 what we are trying to do is to get enough
é 6 information to allow us to proceed with a substantial
é 7 degree of confidence in making a prediction about the
; 8 behavior of a geologic process. The end concern is how
§ 9 this process, in this case thrust faulting, is going to
: 10 impact a facility. And as geologist it is our
g 11 responsibility to have enough confidence in all of the
g 12 geologic information that can be reasonably gathered in
i 13 a reasonable period of time to make a prediction about
,g £} that process.
§ 15 We have stated in our report =-- and this is
g 16 the reason for the words that you must have read -- that
§ 17‘ we have reservations about the amount of information
j 'S needed to accurately predict that process. If that
é 19 information was there, yes, on a determinis:ic basis
E 20 we would be able to have a higher degree cof confidence
% 21 about the pro-ess and its implications.
" 2 Q I overstated that, but I will allow
@ 23 Dr. Jackson to comment.
FQE? 24 A (Witness Jackson) I was going to make that
\ 25 comment, that it was overstated that it's a better way
ALCERSCN FTBCRATING CTMPANY. INC.
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to do things. In my seven years working as a geologist
in the regulatory environment, I have never been
involved in a site where there has been enough informa-
tion to make an e¢stimate that satisfied everyone.

So the use of probabilistic methods -- and
I doubt on this site if we would ever achieve, because
of the complexity, ever achieve a level where we were
all, first of all, in concensus as scientists.

I would like to make another comment, that
again the USGS was not asked particularly to look at
the probability study; and it ! as not been my understanding
to date that it was a component of their decision and
recommendation to us on the one meter of offset beiné
not conservati&e enough.

A (Witness Devine) Sir, I would like to

comment on that. As I heard your gquestion, there is a
part of it I would have to answer in the negative. That :
is, as I understand the reason for using probability
studies is to enable you to assess what vou don't know
from a deterministic evaluation. And as I understood
your question, you indicated that everything you would
need to make a good probability study would be sufficient
to make a good deterministic study. Ard I don't believe.
that's true. That's the reason for using probability

studies, is to assess beyond that which you can do

ALSERSCN FEBORTING CTMPANY. INC




R
)‘t‘@ 390 7TH STREET, S.4. KEFORTERS BUTIDING, VASHINGTON, D.C. 20024 (202) SS54-234%
s

O 0 N o »

10
11

24

deterministically.

Q Let me retract somewhat from my statement

and put it this way: Would it be your opinion, Dr. Brabb,

that if you had sufficient information to make a valid and
realistic probability study, that you would have
sufficient information to make a deterministic study and
leave the -- and therefore have any further probabilistic
study of only marginal value with regard to coming up
with an ultimate conclusion?

A (Witness Brabb) I have great difficulty
with that question, your Honor, because I have not made
the probabilistic study, and therefore I have no basis
on which to make a conclusion. Simply, I can't answer
the question.

Q Okay. It was a poorly phrased question,
anyway, so we will go on to something else. Did anyone
else have a comment that they wanted to make with regard )
to this entire area?

A (Witness Slemmons) I have I believe a
somewhat different position than Dr. Brabb has stated
with regard to the adequacy of the data in order to
come up with at least some sort of an assessment by
probabilistic methods.

The data for all three fault zones, the B-1l,

B-3, the B-2, And the H zones all show rather similar
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relationships with the most recent offset. All three
show at least one Holocene offset. The amount of
displacement in each case was about 1.5 or 2 feet, to

a maximum of 3 feet. The amount of displacement is for
the B-2 and also the B-1/B-3 explored by a number of
trench sites, so that the data is not based on a single
intercept. So that I feel there is a reasonable basis
for assuming that the greatest probability of the next
event will be in terms of something of the order of
magnitude of somewhere between 2 and 3 feet.

The probabilistic approach -- well, the
second point is that the very long pair of trenches,
the B-1/B~2 trench series, gave a very fine and
continuous exposure across the two zones in the entire
block between. And this was near the GETR site.

So that there is a good data base -- granted
it is not a complete data base, in that trenching on

the south side of GETR, or trenching on the strike to

the east would have given a fuller record -- but at least

this gives enough of a basis, along with at least a

general knowledge of the fact that new ruptures only

occur in a very minor percentage of the cases, something

on the order of a percent or two, or perhaps even less.
So that I feel, in my opinion, there is an

adequate base for making a determination at this time.

LALOERSON FTSCRTING CTSTMPANY. INC
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Q Dr. Herd?

A (Witness Herd) I just wish to make a peri-
pheral sort of summary comment in terms of what I
believe Dr. Brabb was trying to state.

In our April 1980 report, to which Earl has
alluded a couple of times, we make a statement that we
felt that the information on fault potential was
incorrect, and we felt that since a decision was pending

and that there was going to be additional geologic

information, we had to make a summary of the data at that

point.

I think Earl and I share a concern that, as
geologists trying to understand the geology of the site,
there are certain unknowns that are not fully developed
to the point of our personal sa;isfaction of under-
standing as geologists in terms of where the faults are
and in particular the amount of displacement that might
be in the fault zone.

I think Earl and I look at the cumulative
offset in the zone as being something of particular
different verception than worrying about the single
displacements on single breaks. And it is the fact that
we can add two feet in B-1, three feet in B-2, and at

least 1.5 feet in H across the zone in a perpendicular

line crossing the break, that would suggest that there

ALSERSON ITBORTING CSMPANY. INC
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1 is at least -- two plus three is five -~ 6.5 feet of
2 displacement that appears to have occurred at least in
3 the Holocene across the zone. And we see similar
- amounts of displaz-cement in excess c. 5 feet, or so it would
g 5 seem, at T-1l in the same zone that we were uneasy about
é 6 making any sort of assessments about limits, or under-
§ 7 standings of displacements on the brea:ss.
; 8 I don't believe that Earl wishes to 1=ply
E 9 that this has not been factored into a probabilistic
: 10 study. It is just that we have uneasiness as
§ 11 geologists in trying to understand that before going
§ 12 on to the next step, which is to try and apply that
% 13 information.
_§ 4 Q Do you have reservations not only with
§ 15 regard to the amount of cumulative offset, but to the
; 16 amount of offset that may have occurred at any one
g 17 time?
: b | A Not to dig a deeper trench --
5 19 o What? l
E 20 (Laughter.)
f 21 A Not to dig a deeper trench here in terms
5 2 of the discussion on this pcint, or not to belabor the
@ 23 point -- that was a bad pun, and I am sorry, but it has
gﬁE? 24 just been a long time.
25 (Laughter.)
ALSERSCN ILBORATING CSMPANY. INC.
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If there were additional breaks in the zone,
the actual offset that's occurred in the Holocene migrt
be greater in trying to calculate the total offset.
That's uncertain. H, for example, doesn't have an
upper soil frcm which to assess the amount c¢f offset
that actually occurred there. It is at least 1.5 feet.
So there might be a little bit more in the Holocene
offset. That's an uncertainty and an unknown.

If there were other breaks, as well, in
between, we might ada a foot or so of additional

displacement. These are unknowns of that sort.

A (Witness Jackson) Could I add an additional
comment?
Q I think Dr. Brabb wanted to comment fifst,

and then we will be glad to hear that, Dr. Jackson.

A, (Witness Brabb) I thank you, I did have a
comment but I got distracted by Dr. Herd's comment,
and therefore I wonder if the recorder could repeat
the question?

(The reporter read the record.)

Q I think =-- let me rephrase it, if I can, or
at least indicate -- in view of the difficulty in
locating the last question, my question related to
whether you had some reservations not only with regard

to the cumulative amount of offset, but also with regard

ALSERSCN ITPORTING CTMPANY. INC
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to the amount of offset that may have ociurred at any
one event or episode?

A Yes. That is what I wanted to respond: Yes,
that we have reservations about the amount of movement
that can take place on any one splay in the fault zone.

Q Dr. Jackson?

A (Witness Jackson) Yes. I wanted to comment
that one of the observations that we have made is that
and try to make when we're doing a site review, and
especially one like this, is to look at consistency,
reasonable consistency or something that is an anomaly
that would stand out as an example.

If we are looking and observing one meter
offsets, they would generally o duiing each earthquake
event, if you }ike -- those would generally related,
based on our knowledge of worldwide data, to a magnitude
about 6.5.

I think if you were observing extensively
greater amounts of movement, and that we know from the
dispersion in the data that you could get up to 2«5
meters based on what occurred at San Fernando, over a
zone of some distance, or across a given single fault
splay, if you were to look at something greater than
that then ysu would have to be looking at a greater

magnitude earthquake occurring. And I think it is our

ALSERSCN IEBORTING CSMPANY. INC
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] belief in general, looking at this, that that then gets =--
2 if you were looking at much oreater offsets than that,
3 you then begin to have difficulty in justifying the
R credibility of a magnitude on that particular fault zone.
g 5 In cther words, the ability of that fault to
é 6 sustain that kind of magnitude. So what you have to
g 7 look at is consistency. That doesn't mean that because
; 8 you haven't seen everything you can't make a reascnable
g 9 estimate by ridiculous type arguments.
: 10 Now in the earth sciences you can't preclude
é 11 anything. That is one of the problems we have. And I
§ 12 think that a consistency would lead us to believe that
% 13 you need much bigger magnitude earthquakes to get
g 14 greater offsets.
§ 15 [0} Dr. Brabb? o
E 16 | . A (Witness Brabb) " I'd like to make it clear
g 17 that the limits of my reservations, if you will, are '
g 'S not to the extent that I would consider them ridiculous.
é 19 That i3 to say, we are not talking about 100-foot |
g 20 displacements. We are not talking about San Francisco ,
E 21 1906 type earthquakes.
. 2 Realistically, our position is reasonably
IQEEE; 23 close to the NRC Staff position, but it still differs.
ﬁii 24 And this difference is not in terms of hundreds of feet,
25

or even tens of feet. The difference is relatively
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1 small. And I think you will have testimony later today
2 from Dr. Pichumani who will say that this amount of
3 possible difference between us and the NRC Staff makes
4 no difference with respect to his calculations in terms
g 5 of offset beneath the reactor.
é 6 A (Witness Jackson) I agree with Dr. Brabb. I
g 7 think the differences are within the dispersion of the
; 8 data that we kXnow about for a fault of this type.
; 9 o Okay. I don't want to belabor it, in view
: 10 of what you've just said, but just one final question
§ 11 along these lines.
§ 12 Do you agree with Dr. Slemmons' position
% 13 that the observations along three shears, I believe,
g 14 are sufficient to allow you to assume some consister..
3 15 with regard to tYe amount of cffset at any particul#r
g 16 event?
s 17 A (Witness Brabb) No, sir, I don't agree with
j '3 his statement.
é 19 o Regarding your April 1980 report, I have
g 20 some difficulty understanding what was meant in one
E 21 sentence. I would like to read that sentence, but I will
3 ‘12 read the prior sentence first. That is in the summary,
‘aE§=;.23 the second paragraph, and I will read both sentences:
ﬁi; 24 "We concluded previously that the number,
25 location, length, width, geometry, and age of these
“.SERSCN FLEORATING CSMPANY. INC
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1 thrust faults have not been determined adequately, and
2 therefore that the potential for future surface faulting
3 or vibratory ground motion at the reactor could not be
“ adequately or reliably assessed." 1I'm sorry, there are
g 5 two preliminary sentences, and I will read the next one,
é 6 too: "None of the new information provided by the
g 7 General Electric consultants has changed this opirion."
; 8 But then I come to the sentence that I won't
; 9 understand. That says: "However, inasmuch as the
: 10 consultants have provided information on fault potential
§ 11 that we believe to be incorrect, and inasmuch as a
§ 12 decision regarding reactor safety could be made without
% 13 | obtaining the additional geologic informaticn we feel is
g 4 necessary to assess fault potential, we provide herein
i 15 a preliminary interpretation of some of the critical
5 16 fault parameters."
g 17 I will start off with the easy part of that,
: b and that is the last part .f that sentence. What did
é 19 you mean by: The decision could be made without
5 20 additional geologic information?
% 21 A Well, just tha* in terms of the focus on
2

= gathering information about the width of the fault zone,
zgs;g; 23 the way this fault zone projects beneath the ground,
Ty
ﬁ‘: 24 beneath the reactors, the total length of the Verona

25 Fault, the relation between the Verona Fault and some
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of the other faults in the area, we felt that that
information for our purposes to try and predict the
future behavior of the Verona Fault was not sufficient;
and that it appeared that in our conversations with
NRC Staff, that for a variety of reasons that this
information would not be obtained.

Therefore, in that light we tried to do the
best we could to summarize from our perspective wnat
information was available that might be helpful in
making the final decision.

Q Well, it appears from what you are saying
now that you believe that there was sufficient informa-
tion to make a negative decision with regard to
recommencing operations.there. Is that correct?

A I'm sorry? T don't understand the question.

Q It doesn't seem to me as though the lack
of information could contribute to a decision to begin
operations again at the reactor site, but I am asking
for your opinion as to whether the decision you
thought there was sufficient information to make was
a negative decision or a positive decision with regard
zo the ultimate conclusion?

A It didn't make any difference to me whether
the decision was negative or positive.

Qo Dr. Herd, did you have a comment on that?

ALSERSON FTBORTING CTMPANY. ING
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A (Witness Herd) Well, I think that when this

was written, the context in which the sentence was
written is not in the sentence in which it is now cast
in terms of the weight by this Board as to whether the
work that has been done is or is not adequate in your
estimations.

The questions that were unclear to us were
ones of geologic parameters of the site. And there was
at least an impression that there was going to be
additional work continued at the site, and I believe it
was a time after one of the ACRS meetings that -- well,
I don't know if there was the impression, but it looked
like we were still in the course of an investigation.
And then there was a point that came that we needed
to make some assessments.

It is just the idea that =-- well, how to
restate this. There isn't an attempt in this sentence
from my perspective to try to make a decision for the
Board as to whe_ her the information is or is not
adequate. It is, rather, a comment on the geologic
information which was available to make larger assessments
of questions which contribute to this decision.

And I don't personally wish you to judge
this sentence, of which I am a co-author, that we are

trying to conclude on the safety of that reactor.
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Q Let me refer you again to that sentence. It
is very specific about a decision regarding reactor
safety. It wasn't a decision regarding geologic
parameters.

A (Witness Jackson) Mr. Grossman, could I
maybe help out a little bit? I may be wrong, but my
reading of the sentence went to this end: The review
of the GE Test Reactor had gone on from August of '77
to October or November of '79, with investigations, a
tremendous amount of work, need for additional work =--
I think we would all admit that as geologists we can
always gain more information.

It was the judgment of the NRC Staff and
management that the problem and the possibility of
further information contributing to a different
conclusion, or the ability to reach a decision which
could be litigated, that the time was ripe to do so.

Now we had then made a decision to go forward
with the first September of '79 report, which wernt to
the Advisory Committee on Reactor Safety. It was at
that point in time that we had the first position.
That was then reviewed, and additional requests by
ACRS to implement the probabilistic studies.

Those were then done. The Advisory Committee

on Reactor Safety leans strongly toward the Staff
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utilizing probabilistic methods. And indeed, in the
absence of I believe their conclusion that it was
unlikely that the ranks woculd close, so toc speak, by
additional information, that one way to approach this
was by the use of probability.

So I think it was at a point of diminishing
returns on the investigations. We have arqued for
several years on whether or not this is a landslide or
tectonic in origin. Now although that is stipulated in
these proceedings, I think that that is still sympto-
matic of the differences that still remain here between
competent professional pecple, from a vast array of
organizati&ns.

So it was just felt that it was time to
reach a deéision. Now I believe that this report here
was written because we told the USGS: 1It's time to go
forward and put together what we currently have and
reach a conclusion for licensing pur oses.

It was apparently clear, too, that the
General Electric had completed the investigations that
they had intended to do. We had requested some -- we
had been party to the investigations that had been put
in to date, and each set that we had requested we felt
would lead to the necessary information.

So I personally don't think that another

ALSERSON ITI~TTVE CSMPANY. INC
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Phase III study would necessarily reach complete
resolution, either. So it is at a decision point.
And that is what I believe that decision was in this
document, what was being referred to.

Q I believe what you're suggesting now,

Dr. Jackson, is that you informed the USGS that a
decision was going to be made at that time without any
additional geclogic information?

A That's correct.

Q However, the import of the sentence and what
the sentence says is that a decision regarding reactor
safety could be made. And I'm not sure that what
you're suggesting is what Drs. Brabb and Herd had in
mind when they wrote the sentence. And so, with what
you said as background, I would like to direct them
again to that sentence and ask them to indicate what it
was that they did have in mind: That there was
sufficient information to make the decision at that
time? Or, as you suggest, that regardless of whether
there was, a decision was going to be made anyway and
that is what they meant by that sentence?

Dr. Herd?
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(Panel conferring.)

A (Witness Herd) For my own, I was trying in the
context of this statement to state that we felt that we did
not have the geologic information to answer certain questionq
about the geology at the site in terms of fault offset.

Remember, we had, with the cover letter, said
that we weren't sure that one meter was conservative. Okay?
Uncertainties about displacement. We have talked about the
possibility of faulting beneath the reactor vessel,
uncertainties there. The gquestions about the existence of
other faults, and the cumulative displacement.

It was these uncertainties in terms of ones
on a geologic basis where we were, did we have our complete
picture that we were at in trying to talk about this point.

But I have -- we had no contribution and no input
-- excuse me, we had no involvement whatsoever in terms of

doing anything more with our information than just simply

providing it, and we were not in the decision-making role

of deciding whether the data by itself was adequate,
coupled with o*“er probabilistic studies and the like. It
was just a comment directed towards the geologic information‘
which, for myself, I did not feel to be full and complete
to my satisfaction.

So I am trying to separate myself very carefully

from an issue which I don't wish to cross; that is, to imply
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that I am making an assessuent of reactor policy licensing.
That is the Nuclear Regulatory Commission. We are only
ones providing an assessment of the geologi~c data and a
review of that geologic information. It was information
that would be contributeu towards that decision by the NRC
that we were commenting on.

Q I understand your reluctance to get involved
in that area, but apparently vou were involved in the
area, and I am not asking you now to make that --

A Can I make a clarification? 1I'm not sure we were
involved in that area. The point is that we acted as
independent reviewers of the geologic data, and we were
asked by the NRC to provide input. We had no role -~ I
certainly wasn't asked by Dr. Jackson or anyone to make
calculations of the expected displacement underneath the
reactor. We just contributed the geologic information to
Mr. Devine and Mr. Morris, who reviewed the material, made
their own contributions and forwarded it on to the NRC.

The Survey's role has been and remains one of providing a
review capability in part, as well as geologic assessment
-ad, I guess, seismological ones, too.

Q By the way, you mentioned one of the -- one item
of missing information, the fact that there might be a fault
underneath the rez 'tor, but from your understanding of

the probabilistic studies, wuldn't the result be affected
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by the existence of shears that would not be directly
underneath the reactor, too?

b} (Witness Brabb) It could be. That's to say
the cumulative measurement that we are talking about, the
addition of trench H, trench B-2 and trench B-l, the
cumulative measurements of those fault zones are some of
the factors shat are used to try and predict the future
behavior of the cault.

If tnere are additional fault strands, additional
displacements that are must be factored into there, then
the answer is yes.

Q I wasn't specifically referring to the cumulative
displacement now. I was talking only with regard to the
number of shears, because ny understanding is that the
probability of there beiny an offset underneath the reactor
is based in part on the number of shears that were observed
within the fault zone.

A In fairness, I have to say that I think that
if that is a factor, a.d I don't know for sure that it is,
if it is a factor, it's unlikely in my opinion that there
are a large number of additional shears. So that to have a
bit of caution, we are not talking about larger variations
from the data base that already exists. It might be a
relatively small variation.

Q Dr. Jackson?

ALSESSCSN ITBORTING CTMPANY. INCL
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A (Witness Jackson) I'd like to add the
additional comment that we seem to be discussing, and the
way the questions have been going, a step-function type
of consideration that vou are on a clifif each time you say
yes or no to this. answer, in answering.

My limited understanding of probabilistic
mathods doesn't work in that way. For instance, an addition
-- finding an additional shear may affect the probability
number and change it. It may change it one way or the
other, or it may not have any effect. And such sensitivity
studies, as I understand it, have been run.

So what it would do is it may change the
prokability number from like, say, some hypoth?tical
105 to some hypothetical 1074, The probability panel can
testify as to what that may be, but thac's not a step
function type situation where you are saying that in one
case the probability would be 10°% putT find an additional
shear, that the probability method is no good.

It would have a gradational effect on the
calculation, to the best of my understanding.

A (Witness Brabb) I think I was saying chat in
slightly different terms, your Honor.

Q Well, now, we're discussing the relative
importance of perhaps discovering additional shears, but

wouldn't you, as an example, think that the difference
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would be signific nt if, let's say, you based your study
on there being "X" number of shears within a certain area,
and you discovered that there were 2 "X" or 3 "X" shears
in that area? That would be a sigrificant difference,
wouldn't it?

A (Witness Jackson) My understanding of the model,
if it's important to the model, as the probability experts
use it, then it would. But it may not be that significant
to them.

A (Witness Devine) I'd like to comment again on
that. My brief involvement with the probability people,

I am reminded of the fact that I was continually surprised
at the things I thought were so significant just were not
in their studies, and I think we need to be cautious about
this group of geologists and seismologists commenting on
what is significant in a probarility sense, because I was
continually surprised at what was significent and what was
not.

Q I understand your caution, and I understand your
wanting me to direct these questions to the probabilistic
panel, but again all I can say in that regard is that if
we want to find out -- if assuming there was a determination
that "X" number of shears existed in the area, and we
were to wait until the probabilistic panel came on to ask

them if that was an assumption, we would never be able to
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ask you whether "X" number of shears was valid from a
geologic point of view, and so we do have to get into that
area here, and I understand your caution, and I am trying
to do it as cautiously as I can.

Mr. Devine?

A Yes. If I may, sir. I remember one conversation
on that very point. I have forgotten who was in the group,
but I remember one ¢f the trenches, I argued suppose it
stopped for five feet short of an additional shear. There-
fore, you would miss one shear simply because the trench
didn't go far enough, and I was quite adamant on the
subject. That would add one more shear, and I noticed
the probability guy smiling, realizing that I just didn't
understand what they were going to do with the data, and yet
1 was convinced that one more foot or five feet of trench,
discovering another shear, would be most significant in my
mind. It was not in theirs.

A (Witness Jackson) I would add that Dr. Slemmons
will be on the panel. He has worked with -- I don't know if
he is in complete agreesment with Dr. Brabb on all the
aspects of the case, but he will be available to ask the
geologic assumptions. I tnink to try to reasonable portray
all of the people here on this panel --

Q Well, frem questions that have already been

answered, nbviously he is not in complete agreement with all
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the cther geologists here.
Dr. Brabb?
A (Witness Brabb) Can I comment, perhaps, a littlf

more generally?

I think our positicn in relation to Dr. Slemmons
in terms of the amount of offset is very, very close. I
think he says, for example, or he has a statement to the
effect that in his opinion on any one shear within the
Verona Fault zone, a movement of two to three feet is most
likely, but that movements up to two and a half meters
are possible.

Our position is reasonably close to that
statement, so that in terms of the overall perspective, I
think that we are in relatively close agreement with Dr.
Slemmons on almost all of ‘the geologic aspects of the
investigation.

So I don't want to give the impression that
my answer to that one specific cuestion indicates that
we have substantial differences of opinion. We are very
closely in agreement on almost all of the geologic issues.

Q Well, if I understand your closeness and agree-

ment, it is to the effect that Dr. Slemmons bases his
position on the fact that approximately one meter offset
was observed in three trenches, and your position is based

on the fact that a»rroximately one meter of offset was
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observed in two trenches, and that there is a possibility
that it was five or six feet in the third trench; isn't
that basically the extent of your agreement on that point?

A Dr. Slemmons was not in trench T-1, and therefore
I don't think he would disagree with our analysis of the
data in that trench.

A (Witness Slemmons) I'd like to comment that I
agree with the statement just made by Dr. Brabb. When I
left on Wednesday, you left a question for me to think about|
and that gquestion related to whether if it could be
verified that the five, six or seven feet of apparent
offset at trench T-l1 was in one event, would I change my
opinion with regard to the three feet on either faults
B-2 or B-1l, B-3, and my answer would have to be yes in that
case. |

I would have to raise the 1lid. The guestion

that cannot be answered is to whether the Las Placitas

Fault is contributing to the displacement that runs

through the gap, and then splays out into the two branches.
If it were to splay out with movement going on one time
on one fault and on another onccasion on another fault, or

being split from time to time in various proportions,

then one would have to assume for conservatism that the

maximum amount of offset would be the type that you would

see at trench T-1l.
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Jn the other hand, if you are dealing with a

folding and deformation mechanism of sufficiently plastically

deformable materials, the Livermore gravels of Vallecitos
Hills, then the two faults or the two shears could have a
conjugate relationship and partition in a rather systematic
way, so that each of the two shears might split, say half
and half of the displacement, and so I think that this is
somathing we cannot answer from the conjectural nature
of much of the information that we have from trench B-l,
and this would modify my position. And the position that
Dr. Brabb and I have is not as great as our answers to
your question would indicate.

R (Witness Jackson) Mr. Grossman, could I just
add one thi?q?

Q Certainly.

A I'm sorry to continue adding, but I think it's
important for your knowledge.

I don't think there 1s a disagreement per se
among this group. We know the data on this site as well as
I think any group that I have worked with can. The
problem stems from the fact that there are different view-
pocints. We are all professional geologists and have
slightly different interpretations of the same data.

What is important, we have looked at the data

on trench T-1 and the new constructions that have occurred

ALSERSCSN IEBORTING CSMPANY. ING




even this week which, you know, we've worked together cn,
and that does not change our conclusion as to the estimate
of slip under the plant.

And the reason it does not is because you are
discussing -- we have always assumed that somewhere on the
fault zone a 2-1/2 meter slip type thing could occur, but

that the likelihood of that was low. It was most likely one

e

meter, based on the observations we have seen in the existing

O 0 N OO e WwN

trenches, and based on the fact that there is a lower likeli-

hood between the existing shears than on them.

—
o

Q Okay. Let's move on to some other areas that

F—
—

won't take gquite as long. I know that the parties have

)

13 stipulated with regard to the rate of slip, and I don't

14 care to do anything to jeopardize what has been stipulated.
15 But, nevertheless, you arrived at a rate of
16 .0004 feet per year, I believe that is, and it was based

17 on underlying assumptions, and it does appear to me as

g though some of the underlying assumptions may be in dispute,

19 and I would like to find out whether any of the assumptions

20 that are in dispute would affect that rate of slip such as

21 the offset that was observed in the trench that one party

or five to seven feet. Would that affect the rate of siip?

o
? 106 7TH STREET, S.W. REFONRTERS BULIEDING, VASHINCTON, D.C. 20024 (202) S58-2008

~

|

l

says was three feet, and another says may have been five i
|

|

A (Witness Herd) May I refer you to Figure 14 of

d B B R

our April 1980 report to help answer that point? It's page
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34, Appendix B of the May 1980 SER. Have you figure now?

Q Yes.

A Okay, fine. The rate calcilation is one that
is visually fit to the data, and you will notice that
there are a couvle of boxes: immediately above the zero
at the far left axis, apparenc dip slip separation, there
is a small little black box, which if you'll notice to the
right reads Albic horizon/stoneline offset.

This represents the cumulative offset that has
been measured in that age timeframe. We are talking about
the Albic horizon, that would be the A-2 horizon, and
the stoneline at the 17 to 20,000 year old item.

Okay. If you notice, then, just abcve it,
there it says youngest buried soil. That would be the
cumulative offset measured ip the amount of offset in that
buried soil, 70,000 to 130,000 years, and then in the
far upper corner is the Livermore gravels.

You'll notice that neither box actually controls
that line. That line is fit between them. If you increase
the apparent displacement in the Albic horizon/stoneline
on the left axis, all you do is you just move it up a few
feet along that axis, and the line .0004 feet per year
still lies between it. So I don't believe it would have a

significant impact in terms of the rate calculation. This

average slip rate would still be more or less about the same
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Q And would the line be basically about the same if
vcu change your estimate from the 17 to 20,000 year period
to the 2 to 4000 year period for the --

A I already have used the 2 to 4000 years in my
calculation here. I misstated that. I was trying to refererice
it to discussions of yesterday and the positions of Earth

Science Associates and Dr. Shlemon.

R

So if you == it doesn't appear to me that it

O 00 N e W N -

would have that much impact to increase that displacement.

—
o

MR. EDGAR: Would you point to the table from

=
—

which you derived the data, just for cross reference?

—
n

WITNESS HERD: Sure. That would be our table

w

shown on Figure 12, page 22, and most of the numbers there

L
-

are in agreement with those reported by Earth Science

—
w

Associates, except for T-l.

WITNESS JACKSON: I do have an additional

17 | comment. %
'3 BY JUDGE GROSSMAN: ;
19 Q Dr. Jackson? E
20 A (Witness Jackson) There are determinations

21 of slip rate that have been made by four groups and several

2 different methods have been used by some of the groups.

@ 00 7TH STKELT, S.M. wcPFORTERS BULIDING, VASHINCTON, D.C. 2002% (207) SS8-2048
-
o

i

23 So there are cross checks that enter into also, and I

A
N
>

think -- we have a table that was presented at the ACRS

25 meeting that might be helpful to show the range, if you

ALSERSSN FLPORTING CSMPANY. INC.




ar3-13

R

Ly
300 ITH STRELT, S.4. KUPFORTERS BUTIDING, VASHINCTON, B, C. 20024 (202) SS4-2088

vl

W ® N O e W N e

8 — P T P
® w 9 & b & & N = ©

21

24
25

1574

need it.

Q I'm satisfied from what's been said that there
wouldn't be any great deviation, and I assume my fellow
Board members are satisfied.

Dr. Jackson, I believe in response to some
questions on cross-examination you indicated that the lack
of knowledge with regard to the entire length of the Verona
Fault was not critical because for one example you could
use the area of the fault to make appropriate calculations.
Was that correct? '

A That's correct. And there was another cne called
slip rate vs. magnitude determinations.

Q For the area ot the fault, wouldn't you also need
the length of the fault, or is that calculation made in
other dimensions?

A No, you need the length of the fault for the

area. i
A (Witness Devine) If I may. {
Q Yes, sir. E
A You do, but that's not a very sensitive parameter

to the magnitude estimate based on area. That's a very -- i
a rather crude method to estimate magnitude, anyway. So if |
you change the area 50 percent or so, it only has minor

impact on your estimate of the magnitude. It's not a very i

sensitive parameter to your estimate of the magnitude.

ALSERSCN IEBOATING CSMPANY. INC
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So if you change one parameter one dimension,
in order tc then compute your area to then estimate your
magnitude, a small change in that length or width is not
very significant.

A (Witness Jackson) I'd like to amend my response.
I'm not trying to indicate in any way that fault length is
not an important parameter, but it is in -- determination
of magnitude by any method is not good, except to go back
to first principles. It has a variety of errors and requirei
a fair level of judgment to make such a determination.

Now I think where it begins to become important,
when you are showing vast differences in leggth, in other
words. My personal opinicn is from what I've observed
is, if you're getting substantial differences in the
potential fault rﬁpture distance, then you cag change the

magnitude.

But there are ranges about which there would |
not be tremendous difference in the magnitude determination,i
necessarily, and indeed even to go beyond that which is i
more important to what's trying to be determined for this
site is that the relationship of ground motion to the plant
and the fault propagation parameters again relates to
magnitude in a dispersion type of way.

Q Dr. Brabb? |

A (Witness Brabb) Your Honor, would it be possible

ALSERSON TEBOARATING CSMPANTY. INC
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JUDGE GROSSMAN: Yes, sir. Why don't we take

10 minutes?

(Recess.)
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[} Mr. Devine, T would like a clarification of
your prior answer. I am not sure whether you were
saying that a variation in the length which wou d vary
the area result would not or could not =-- would not be
significant with regard to che area input? Or whether
you were saying the area input into determining the
magnitude may not be that significant, so that any
effert would significantly effect the result? Could
you clarify that?

A (Witness Devine) I think both statements
are true, sir. The areas itself is -- the magnitude
derived from area computations is relatively insensitive
to the change in area. For example, you can double
the area used and you'll get a magnitude change of
about, at most, a half a magnitude.

So the change in the area of 10 percent,
20 percent or so, does not significantly impact your
estimate of the magnitude. Consequently, if you change
one dimension used to get the area, that's also
insensitive. The magnitude is also insensitive to that.

A (Witness Ellsworth) Could I comment also,
your Honor?

Q Certainly.

A The relations that have been derived between

parameters such as magnitude and other measurable data

ALSERSON FTFOATING CTSMPANY. INC.
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on faulting such as fault displacement or fault length
have been determined from worldwide data, and there is
a great range and variation in the other parameters
that would enter into a physical calculation of magni-
tude based on complete knowledge of the earthquake.

So that when one attempts to carry these
relations that are determined on a local basis to a
specific site, one has to consider that there is
dispersion in the relationship that's being used.
There is also an uncertainty which will be generated
because of the logarithmicc nature of these relation-
ships. For example, in many types of relations that
have been derived between a parameter set such as
magnitude and fault length, the magnitude depends upon
the fault length in a logarithmic way. In other words,
one takes the logarithm of the fault length, and it is
that legarithm that contributes to the calculation of
the magnitude.

So it is a relatively insensitive number.

Q Does everyone on the panel agree with that?

(Panel members nod affirmatively.)

Net having heard any objection, I guess you
do. Now wasn't there also some question with regard to
the data itself as to variation in length, and possibly

area, in that some of the data, while you say were
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worldwide data, I believe were specific data relaced
to the San Fernando event.

Now wasn't there a significant variation
in that particular set of data?

A Yes, sir, that is certainly an additional
complication; that at any given site we will not have
complete knowledge of the event; we will have only some
sample of observations, and their mean value or their
maximum value may perhaps be representative of the
event. That s the assumption that is used to make
that type of calculation.

There is an additional assumption that goes
into say the application of these formulas to the GETR.

When we look at the Verona Fault, we don't know what

‘its downdip depth is. So that's a number that we

have to assume based on our experience elsewhere. And
that may have an uncertainty of a factor f 2 built
into the number. So there is an inherent uncertainty
in the magnitude calculation. It 1is simply calculating
area based on the surface expression of the fault and
will have an intrinsic uncertainty of perhaps a factor
of 4.

Q Now one matter that Judge Foreman has brought
to my attention with regard to your calculations as to

the Verona Fault is that it is based primarily or merely
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on the length of an area of the Verona Fault itself.
Isn't that correct? Without attributing to the Verona
Fault any length of any other fault that may be
connected to is?

A (Witness Devine) Sir, I believe there
were several aspects of that question that are hidden
behind the words you've actually said.

One, I personally have not made an actual
magnitude assessment, looking at the length or area of
the Verona Fault itself. The magnitude that was agreed
upon was derived by NRC. I merely checked that magnitude
to the sampling of data one would use to estimate, and
it appeared ontirely reasonable to me and I accepted it
without going into great calculations myself. So I
can't personally answer whether my own calculations
changed, because I didn't make them.

But I could indicate that there are physical
limits to how far you can extcad the Verona before you
run out of space. I looked at that in my assessment of
the NRC's judgment of 6.5 magnitude being adequate, and
recognized that in my judgment you run out of space to

get a fault much bigger -- to generate an earthquake any

bigger.
Q Did you have something to add, Dr. Jackson?
A (Witness Jackson) I was going to endorse
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Mr. Devine's comment. The original review was done by
the NRC Staff seismologist who is no longer with the
NRC. Mr. Devine was asked to review that and support
it on this panel.

Q Well, now I am a little concerned that we
may be getting a circular interpretation here. I was

assuming in my questioning that you were arriving at

a particular magnitude earthquake through your observations

with regard to certain inputs such as length and area.

And now your answer seems to suggest that
while that may be so, you then make some intermediate
assumption as to magnitude in order to limit the length
some way. And I would just like you to clarify that for
me, Mr. Devine.

A (Witness Devine) I'll try to.

The reason I approached the problem in the
manner that I described was to assess what the maximum
could reasonably be. A detailed estimate and evaluation
could very probably have resulted in a lower magnitude,
but I felt that that was an unnecessary calculation to
have to make since it was already being imposed upon
this site the higher magnitude.

And recogn;zing that there are physical limits
to how far the Verona -- how much area, or length, or

width the Verona can have told me that in my judgment

ALSERSSN ITLBORTING CTSMPANY. INC
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the stipulated -- or the directed magnitude cof 6.5 was
indeed conservative. So I did not go through the
calculations to see what the best judgment guess would
be, or best estimate on the Verona because in my judgment
it would have to be less than that.

Q Now let me ask you whether or not you
concluded yourself that it was the length and area that
was used based only on the Verona Fault? Or did it
include the Laz Positas Fault, too?

A Yes. I looked at that, and in my judgment
if you include the Las Positas also you get magnitude
estinates of about 6.5.

Q In other words, the data was based -~ the
conclusions were based on only the Verona Fault, but
in your opinion if you add to it the Las Positas Fault
you would come up with figures that are not much
different? 1Is that basically what you're saying?

A The last half of that is right. I'm not
certain what parameters the seismologists at NRC used
to originally estimate the 6.5. But in the last half
of your sentence, in my review of that that is what I
did. I included the Las Positas.

I do not know whether the seismologist
originally included the 7 ¢ T»>sitas when he directed the

6.5 magnitude. .I di~ ' 1 reviewed it.
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Q Dr. Jackson?

A (Witness Jackson) The best of my recollection
is the seismologist calculating the magnitude used
primarily just the analogy to the San Fernando esarth-
guake to get that estimate, and I believe that is what
the SER states.

I again caution the Board: A magnitude is
an estimate. There are a number of ways of getting to
that estimate. They are again not a one-on-one
relationship where if a certain parameter is X and
there is a magnitude that goes with it, you can go to
formulas in Dr. Slemmons' tables, you can go to other
people's formulas of fault area, but in the end when
yoﬁ make an estimate it is indeed that: an estimate.

Q And le* me point ou that thé only way we
can determine whether it is a reasonable estimate is to
take each of the elements of your estimate and see if
they can stand. And that's what we're trving to do
right now.

Mr. Devine?

A (Witness Devine) Yes, sir. To put
Dr. Jackson's comment maybe in a specific perspective,
as Dr. Ellsworth just indicated the fault length for
example is a logarithmic relationship, as loose as that.

The best fit of the magnitude length data is on a

ALSERSCN FTLEOARATING CTMPANY. INC.
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logarithmic basis. So changing the length even by 100
percent is a very insensitive parameter in deriving a
magnitude estimate.

So reviewing a magnitude of 6.5, it well
encompassed all the area that I could envision on either
of the faults.

Q Dr. Slemmons, it appears to me as though
you have some opinions on this area, and we would
welcome hearing your observations.

A (Witness Slemmons) I guess I have also
independentlyv taken a look at these figures. I was not
involved in their being established.

There are at least three ways that you can
come up with an estimate. One is just experience, having
s_en many zones and getting a feeling for the size and
setting of the structure. And from that standpoint and
my experience at least, 6.5 seems like a very plausible
value, or a very reasonable decision.

Secondly, if you use either individually or
the combined faults, and using say the Vallecitos hills
with an 8.2 kilometer length and tying it to the Las
Positas, you again come up with about 6.5 magnitude.

A third method would be, again using the
relatively hard data indicated by shears B-2 and B-1/B-3,

if you use 2 feet to 3 feet you come up with estimates
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that would be in the range of about 6.4 to about 6.7.
So you have internal consistency there.

It is this kind of internal consistency, tco,
which personally leads me to the conclusion that the
Trench T-1 probably has a cumulative effect of two
events, rather than being one event.

So there are actually three different
avenues that I have used to agree with the 6.5 magnitude
estimate.

Q Now let me ask you specifically, you mentioned
an 8.2 kilometer length of the Verona Fault. What
would you add to that for the Las Positas Fault?

A The Las Positas, if you had it rupture from
the point of nearest approach to the northern -- to a
northern termination against the Greenville, you would

have a 15 kilometer length.

Q In addition to the 8.2 kilomaters?
A Yes.
Q And are you saying that the addition of the

15 kilometers to the 8.2 kilumeters didn't materially =--
wouldn't materially affect the result?

A That's correct, because a 15 kilometer length
on a strike/slip fault leads to approximately a 6.1 or
6.2 magnitude. And the amount of energy for that when

added to the energy equivalent for about a 6.5, makes
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perhaps only a tenth of a magnitude difference.

A (Witness Jackson) One point of confusion
may be the relationship between the Las Positas and the
Verona that Dr. Herd discussed earlier, one being a
thrust, and the other being a strike/slip fault which
can actually be the limiting -- can join with or truncate
the two fault systems. So I think the problem -- a bit
of the contribution to the problem is the additive
nature, whether you can add them one-on-one with each
other in terms of length.

i Now your result, I take it though, would be
significantly different if in your input you use the
San Fernando fault, and you assume that the thrust
lengfh was 5 kilometers rather than the -- or the zone
of faulting was limited t» 5 kilometers rather than
the original figure that wa. used? 1Isn't that so, sir?
Wasn't there any testimony to that effect, that the --

A (Witness Brabb) Your Honor, I think you may
have reference to the width of the zone of faulting,
and we wish to get in the stipulation that although the
displacement did take place over a 200-meter zone, that
most of it took place within 5 meters. I think there
was a transposition from 5 meters to 5 kilometers in
what you were inferring.

A (Witness Devine) And that i3 the width of
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surface breakage; that's not in any way a calculaticn
of the area or the fault width magnitude determination
with the zone of displacement.

Q But was that one of the inputs into your

determination of magnitude?

A The 5 meters of offset? No, it was not.

1) It was not.

A It does not fit.

Q We have heard some testimony with regard to

the method by which GE's consultants ESA determined

the vertical acceleration. And my understanding was
that they used, at least in part, some data from the
Imperial Valley faulting episode; and that they omitted
two data points.

I believe you gentiemen were in the hearing
room at the time that testimony was given. Mr. Devine?
A I was not. I believe Dr. Herd was, but

that was last week and that was before I got here.
Q I believe your -- Oh, and Mr. Devine you in
fact are the acceleration expert on the panel.
Dr. Herd, was what I said in substance
correct?
A (Witness Herd) Yes, sir. But please don't
ask me too many questions, because I'm not a specialist

in ground motion.

ALSERSCN ITBORTING CTSMPANY. INC.
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o Well, Mr. Devine, notwithstanding what I said,

are you basically familiar with the methodology used by

GE's consultants in arriving at the vertical accelera-

tions?
A (Witness Devine) I believe so.
Q And basically -- and keeping in mind what I

just said, then, would you consider that that was an
appropriate methcd to use to determine the vertical
accelerations? To eliminate two data points with
regard to the Imperial Valley event?

A I am caught between "methodology" and
"specific points." I have no problem with the removal
of anomalous points, with cause. I cannot recall at
the ,moment just specifically which th points were
removed from the data. I'm sure I know one of them.

I can't be certain of the other one.

Q Well, one was a 1.74g reading =--
A Certainly. That one I =--
Q -= and 1 don't believe we had an exposition

on what the other point was.

A That was my concern. I am familiar with the

1.74g data point, and I understand the cause for which
it was not included in the data set. And I would
agree with the problems associated with the usefulness

of that data point.

ALSERSON FLPORTING CTMPANY. ING
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Q Well, let me make it a more general question.
My understanding is that there was a variation between
that reading and other readings, and perhaps there
is some or are sone questionable points with regard o
that reading. But is it appropriate in a calculation
such as that to single out particular data points and
eliminate them, rather than to include them in the
overall determination?

A In my judgment, sir, if there is a reason to
have serious question on the validity of the data point,
I think it is valid to remove it from your data set,
if you ha&é sufficient cause.

And in my jgdgment, there is sufficient cause
to be very concerned about the adequacy -- or the value
of that data pint. The point itself was a jood data
point in that that instrument did indeed record 1l.74g.
There's no question on that. But what the use of that
data, to then try to develop expected ground motion at
other sites is an entirely different point, And there,
I would be greatly concerned about using that data point
to skew my estimate of what one would get from
earthquakes in other aveas.

MR. EDGAR: Judge Grossman, I could hand
Mr. Devine the piece oI testimony that is relevant

here, and perhaps that would help him.
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JUDGE GROSSMAN: Okay. Though let me first
ask a few questions.

BY JUDGE GROSSMAN:

) I want to distinguish between the use of that
particular data point as the maximum vertical
acceleration for which there may be some information
that makes that questionable, and the use =-- and
distinguish that from the use of that data point along
with all the other data points in order to determine
the mean acceleratior. for that particular event. And
I think your answers are more directed toward that
first possibility, or the first use of that da*a point,
rather than to the second use.

I want you to concentrate specifically on
that particular evépt: and whether you consider it
justifiable to eliminate that data point and some other
data point in arriving at a mean acceleration for that
event.

A (Witness Devine) Yes, sir. As I indicated,
that is a data point. It's a legitimate data point, in
that the instrument did indeed respond to ground motion
of 1.74g. 1It's not an instrumental problem. 1It's not
a spurious data point in that regard.

On the other hand -- and if one were going to

take strictly an arithematic mean cf all peak ground

ALSERSSN FEPORTING CTSMPANY. INC
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1 motions, obviously that is a data point that would be
2 included. But if one is trying to make estimates of
3 ground motion that are realistic and apply to condi-
B tions that are being observed, or being used at another
g 5 site, that point is not realistic because it was
é 6 influenced by a variety of factors that are not present
§ 7 in the rest of the data set. Therefore, it would skew
; 8 the data incorrectly when trying to say this is what
% 9 you get under average conditions, or under specific
: 10 conditions, because that point does not fit those
§ 11 conditions.
§ 12 Q Okay, now I -- Dr. Jackson, I'm sorry.
% 13 A (Witness Jackson) Just one brief comment,
é 4 and I don't want it lost in the discussion. We are
i 15 still talking about peak accelerations at a high
g 16 frequency, and not the %total accelerations measured
§ 17 even in that 1.74g record. It has other accelerations
: '3 at different frequencies throughout it.
é 19 | So we're still talking about peak acceleration
E 20 observations.
E 21 A (Witness Devine) I can discuss the impact of
. 2 that if you wish, but your question was directed at
aE?;; 23 "peak," and so I answered it in that manner.
gﬁE? 24 There is a very significant point as to the
25 usefulness of peak accelerations even when they're good.
ALSERSCON FLBORTING CSMPANY. INC.
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A (Witness Jackson) Could I add one other
comment?
Q Certainly.
A We don't discuss that in the Staff Seismology

Safety Evaluation Report, and the reason is, it has only
become -- it has not been identified in the past,
because the structural engineering group take the
horizontal and take a percentage of that and use it for

the vertical. And that was done by a recommendation by

.a number of consultants, and I am not familiar with all

the details of that.

It was only as of the recent attention to
vertical acceleration, based on observations in more
recent records of the last few years, that led to a
higher level of attention on vertical accelerations.

I think Mr. Marore and Dr. Hall can comment

on the significance of that, also. I think they've done

a little bit more work on the vertical acceleration
aspects than Mr. Devine has on the applicahility of it
to the site.

A (Witness Devine) 1 was speaking in terms cof
ground "motion," not in terms of its impact on the GETR
structure.

Q Now I believe you'vr indicated that the

problem with that particular data point was not an

ALDERSSN IEPORTING CSMPANY. INC
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instrumental problem, and I assume then it must have
been a g-.0logic variance that was the determining factor
as to whether it was a questionable data point. 1Is

that correct?

A "Geologic" in a broad definition of the
term. There are a variety of factors that were not
associated with the instrument cell but in the
surroundings, the soil, the geometry of the faulting,
and so on, under the broad category of geologic.

Q Well, I think then perhaps it's Dr. Pichumani's
area as to whether it was appropriate to question that
data point, and I would like to have your opinion on
that -- or anyone else's opinion on this panel as to
whether the.underlying basis for questioning that data
point was valid?

A (Witness Jackson) If I may offer a comment,
and I know I am interjecting, but I am familiar with
all the backgrounds. The general paper that is being
referred to that makes the observations on the diffcrences
in geologic conditions was done by an individual at the
U.S. Geological survey. The soil properties contribute
to that. His view as to the basis for the high vertical
accelerations, the soil properties enter into it, but the
real parameter that is controlling is the wave propagation

path and the rupture path from ocne type of soil into

ALSERSON ITSORTING CSMPANY. INC.
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1 another soil.
2 And Dr. Pichumani, unless I am wrong and he
3 can correct me, has not reviewed the differences
K in soil properties beneath station six in the Imperial
g 5 Valley as compared to the GE Test Reactor area, as far
é 6 as I know. In fact, I don't know if there is =--
§ 7 A, (Witness Pichumani) Mr. Chairman, I agree
; 8 with Dr. Jackson. I have not reviewed the particular
; 9 information. I am not conversant with the particular
: 10 acceleration data.
g 11 0 Well, I guess, Mr. Devine, it is up to you.
é 12 (Laughter.)
% 13 A (Witness Devine) I guess by now I don't
§ 14 understand what the gquestion is, sir.
i 15 Q Well, the gquestion is, and you have
g 16 | contributed to the question in indicating that you
§ 17% personally understand that there was something
: T guestionable about the use of that 1.74g observation.
é 19 Ané I am tryinc to get to the basis for questioning that
end E 20 reading.
JWB
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A Yes. And I thought I had described them in
general. 1I'll continue, if you feel you need more.

Q Please.

A There were two major factors that contribute
to this record being very anomalous. One is the station is
located between two -- right directly in the apex of the
bifurcation of the Imperial Valley fault, and so it is an
extremely complicated and unusual geometry of how the ground
motion would be arriving at the station.

Secondly, there iz a very unique soar of velocity
problem, situation in the Imperial Valley that causes
strange unigue ground motion response, and I can't describe |
in any detail what this =-- it's a function of the velocity
variation with depth ' ich causes ray paths to behave in a
unique manner. I can't describe it in any further detail

except to know that it makes that data very unique and I

would hesitate -- particularly the one that's been
complicated by the geometry of the two faults on either

side of the station. It makes the transferability of that

data very unlikely, very unuseful -- not useful.
Q Do any of the other geologists, Drs. Brabb or 5
Herd, want to comment on that particular location of data
point 6, if they have any particular knowledge of that?
Or Dr. Ellsworth? %

A (Witress Ellsworth) I was going to offer a

ALSERSSN ITBOARATING CSMPANY. INC |
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17 remote, for these are two completely differ=nt kinds of !
'S geologic ystems from the standpoint of the geometry of E
19 the fault systems, and therefore I would be comfortable :
20 with his statement that it would appear that the aCCeleratiop

21| information would not pertain.

1 comment in a slightly different light, your Honor. I should
2 preface it by saying that I'm not an expert in strong
3 ground motion, but I do have a general familiarity both
4 with the Imperial Valley records and with some of the
w
5 5 possible interpretations that have been offered of them,
§ 6 and my observation would be that there is not yet a
E 7 consensus in the seismc - ,ical community as io the explanatiqgn
z 3 for that record, and I would be perhaps a bit more cautious
<
<
x 9 than Mr. Devine in applying that record to another site.
i :
- 10 I think it is possible that such conditions
g 11 could exist at the GETR site, and I am personally not aware
§ 12 of any information that would say that it's imrossible. !
-
; 13 1- A (Witness Brabb) 1I'll comment in that from my
z
§ 14 very limited understanding of what Dr. Devine has just said,
: 15 with respect to the geology, it appears that the geologic |
8 :
g 16 | analogy between the Imperial Valley event and GETR is |
g
s
@
I
a
g
=
a

2 Q In your opinion, does that hold with regard
: a3 to horizontal accelerations, too?
) i
< 2 A No, sir. Just with respect to what Mr. Devine |

25 said in terms of his reason for excluding the data on a

ALSERSCN ITBORATNG CTSMPANY. INC.
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geologic basis.

Q Oh, for just that one data point?

A Yes, sir.

Q Dr. Ellsworth?

S (Witness Ellsworth) Yes, I'd like to bring it

to the Board's attention that these are very unique

r- ~ords that have been collected in the Imperial Valley,
that we have a very limited set of data observations that
are very near the surface break in the faulting event, so
that our total data set is only a small handful, small
collection of records at this point, and it's very likely
that the record from station No. 6 that has been referred
to is in fact affected by local conditions, but I don't
think that we can disprove other hypotheses at this point.

Q Well, wouldn't you expect that *here'would be
readings in the opposite direction from data points that
are affected by other local conditions that would be on the
other end of the reading scale?

A These undoubtedly enter into the scatter and
the limited data that we have at this pocint. I think
that's true.

Q Would you believe it appropriate to eliminate
only the high readings and not elimincte the comparable
low readings?

A If I were to conduct such analysis at this

ALSERSON IESORTING CSMPANY. INC
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1 point, I would be hesitant to eliminate any readings, at
2 least as a first pass, unless I had some very site-specific
3 reasons for eliminating one reading or another.
“ Q Mr. Devine?
g 5 A (Witness Devine) Yes. In =- I guess it would
é 6] depend on the use of data. Dr. Ellsworth's comment about
§ 7 not being very cautious about eliminating data, is indegd
; 8 a good comment. But “he fact was in this particular station,
% 9 this very high g, very high g, was at a site where there
: 10 ] was very moderate damage.
§ 11 Consequently, in trying to use this data in a
§ 124 practical sense for estimating values in construction of
i 13 a facility, I factored that component also into reasons why
g 4] I believe this data point does not transfer. |
i 18 Q Dr. Ellsworth? '
g 16 A (Witness Ellsworth) If I cou'd comment further, |
§ 17 it's been broucht to my attention that there had been other !
: ' recording at the same site. These are aftershocks of the g
é 19 | Imperial earthquake or from other nearby events such as 2
E 20 the earthquake that occurred near Westmoreland a month or so
f 21 ago, and the readings at this site have been substantially
" 722 ] higher than other nearby sites.
aEEEE 23 So this would tend to support the hypothesis of a|
7 24 side effect, site-specific effect contributing to the high |
25] acceleration in this record.
|
ALSERSON LPORTING CSMPANY. INC.
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So on that basis, if one could demonstrate that
similar conditions did not exist near the GETR, then it
would be appropriate to down-weight this particular observa-
tion in the analysis.

Q Would that lead you to then weight the use of
the mean accelerations from that site, or would it influence
you in eliminating that particular reading, from determining
the mean accelerations at that site?

A It could do either. In determining the mean,
it's only one point of many, and it has a small effect.

Q I believe, Dr. Ellsworth, some of your observa-
tions went to using data from that site at all, not just
limited to the vertical accelerations, and you indicated
there was sparsity of data points at the site. Vould
that affect use of also horizontal accelerations?

A I don't know the specific results that have
been obtained for that site, but if ic were found that
there is a site amplification factor that also applied to
the horizontal accelerations, then that would be an
appropriate course of action.

A (Witness Devine) I would be cautious about
using the horizontal data, too. On the other hand, it fits
in with other data in the horizontal directions, so it
doesn't appear to be as anomalous. But as a matter of

caution, I would -- just because it fits with our preconceiv

ALSERSON ITSORATING CTMPANY. INC.
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idea of what it should read is not sufficient reason to use
it. I would be inclined to be very cautious in using
even the horizontal data from that station.

Q Now I recall yesterday -- going to another line
of questioning =-- that either Dr. Brabb or Dr. Herd mentioneq
that trench H had been bulldozed cn the top. Could you
explain what happened there?

A (Witness Herd) Yes, I can. Trench H was
excavated right near building 102 near the edge of the
building complex in the GETR site facility. Apparently
in the construction of the building or adjoining facilities,
the bulldozer had made a pass over the area where the
trench was subsequently dug for this investigation, and
as a consequence, the uppermost soil horizon, that one

which we would use to judge the offset, was stripped and

truncated. Consequently, we don't have the full upper
soil preserved from which to assess the displacement.
Q Okay. I also recall, Dr. Herd, that you

mentioned that it was your iapression that in one of the

trenc..2s, the consultants had agreed that the A horizon -~
one of the A horizons, I'm not sure which one -- had been i
offset, but that it didn't show up on the log. Is that a
correct statement?

A I think you are referencing a statement probakbly i

made by Dr. Brabb, and it was in reference to trench T=-1.

ALSERSON STBORTING CTMPaNY. INC
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9 others that these features are difficult to see, and that,

!

!
19 furthermore, the use of soil science in interpreting trencheb

!

1 Q How do you account for the fact that there was
2 this agreement and »+ it didn't show up on the trench logs?
3 A T'm not sure that's an appropriate guestion to
- ask me to speculate on motives.
g 5 Q I'm sorry, I didn't mean to go that far.
é 6 A If there was any motives involved, if it was a
§ 7 difference in observation, I think that may be the point.
; 8 Q I wasn't asking for motives, actually. All I was
E 9 asking, really, was within the framework of the art or
: 10 science of geology or a combination of both, is it usual
g 11 that you would have certain observations in the trench that
g 12 might not appear on the trench logs?
i 13 A (Witness Brabb) I think I mentioned in response
é 14 to another question yesterday the difficulty of interpreting
§ 15 the features in young soils. We are talking about materials
g 16 that appear to be very similar, and it's been my observation|
§ 17 from going into a number of trenches with Dr. Herd and
3
a
5
% 20 is very new, in terms of general practice and examining
E 21 trenches and fault zones. i
. 2 And therefore, I also recall that Dr. Shlemon i
gggig 23 was not there at the time, for example, and that it's E
ﬁi: 24 entirely possible that in our discussions we thought we i
25 had agreement on displacements, but in fact it may have !

ALSERSSN SESCRTING CTMPANY. INC.
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been with respect to the older horizons which are more
clearly offset and the fault f. .gures are more clearly seen
in the older horizons in contrast to these more subtle
features in the soil.

Q Along those same lines -- I'm sorry, did anyone --

A (Witness Jackson) I was going to make a very
brief comment, that the consultants have, through GE, spent
a great deal more time in the trenches than we do. I
personally fly out from the East Coast and go through them
in a day or two, and Drs. Herd and Brabb spend more time
than that in them. I'm not trying to diminish that, I'm
just saying there are relative times and availability of

information in the aging of the trenches that we talked

about that they also can con;;ibute.

Q I'm not directing, by the way, these questions
toward motive, as you have indicated, but I am trying to
find how exact a science we are dealing with here, with

regard to observations in trenching, and in that context

—— 2 gy —— ———— i Pt s el e

I have prior to this referred to one part of one of your
reports which indicated that -- and I'm speaking to Drs.

Brabb and Herd -- which indicated disagreement with ESA

i
|
!
on a number of data points that you requested by sampled, i
I
and in particular there was a statement made about seven |

of eight observations regarding a fault in which you were

|

|

in disagreement with ESA, and three of three observations i
]
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1 regarding landsliding, and I would like to hear some discus-
2 sion as to how there could be such a wide disagreement in
3 that area.
4 A (Witness Brabb) Well, I wrote this statement,
3 g so I guess I should respond.
; 6 MR. EDGAR: Dr. Brabb, could I have a reference
g 7 to the statement so I could understand where it is?
f 8 WITNESS BRABB: It will take me some time to dig
§ 9 it out.
j 10 WITNESS HERD: I think it's some place in that
g 11 1979 report prepared by the Survey.
§ 12 WITNESS BRABB: The report, unfortunately, is .
2 3] rot paginated, so it's difficult to refer to, but it is in
§ 14 { our 1979 Appendix A to the SER, and it starts the back of 3
§ 15 the report and just before Figure 1, above the section on i
g 16 | regional fault tectonics. :
; 17 BY JUDGE GROSSMAN: 3
2 g Q I'l1l read the statement I referred to: ?
; 19 "The existence of the fault was tested }
§ 20 by the current GE conrultants, ESA, in eight
E 21 places, and in our judgment confirmed in seven i
§ %2 of those, places" -- i
/,/; r 23 By the way, the "confirmed" means confirmed %
P s

;q: 24 opposite conclusions to ESA. i

Let me begin that paragraph and read the whole

ALSERSSN 3ITFOATING STMPANY. INC.
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"In summary, the existence of the Verona

Fault has been determined independently by a

number of investigators using different

methods, including two consultants for the

Licensee, General Electric, in 1958 and 1973.

The existence of the fault was tested by the

current GE consultants, ESA, in eight places,

and in our judgment confirmed in sevem of those

places. The sense of movement in all places is

consistent. The landslide hypothesis, in contrast,

was tested in three places without success, in our

judgment. In our view, the information prcvided

by the Licensee establishes firmly the existence

of the Verona Fault, and does not support the

landslide hypothesis."

Now let me indicate what my understanding of that

was, and that is, that at the time that ESA contended that

there was no Verona Fault, if I understand it correctly,

even though it's not an issue in the case, individually

those consultants still contend there was no Verona Fault.

There were data points tested in which the

geologic survey believed their judgment that there is such a

fault was confirmed inseven of the eight places, and their

belief that there was no landsliding or that the movement

ALSERSON ISFORTING CSMPANY. INC.
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could not be explained by landsliding was confirmed in three
of three places.

And my question goes to how there could be such a
wide disagreement which apparently affects 10 out of 11
data points, and could Dr. Brabb expand on that, and expound
on that?

A (Witness Brabb) 1I'd be happy to. The difficulty
is to try and do it briefly.

This relates to a site concern expressed by the
Intervenors and perhaps by the Court itself, and if I could
defer it for just a couple of minutes, first I would like
to expound on the response I made in the question to Mr.
Barlow yesterday about whether I was pressured to alter
my views.

As scientists, we are continually interacting
and testing our ideas and hypotheses, and very often we do
this vehemently and interact with each other in using hand
gestures and facial gestures and strong words to try and
probe the analysis that was done, the interpretation of
the facts.

At times this leads us even to disregard the
sensitivities of other people and even politeness. The
end result, I think, though, is a better and sounder
understanding of the information and hopefully ideas that

are closer to geologic truth.

ALSERSON SFEEORTING STMPANY. INC.
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This relates in part to this sentence as well, so
I wanted to get that on the record first.

In our analysis, or in our review, we have
to try and test the hypotheses that were proposed, and the
landslide hypothesis was one of those that was proposed to

explain the features that were seen in the trenches.

We tried hard with a variety of different methods,

not only the trenches that are mentioned here, but with a
lot of other information as well, to understand the ideas
that were being proposed and to test them to see if their
hypotheses we.2 correct and whether the data were correct.
In the specific instance we are talking about
here, there were nine trenches that were dug to test the
validity of a hypothesis that there is a. fault going along
the base of the hill called the Verona Fault.
In eight of the nine trenches, we think that
the information from the trenches does demonstrate that the
Verona Fault exists, and is a tectonic feature that must be

contended with. The ninth place was trench E, where the

!
l
!
i
|
'
i

consultants have maintained that the fault was tested in that

area and they could find no evidence for it.

As we have pointed out, we think there is a
possibility that the fault was not tested in the right
place, and that it may exist in a different area there, so

we would not accept the ninth case as demonstrating that it
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does not exist.

Q Let me make a slight correction here. I don't
want to throw you off. I think it's seven of eight
rather than eight of nine.

A Thank you for that correction. Seven of eight.

In the case of the landslide hypothesis, it

was critical to us that in this story that we be able to see
some concrete evidence for this, other than what was being
explained in the trenches. If there is a landslide there,
we want to go up on the hillside and see some place that

we could convincingly understand was part of that hypothesis.

This is why we asked that some of the trenching
that was done in the hillside be done in the area of the
so-called head wall scarp. If there is a landslide in that
area, regardless of whether it's very old and regardless
of whether most of the evidence for it should have been
removed bv erosion, we would expect to see some surface
that had surface on the ground that could be examined and

would show an indication of displacement and rotation.

In the three cases that are specifically referred
to here, they trenched for that purpose and found no ;
significant displacement; none in two trenches, and the
one trench, the amount of displacement was insignificant.

Therefore, we felt at the time this statement

was made that in terms of testing the hypothesis of faulting

ALSERSSN ITBORTING CTMPANY. ING,
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1] vs. landsliding, that the testing that had been done confirmegd
2] faulting and disproved landsliding.
3 Now they take exception still to some of the
4 other information. I think they are still convinced that
g 5 there is landsliding in that hillside, but it derives from
é 6 the basic data and how you go about testing that data.
§ 7 This is why there is still a substantial differen#e
; 81 of opinion.
% 9 Q Have you satisfied yourself conclusively that
; 10| there is that Verona Fault and there is not that landsliding?
§ 11 A Yes, sir, I have. I am absolutely convinced.
g 12 1 Q And Dr. Herd, I take it, you are, too? !
: 13} A (Witness Herd) VYes, I certainly am.
§ 4 A (Witness Jackson) I would like to add just a
f 15 slight qualifier to that, in that I am not absolutely
E 16 convinced. I have seen many things evolve on this site
'g 17 over the last several years. I leaned heavily toward the i
3 'S landslide hypothesis myself in the early reviews. It was i
é i9 based on some of these trenches dug later that switched j
E 20} my personal opinion over. I think for the insight of the t
: 21 Board, the thrust faults can often be accompanied by land-
° 2 slides, and faulting and landsliding go together pretty |
aEEEE a3 closely. So that the fault movement creates the topography
ii: 24| which creates the landslide. ;
25 So I think I would be a little hesitant to rule
|
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it out completely. I think we have taken a position,
obviously, in the Safety Report that it's tectonic in origin,
but I don't think you can dismiss the possibility totally.
I think the data heavily favors tectonic in origin.

Q I take it, Dr. Jackson's statement speaks for

himself an2 you, Dr. Brabb, hold to your prior statement?

A (Witness Brabb) Yes, sir.
Q And Dr. Herd, too?
A (Witness Herd) VYes. Just as a point, Dr.

Slemmons was hired by the Nuclear Regulatory Commission

to perform an independent assessment. Perhaps you might

wish to ask him of his opinion as well. !
Q Did you care to give an opinion, Dr. Slemmons?
A (Witness Slemmons) Yes, I would.

Q Please do.

A

I believe that nearly all of the data give

strong support for tectonic fault origin. I have minor i
reservation. I feel that perhaps in some way that we can't f
picture that there is a landslide contribution, but I think E
that I make the assumption and I strongly believe that
it is a fault.
Q Thank you.
There was some presentation made with regard to

the possibility of a shear shifting because of the presence

of some structure in the area. I don't -- I guess it's

ALSERSSN 3ITPORTING CSMPANY. INC
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Dr. Pichumani who is the expert on that, and let me first
ask him whether that theory is based upon the single instancq
that we have seen reported, some bank building .n South
Anarica, is it? Banco something or other. And that's my
first question. Is that so, sir, that that is all based
on that one example?

A (Witness Pichumani) No, Mr. Chairman. Actually
our conclusions were not based on that field case at all.
It was purely based on soils mechanics principles and
analysis of the earth beneath the reactor being shifted
by the thrust fault forces becausct of the heavy weight of
the rea.tor itself. |

Q Are there any other examples that yow can point

to, other than that one example, that one observation,

where this has happened?

. A I know of no other field case other than the E
Banco Centrale in Nicuaragua, out there has been one case !
of a laboratory test performed on a similar structure |
beneath which there was faulting, but under shaking similar E
t0 a fault, there also the faulting was away from the :
structure.

This was, of course, a model study. It was not a

prototype field case.

Q So, in other words, you had one field observation

and then a laboratory model which you believe might confirm

ALSERSCN ITBORATING CSMPANY. INC.
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) Now I believe I went a little far in saying
that you had observed that that actually happened in
that one example. That still would be considered in
the category of the theory as to what happened, would
it not, sir?

A Yes, sir.

BY JUDGE FOREMAN:

2 I didn't hear you say something, or I wasn't
sure what you said. You said that not only was there
diversion of the offset, but there was liversion or a
change in the amount of shaking?

A No, no.

JUDGE FOREMAN: Thank you.
BY JUDGE GROSSMAN:

Q Now let me ask the other geologist, or the
geologists on the panel whether they have ever observed
that particular phenomenon?

A (Witness Brabb) No.

Q Dr. Brabb said "no."

Dr. Herd, have you ever observed anything

like: that?

A (Witness Herd) No.
0 Dr. Jackson?
A By "observed," do you mean did we go in

the field ané watch it ourself? Or are we aware of

ALSERSCN ITAORTING CTMPANY. INC




6-2 jwb
1
2
3
4

s &
z 6
§7
. 8
o
< 10
g 1
B

o1
Rt
g

:
2 15
=

gxs
i 17
3 g
5'19
5 20
z

~ 21
-

iy

=% 8

5 2
25

1613

things in the literature that apply? "Observed" is =-=-
Q What I mean is: Have you ever observed a
fault that appeared to change direction, or a shear

that changed direction because of the presence of a

structure?
A No, I have not observed that.
A (Witness Justus) 1 have observed the

deflection of shears around objects, but the -- the
analog is not the one that pertains here, but I feel
that I ought to just mention it.

I have observed shears in rocks being deflected
around imperfections in the rock, or inclusions in the
rock. So that I am aware from field evidence that faults
can be deflqéted around objgcts imbedded in the rocks
themselves.

Q In other words, a shear would generally not
be in an exactly straight line? There would Le some
waivering there? 1Is that basixally what vou are saying,

Dr. Justus?

A Yes.
Q Mr, Devine?
A (Witness Devine) Mr. Chairman, would it be

out of order to qualify an answer toc Judge Foreman's

previous question?

Q Oh, go right ahead.

ALCERSCON ILSOATING CSMPANY. INC




6-3 jwb
1
2
3
4

z 5
z 6
‘:.-:7
23
:
= 9
<
e 10
i
e
: 12
fn
-
: M
2 15
2
E 15
B
3 17
i
£ 19
5
5 20
z
S )
g
2

=% B

1614

A I apolcgize for not saying so sooner, but
in Dr. Pichumani's answer of strictly "no" to the
modification of ground motion by the presence of the
structure, I realize that -- I think it is important
for you to understand that the ground motion is
frequently, and in fact almost always, reduced in the
structure by the presence of the structure.

A free-field strong motion instrument
nearby a structure almost always has higher peak motion
than a similar instrument in the basement of the
structure. The presence of the structure does indeed
reduce the peak acceleration that you observe.

Consequently, when we assemble ground
motion data, we have to take that into account.

0 Dr. Slemmone?

A (Witness Slemmons) Yes. I have walked
many a mile along fault zones. I have no observations
of deflections of this sort. But on the other hand,
most of the active faults have not intersected major
massive structures that are similar.

Q We had heard a theory expounded by the
proffered testimony of Mr. Barlow with regqard to seismic
gap. I believe he directed some questions to this
panel with regard to that theory, but I still am not

sure as to what the parel actually said about the

ALSERSCN ITBORTING CSMPANY. INC
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possible application of that theory to the Verona Fault
area, or that entire area of the San Andreas Fault in
the Livermore Zone.

Dr. Ellsworth, did you have a comment on
that?

A (Witness Ellsworth) Yes, your Honor. You
asked me several questions, and I will try to provide a
little background information which I hope will answer
them.

A seismic gap is an observational quantity
which has been derived from global data looking at very
large earthquakes -- earthquakes typically of magnitude
7.5 and larger =-- that occur along the maijor plate
boundaries of the globe. A seismic gap is an.area
along the plate boundary whiéh has not ruptured in a
recent earthquake, and is believed for tectonic consid-
erations to be the possible future locus of another
earthquake, perhaps because such an earthquake has
occurred at some point in the past.

There has been a global analysis of such
seismic gaps along plate boundaries completed in recent
vears by a research team at the Lamont Daugherty
Geological Observatory of Columbia University, and they
have continued to update data on this global analysis

as new information becomes available.

ALSERSSN ITBOATING CSMPANY. INC
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They have, however, not attempted to apply
that technique to earthquakes of magnitudes smaller
than 7.0. So that if I were to attempt to ~nply their
methods, I would not be able to use it on the Verona
Fault. It would, however, be possible to apply that
technique to the Calaveras Fault or to the San Andreas
Fault, and indeed they identify two seismic gaps on the
San Andresas Fault in California.

The segment of the fault that ruptured in the
1906 earthquake is considered to be a seismic gap, but
one of relatively low potential at the present time.

The segment of the San Andreas Fault that
ruptured in the earthquake of 1857 is considered to be
a seismic gap of relatively high potential.

Now in their classification system, they
have devised six categories of seismic gap. Three
relate to segments of faults that have produced great
earthquakes either as documented from geologic records
or as determined from historical observations. They
have also defined three categories that apply to faults
where no such earthquake is known. And it is those
categories that I believe would be appropriate for
discussing the Calaveras Fault, for I am unaware of any
earthquake of magnitude 7 or larger that has occurred

on the Calaveras Fault.

ALSERSCN REEORTING CTMPANY. INC
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It is certainly considered to be a possi-
bility, given the great length of the feature. Now in
applying the criteria that they have developed, one
must consider several possibilities.

One is that the fault is capable of producing
such an earthquake, in which case they have a specific
category that would apply to that fault: a fault that
has not moved in the historic record, but is considered
to be a capable fault.

Another possibility would be that the fault
is incapable of producing such a large earthquake, but
lacking any definite proof of that they would place the

Calaveras Fault into another category, which would be of--

: which they would consider to be of lower risk.

My personal opinion’ is that we do not as yet
have a sufficient data 'base on the Calaveras Fault with
which to classify it precisely into that scheme. So
that my observation would be that it is more conserva-
tive to consider that such an event might occur.

Q Now it was my understanding from the
discussion of seismic gap that it was generally agreed
by the panel that the exact plate boundary could not
be described, in view of the fact that there were --
the plate boundary of the Pacific and North American

plates could not be specifically described. I hesitate

ALSERSSN ITPORATING CTMPANY. INC
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to venture into this area, but in any event that the
number of faults that we've discussed here -- the
Calaveras, the Las Positas, and the other faults =--
might be extensions of that plate boundary; and that
the theory of seismic gap would apply to that entire
plate boundary in this particular area and not be
restricted to exactly the San Andreas Fault Zone itself.

Now am I wrong in that observation?

A (Witness Devine) May I start the answer?
I'm sure I'll get additional support or comment from
the group. But as it pertains to the earthquake
potential is where I believe I should start.

First off, two comments I think are
important. One, I don't see where the concept of a
seismic gap or not having a seismic gap has any direct
bearing, since we assume the eartnquake is going to
occur. So it doesn't matter whether we estimate
whether there's a gap or not, because we assume that
the earthquake will happen.

Secondly, in describing the plate boundary =--
the boundary between two major segments of the earth's
crust =-- Dr. Herd described the other day that indeed
it is not a single, discrete line. However, it is
obvious from the data we can gather that the vast

majority of the differential plate motion is occurring

ALSERSON ITFOATING CTMPANY, INC.
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on the San Andreas Fault, not on the subsidiary faults.
Consequently, we feel confident in estimating lower
maximum expected earthquakes, or maximum earthquakes
on the subsidiary faults because of that. So we feel
there is a scientific basis for not putting the
magnitude 8.5s on every strand of every fault that is
included in the broad category of the "plate boundary."

Q Now when you say that you assume that that
earthquake is going to occur, you are not saying that
with regard to the 6.0 to 6.5 earthquake on the Verona?
I take it you are applying that to the expected 7.0 to
7.5 magnitude on the Calaveras? 1Is that correct?

A I have applied it to both. We assume that

" the 6.5 is going to occur on the Verona, also.

Q Well, the reason I think there is some
significance here is, I do not believe that that theory
of seismic gap applies to that expected event on the
Verona Fault. It was my understanding that it applied
only to major earthquakes within that San Andreas Fault
Zone, and it would not be affected one way or the other
by the occurrence of a 6.0 event on the Verona Fault.

A In general I agree with that. However, the
only time the discussion of gap would have any relevance
is if we we-e discussing what is the likelihood of an

event on the Calaveras. And we're not discussing the

ALSERSSN ITFORTING CSMPANY. INC
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likelihood. We are assuming that likelihood is one.

Therefore, the concept of gap or no gap doesn't apply.

A (Witness Jackson) Could I add a comment,
please?

Q Certainly.

A We are interchanging "science" and

"licensing." For the purposes of making a licensing
determination for the GE Test Reactor site, we have
essentially assumed that those earthquakes will occur.
That does not mean everyone on this panel would conclude
that that is an imminent thing or anything like that.
And that is what the difference is.

Based on our review of this plant, we have
not spent an extens%ve amount of time as far as.I am
aware looking at the probability of occurrence of the
magnitude 7.5 on the Calaveras, for instance, and
looking at gaps and things. We have made an assumption
and gone from that.

So I didn't want the confusion between
the difference between a scientific assumption and a
licensing assumption.

Q NOkay. This is my last line of questioning,
and I guess you can assume as to what I consider it to
be of relative importance, but I do wan% to fully

explore what has been brought up. And I think perhaps

ALSERSCON ITSORTING CTMPANY. INC.
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we are not characterizing what we understand Mr. Barlow's
theory to be the same way, and undoubtedly I am the

one who is incorrect. But I do want to explore it so

I have an idea as to what the theory is.

Now it was my understanding that his theory
postulated major events -- and it is not "his theory,"
but the theory that he is applying here postulated
major events along the San Andreas plate boundary not
restricted to the San Andreas Fault Zone itself; that
the presence or absence of gap was determined on the
basis of that major event occurring along that plate
boundary so that if an event occurred somewhere along
that indistinct boundary that was not that major event,
that would not eliminate there being a seismic gap at
that particular station.

So when you postulate an earthquake either in
the Verona Fault Zone or the Calaveras Fault Zcne that
does not qualify as that major svent, that would not
satisfy the condition for the gap not being there.

I don't know if I am making myself clear,
but what I am giving you is my understanding of the
theory that has been presented. So it in effect would
not relieve the stress along that plate boundary to
have what would not be considered that major event.

I am asking you to keep in mind what I

ALSERSCN ITFORATING STMPANY. INC
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understand to be his theory, and indicate whether that
is in fa:t the theory of seismic gap?

And secondly, whether it appli2s to this
particular situation? That is, the area in the Verona
Fault Zone, but not restricted to the Verona Fault of
course, restricted to that entire area around the San
Andreas plate houndary.

Now, Mr. Devine, I think you would like to
attempt that.

A (Witness Devine) Yes, I will.

The study of seismic gaps and the report
referenced by Mr. Barlow concerning the study of seismic
gaps listed many faults that in the judgment of that
study group have seismic gaps on it. It listed dozens
of them. 1Tt did not list the Calaveras. So, number one--
and with lots of reasons why.

Number one, I don't myself believe that there

.

is a seismic gap incor .,orated on the Calaveras.

Lr. Ellsworth indicated that the area of the San Andreas
to the west of the Calaveras, the area that broke in
1906, is considered to be a gap nuw,

Secondly, I guess maybe my difficulty in
understanding the question =-- not your wording, sir,
but I just don't see where the whole concept of gap or

no gap has any impact at all on this subject when you

ALSERSSN FTSORTING CTMPANY. INC
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1 assume the earthquake is going to occur.
2 Now t.ue probability of having the magnitude
3 7 to 7.5 earthquake on the Calaveras in the next X number
4 of years cannot e higher than one. It is indeed very
g 5 probably less than one. The most you can get by applying
é 6 seismic gap would be one.
§ 7 And if I understand tne second half of your
; 8 question, that having one of these events may not remove
; 9 the possibility of “he gap still be}ng there, assuming
: 10 that it is to begin with, would only then indicate that:
§ 11 Okay, you can have maybe a second event in the next X
§ 12 years. It does not mean you could have a higher event.
% 13 Q g Okay. The question of course is whether that
g 14 7.0 event on the Calaveras is "t'e event" that is being
i 15 | predicﬁed under the seismic gap .eory, or whether you
g 16 would expect that event to still happen. But I think
§ 17 Dr. Ellsworth probably has a more complete answer for me
: s that might dispose of this area.
é 19 A (Witness Ellsworth) I'll try. Let's go back
g 20 to the concept of the plate boundary. I think it's been
% 21 brought out that the plate boundary in California, which
. :?2 we call the San Andreas Fault System, is composed of
_aEEEE 23 several discrete faults where motion is localized. And
< 24 the motion along these faults occurs because of the
25 buildup of elastic strain in the rocks near the fault.

l ' ALSERSCN ITPOARTING CTMPANY. INC
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The earthquake is a process of releasing

that strain. The observations that have been made using

geodetic measurement techniques show that the strain is
distributed over a broad region, and the San Andreas
Fault indeed carries a significant fraction of that
motion. There are other faults that carry also major
portions of the motion, such as the Hayward Fault or
the Calaveras Fault.

For that reason, we must consider that large
earthquakes can occur on those fauits, and indeed the
Hayward Fault has experienced several significant
earthquakes in historic time.

Now if a large earthquake occurs on the

San Andreas Fault, that does not recessarily redvce the

potential for an earthquake on the other faults. So’
that each fault can be considered in terms of its
seismic gaps independently.

Q Okay. Forgive me, by the way, for saying
"stress" instead of "strin" when I did, but what I
really was getting at was whether relieving the =-- or
having that event on the Calaveras or the Veronc
actually relieved the strain, or whichever it is in that
area. But I believe we have pursued it enough, unless
someone has something else to add onto that? I think

that is a sufficient answer for me.
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Dr. Ellsworth?

A That is -- what you just saic is correct,
that if the event occurs it does in fact reduce the
stress that is stored in the system, relaxing the
strain.

7UDGE GROSSMAN: I have no further questions.

Why don't we break for lunch now, and return
at 1:15. Thank you.

MR. SWANSON: Excuse me, Mr. Chairman. I
assume, then, there were further Board yuestions of this
panel?

JUDGE GROSSMAN: Yes.

MR. SWANSON: Okay. One comment which may
make a difference on the scheduling, although we will
have members of the probability panel available this
afternoon as I reported yesterday. We did ascertain
that an important member of that panel will not be
available today, Dr. Vesely. That is the probability
panel. He will be available starting Monday morning.

However, we of course do have before that
panel at least two different categories of testimony
to be addressed by Dr. Hall and Mr. Martore, so I think
we will be able to fill up the day.

JUDGE GROSSMAN: Thank you.

(Whereupon, at 11:54 p.m., the hearing was

recessed, to reconvene at 1:15 p.m., this same day.)
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AFTERNOON SESSION

(1:15 p.m.)
Whereuvpon,
PHILIP S. JUSTUS,
ROBERT E. JACKSON,
ROBERT H. MORRIS,
EARL E. BRABB,
DARRELL G. HERD,
WILLIAM L. ELLSWORTH,
DAVID B. SLEMMONS,
RAMAN PICHUMANI, and
JAMES DEVINE
resumed the stand as witnesses on behalf of the Staif
and, having been previously duly sworn, were examined
and testified further as follows:
EXAMINATION BY THE BOARD (Continued)
BY JUDGE GROSSMAN:

Q The afternoon session is now begun. I had one
more question for Dr. Pichumani. I believe he's the one
who can answer this.

We had had some testimony by, I believe, Mr.
Meehan to the effect that with regard to the amount of --
that i+ did not matter what the amount of offset might be,
and it also doesn't matter what the reactor is made of.

It's only the weight of the reactor and the natural soils

ALSERSCN IEEORTING CTMANY. INC
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1 that would determine whether the offset would have any effecﬂ
2 upon the reactor, and I believe that that testimony was
3 in the context of what we had discussed briefly this
4] morning.
g 5 The fact that the offset deflected around that
é 6 Banco building and your laboratory model, would you agree
§ 71 with the statement I made, which I'm sure is a very imprecis¢
; 8] paraphrasing of what Dr. Meehan said?
g 9 A (Witness Pichumani) Mr. Chairman, I think it's
: 10 a very good paraphrasing of what he had meant to say. As
§ 11 far as the second point is concerned, I agree. The weight
§ 121 of the reactor is the primary, or is the concern in this
Z 13 analysis. Whereas the first point about the fault movement E
§ 4] 1 will not accept that 50 or 100 meters as stated in his
i 15| prefiled testimony of Mr. Meehan.
§ 16 I have a feeling that he probably came back in |
'g 17 his cross-examination somewhere, that he said something ‘
j 'S like 13 or 15 meters. I'm aot so sure how it got said. f
é 19 Q Well, my recollection is that he did limit E
§ 20 { the amount to either 17 feet or 17 meters, I don't recall.
: 2i I believe it was 17 feet. No, perhaps not. !
gt A Meters, perhaps. |
;Egsg a3 Q But now is it your opinion, then, that you are |
EQ: 24{ willing to rely, then, upon the weight of the reactor? Is '
25} that it?
|
ALSERSSN 3IZPOATING CTUMPANY. INC
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A Right.

Q On the basis of that single field observation
and your laboratory model?

A Actually, based on our analysis, and I want to
mention about this fault movement. I would approach it
from two angles:

One, from a geotechnical point of view; and
another from a structural point of view.

From a g20technical point of view, I would get
worried about the fault movement if it exceeds say 13
meters or somewhere in that range, which should put the
reactor completely above the surrounding ground surface.
That is how I arrived at that number. X

As far as the structural support for this size,
that is actually not entering into my analysis, but I think
it is for the structural engineers to say. From that
angle, I think if the favlt movement goes five meters
or somewhere above that, probably it will need investiga-
tion.

Q Well, now, let me ask the other members of the
panel who are geologists whether in view of their -- the
observations they have made in the past as geologists,
whether they could rely upon a fault deflecting because of a

manmade structure?

A (Witness Justus) Judge Grossman, I think in your

ALSERSCN ICFORTING CSTMPANY. INC.
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introductory rendition of Mr. Meehan's testimony, you
mentioned that the nature of the material was not important,

if I'm correct in that, or at least I think we =--

Q The nature of the material of the structure.

A Of the structure. Oh, I see.

Q Yes. Not the soils material.

A I see. Fine. I thought you were referring to

the soils, which does make a big difference.

Q No.

A (Witness Jackson) I do not have any knowledge
of the deflection of faults around structures. I think
there is a limited data base that's been indicated, and I've
read a number of papers about this, in which poorly designed
slabs of structures like foundations of houses and buildings

and in the San Fernando volumes, as m;ny examples have been

deflected by faults, or ground settlement, which may not be |

cthe exact same thing. I would restrict it to that.

Q You mean the structures have been deflected?

A Well, I think you are using =-- I think you were
using the structures in too loose a sense. I think that
Dr. Pichumani used it in the sense of a well-built, heavy,
reinforced structure. What I was mentioning was say the
floor of a garage, something like that. Those are what
the photographs are of.

Q And, in other words, Dr. Jackson, you concur

ALSERSCON ITEORATING STMPANY. INC.
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with Dr. Pichumani in conr.ading that you would rely upon
the weight of that structure deflecting a -~

A I have no basis to make that.conclusion, no.

It takes a knowledge of soil properties and soil structure
interaction, which I do not have.

Q Well, I am asking the geologists on the panel,
notwithstanding that they may not be soil engineers, whether
their observations as geologists would let them be comfortabl
with the conclusion that a heavy-weighted structure would
deflect a fault or a shear, so as not to impact directly
upon that structure. And, Dr. Slemmons, I would like your
answer.

A (Witness Slemmons) Yes. Our worldwide data
base is very inadequate in this regard. I have probably
visited approximately 40 to 5C cases of field surface
faulting, some cases many years after the event, and nowhere

have 1 observed or have I seen in the literature anything

e

comparable to the Banco Centrale type of example. So our i
data base is rather -- is very sparse. i
You do see many massive reinforced concrete
structures in the form of, say, a pavement for a freeway,
a large retaining wall, a concrete lined tunrel, for
example, in the 1971 or 1951-'52 earthquake, rather, in the
Curran County, the thrust fault cut through the tunnel-and i

ruptured rather cleanly through reinforced concrete. But

ALSERSON ITEOATNG CSMPANY. INC. |
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1] these are not strictly comparable to the massive blocky
2] structures that you are referring to.
3 We have a sort of similar example in the case of
4] the city hall in the city of Heyward which is on the
g 5 trace of the Heyward Fault, but there, even though the fault
é 6{ comes up cleanly to the building and is essentially deflected
§ 71 around the building, this is due to a slow creep, and whether
g 3 this slow type of movement would be comparable to the
% 9 rather sudden rupture in the case of a large earthquake, I'm
:‘i. 10] not certain.
é 11 So I think my conclusion is that we really don't
g 121 have enough observational data to come up with a well !
; 13! supported conclusion, as to your guestion. !
§ 14 Q. Dr. Pichumani?
i 15 A (Witness Pichumani) I would like to add here
g 16 { in this problem there are two aspects:
: 17 One is the movement. The other is the vibratory i
: '8 | ground acceleration. ;
é 19 wWhat Dr. Slemmons said about the damage to the i
5 20 { structure, I am not questioning. It could be damaged by ’
% 21{ the ground acceleration; vibratory acceleration does not dea4
" 2 with that aspect. The assumption is that the structure is i
gEEEE 23| strong enough, like Dr. Jackson said, it is reinforced ;
gﬁ: 24 enough that it can take the kirds of accelerations that we 5
25} are talking about, 1 g or 5 or 7 g, and all that. If the ‘
|
|
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structure is strong enough to withstand that level, the deniqh

level of acceleration, then because of this soil, not soft

in this case, but it's not rock -- because of the soil

being interposed between the bedrock and the strus: w» . 2

could be deflected away. ngggﬁsreT’EE;-fault movement did
not ‘rause the damage to‘fﬁ; structure. The accelerations
could cause structural damage.

Q Dr. Slemmons, I'm sure the record will show that
you indicated a clean break in that tunnel example, which I
would believe would take that out of the sphere of the
ground shaking or ground accelerations?

A (Witness Slemmons) I was referring primarily to
cases of the actual fault rupture affecting the structure,

rather than the motion, the ground motion effect.

A (Witness Devine) May I comment on his example?
Q Yes.
A I believe I understand which structure he is

talking about from the 1952 Curran County earthquake.

And I would point ou’ that was a tunnel in rock, and there
really was no other place for the fault to be deflected to.
It had no choice but to go through the tunnel, so I don't

believe it's a comparable example to the Banco Centrale.

A (Witness Slemmons) I agree. It was at a shallow

depth and in shattered material, so that it isn't massive

rock in the sense of granite, but it certainly isn't

ALSERSON SEBORTING CSMPANY. INC.
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o

//ggmpaxaﬁle, either, to the kind of gravels that you have

in the Livermore formation.

Q Well, since you volunteered that, Mr. Devine,
let me pnt it to you, whether you, from the observations
you have seen as a geologist, would rely upon the theory
that the weight of the building would result in deflecting a
shear that might otherwise surface underneath the building?

A (Witness Devine) I would like to cast my
observations as a seismologist, because my professional
career has been looking at the seismic side, rather than
the geologic side. But I have indeed studied hundreds of
photos and data points from earthquakes around structures
and away from structures, and with that background I would
say that I know of no other example that fits the situation.

There were very few massive structures with any

broad definition of massive that set astride a fault that's
moved in historic times. So we don't have a data base.
Q And the only example you have is that Banco

Centrale example; is that right?

A That's correct.

Q Dr. Brabb? |

A (Witness Brabb) I have really too few =-- I havel
5
|

made too few observations in relation to this oroblem to
make an cpinion. I simply don't have enough information. g

(Panel conferring.)
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Q Dr. Herd? Oh, Mr. Devine?

A (Witness Devine) I would add one comment in that.
Part of the reason for saying we have such a small ata
base is also reflected -- a result of the fact that it's
not always possible to tell ground failure -- tell the
cause of the ground failure, particularly around structures
and parking lots and so on. It's very difficult to know
that you're talking about primary fault displacement or
secondary response to the ground failure. So the data
record is not very clean there.

I can show examples, for example, a high school
in Anchorage, Alaska in 1964, where the foundation fault
appears to go right through the building. But it is not an
appropriate example, because I think there is a strong

argument that it really is not primary faulting, but a

result of secondary ground failure.
So there are a lot of examples that appear to be
useful, but in fact are not.

Q Dr. Herd, did you have anything on that?

. ———— —— ——

A (Witness Herd) Well, I really have no basis to
draw any conciusions, and I was just looking at a recent
article that had been written by Les Youd, if only to
bring it to your attention for a future reference. There
is an article entitled "Ground Failure Displacement and

Earthquake Damage to Buildings," by T. Lesley Youd, which wap

ALSERSCSN ITEORTING CTMPANY. INCL
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publishedé in the Civil Engineering & Nuclear Power Conference,
Volume II, Geotechnical Topics, 1980.
BY JUDGE FOREMAN:
Q And can you give us the gist that bears on what
we are asking?
A (Witness Devine) I have not studied the article,
but I'll make an attempt.

JUDGE GROSSMAN: Excuse me for a second.

O @ N OO, W

(Board conferring.)

—
o

BY JUDGE GROSSMAN:

—
—

Q I believe you have indicated the article. Does

—
n

anyone want to base any of his professional opinion on

o

that article at this point?
4 I don't want to open up Pandora's box and have
15 -- I don't know what the conclusions of the article are,

16 and I would prefer that we not just put someone else's

17 conclusions here, unless someone else is willing to base

" a professional opinion on it and support the article,

whichever the conclusions go.

20 A (Witness Jackson) Could I make a suggestion?
21 Q Yes.

A There are many articles that relate to observa-

2
a3 tions of earthquakes and building damage throughout the

v 3
A"ﬁ 300 ITH STHRELT, S.W. REFORTERS BULILDING, VASUHINCTON, B.C. 20024 (202) S5%-2048
~
—
O

24 literature, and I imagine this is one article that is one

25 of many, maybe one of the more recent, and so I would
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suggest that it falls in that category of broad group, and
that may be a better way of handling it.

Q Dr. Herd?

A (Witness Herd) I apologize. I didn't mean to
create complexity. I was just aware of that reference.

Q Okay. Now I did want to ask your professional
opinion on your observations as to whether you would rely
upon the theory that with a heavy structure, a shear would
be deflected away from the foundation of the building?

A I have no experience in having observed this
phenomena elsewhere, to be able to comment on it.

Q Okay. That finally concludes my examination
of the panel, and I will turn it over now to Dr. Fergusfon ==
Dr. Foreman.

BY JUDGE FOREMAN : . '

Q Thank you, Judge I just have a few questions,
because many of the concerns I had were quite well answered
in response to Judge Grossman's questions, ond I did have
some inquiries of Dr. Pichumani whicn I'll start off with,
and in referring to the summary of your testimony that
you provided us, dealing with the cantilevered -- with
the analysis ot the possible cantilever conditions, ycu
talk about in the paragraph about a passive Rankin wedge
as a means of analysis to establish a version of stresses

from structures. And you say:

ALSERSON ITPORTING CSMPANY. INC
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"This method of wedge analysis is based on

sound soil mechanics principles that have been

accepted and applied by foundation engineers in

the design of earth-retaining structures."

As far as you know, has _hat ever been épplied
with respect to nuclear power plants before?

A (Witness Pichumani) We have done several slope
stability analyses, even in the areas of nuclear power plantq,
but the only thing I am not aware is that for a fault
movement of this type, I have not done any analysis using
this theory. But I still should add that this theory is
applicable for this condition because all the fault movement
means is a failure plane, just as in any other slope
stability problem, we are assuming a failure plane along
which the mass can slide, due to a given triggering force.

Here the thrust faulting is another kind of
triggering force, and the same theory of soil mechanics

applies here also.

But seismic loading conditions have been applied.i
This theory has been applied even for the seismic loading
conditions, the original analysis. It is not new. I myself
have not done it, but -~
Q I'm not concerned as to whether you have done
it. I wouid just like to know as to what extent this is a

common or uncommon mode of analysis, particularly as it

ALSERSCN ITSORTING CSMPANY. INC
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applies to the kind of situation with which we are dealing.

A It is a very, very common mode of analysis, and

all the time it is used in stability analysis.

ALSERSCON ITECATING CSMPANY. INCL
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And as applied -~

A Seismic loadings, and in the area of nuclear
source.
Q And then a coupie of other things. On pagye 6,

and I will read the sentence, and what I am asking is
an explanation of the sentence. I don't understand it.

"GE performed an extensive set of parametric
calculations to demonstrate that fault planes not
intersecting the foundation require minimum passive
pressure."

What does that mean? And what is the
implication with respect to the effect of a tectonic
event on the plant?

A I think in this connection I can refer to a
statement by Mr. Meehan in his testimony where he calls
it the "line of least resistance." What here I mean by
"minimum passive pressure" is the same thing. The
planes which are away from the base of the reactor.
Those are the planes which require the minimum forc:2 to
drive the wedge. That means, the fault movement will
take place along the line of least resistance.

Q I understand. But I guess what runs through
my mind is that the forces that are being exerted by
a tectonic event are so immensely greater -- at least

I think they are -- so immensely greater than the weight

ALSERSSN FLBORTING CSMPANY. INC.
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equivalent to 3000 tons, “hat would push the thing out
of the way. Am I wrong in that intuitive thinking?

A. You are right, but the point is that that
force, the movement along a particular plane would
happen as soon as you find a plane which requires the
least force, and the total force may be anything. But
as soon as it finds the plane which requires the least
force, it will try to go there instead of trying to go
right under the reactor, whic. may require a larger
force to lift the reactnr. That is what i3 meant by
"minimum force required."

Q Well, to help me understand, then -- and
this would always apply to the plane of minimum passive
pressure, that means that that could also happen in
structures that weren't really very heavy. It could
happen -- maybe it could apply to all structures,
because there wcoculd be a minimum passive pressure that
would divert the thrust. 1Is that true? Or are we
looking at boundary limits?

A No. I think you are right. It could happen
if the weight ~f the structure was different, and that
is clearly stated again in Mr. Meehan's prefiled
testimony. This analysis is good, or this conclusion
that it is deflected away from the mat is good for this

particular structure. If you have some other structure

ALSERSON ITBORTING CSMPANY. INC
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with some other weight, it may not be deflected. It

could be going under the reactor foundation.

Q Well, aside from soil conditions which I ==

A Right. Right.

Q -=- understand is what modulates this kind of
thing --

A Correct.

Q Aside from soil conditions, what other factors

then would determine the deflection, other than weight?
A Let me again read this statement in
Mr. Meehan's prefiled testimony. "In fact, repetition
of the analysis for a lighter structure would demonstrate
that a fault would surface beneath the lighter structure,
as has been observed in many instances in the field."
Therefore, here the weight of the structure
is the main consideration which showed in this case of
the GETR structure that it would be deflected. If it
was a different plant with a different weight, it could
go under the structure foundation.
Q And your analysis bears out that a weight

involving 8000 tons --

A Right.

Q -- then does provide =--

A -- the necessary --

Q -- it does provide the necessary conditions,

ALSERSON FESCARATING CIMPANY. INC.
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as such.
A Yes, eir.
Q It is not immediately pertinent to our

consideration, but where is the cutoff point? 4000 tons?
200 tons?

A We cannot give you any such cutoff point
because it is the result of all the forces there. It
is the soil weight and the soil property which is
reflected in the angle of friction, as they call it.
All those things go into consideration to define the
wedge.

2 I understand that.

So you are satisfied that this Rankin wedge

wedge analysis does provide a good basis for your

conclusions?
A Yes, sir.
Q Okay. I think that answers what I had wanted

to ask of you.
I have forgotten which member of the panel
had said that a fault had indeed occurred under a
building and had caused problems, but this was due to
secondary ground failure rather than to the develo~pment
of an offset beneath the building.
A (Witness Devine) Yes. 1 believe I was the

one that made that statement.

ALSERSCN ITFORTING CSMPANY. INC
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Q So what is the likelihood of secondary ground
failure happening in our particular situation in which
we are interested?

(Witnesses conferring.)

A I appreciate the time to consult with my
colleagues. We were trying to assemble possibilities to
observe secondary failure, and none immediately comes to
mind. The two obvious ones are liquefaction and slumping
to a free phase, and we do not believe the conditions for
either of those exist at GETR. So I would not expect
that kind of secondary failure.

Q I think that is all the questions I have
with respect to the cantilever situation.

I would like now to ask Dr. Ellsworth.iz he
would turn his attention here. I was interested in, I
believe the statement you made, and if I am quoting you
wrong, correct me, that you were ambigucus, or at least
you were uneasy about the use of the -- about the data
from the Imperial Valley earthquake, even the horizontal
ground motion data. Did you say that?

A (Witness Ellsworth) I believe that both
Mr. Devine and I indicated that there was some
possibility of local side effects contributing to the

record at Station No. 6.

¢ Oh, just the record at Station No. 6?

ALCERSON 3IESORTING CTMPANY. INC.
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A That's correct.
Q Not with respect to the other data?
A Well, all of the data will -- all of the

ground motions are an interaction between the source
and the path effects. So that to the extent that there
are different geologic conditions in the Imperial Valley
from elsewhere, those have to be considered when
transferring that data from one site to another. So
in other words, local conditions always play some
effect, but it appears that Station No. 6 was anomalocus
in that regard.

A (Witness Devine) But I certainly would
support the use of the Imperial Valley data.

Q Well, that sort of blunts my question,
because what I was leading up to was the fact that as
I understand it the numbers that were selected on a
design basis for acceleration came from a regression
analysis curve provided by Dr. Kovatch (phonetic) in
which the near-field data were the Imperial Valley data.
In fact, there were only three events involved at that
particular point. And there was a tremendous amount of
assurance gained from that, because as I understand it
that is the basis for the numbers that were selected.

A (Witness Ellsworth) That is correct. And

perhaps it seems a paradox, but near-field data -- in

ALSERSCN ICSORTING CTIMPANY. INC
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1 other words, data collected within very close proximity
2 to the slipping surface -- structural effects are not a
3 primary consideration there.
B A (Witness Jackson) I might comment a little
g 5 further. The Imperial Valley earthquake data is
é 6 probably the best -- one of the best recorded earth-
§ 7 quakes that we have contributing to the data base. 1In
; 8 other words, it expanded the data base of near-field
§ 9 information greatly as compared to information that
: 10 was available before that earthquake occurred for
g 11 that type of magnitude.
g 12 A (Witness Ellsworth) I would agree with that
% 13 comment, and I would also add that we have a very detailed
% 14 understanding of the velocity structure in the Imperial
§ 15 Valley, and that is critical in our analysis. So that
E 16 is why we are confident that the models that have been
§ 17 developed over the past number of years do apply to the
i 'Y Imperial Valley data.
é 19 | Q And it is appropriate to extrapolate for
E 20 them for design-parameter setting in our situation?
E 21 A I'm not familiar with what Dr. Kovatch did,
. 2 so that is difficult for me to answer.
‘aEEEE 23 A (Witness Devine) I would comment that it is
ﬁ%t: 24 appropriate to use that data in developing your estimates
25 for ground motion anywhere else, trying to factor in the
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differences that you can identify between Imperial Valley
and the site under consideration, but certainly that

data has to be used. It is the best set of data we

have, and it is good data. There are so many things
about i% that are controlled relative to other data
points we have that it does indeed, as Dr. Jackson

said, reflect a major source of near-field ground data
and ought to be used.

But there are some problems of transferring
from one site to another where the conditions are not
identical. So that has to be kept in mind when applying
Imperial Valley data to someplace other than Imperial
Valley. But that is true of all data points.

Q. Turning now to consideration of vertical
acceleration, somehow my feeling is that those were
given not very much attention. My recollection is that
the Imperial Valley data, excluding the two anomalous
points, were used in the analyses. And then for
purposes of applyint that information for design parameter
setting, two-thirds of tiose values were considered.

Am I right in that?

A (Witness Jackson) I think the best person
to answer that would be Mr. Matore or Mr. Hall. That
is my understanding, yes.

Q I would be willing to defer to them. The

ALSERSSN RFTIPCATING CSMPANY. INC
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only question I would ask of you, the seismologists
here: 1Is it an appropriate kind of an extrapolation
to take data obtained on one site, and then take two-
thirds of those data, or two-thirds of those values to
apply to another? 1Is that a good extrapolation? And
why not three-fourths?

A (Witness Devine) If I may, let me recast

what I believe you are trying to ask, because I don't

W 0 N o e W N e

believe that is quite what was done.

r—
o

What was done was to take the horizontal

—
—

data, and then use two-thirds of that to estimate the
12 vertical.

13 1} Yes. I'm sorry.

4 A If that is the question, the gquestion
requires both a seismic and a structural response, and
16 | they are very severely intertwined. They can't be

17 an-wered independently.

" Traditionally up until the last couple of

4‘ Sud TTH STHRELT, $.W. REFORTERS BULIDING, VASHINCTON, D.C. 2002% (202) SS4-2348
—
w

15 | years, we had a strong reflection of the fact that in
20 most strong motion records there was a lower peak vertical
21 ground motion than horizontal, frequently half or less.
2 So when the process was developed by the structural
i§%>_§ 23 engineers and seismic design engineers, particularly

A
®

Blume, Newmark, and Kapour in developing Reg Guides for

25 NRC, it was in my judgment an entirely appropriate concept
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toc use some fraction like one-half, or two-thirds to
reflect vertical peak motions relative to horizontal
motions.

But the second half, and Dr. Hall I am sure
can answer this with far more expertise than I, but I
am familiar with response spectra so I will comment,
the peak vertical motion in the vast majority of cases
occurs at a higher frequency =-- not the rate, but it
recurs in the higher portion -- I'm trying to separate
frequency; there are two terms for frequency. Let me
say it accurately.

When one develops a response spectra which
is ground motion versus frequence -- not frequency of
occurrence but frequency of the oscillation == the
vertical frequencies always are on the higher end of
the spectrum, or almost always on the higher end of the
spectrum than the horizontal. So in an engineering
sense, they have less significance because they are out
of the range of interest.

This was true of the peaks act Imperial Valley,
also. So from a seismic viewpoint, it is not always the
case, but in the majority of the cases from strictly a
seismologic viewpoint, the vertical motion has been less
than the horizontal.

As we develop a data base of close-in strong

ALSERSON RLBCATING CTMPANY. INC
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motion records, there appears to be a different data

set developing. So I would be less confident for close-
in sites to say that vertical should be considered to
be less than horizontal by some fraction like one-half
or two-thirds from strictly a seismologic viewpoint.

I think it would require an engineering =--
structural engineering accommodation to explain that
impact.

Q Well, I believe Dr. Hall is the man to
ask those questions, and indeed I will.

A I am reminded that I used a term that may
not be self-explanatory. I said "close-in." Sorry for

the jargon. I really meant to say "records recorded in

what's called the near field." That is, very near to

the fault.
Q. I would like now to turn to Dr. Slemmons.
A (Witness Jackson) We're having a hard time

hearing you.

Q. I'll pull it up closer. Dr. Slemmons, in
response to a question that we asked of you, you would
indicate that your opinions would change if indeed the
faulting in Trench T-1 was greater than -- say it was
2.5 meters or 7 feet -- was greater than 2 feet.

My question to you is: That if your opinion

would change and you were responsible for providing the

ALSERSON 3EPORTING SSMPANY. INCL
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geologic data for the probability analysis, would your
opinion require you to change the data to be put into
the probability analysis? That is one question.

And I will use my prerogative of the Board
to ask two questions in a row.

(Laughter.)

And the second question is: Wwould that be
likely to change the probabilities?

A (Witness Slemmons) First of all, I would
like to point out that I think my statement was qualified
to the extent that if it could be shown that the amount
of displacement in Trench T-1 was greater than 3 feet,
and was all in a single event. I have reservations
as to whether that occurred as one event. I think there
is a distinct possibility that what you see there may
be the cumul:ctive effect of more than one evert.

If it occurred as a single event, then under
those conditions you might have to assur . that
comparable larger events or larger offsets might occur
toward GETR. On the other hand, there are other
geological factors that might reduce the amount of
displacement toward GETR, in that the location of T-1
is sort of at a possible plexis or an area of conver-
gence toward the Las Positas Zone and might be an area

in which you might expect to get larger displacements

ALSERSCN IESORTING CTSMPANY. INC
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than you would have at trenches B-1l, B-3, and B-2. So
based on these assumed geological setting factors,

I would personally utilize the information of the two
or three feet at Trenches B-1l, B-3 and B-2, iather than
using the possibly larger data, or possibly larger
offset that is inferred for Trench T-1l.

Now if you then, making this an assumed
situation that you could have a larger offset at
Trenches B-1, B-3, and B~-2 at or very near GETR, then
the use of a larger value would modify the results
obtained for the probability analyses of Jack Benjamin
and of EDAC, but I do not believe that would affect the
results from the TERA National Laurence Livermore
Laboratory, and Bill Vesely's anaiyses.

So in some cases it would affect the results;
for other of the probabilistic analyses, it would not.

Q Could it affect the results to the extent
of one urder of magnitude? I just want to get sone
idea of to what extent the analyses are sensitive to
these changes.

A I think my area of expertise is in evaluating
the validity and the range of va-iation in the
geological parameters that would go into the analysis.
I think your question might more appropriately

be directed toward some of the members of the

ALSERSSN 2ESARTING STMPANY. INC.
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probabilistic panel.
Q And we probably will.

(Laughter.)

Now just one last question, and I intend this
to be a quick one. I am not asking for an extensive
kind of discussion. I am directing this to Drs. Brabb
and Herd, and it has been asked several times. But I
just want to confirm or unconfirm my impression.

Your mission and your analyses that have led
you to make conclusions about drawing inferences with
respect to future events -- size, location, intensity,
and so forth -- I don't mean "intensity," but with
respect to future events, stems from your perspectives
as geologists; and that you are looking at this from
a technical problem, in a sense a scientific problem,
and you would like to have that kind of data in order
to write papers that are rigorous and acceptable.

And what you have to say doesn't -- and this
is my question -- doesr't reflect your opinion about
the conservativeness or the propriety of the design
bases for offset that were established?

A (Witness Herd) I'm not sure I understand the
question, either, clearly. I think what you are asking
is: Are our concerns focused -- How are they focused?

Is that your question?

ALSERSON ISFORATING CSMPANY. INC.
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Q Yes. Are they focused with respect to the
potential safety of starting a plant up again?
A No.
Q Or are they focused entirely towards
scientific and technical considerations?
A They are focused at the scientific issue of

calculating the displacement and the other =-- calculating
the displacement and understanding the geology of the
site. And that is the context, and the only context

in which we have worked.

A (Witness Brabb) And I agree.

ALSERSSN IESCATING CSMPANY. ING
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| question and I'll tell you what that general question is in

JUDGE FOREMAN: You said that several times before,
but I just wanted to confirm it myself. Thank you.
JUDGE GROSSMAN: Dr. Ferguson, continue please.
BY JUDGE FERGUSON:
Q Gentleéén, we've been here a long time and I recognize

that, but I think it woulu be proper if we sort of concluded

our investigation of this particular area with a general

just a moment. But before I do that I would like to ask two
brief detail questions. The first one is to you, Dr. Ellsworth}
Do you believe that the Verona fault is probably active or
possibly active?

A (Witness Ellsworth) On the basis of the seismologicah
criteria that I have applied uniﬁofﬁly in the Livermore region,
I would concl;ue that the Vérona fault is possibly active.

Q Possibly active.

A That's correct.

Q Not probably active.

A That is correct.

Q I see. Do you attach any significance to the fact
that the Greenville fault as you state -- I'm looking at your
letter, really, of October 22, 1980 =-- ~“n you attach any
significance to the fact that the Greenville fault was in fact

classified as possibly active but an earthquake did occur 1in

January, 19807
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A I believe that is an excellent illustration of the
imprecision of seismological methods when used alone to
classify faults according to their potential for activity.

Q Thank you. I am leading up to something and I hope
every member on the panel can detect that. Thank you, Dr.
Ellsworth.

I would like to turn to you, Mr. Devine, if I
possibly can and pick up on a statement you made that I was
interested in. I am paraphrasing what you said. You said
that as a geologist you have been able to develop certain
ideas, certain opinions on certain matters, but in discussing
these opinions with statisticians who have been given the
opportunity or the job of determining the probability of these
events they would give you an answer. I think you said that
you were very surprised at times at the answers the statisti-
cians gave you. I infer from that they conflicted with your
opinions as to what was likely as a geologist.

Now first of all let me ask the question did I
paraphrase your statement correctly?

A (Witness Devine) I believe so, sir.

Q Would you comment, if you can, briefly on what re-
liance you would then have on anything that the statisticians
might say?

A Yes, I will. First off, one minor clarification of

your paraphrase. I was not necessarily surprised at their
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conclusions of their studies but surprised at what was sensitive
to their studies from my input. And then not understanding
how they went about assessing or doing their study, I did not
have a good basis for fully understanding why it was that my
geologic statement did not carry the importance to them as it
did to me. So I admit I was surprised at what they viewed was
important, the amount of importance to a data point relative
to mine. But I am not able to assess, then, how that should
impact how I view the answers. I am not a statistician. I've
done various regression analyses over the years of research,
but assessing the sensitivity of this data input is something
that I am not able to do.

Sc I would not use that, then, to cause me to not
accept the'rgshlts of the probability studies, but I do admit
it wouid cause me to be somewhat cautious in the use of those
studies. That is why I supported the statement earlier saying
that the use of probability studies as a sole source of atrivinf
at a judgment is something I would not favor.

Q Okay. That's fine. I appreciate that, Mr.Devine.
And that's the point that I hope we would have arrived at at
this point in our discussion. I want to ask you to dn the
very difficult thing and I would like a response, if I possibly
can, from each member on the panel to the guestion that I am
going to pose.

I want you to assume -- this is each member of the
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panel except Dr. Pichumani I think is not a geologist and this
question deals with geology =-- I have another one for you, sir.
Each member on the panel who has expertise in geology, I want
you to try to do this if you can -- if you can't then simply
say I can't do it and that would be a sufficient answer.

I want you,if you possibly can, to separate your
reliance, if in fact you have any on the statistician, and the
numbers that they feed you from their probability analysis and
go back, if you possibly can, -to when that kind of an analysis
was not available. You are a geclogist now, you arecollecting
information and you are trying to form opinions and you do not
have the reliance upon a group of statisticians who can
provide you with:- an absolute number.

Now this is the question. Based on that state,
mental state that you are now in, can you tell me -- each of
you I would like a response -- when, and 1'm not asking for
exact dates, like near future is all right -- don't say "at
any time" because that doesn't mean anything to me =-- near
future, distant future, when do you feel the next earthquake
will occur on the Verona fault and what will its magnitude be?

Let's start with you on the left there, Mr. Devine.
You seem to be anxious.

A (Witness Devine) Thank you for that honor.
2 Let me be very candid. What I am trying to get at

is a feel for something that is not expressed quantitatively,
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but I just want to get a feel if I possibly can from your
expert knowledge and experience in the whole field of geology.

A I taink I would have to separate when and how big,
because I believe they are two different gquestions.

Q That's proper. I do want two answers.

A i think that the likelihood of a small earthquake,
that is, magnitude 3 or so or under, has a higher likelihood
of occurring than the larger event, so that is why I would like
to separate the two: I think It would be possible in the next
few tens of years to have one or more magnitude 3 or less
earthquakes on the Verona. The likelihood of that is in my
judgment relatively high. On the other hand, the likelihood
of a magnitude 6 or greater on the Verona is, in my judgment,
very low. Between the 3 and the 6 is in between those two
extremes. But by very low, that may be as bad as at any time.
So let me try to explain it a little more precisely.

I do believe a 6 to 6.5 is possible, it could occur
sometime. I just don't believe its likelihood is =-- I think

its likelihood is high enough that, as I understand the frames

of reference that NRC is using to license in respect to reactors,

is high enough that it should be considered. But it is not
likely to occur at that size, 6 to 6.5, with -- the likelihood
is so low that for scientific investigation purposes I don't
believe I'd -- that's certainly not where I'd put my instrumenty

to find one.
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Q Mr. Devine, I appreciate that answer. That is the
proper spirit, I think, that I would like the responses. I
know it is very difficult. But since you aresitting next there
Dr. Herd, would you like to give us ycur answer?

A (Witness Herd) Well, perhaps I can attempt it from
a little bit more of the geologic evidence as well. We have
data to suggest that the displacement at the GETR site occurs
at an average rate of about .0004 feet per year, which would
work out to about a meter event every 10,000 years I believe
was the calculation that was done before. If one would make
a simple assumption that the last event on the Verona fault
was an event of a meter dimension, which certainly the offsets
in any number of areas would suggest, then what is the time
since the last event and then assume a constant strain rate
accumulation and then calculate the time to the next one.

Well, by our investigaticn I would think that the
age ot last displacement has been quite recent on that fault,
of the crder of less than 4,000 or 2,000 years, as I have
said repeatedly during this period of time. Such that with
those sorts of considerations and the apparent recency of
displacement, unless the degree of slip on this fault is muchn
greater than we presently understand, it would seem to me
unlikely that the next event would be immediate. But of course
there are exceptions to that rule.

The rate of strain accumlation might not be uniform
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Mr. Devine that we are probably some distance, if not tens of

and constant through time. So that is focused towards the time
of the next large event of magnitude 6 earthquake. But I
would think that the probability of lesser sized events of
magnitude 5 would be expected because on most of the faults
that I am aware of, for example, like the San Andreas, prior
to the 1906 earthquake it had a great number of earthquakes of
lesser magnitude, 6's and 5's and even a 7 probably, and these
were arrayed through time before culminating in a final catas-
trophic failure of the fault.

I would think, from a logical standpoint, that this

would imply then that we might well expect magnitude 5 event

size in the future on the Verona fault. But I would agree with|

centuries away from another magnitude 6 event on the Verona
fault. .
Q Thank you very much, Dr. Herd. Briefly, Dr. Brabb?
A (Witness Brabb) I think my position is similar.
I1f I take a somewhat more cautious view of when the last event
may have occurred, say as long as 4,000 years ago rather than
more recently than that, if you could expect one meter over
10,000 years then you could speculate on that that you might
get a magnitude 6 to 6.5 event in about another 5,000 years.
That's a guess. Obviously, the smaller events are much more
likely and much more frequent. Magnitude 2 to 3 event is

likely within the next five years.
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Q That's very helpful, very similar to the feelings
that the other two witnesses had. If in fact your feelings
are in agreement with what has been said and youare simply
repeating what has been said perhaps we could save time. But
Mr. Morris, I would certainly be interested in what ycu have
to say.

A (Witness Morris) I wculd agree with Dr. Brabb's
statements and Mr. Devine's statements. I would like to refer-
ence mine to a lower magnitude event, magnitude 3 and less.
The tectonic area around the Livermore Valley has had several
events larger than that recently. The area is in a state of
adjustment and therefore I think the likelihood of a magnitude
3 or at least less thun 5.5, if you want to put it in terms of
some of the recent events, in the next five to ten years is
very high.

Q Thank you, Mr. Morris.

A (Witness Jackson) I agree primarily with Dr. Herd's
explanation, with one qualifier and I think it is important
to express. The treatment of uncertainty, and we are all makiqP
a mental treatment of how we handle that uncertainty in our
estimate. Just with that recognition, I agree with Dr. Herd.

Q Thank you.

A (Witness Justus) The guestion, as I view it, the
gquestions are basically seiswological in nature, but I will

answer as a geologist and as a reviewer of the inforriation to
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which I have been a party to. That does not include visiting
the trenches I am I think glad to say at this point. I haven't
-- my response is based on a compilation of my review of the
situation. Small events, less than about magnitude 5, don't
produce surface offsets usually. I'm not especially concerned
about small events on the Verona simultaneous with surface
offset.

I would say that a large event that is ccupled with
surface offset on the Verona is, in my estimation, not a likely
one and is in a general way then, in my view, an opinicn that
is a reasonable ore in this case.

2 Thank you. Dr. Slemmons?

A (Witness Slemmons) My views are not very different
f~cm those that have been expressed. I won't comment as to the|
lower magnitude events which I think can come certainly in the
near future. The main bulk of the data would suggest that
faulting in the future is likely to have rather largish
displacements of two or three feet; although I think the seis-
mological record would normally indicate that thers should be
some smaller events as well. I would not be surprised if the
next event was one of 1 or 2 or 3 inches, perhaps a thousand
or two or three thousand years down the road. I think, if
you ccmpute the -- cal:-ulate the mcurrence intervals as I have
done, the average return periocC is so’ ething of the order, as

has been mentioned by Darrell, of about 10,000 years for the
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holocene record. For the earlier record it would be more
likely of the range of 20,000 or 30,)00 years. So I would
predict that the next large earthquake would be approximately
a 6.3 to a 6.5 and it would be accompanied by two or three
feet of offset and this is likely to be 10,000 or 15,000 years
after the last event, in othLer words, perhaps 5,000 or 10,000
years down the road.

Q Thank you, Dr. Slemmons. Dr. Ellsworth?

A (Witness Ellsworth) Yes, I would like to endorse
Dr. Herd's comments and amplify on them in one small way.
I recently completed a study of historic seismicity within
the entire San Francisco Bay region in which we rfind that the
frequency of events of a size comparable to the design basis
earthquake that we are discuséing for the Veréna within this
entire region is about one event in 10 to perhaps 20 years,
viewed over the historical perspective. The Verona, of course,
is only one element in that system and the probability of an
event on an annua. basis on that fault is very much smaller
than the frequency that we have m.. sured.

So it would be my estimation that the probability of

say today of an earthquake of magnitude 6 to 6.5 occurring
on the Verona fault is about -- is really quite low.

Q Thank you very much, Dr. Ellsworth. That's very
helpful and I certainly appreciate the cooperation of the

members of the panel in bringing out I think something that
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perhaps has been missed when we have spent so much time talking
about Jetailed quantitative events.

Dr. Justus, this is directed at you. On June 2,
when the panel first began i“s testimony, you undertook to
read into the record certain conclusions. The beginning of
each of those conclusions is the word “"We". When that statement
was made that word was used, did the "we" mean you and Dr.
Jackson or did it mean something else?

A (Witness Justus) I speak as a representative of the
NRC Staff and the "we" is in that context, "we" referring to
the Staff of the Nuclear Regulatory Commission.

Q I see. It did not include the members of the USGS
nor your consultants, is that right?

A The "we" referred here to the conciusions reached
by the Staff. To the extent that the Geélogical Survey or
our consultants' input went into that review, they are includei.

Q I see.

(Pause)

WITNESS DEVINE: Sir, I believe a little more answer
is need on that and maybe I can't give it all, but let me
start. That opening statement by Dr. Justus was discussed
with us at considerable length, those of us from the Survey,
and suggestions were made to him on how to express items more
clearly and so there was an interaction in the preparation of

that statement. So I am not sure how precise the involvement
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of the "we" really should be. We did have conversations with
him concerning that statement.
WITNESS JUSTUS: I interpreted the guestion in this
way.
JUUGE FERGUSON: Dr. Justus, may I interrupt?
BY JUDGE FERGUSON: |
Q In order to prevent prolonging this let me simply
ask the members of the panel, everyone present, have you had
an opportunity to review or is it fresh in your mind what those
conclusions are? I simply want to ask whether or not the
entire panel supports the conclusions that Dr. Justus has
read into the record.
Are you unprepared at the present time to respond to
that? ' '
A (Witness Brabb) I'& unprepared, Your Honor. As I
recall, we were discussing this information late in the evening
and it now hzs been some time and I haven't looked at it since
then. I certainly am in general agreement with the conclusions
but if you are going to put us on the record I think it would
be advisable for us to look at the written information again.
Q I see. Since these are in fact the Staff's conclu- !
sions it would be helpful I think to be certain that all of the

experts that we have do in fact support them.

A (Witness Jackson) Could I ask for a clarification?

We are using "staff" in several different ways.
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Q Let's use it in the way that Dr. Justus used it.

A (Witness Justus) The way in which I used it reflects
my response. My response was on behalf of the staff and the
staff does not include for purposes of drawing -- regarding
the conclusions in this case, the Geological Survey or our
consultants.

Q I see. I think I am going to terminate any furcher
investigation of that. And I will turn to you, Dr. Pichumani,
just for a very brief clarification. You speak on page 5 of
your written tesuimony about the Rankine wedge ard the analysis
done regarding stability. And then you infer in so many words
that -- and I am now on page 6 of your testimony -- you had
indicated that you had checked GE's calculations and you say
something to the effect that the analysis is correct except
it would not be correct if GE undertook to begin large earth
moving operations. 1Is that correct.

A (Witness Pichumani) Yes, sir.

Q Okay. And in the last paragraph in your answer to
Question No. 5 you say that if for any reason a significant
part of this surcharge or overburden were removed a reevalua-
tion of the stability of the reactor wnu'd be necessary. My
simple question is this: in very loose cerms -- let me providd
a scenario and then perhaps you could respond to that. You
speak about an overburden of a certain number of feet, 21

feet, as indicated in your testimony. And you irdicate that
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the area that you were concerned with was about 170 feet from
the reactor building. Now the scenario is this: let's assume
that the Licensee decided that e wanted to begin some bull-
dozing operations at that distancg from the reactor. At what
point would you begin becoming concerned during that operation?
That is, how much of that overburden, based on your calculationg,
would have to be removed before you would begin to be concernedP

A Unfortunately I do not have a really quantitative
answer for this. Earth Science Associates I think have a com-
puter program which pursues to do extensive calculations and I
meant when I did the review of the work that the same program
would be used and actual numbers would be cbtained.

Q But do you have any feel? Is it one foot or ten feetP
Or twenty feeté Surely if it is 21 feet you would be concerneq.

A It would be in the same order of magnitude as I was
talking earlier about the fault movement going beyond five
meters would give me concern. It is that order of magnitude.

Q You would be concerned if it were five meters of
overburden, is that what you are saying?

A Yes. I'm sorry. It is the fault movement of five
meters, whicn would come to about 2 or 2-1/2 meters of over-

burden, like six or seven feet of overburden.

///
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JUDGE FERGUSON: You would be concerned if six or

seven feet of overburden were removed, is that correct? And
you feel then a re-evaluation of the stability of the reactor
would be necessary, if six or seven feet of overburden were
removed, is that correct?

WITNESS PICHUMANI: I meant the re-evaluation of
the stability analysis of the type performed for this, not
for the reactor structure itself, but for the stability
analysis that was performed for this deflection of the
fault.

JUDGE FERGUrON: All right that is helpful. I have
no further questions. I want to thank the panel.

WITNESS PICHUMANI: Before closing, if I may, I
want to go over a word I used earlier. I said "shaking of a
modern structure,” in reference to the Chairman's question
earlier, which was to say about the acceleration of the

basement. ~ misspoke the word "shaking." I meant only the
fault movem. nt, the amount that is subjected to fault movement
and not the shaking. And those fault movements are also
slightly different in nature than the GETR fault movement.
JUDCE GROSSMAN: Well, I am not sure I understand
what you are saying now, but I assume it will be clear in the
transcript, when I get it, though it may be too lace to
question you on that again. But I do have a few follow-up
questions, before we allow Mr. Swanson to have 1is redirect.

All of you on the panel were asked about the

likelihood of a large seismic event, and of course, you all
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answered that =-- to the effect that it was unlikely, but I

would like to put that in the context of the show cause
proceeding, and licensing proceedings in general, and the
question is directed specifically to Dr. Jackson:

Even if the possibility of a large seismic event
that would damage the foundation were so unlikely to occur
within the next 50 years, so that you could consider the odds
to be 100-to-1 against that occurring, would you recommend
that the reactor recommence operations?

WITNESS JACKSON: Excuse me, for pausing. It is a
very difficult quest..a., I think the reason it is is we do
not have a guantitative estimate of hazard that we find is
either acceptable or not acceptable, but 1 can make that
judgment relative to other plant reviews that we have done
over the years, and that generally tells us that an event
which has a possibility of occurring roughly on the order of
1-in-a-=1000 to 1-in-10,000 should be considered as a design
basis event, in the area of earthguakes and geology.

So I think it would be warranted to consider these
events as a design basis event, both the ground motion that
has been estimated, and the surface -- the possibility of
fault.

BY JUDGE GROSSMAN:

Q If I can paraphrase thatin my own layman's under-

standing, the answer tc my question of the possibility being
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100-to~1 against would result in your not recommending tha&no

we permit the reactor to restart. 100-to-1, as I understand it
being ter to the minus two, not ten to the minus four, or five,
or six.

A I try to avoid making a recommendation as to whether
the reactor would start or not start. Our element is put into
description of the design perameters that should be used to
make that decision, but that decision rests on a total
compilation of input from the people on this panel, as well
as the structural engineers, the soils engineers, the
probability pan.l, and other groups who have been involved
in the review.

So I would defer that, saying that based on my
experience these events have sufficient 1ikelihood of
occurring to be considered as design basis events for making
that final judgment.

Q In other words, if the event is likely to occur
more often than 1-in-10,000, or 1-in-100,000, you must take
that event into account, in the design basis of the facility.

Is that basically what you are saying?

A Yes.

Mr. Morris reminded me there is good reasun why we

specified a design basis, because we have -- speak.ng in

general terms -- do not have the knowledge of the structural

aspects, which yvould allow us to conclude if the plant can
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take it -- tuke the input perameters that are specified, it

would not matter.

Q Now, we had some testimony with regard to observations

of the ratic of vertical accelerations to horizontal
accelerations from worldwide data, I believe, or other data
sets. And the answer was to the effect that it had generally
been observed to be one-half or two-thirds.

Was it Mr., Devine who had given that answer?

MR. DEVINE: Yes.

BY JUDGE GROSSMAN:

Q Did that relate to thrust faulting movements, as

would be expected on the Verona Fault?

. A (Witnees Devine) I am uncertain as to how many of
our strong motion records can be shown to be from thrust
faulting. One prime example I recall is the data from the
San Fernando earthquake, and in that instance, we had a
very unusual record at Pacoyma Dam, which is abuut the only
record on the hanging wall -- the upper wallof the thrust
fault, to work from. And in that case, there were so many
complications of geometry of the point of rock the
instruments set on, and failure of the foundation of the pad
that the instrument sat on, that the ratio between those two
is very difficult tc assess accurately.

So that data point, I would not be able to use right

now, without analyzing that questicn specifically, prior to my
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answering, and that is one of the few data points I know 0%6

that applies directly to thrust faults. Beyond that, I don't
have a data set in mind that is -- that applies directly,
other than that record, and I am reminded by my colleagues that
the peak that th{t instrument was indeed horizontal -- the
maximum, not vertical. But there were complications on that
specific record, and that is one of the few we have that

fits thrust ‘aulting.

Se I guess in summary my answer is that the data
base is very weak for assessing that -- the answer to your
question.

Q Would Dr. Ellsworth have an answer to that question?

A (Witness Ellsworth) I appreciate the prcblem that
you are addressing, and I think my aniv'r would have Eo be
that I am not a specialist in strong motion seismology, but I
believe that it is true then on a worldwide basis vertical
accelerations ave generally smaller, and it is also my belief
that where they have been observed to be substantially larger
than the peak horizontal accelerations, they are generally a
very high-frequency character. That may carry specific
implications to the structural engineer, who would be more
qualified to assess the importance of those high-frequency
peaks.

Q No, I am sorry, I thought you had something to

contribute on whether the fact that it might be thrust faultiig
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that we were concerned about would have any impact on whether
we ought to use the general observations, with regard to
ratios of horizontal -- vertical versus horizontal. But if
you have no observations, that is fine.

A I have no observations.

Q Dr. Jackson, did you have something to say?

A (Witness Jackson) I am not a seismologist, but .
am aware that there are other records, maybe ¢ 2 or two, and
one that comes to mind is called the Gossli record, which is
on a reverse fault, which may have had higher accelerations,
but also thought to be due to fault geometry and station
characteristics, but I am not familiar with the record. I

just wanted to make sure that -- I believe the Licensee --

G.E. has provided information on that, if I am not mistaken.

Q Mr. Devine?

RS (Witness Devine) Yes, I am somewhat familiar
with the Gossli record, and there are more complications to
it than geometry and geology. There is considerable concern
about instrumental response characteristics for that record,
and so it is suspect for a variety of reasons, including
instrumental.

Q I see. But that was one of the few major events
in which we do have readings with regard to thrust faulting,
isn't that correct?

A Yes, it is.
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Q And in that case, the vertical exceeded the

horizontal acceleration, isn't that correct?

A If the records are accurate, yes, and I suspect --
I have serious doubts about the accuracy of the record. But
for the trace it was written, yes.

JUDGE GROSSMAN: Mr. Swanson?

MR. SWANSON: Mr. Chairman, I want to maximise the
use of Dr. Hall. I wonder if I could just have a moment or
two to talk with him. I want to minimize my redirect.

JUDGE GROSSMAN: Would you like a recess now?

MR. SWANSON: Well, if I could just have a couple
of minutes, it might be more appropriate to have a larger
recess between pariels, but if we could have just about five
minutes now. | '

JUDGE GROSSMAN: All right, let us take a recess for
five minutes.

(A short recess was taken.)

JUDGE GROSSMAN: On the record.

Mr. Swanson?

MR. SWANSON: Yes, thank you, I have just a few
questions:

REDIRECT EXAMINATION

BY MR. SWANSON:

Q Mr. Devine, could you briefly describe what the

extent of review is of the open-file reports, open-file USGS
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reports, which are attached to the staff safety ovaluntion}s7s

as wel]! as the the Darrell Herd map of the Livermore Valley
of 1977, that is open-file 77-689.

A Yes, those open-file reports, and the map to which
you refer, received a full technical review from at least two
technical reviewers, and an overall review comparable to any
professional paper or bulletin that would be published by
the Survey.

Q Thank you.

Dr. Brabb, was it your testimony that you did a
study of the modeling or the statistical analysis of any of
the probability reports that have been done for GETR?

A (Witness Brabb) No.

Q pDid you mean to i-ply that you had dcne a thorough

review of the geologic data that went into the probability

analyses?
A No.
o} Dr. Herd, there has been reference in ti..™ proceedin

to a trace of a fault, indicated, I believe, on your '77 map,
which is east of the Calaveras, and southwest of the GETR.
ARe you familiar with that trace?
A (Witness Herd) Yes, I am.
Q And you are alsc familiar with a trace of a fault t&
the north of that, mapped by Mr. Harding, is that true?

A That is correct.
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" your map fault or that of Mr. Harding to the Calaveras Fault?

6
Q Have you mapped the area in between those faultl% "

A I have.

Q Have you found any field evidence to support a
northward continuation of your map fault to connect with that
map by Mr. Harding?

A I have not.

Q Is there any indication that these two faults are of
the same age?

A No.

Q Have you found any field evidence which would connec!

A None.

o} Finally, Dr. Slemmons, two questions:

Would you please indicate your preferred interpre-
tation of the Verona Fault, as to its characteristics?

A (Witness Slemmons) Yes, I had three listed in the
Safety Evaluation Report. I list co-egually one that would
involve a 8.2 kilometer length of a reverse slip Verona Fault,
with a 6.5 magnitude, and a similar seqment coupled with the
driving mechanism along the Las Pcsitas fault, giving a
comparable but somewliat higher magnitude, and I assign low
priority, or low weighting to my third alternative of a
12 kilometer length to connect to the Calaveras Fault, becauseq
of differences in mechanism and difficulties in the dip of

the fault planes involved.
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Thank you. My final series of questions, Dr.

Is it not true that you have extensively studied,

personally, and through the literature, the evidence of

surface rupture throughout the world?

A

Q

which has actually intersected a massive reinforced structure,

Is that a fair statement?
That is correct, yes.

Have you observed a single case of surface offset

such as the GETR, resting on soil?

2.

panel.

question.

No.

MR. SWANSON: I have no further questions of the

JUDGE GROSSMAN: Mr. Cady?

MR, CADY: I hav‘ no questions, Your Honor.
JUDGE GROSSMAN: M., Edgar?

MR. EDGAR: No questions.

JUDGE CPOSSMAN: I am sorry. I have one simple

There was a question put to Dr. Ellsworth, with

regard to his categorizing the fault, the Verona Fault, as

“possibly or probably active,” and I just wanted to get

Dr. Brabb's and Dr. Herd's statement as to whether they

believe it is within the definitions used, whether it was

possibly active or probably active.

Dr. Herd?
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WITNESS HERD: Well, as I understand those

definitions, they are unique to Dr. Ellsworth's paper. The
fault, from geological classification, would be one that has
evidence of holocene activity. It would be one which I would
consider to be recently active.

JUDGE GROSSMAN: Dr. Brabb?

WITNESS BRABB: I concur in that opinion.

JUDGE GROSSMAN: Thank you.

MR. SWANSON: I would ask that the panel be excused.

JUDGE GROSSMAN: Yes, and we all would like to thank
the panel for very forthright testimony, and for the very

fierce independence of t“e views of the members there, and it

really is gratifying to know that a good many of you-work for ’

the government and do .naintain your independence.

Thank you.

(The panel was excused.)

MR. EDGAR: Judge Grossman, the question was
never asked, to follow up on what Mr. Barlow was asking.
Mr. Barlow was asking whether staff had unreasonably pressured
Dr. Brabb. The real question is whether Dr. Brakb unreasonabl
pressured the staff.

MR. SWANSON: My response to that is that I thought
the follow-up comments by Dr. Jackson were evidence to the
answer to that question. Fierce independence.

At this time, while the panel is getting off, I woul
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also ask the Board to call Dr. William Hall, and

Mr. Joseph Martore to the stand.
JUDGE GROSSMAN: Would Dr. Hall and Mr. Martore
please stand?
Whereupon,
JOSEPH A. MARTORE, and
WILLIAM J. HALL
having been first duly sworn, were called as witnesses herein,
and were examined and testified as follows:

JUDGE GROSSMAN: ..“ase be seated.

Could you state your full names and addresses for
the reporter, please?

WITNESS MARTORE: My name is Joseph A. Martore,
M-a-r-t-o-r-e, and the "ivision of Licensing, United States
Nuclear Regulatory Commission, Washington, D.C., 20555.

WITNESS HALL: My name is William J. Hall, H-a-l-l.
I am a professor of Civil Engineering 2t the University of
Illinois, in Urbana Champaign. I am also a self-employed

consulting engineer. My home address is 3105 Valley Brook

DIRECT EXAMINATION
BY MR. SWANSON:
Q Dr. Hall, again, I will refer to a piece of
testimony entitled NRC Staff Testimony of william J. Hall.

It is five pages long, with attached biographical data.
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That was the testimony pzrepared by you for this

proceeding?
A (Witness Hall) Yes.

MR, SWANSON: In the light of the agreement we have,
rather than further authenticate the document, and I believe
in the a’' sence of objections, I would then offer into
evidence the testimony of William J. Hall, to the Board, and
ask that it be bound in this transcript as though read.

MR, CADY: No objection.

JUDGE GROSSMAN: Mr, Edgar?

MR. EDGAR: No objection.

JUDGE GROSSMAN: Admitted.

(The statement of Dr. Wwilliam J. Hall was inserted
into the record ai this point.)

/77
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING R0ARD
[n the Matter of
GENERAL ELECTRIC CO.

Docket No. 50-70
(Vallecitos Nuclear Center - (Show Cause)
General Electric Test Reactor,

Operating License No. TR-1)

NRC STAFF TESTIMONY OF WILLIAM J. HALL

Q.1. Please state your name and present cccupation.
A.l. My name is William J. Hall. iy position is that of Professor of
Civil Engineering at the University of I11inois at Urbana-Champaign, and I

am also an independent consulting engineer.

Q.2. Please summarize ycur educational background and relevant work

experience.

A.2. B.S. in Civil Engineering, University of Kansas, Lawrence 1948
M.S. and Ph.D. in Civil Engineering, University of I11inois at Urbana-
Champaign, 1951 and 1954, respectively.

As the University of [11inois [ have heen involved in teaching and
research in structural engineering and structural dynamics for over 30 years.
In recent years [ have been principal investigator on several large research
programs concerning earthquake engineering sponsored by the Naticnal Science
Foundation. In addition, my consulting activities in structural and seismic

engineering have included, among many assignments, the following: (a) nuclear
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power plants since 1964, (b) trans-Alaska Pipeline since 1970, (c) Canadian
sector of Lhe Alaska-Canada gas line since 1980, and (d) the ui: ~ ™ hexa-
fluoride gas centrifude enrichment plant since 1973. [ was a member of the
Applied Technology Council projects ATC-3 and ATC-6 dealing with the develop-
ment of seismic design criteria for buildings (1974-1977) and bridges (1978-
1981), and have consulted on military system design in the area of structural
dynamics since 1958. A summary of my educational and professional background

is attached and is made a part of this testimony.

Q.3. Please describe the scope of your participation in the review of
the General Electric Test Reactor for this proceeding.

A.3. At the time of the initial Show Cause review, the Staff contracted
w'th N. M. Newmark Consulting Engineering Services to recormend the proper
'sc,ist'nic design criteria to be used for the GETR and to provide a recommen-
dation, based on a review and evaluation of analyses submitted by General
Electric, as to the seismic adequacy of the GETR facility to meet the appro-
priate criteria. During this review period, [ carried major responsibility
for reviewing the GETR seismic issues. My recommendations and evaluations

have provided the basis for certain portions of the Staff's SERs.

Q.4. Please summarize the results of your review.

A.4, After discussion with a number of persons a : review of reports,
documents, and let”ers from NRC, the U.S. Geological Survey, and the TERA
Corporation, studies for Diablo Canyon, and recognizing the lack of corre-
lation of damage to structures and equipment in relation to peak acceleration,

in the light of our judgment and experience Dr. Newmark and [ recommended the
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use of the criteria described below for the seismic evaluation of the GETR
site and participated in the review of safety-related structures and equip-
ment at the site.
_-—_-35 the basis of considerations of the type noted, we recommended that
the most reasonable value of acceleration to use for anchoring the spectra
for effects arising fram .:e Calaveras fault would correspond to 0.6 g
(consistent with a magnitude in the range of 7.0 to 7.5), but for design
or review conservatism we suggested a value of 0.75 g. This value reflects
the fact that thern is some degree of uncertainty in estimating such motions
and that the hazard specified by the USGS corresponded to a magnitude 7.5
earthquake. We noted that we did not expect fault motion of significance
to be transferred to the site from activity on the Calaveras fault.

In a similar mnanner, in the case of the Verona Fault, we stated that,
from the information available, an acceleration value of about 0.40 g
(consistent with a magnitude in the range of 5.0 to 6.0) was the most
reasonable value for anchoring the response spectra, but for conservatism
we recommended use of a value of 0.6 g. The margin between the most likely
value and the recommended value here is larger to account for a greater
degree of uncertainty as to the nature of the seismic motion and for the
fact that the USGS specified the hazard to be that associated with a
magnitude 6.5 earthquake., Also we noted that the motion was to be taken
as acting simultaneously with a fault motion of not more than 1 meter,
interpretec to be the resultant (net) motion in any arbitrary direction,

With regard to effective acceleration, the instruments that are used for

free-field ground motion measurements are strong motion accelerographs for
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the most part. Acceleration, as a measure of ground motion, can te inter-
preted as an item of engineering interest in the sense of force, through
Newton's second law, namely that pertaining co mass and acceleration, Of
equal interest to the earthquake engineer are the velocities and displacements
arising from the excitation which can be obtained on a time basis through
integration of the acceleration record. Reliable instruments do not exist at
present for recording velocity and displacement as a function of time in the
frequency ranges that are associated with earthquake excitation,

Actually, ext~emely high accelerations can occur on a localized basis
with no damage to structures or equipment Many types of structures as well
as equipment are designed to resist very high frequency accelerations in the
range of hundreds to thousands of gravities, as for example in the case of
military structures and equipment (submarines, missiles, ground vehicles and
underground structures). If one strikes a building with a structural wrecking
bal’, ioca!ized damage and high accelerations occur in the region where the
ball strikes the building; generally, such loc. .ed loading for a well
engineered structure does not lead to building collapse or even any type of
gross damage. Accordingly, earthquake excitation with a few high freguency
acceleration peaks, characterized for design and analysis purposes by Reg.
Guide 1.60 spectra, would not be expected to produce significant damage.

The concept of effective acceleration has been defined by Dr. Newmark
in the following manner:

It is that acceleration which is mist closely related to

structural response and to dam- . -atential of an earthquake.

[t differs from and is less than tne peak free-field acrel-

eration. It is a function of the size of the loaded area,

the frequency content of the excitation, which in turn depends

on the closeness to the source of the earthquake, and to the

weioht, embedment, and stiffness of the structure and its
‘sundation.
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This definition of effective acceleration describes the term as used by Dr,
Newmark and mysaelf during our review of the GETR.

As employed herein for nuclear plant design and review analysis, the
term effective acceleration is associated with the significant part of the
ground motion as characterized by the repetitive motion portions which possess
strong energy content. This portion of the ground motion obviously is of
primary importance in evaluating the response and behavior of the structure
or equipment elements, and thereby of importance in design and in assessing
damage potential. In this sense, then, in accordance with the definition
given by Dr. Newmark, the effective acceleration normally is not that value
connected with the high spfces of instrumentally recorded high frequency
accelerations commonly found to occur close to the source of seismic energy
release, such as in the case with GETR with respect to the Verona and
Calaveras faults., On the other hand, the ef?ective acceleration would be
expected to be very close to the peak instrumental acceleration for loca-
tions at}significant distances from the source, zones where such high
frequency acceleration peaks normally zre not encountered. Accordinely,
for design purpose:, the effective acceleration value is used to anchor
the design response spectrum. As indicated, for GETR we wuuld expect an
effective design acceleration value of 0.75 g, consistent with the NRC Staff
position for peak vibratory ground motion of slightly in excess of 1.0 g.

The results of our review, as well as our conclusions regarding the
earthquake ground motion design critiera are contained in Section C anc
Appendix A of the Staff's May 23, 1980 SER and Appendix A of the October 27,
1980 SER.
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BIOGRAPHICAL DATA

William J. Hall

William J. Hall, Professor of Civil Engineering at the University
of I1lincis, Urbana, Illinois, has been a member of the faculty at the
University since 1943. During this time he has been engaged in research and
instruction in structural engineering, structural dynamics and materials.

He was born on 13 April 1926 in Berkeley, California. After at-
tending the University of California at Berkeiey in 1943 and 1344, he entered
the U.S. Merchant Marine Cadet Corps and served in the Pacific War Zone and at
Kings Point until September 13945. He received the degree of Bachelor of Science
in Civil Engineering from the University of Kansas, Lawrencze, Kansas, in June
1948. While a senior student he held a teaching assistantship and worked
summers for the Kaw Valley Drainage District and the Phillips Petroleun Com=
pany Kansas City Refinery. Upon graduation he received the ASCE Kansas Section
Award for the Outstanding Civil Engineering Graduate of 1948.

From July 1948 through August 1949 he worked as an engineer in the
field and operation sections of the Sohio Pipe Line Company, a subsidiary of
the Standard 0il Company of Ohic. He joined the staff of the Civil Engineer~
ing Department, University of lllinois in September 1549, holding successively
the positions of Research Assistant (1949-52), Research Associate (1952-54),
Assistant Professor (1954-57), Associate Professor (1957-539), and Professor
of Civil Engineering from 1959 tc date. He undertook graduate study at the
University of Il1linois and received the degrees of Master of Science in Civil
Engineering in 1951 and Doctor of Philosophy in Civil Engineering in June 1354,

He received the A. Epstein Mcmorial Award in 1958, the Walter L.
Huber ASCE Research Award in 1363, the Adams Memorial Membership Award of the
American Welding Society in 1967, and the Halliburton Enginzering Education .
Leadership Award of the University of Illinois College of Engineering for 1950,
He was appointed an Associate Member of the Center for Advanced Study, Graduate
College, University of Illinois for 1963-64.

Ors | April 1968 he was elected to membership in the National Academy
of Engineering and in 1979-80 served as Chairman of the Membership Committee.

At the University of Illinois his duties have involved teaching and
research in structural engineering and structural mechanics; he carried major
departmental responsibility for graduate student and research affairs (1958-

1973) and serves on many high-level university policy committees and boards.
Specific areas of formal research have included such topics as fatigue machine
design; effects of blast forces on model submarine hulls; design, construction,
and test operation of protective structures at the AEC Nevada Test Site; static
and dynamic response of beams and connections; shear strength c® steei beams,
brittle fracture behavior of weided steel plates; properties of metals under
static and dynamic loadings; seismic hazard evaluation and earthquake engineering.



He is currently principal investigator of a large research program sponsored
by the National Science Foundation in the area of earthquake engineering with
application to improvements in analysis and design of structures and
equipment.

He is the author or co-author of over 115 formal publications
(books and articles) in the fields of structural engineering, structural
mechanics and dynamics, soil dynamics, earthquake engineering, plasticity,
fatigue, brittle fracture mechanics, civil defense and education. He is the
co-author with H. Kihara, W. Soete and A. A, Wells of a book entitled
"8Brittle Fracture of Welded Plate'' published by Prentice-Hall in October 19€7.
In addition he is the author or co-author of over 150 major consulting reports,
many of public record and wide distribution.

He serves (or has served) as a consultant to a number of industrial
organizations and governmental agencies, including for example the U.S. Army
0ffice of the Chief of Engineers, the U.S. Army Waterways Experiment Station,
the U.S. Army Construction Engineering Research Laboratory, Naval Civil Engineer=
ing Laboratory, the U.S. Navy Bureau of Ships, Stanford Research Institute,
Union Carbide Corpcration, Alyeska Pipeline Service Co., Foothills Pipelines
(Yukon) Ltd., Woodward-Clyde Consultants, and Structural Mechanics Associates,
Inc. 0n his own, and asanassociate with M. M. Newmark, he has carried major
consulting engineering responsibility for projects in such areas as development
of design criteria for hardened protective structures, including missile facili-
ties, physical vulnerability studies, vibration studies of missile test stands,
reactor containment structural design and analysis, nuclear field test studies,
review of structural criteria and designs for nuclear power plar*s and equiprent
for seismic loading for the U.S. Atomic Energy Comission and the Nuclear
Regulatory Commission and development of seismic design criteria for the uranium
hexafluoride gas centrifuge plant. He has been a principal consultant since
1970 on the trans-Alaska pipeline and since 1930 on the Alaska-Canada gas line.
He is currently a member of t e M=X Nuclear Hardness and Survivability Audit
Group, an ‘ndependent panel charged with rechnical oversight review of M-X
system development.

In 1964 he participated in Project HARBOR, a study of the national
civil defense posture, and in 1967 participated in the Little Harbor review.
In 1964 he was selected as one of the five U.S. scientists and engineers to
participate in the first Seminar on Brittle Fracture held in Tokyo, Japan under
auspices of the U.S. - Japan Cooperative Science Program. In 1965 he was selected
as one of 30 scienrists and engineers to participate in the Meet Modern Sweden
science tour held under auspices of the Royal Swedish Academy of Science and
Royal Swedish Academy of Engineering. In 1966 he served as a member of the
Commerce Technical Advisory Board Panel on High Speed Ground Transportation and
was Chairman of the Panel on Guideways, Suspension, and Aerodynamics. From 1270
to 1973 he was Chairman of the Materials and Fabrication Subcommittee of the Ship
Research Committee, NRC. In 1974-76 he served as Chairman of the NMAB Ad Hoc
fommittee on Application of Fracture Mechanics Analysis Technigues to Marine
Systems. In 1975-76 he was a member of the Panel on Earthauake Prediction of the
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MR, SWANSON: Before we get into his oral presenta-

tion, I see two courses we could pursue, and the reason I am
bringing it up, of course, is the lateness of the day, and
the fact that Dr. Hall will not be available after today.

The one subject that he is testifying to that I
think is essential that we complete is effective acceleration.

The other subject which he participated in very
heavily, but for which it is not essential, but very important
that he be allowed to answer quo:tionl.on is “he structural
analysis of the GETR. In the event that the examination of
that subject is not completed today, Mr. Martore could return
next week ;o answer further questions.

If the parties have designed questions, and the
Board, which would easily separate the subjects of effective
acceleration and structural engineering, which is extremely
difficult, then I would, I guess, propose that we procee’
with effective acceleration and complete our examination of
that, and if there is time, then go into structural.

I1f the questioning is really mixed, then perlaps we
sho.ld put the two subjects in together and just allow
questioning on both effective acceleration and structural.

I offer this as a proposal, because the subject
obviously overlap, and 't is difficult to separate the two,
but I did want to assure the parties had a complete oppottunitp

to examine on effective acceleration today.
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JUDGCE GROSSMAN: Mr., Cady, do you have any...?

MR, CADY: Well, it is my feeling that we will be
able to cover the structural aspects with the full structural
panel.

I talked briefly with Mr. Martore and Dr. Hall, and
the structural aspects that aren't incnrporated into Dr. Hall"
presentation and his testimony can be adequately covered by
Mr. Martore. I weculd prefer that we deal with the effective
acceleration aspects of Dr. Hall's testimony, prior to getting
into the structural aspects, just to make sure that we do get
it all covered and on to the record, before he has to leave.

JUDGE GROSSMAN: Mr. Edgar?

MR, EDGAR: I am prepared to accommodate that.

No problem. |

JUDGE GROSSMAN: So, go with effective acceleration.

MR. EDGAR: Well, either. All of my questions for
this panel -- and there are very few -- relate tc the interface
between structural and effective acceleration, so I don't have
a problem.,

JUDGE GROSSMAN: I am not sure I understand that,
but I -- the respective positions -- but I guess we can do
it according to Mr. Swanson's preference.

MR. EDGAR: I was a little hit obscure. I am sorry.
What I meant was that all of the questions that I would ever

have for Dr. Hall, I will ask this afternoon.
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JUDGE GROSSMAN: Okay, that is fine.

MR, SWANSON: The only reason for separating the two
subjects is to insure that when we are done with effective
acceleration the parties can indeed state that they have had
their opportunity on that subject, whereas, if we combine the
two, questions may become mixed, and by the end of the day
the parties may not be able to truly say that they have had
their chance on effective acceleration. So we can separate
the two then, and proceed--

JUDGE GROSSMAN: Yes, you may, and please proceed.

I assume you are going to have a summary.

MR. SWANSON: Yes, at this time, I would ask Dr. Hall
to present a summary, pursuant to the agreement that we
reached among the parties.

WITNESS HALL: Your Honor, and Mr. Swanson, I have
a problem: I can take one of two approaches. I can present
a very brief summary, and then respond to guestions, or I can
make the summary somewhat longer, perhaps take care of some
of the questions as a part of my presentation. I need a little
guidance.

JUDGE GROSSMAN: I personally would prefer the
longer summary, but I believe my fellow Board members--

WITNESS HALL: I am not talking about an excessively
long summary, but it might take 20 minutes to get through all

of the points that I would like to make.
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JUDGE GROSSMAN: I think it would be more effective

to hear you narrate, than to have that all come out as a rouuli
of questioning.

WITNESS HALL: All right, thank you.

I would first like to place on the record the items
that my late colleague, Dr. Newmark, and I prepared, as part
of the informatiqn made available to the NRC, in our capacity
a3 consultants to the Nuclear Regulatory Commission. These
consisted, first of all, as Appendix A to the May 23xd, 1980
SER. It contains, in Appendix A a letter by Dr. Newmark and
myslef, dated 14 April, 980, which presented our
recommerndations, which I shall summarize in a moment.

Subsequently, in Appendix A to the October 27, 1980
SER there is another lcétnr.-- in fact there are two letters
therein, one dated é9 eptember, 1980, This particular letter
report, dealing with effective acceleration, was prepared as

a result of the ACRS meetings that were held last summer, and

Dr. Kerr, the Chairman of the Committee, asked that if possib
we prepare some additional back-up material, which we did, anJ.
that is the subject of this 29 September, 1980 submittal that
we made.

Also, as a part of Appendix A of the October 27, 19#0
SER is another letter, dealiug with the evaluation of
structures and equipment, and we will take that up, of course,

at a little later time.
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All right, to be fully -- place .things in

perspective, what I intend to do is the following:

I wou'd like in a moment here to essentially read
the succinct two paragraphs that place our position in
perspective, and I would like to follow this with some
elaboration which will go in the fcllowing manner, to provide
some kind of a roadmap or guide te what we are going to do.

There is a little bit on the prepared testimony that
has been submitted. I shall try to not go through it in great
detail, because you can of course read this, but I would like
to paint the picture, going through a little bit oir the

material pertaining to observatiors on buildings, z little

acceleration and its importance, and a little bit pertaining
to a definition of effective acueleration, prepared recently
by Dr. Newmark, prior to his death, and I want to elaborate
on that, and then at the very end of thi., I would like to
pass out a -- I will call it a plot, which may or may not be
entered into the record, as attorneys see fit, but I want to
use it to demonstrate some of the principles that we have been
discussing, with regard to effective acceleration.

So that is what I plan to do.

As a summary of the position that Dr. Newmark and
I arrived at, over a year ago, as reflected on our April of

1980 submittal, it can be stated succintly as follows:
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On the basis of the considerations of the type

noted -~ This is taken from Page 3, i .cidentall; of the
prepared testimony -- we recommended -- referring to previous
reports -- that the most reasonable value of acceleration to
use for anchoring the spectra for effects arriving from the
Calaveras Fault would correspond to 0.f G (consistent with a
magnitude in cne range of 7 to 7-and-a-half) but for design

or review conservatism, we suggested a value of 0.75 G.

This value reflects the fact that there is some degr
of uncertainty ia estimating such motions, and that the hazard

specified by the USGS corresponded to a magnitude 7.5

of significance to be transferred to the site fiom activity
on the Calaveras Fault.

The second paragraph reads: In a similar manner, in
the case of the Verona Fault, we stated that from the
information available an acce..ration value of about 0.4 G
(conesistent with a magnitude in the range of 5 to 6) was the
most reasonable value for anchoring the response spectra, but
for conservatism, we recommended use of a value of 0.6 G.

The margin between the most likely value and the
recommended value here is larger, to account for a greater
degree of urcertainty as to the nature of the seismic motion,
and for che fact that the USGS specified the hazard to be

that associated with a magnituie 6.5 earthquake.
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Also, we noted that the motion was to be taken as
acting simultaneously, with a fault motion of not more than one
meter, interpreted to be the resultant (net) motion in any
arbitrary direction.

That is a statement of our position.

Now, the next point I shall go through, as I indicatTd,
first of all, I will talk for a moment about observations of
damage and Yack of damage in buildings in earthquakes.

There is no question that well-designed and
well-constructed buildings have survived earthquakes
characterized by significant ground motion. Unfortunately,
most Jf our earthquake reconnaissance reports emphasize very
strongly the damage that we see in earthquakes.

For a number of years, many of us in the research
field have felt that we have been missing part of the picture
by not paying equal attention to those building which are not
damaged. In other words, when you read an earthquake
reconnaissance report, you see primarily pictures of damaged
structures; you do not get a picture of the other many, many,
many buildings which have survived and stood there, and are
standing.

Moreover, from a research point of view, we think
that in some resp~ct, we don't understand the picture as well
as we might. There is ~o question that the studies of the

damaged buildings have rendered information of value, but I
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think we could be further ahead today, if we had been willing

to spend additional money and effort on analyzing also
buildings which were not damaged. Some of this has been done,
in the case of school buildings, in the case of the

San Fernando Earthquake. In the case of a few lightly-
damamged buildings, in the case of the Caracas Earthquake, in
1957, I believe, but for the most part, not too much of this
has been done.

You might be interested to -- It might be intorestinf
for me to state that on Monday and Tuesday of this week, in
and Advisory Committee meeting in the National Science
Foundation, dealing with advice on the $18,000,000 earthquake
budget far this coming year, we made a point of trying to get
rmore work of this type going in the future. And this mectsA
with support from the whole community, as far as I can tell.

The second point: We sometimes seem to deal with
acceleration as it was one of the few things that existed in
this world. From an engineering point of view, we are
concerned with the acceleration,and the velocity,and the
displacement, and we use these as part of our design process,
in particular, they enter into it in the sense of the
interpretation which I shall get to, as re .lected in response
spectra, but we deal with it, in general, in the sense that
acceleration, of course, gives us some measure in general of

force, in the sensa of accleration times mass leading to
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force, in connection to Newton's Second Law. The velocity

we are interested in from several standpoints, in the sense
that it gives us some general feeling of the measure of
energy, and displacement we are interested in primarily from
the standpoint of what arz the displacements or strains in the
structure. |

So from an engineering point of view, I want to make
it clear that we have an intense interest in all three of
these particular perameters.

Now, the reason that we hear so much about
acceleration is -- There are many reasons. One of them is it

is one of the things that we can measure. And we have

inst ;uments for measuring acceleration, and these instruments

measure, and therefore we have this kind of data available
to work withH.

A great amount of time, effort, and funds ha‘re been

years very heavily. To this date, we have no good instruments|
for measuring high levels of velocity in dynamic excitation

situations. And displacements are harder yet to measure in

the transient sense, although we can make inferences about ther
from the standpoint of ralative motions, occasionally, aa we

do in faults and things like this.




1 But the important thing about acceleration also 1290
N that we use it in a design sense, perhaps a little bit too
3 heavily, but we do use it as a perameter to base our response
4 spectra on that we use in the design process.
5 Now, on the other hand, acceleration is not sonathin*
6 that necessarily is a measure of damage, in all cases, or
7 trouble, or however we want to characterize it. We design
8 structures in the military field, and I have been connected
9 with these heavily, myself, such designs for 20 or 30 years,
10 not only for a few G's. Recently I was involved with a design
Ry where we were worrying about 40,000 G's of acceleration.
12 I have been also associated with many other types
13 of military structures where hundreds to thousands of G's
114 | sre common, and we do this on a routine basis.
15 I gave some examples, in the testimony, of a
16 wrecking-ball striking a building. This leads to perhaps
L localized very high accelerations, but doesn't lead to a
s building falling down. And accordingly, when we look at the
19 " results of damage in earthquakes, it has been perceived for
20 | decades that there is a very poor correlation between the
21 accelerations and the damage that is observed.
2 As one little bit of explanation, please observe,
B and I am taking out a pocketknife. I am going to strike
“ the table like this. I »m sure that exerted some tens of
3 gravities of acceleration on the table. My knife is still in
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pretty good shape. The table is still sitting here in pretty

good shape. So the point to this simple classroom example is
that a high acceleration does not mean that something is going
to fall down.

There is most assuredly -- as the last point to this
part of the presentation -- a statistical aspect to the |
acceleration situation, with regard to earthquakes. We have
heard from this very outstanding panel that preceded us here
discussions of the nature of some of the motions that might
be expected in an earthquake.

For the most part, the discussion was about the peak
accelerations, the high accelerations. If one takes the time
to 1ook.;t the data from many, many earthquakes, and we shall
addresss this a little bit later here. you find out that there
is a whole spectrum of values, of course, ranging from high
values to low values. And from an engineering point of view,
this is of great importance to us.

In the engineering field, from the standpoint of
design, we do not design for the peak value of everything
that we deal with. We don't design for the highest wind
forces that have ever been observed or inferred. We do not
design for the highest forces that arise from acceleraticons
associated with earthquakes.

This whole philosophy of not designing for the

very highest whatever it may be, for all types of natural
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hazards, and/cr man-made hazards is impl:icit in the engineeri

design field. We design for values that are expected -- that
are of such a type that we believe they can be accommodated
in an economical way, in arriving at structures that perform
the function for which they are intended, but high enough to
ensure that the level of safety is something that we are
willing to accept as being reasonable. So I make that
particular point.

In October of 1980, a few months prior to his death,
Dr. Newmark prepared some direct testimony for the proposed
Little Coho Bay site, for the liguid natural gas terminal
that is located about 40 miles west of Santa Barbara,
california. This testimony is available in the public record.
It was presented to the California Public Utilities Commission
and anybody who wants to refer to it, EAn obtain a copy, I am
sure.

In this testimony, he made a very short succint
statement about effective acceleration, which is just a few
sentences long, which T should like to ~ead here at this point

"It is that acceleration which is most closely
related to structural response and to damage potential of an
earthquake. It differs from and is less than the peak
free-field ground acceleration. It is a function of the size
of the loaded area, the frequency content of the excitation,

which in turn depends upon the closeness to the source of the
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earthquake, and to the weight, imbedment, and stiffnes of the

structure in its foundation."

Now, I would like to refer briefly to the document
that we prepared, dated 29 September, 1980, if you will allow
me a moment to get this available. I would like to make a
few statements about that, and then I am going to be pretty
clise to the end of my opening statement.

JUDGE GROSSMAN: While you are taking those few
minutes, we do have this hall available tomorrow, if we need
it.

Did you anticipate having either of the witnesses
here tomorrow?

WITNESS HALL: Your Honor, if I may address this?

JUDGE GROSSMAN: Yes.

WITNESS HALL: I have been gone from home since
5:00 o'clock Monday morning. If I leave on the 7:15 flight
tomorrow morning that I am scheduled to leave on, I will have

exactly 12 hours at home before I leave for seven more days

JUDGE GROSSMAN: I would assume that it would apply
to Dr. Martore, but do you think that it would be profitable
to=-

MR. SWANSON: Well, of course, Mr. Martore is

available next week also. The real corcern is with Dr. Hall'i
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availability. I guess I wanted to see where we were at 5:00

o'clock. I have indications from Counsel that there is not a
great deal of examination on effective acceleration. There
might be more on structural, and of course I have no
appreciation of what the Board's examination might be on
effective. It could be that we will get well into structural
today.

JUDGE GROSSMAN: I didn't understand that you said
Dr. Hall won't pe available again, period. I thought there
was some--

M't. SWANSON: Well, he pointed to the constraint.

I told you that the availability problem was with Dr. Hall
tomorrow, in that he.would prefer if we could go into an
evening session to~ight, if there is a problem of finishing
up with him. What he is indicating is that he could be
avajlabl~ comorrow. It would be at a sacrifice.

WITNESS HALL: Then I will have six hours at home,
okay, before I leave.

MR. SWANSON: My point is -- maybe you were making
reference to it when I said that it was essential that we
get through with effective acceleration, because that part
of the testimony was done by Dr. Hall. The structural review
was done jointly between the two gentlemen on the panel.

Now. Mr. Martore is available next week. We anticipated that

the examination on structural would not be completed today,
-
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and then Mr. Martor~ then could resume his natural order of

presentation of mvidence next week. Brt Dr. Hall's
availability is the problem, after today, and that is why I
suggested that perhaps we could take a look at things at 5:00
and see if we can assess where we are, and determine whether o
not it would be profitable to extend the session today. I
don't know where we will be.

JUDGE GROSSMAN: Well, right now -- I didn't ask
about having the room beyond 5:00 today, but I assume
someone on the staff could find that out. They did indicate
that the room would be available tomorrow, if I told them by
4:30 today, but that is out of the question, so perhaps at
the next break we will check or holding the room.loﬁg.r
today, and that may be necessary, or I will check before 5:00.

Okay, I don't want to take out time discussing it,
so why don't we allow Dr. Hall to complete the presentation.

WITNESS HALL: Thank you, Your Honor. I appreciate
the Board's efforts in this matter.

MR. SWANSON: Thank you.

WITNESS HALL: In our -- in "our," in this case
Dr. Newmark's and my September 29 submittal, we presented an
overview of the process of getting at this business of
effective acceleration.

The first thing to realize in a succint and short

manner, of course, is the occurrence of earthquakas is
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certainly a probalistic process. Where they occur, when they

occur, and where the s*rong energy sources occur, even on a
given fault, whether the earthquake would be, for example,
immediately adjacent and opposite to the GETR reactor. It
couls be down the Calaveras Fault 50 kilometers. This is
certainly a matter of probability.

In recent years, there have been a number of
studies directed towards looking statistically at the
earthquake data that is available from instruments around the
world, as our data base increases. And we pointed out on
Page 6 of this particular submittal "an example," is the
word I would use of some of the approaches that one can take t
this,

Our evaluation, in terms ofvarriving at the value of
effective acceleration is one in part thiough lookiné at some
of these statistical summaries, and in part through judgment
of our experience in the earthquake field over many, many,
many years, and also in the related military field, becauce
‘4t is very closely related in the sense of the effects that
we work with.

We pointed out in there, for example, that one of
the early studies by Dr. Neville Donovan of Dames and Moore
Company, presented, I jelieve, in proceedings of the Fifth
World Conference in Earthquake Engineering, in Rome, in 1973.

It was one of the first large studies that involved
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worlwide data, and also included the San Fernando data, and

over some period of months or years, we had come to find that
we could estimate fairly well for some of these close-in
effects these values, through the procedure that we described
there on Page 6, and I am not going to go into great detail
on this.

We gave there some estimates of what one would get
out of these kinds of relationships, in the sense of
magnitudes six-and-a-half to seven. We said that the mean
accelerations were fournd to be .35 to .4. I would like to
make a correction here, which really has no significance on
anything that we are dealing with: In rechecking these,
sitting in the back of the room the last few days, I think
that number .35, should be .30. I caught this on the
airplane, realizing that the range there was a little bit
small.

And we go ahead, and we say for magnitud:s 5.5 to
6, the mean accelerrations were found to be somewhere between
%2 and .25.

And the mean plus standard deviation values, or
perhaps the 16 percent excedence type values at a higher level
would be on the order of 1.6 times these values, and would
get up to about six-tenths, in the first case, ard about
four-tenths G, in the second case. And these are the numbers

that I had read earlier in the statement of our position.
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This is cne example of the type of approach that one

can take to get at these particular values.

I would like to comment about several points about
this now:

You will notice that in what we presented that we
used a range of magnitudes. We did not use a magnitude. We
are not -- neither one of us are siesmologists. On the other
hand, we work in this transition between the information
provided by the geologist and the seismologist, and try to
interpret it in a form which can be used in engineering
design. That is what the role of an earthquake engineer is.
And to go forward in offering advice in oversigi't with the

design.

There is some uncertainty, very definitely, in the

and you have heard this brought Sut in the testimony in the
last few days.

So we always prefer to look at these things in a
little broader sc~le, in terms of ranges of magnitude, and
ranges of numbers. And this is the reason that we presented
it in this particular manner.

Now, as a second point to this, in the intervening
time, since even this was prepared, there have been other
studies available, at the time tnis was prepared, and since

then. For example, we attached to the back of this report

G e e T e 1
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a plot which you can study, which was based on another study

by Dr. Donovan, attached to an abstract that he presented in
April of 1980, at a meeting in Toronto, and we have given the
reference here, which leads to an estimate of values close-in
of the type that we gave.

Thexre is also a study prepared by the Tera

in the audience, and will be before you on the probability
panel here shortly, which supports this same level nf
acceleration, in general, and you can ask him firsthand about
this.

And lastly, I have been part of a study on this
liguid natural cas tacility, down 40 miles west of
Santa B;rbata, in which the magnitude of the earthquake
selected for design purposes, and the other conditions are
very, very similar to the condition that we are dealing with
here in GETR, and and independent study made by a

geologist/seismologist named Dr. Jeffrey Johnson, and that

California Public Utilities Commission, incidentally, recently
lends support, again, precisely to the level of numbers that
we are giving here.

So what I am trying to get across is that it isn't
just one calculation, or one estimate. There are a .aumber of

people who have made various types of studies, regression
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studies, and used different amounts of data in making these

studies, and they are not widely different in the conclusions,
is the point I want to get across.
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.come up with as a design value, when I indicated tnat that

WITNESS HALL: At this point, Mr. Swaason, T would
like to pass out a plot, if I could, or have you pass it out.
I am going to do some work here on the easel. Other people
can look at this while I do this for a minute. I want to get
across a few simple concepts and then I will be through.

MR. SWANSON: Just to clarify, you mean by way of
illustration?

WITNESS HALL: This is by way of ‘llustration.

MR. SWANSON: With the Board's permission.

JUDGE GROSSMAN: Let me ask you, Mr. Swanson, while
that is being dcne whether this in effect is gcing to consti-
tute the bulk of the Staff's case. I know I asked you the
gquestion earlier in the proceeding whether_thelamount of offset
would affect the Staff's conclusion and your answer was to the
effect that no, it wouldn't matter one way or Lhe other. Now
we are up t- the point of ground accelerations and the questiom
really is is this the bulk of the Staff's case at this point.

MR. SWANSON: I want to make sure you understand.

When I indicated that the cffset, that the geologists would

offset at least within the values that were being discussed
was not an essential part, that was because of the effect of
the testimony by Dr. Pichumani. Now the structural panel that
is here today, Drs. Hall and Martore, do address -- neverthe-

less is a design analysis, che effect of a one meter of offset
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on the plant. What I wanted to make clear was that in the fina
:nalysis, taking into consideration the testimony cof Dr.
Pichumani as well, we feel that the offset that geologists
would predict because of geologic or design principles is not
likely to actually affect the plant. But this panel indeed can
discuss the subject of offset and its affect on the plant in
terms of cantilevers and structural design princioles, and that
is indicated in their testimony.

JUDGE GROSSMAN: Mr. Edgar, you looked puzzled.

MR. EDGAR: I missed the point. I wonder if I could
have a clarification. I just didn't understand.

JUDGE GROSSMAN: Well, the point I was trying to get
cla:ified was whether this is the heart of the staff's case
at this point. From reading maée;ihls we had understood that
at one point the staff's poéition was based on the expected
offset from a highest magnitude event and it was because of
that that the staff was recommending that the site not be
reactivated or that the reactor not commence operations agai:.

Now I askad some question of Mr. Swanson earlier in
the hearing in whicn his answer indicateC to me -- and maybe
I was mistaken -- that that was no longer a critical element
and it left me with the impression that maybe the critical
element in the case was confined now to the expected accelera-
tions. So I-am asking Mr. Swanson, since I don't know what

his case is, whether that in fact is the bulk of his case.
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MR SWANSON: I'm glad we cleared this up now before
questioning really has started of this panel because there are
a number of -- I don't want to testify, but to explain the
case, there are a number of factors which ti.e previous panel
indicated were what they considered to be conservatisms, what
Dr. Jackson and Dr. Justus indicated were conservatisms, one of
which is that they believe, based on the testimony of Dr.
Pichumani, that regardless of the offsets that are predicted,
perhaps differences that may be predicted as to offsets that
should be used in a design value, that in fact, based on Dr.
Pichumani's testimony, a deflection would render that concern
to be moot.

This panel is, however, prepared to take as a design
parameter as stated in the staff's age evaluation, a structural
design of one meter of offset. And they should be -- the ‘
Board and parties should feel free to question on that as well
as the results of acceleration.

JUDGE GROSSMAN: Do I understand now that you are
saying if we don't accept Dr. Pichumani's testimony that the
fault would be deflected that then the amount of offset does
become a critical factor in our evaluation?

MR. SWANSON: It is a ccnsidaration that this panel
is prepared to address, yes.

JUDGE GROSSMAN: Mr. Edgar?

MR. EDGAR: I micht just state our position. Our
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position =-- the staff has basically specified criteria which
consist of a set of accelerations and a meter of offset. That
is what they have done. Those vi lues have been fed into the
structural analysis, through Dr. dall, to derive an effective
acceleration. The structural engineers then analyze the
building, including response to surface offset. One meter

of surface offset.

Our position is that one meter, all things considered|,
is a conservative value. We have at least four reasons for
that, one of which is Mr. Meehan's analysis, which indicates
that even if a fault whose upward projection would intersect
the reactor foundation was trending up toward the foundation,
it would deflect around and it becomes a rather insignificant
thing in the context of the structural analysis, therefote °
requiring that the one meter of offset be considered is indeed
a conservative assumption.

JUDGE GROSSMAN: Yes, Mr. Swanson?

MR. SWANSON: Perhaps I should defer to Mr. Bachmann
for an explanation on the structural review. We have split
up our lines of responsibility on that matter and I think the
more precise definition of the staff position is important at
this time.

JUDGE GROSSMAN: Mr. Bachmann?

MR. BACHMANN: Well, as Mr. Swanson said, and I

agree that I don't want to testify here, but to give yocu an
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idea of what we are heading into, the acceptance of Mr. Meehan'p
and Mr. Pichumani's testimony merely eliminates the problem we
considered of a cantilever condition forming under the founda-
tion mat. It just eliminated one part of the problems ycu have
with one meter of offset. There is related piping, there is

a lot of other things that would be affected. And that is all
part of our structural analysis.

WITNESS MARTORE: Your Honor, if I could attempt to
clarify in two short sentences, the question of offset and
vibratory mction .s no more nor no less critical than the
other design factors. It is a design factor and it was part
of the criteria that we used to judge the structural evaluatioﬂ.

JUDGE GROSSMAN: Okay. And --

WITNESS MARTORE: And our conclusion to that evalua-
tion determines then whether it is critical or not.

JUDGE GROSSMAN: Okay. My understanding now from
what has been said is that the combination of offset and accel-
erations are taken into account in the design basis aad that
you can't separate out one of them without taking into account
the other and they are interrelated. Is that a correct under-
standing now?

WITNESS MARTORE: For the Calaveras event it was
postulated only vibratory motion. I‘or Verona there were two
inputs to the design criteria. 1t was vibratory motion and

surface offset, concurrently.
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JUDGE GROSSMAN: Okay. Now I understand what you
1.ndicated last week, Mr. Swanson, was that merely the amount
of offset by itself, but not taking into account in any way
other than the cantilever motion, is something that would not
be critical if we were to accept Dr. Picaumani's testimony,
but even if we were to accept his testimony, the amount of
offset nevertheless remains a critical factor in determining
the appropriate design basis with regard to an event on the
Verona fault because of the interaction or interdependence of
the vibratory motion and the offset in determining the design
basis for that event.

Is that correct, Mr. Bachmann?

MR. BACHMANN: That's correct, sir.

MR. EDGAR: I don't agree with that characterization.
I'm sorry. But I am trying to be helpful.

JUDGE GROSSMAN: Let me state to begin with I am not
characterizing that way. I am trying to understand what the
staff position is.

MR. EDGAR: Well, but the point is that the structura
engineers will take a vibratory ground motion and a one meter
offset and apply that as input conditions for their analysis.
If you do not accept Mr. Pichumani': testimony, then the
structural a2ngineers have still analyzed offset and ground
accelerations and it remains to consider whether the analysis

of those loading conditions which would obtain, absent Mr.
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Pichumani's testimony, are indeed or whether the facility can
take i-. I don't think they are interdependent. They are
independerntly selected and they are both considered in the
design.

JUDGE GROSSMAN: Well, with that further clarifica-
tion -- di4 you have anything to add, Mr. Swanson?

MR. SWANSON: No. I think we are about to agree.
1 was going to wait for the Chairman to finish witha that
clarification. I think what we have is a problem of words
and I think the most precise response probably should come
from Mr. Martore. But I believe that the clarification is an
appropriate one for the staff position. But I think in this
case we are talking about a very important point and I would
like Mr. Martore:s response.

JUDGE GROSSMAN: Fine.

MR. SWANSON: As to whether or not he would agree

with the clarification.

WITNESS MARTORE: Yes, I agree with the clarification

JUDGE GROSSMAN: Okay. You may proceed.

WITNESS HALL: Before I proceed, let me make very
clear about what I was attempting tc do. I was trying to
present very simply -- as simply as I know how -- a very com-
plicated subject, incidentally, in terms of the transfer of
the seismological information with regard to ground motion to

a form which is of use to the enygineer in designing or re-
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analyzing the structure. And I am dealing here solely with
the subject of the shaking problem is what I am trying to get
across at this particular moment. That's what I am doing.
And you have opened up oth r topics that we will get into of
course.

So by way of completing my discussion, I am going to
have to hold this up, I guess, to make a few points. That is
better for your hearing? You have in front of ynu a plot and
I shall refer to this and I have tried to put some of the lines
on there and I will try to keep this simple. This is a plot
of a response spectrum. I will indicate the source of this
at the moment and indicate this is Figure 18, if anybody can
find it that wants to find it, out of a report by Dr. Newmark
in the Diablo Cahyon case entitled "A Rationale for Development]
of Design Spectra for Diablo Cagyun Reactor Facility", 3
September. 1976.

I hasten to add that I am not bringing into this
hearing any aspects of this Diablo Canyon case. It just so
happens that this particular figure, which you will note doesn'
even have the name Diablo Canyon on it, is precisely the one
that we need to explain what we are doing here because this
particular figure that you have in front of you is anchored to
0.75 G, I found out as I looked at it.

T7his is a busy figure. It has lots of things on it.

&

First of all, what is a response spectrum? A response spectrjj
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is a plot of the response of a number of simple oscillators
that have damping in their system. These oscillators obviously
have various frequeicies and pe.iods. We are interested in
their response in general in terms of the acceleration of the
mass, the relative velocity between the base and the mass in
the sense of energy, and the relative displacement in terms of
strain.

Now this is very complicated and I am trying to make
it simple. But a very good description of this, Your Honor,
is presented in the direct testimony of Dr. Kost, which you
have before you somewhere in your papers. If you are interested
in going into more depth about how these are obtained and what
they mean, I refer you to that p;rticular testimony. It is an
excellent discussion.

So we are trying to take a single degree of fréedom
model, if you will, an oscillator, subject the base to a
transient excitation which, in this case, is the earthquake
excitation, and study the parameters of this particular
model that are of interest to us from an engineering design
point of view. And one of the many ways of depicting this
information is on a tripartite plot of this particular type.

There are many other ways, I wmight say, and there arJ
engineers in the audience here that use other forms of plots
for analysis purposes. But this is one convenient way.

And it is governed for the most part, if I may summarize now,
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in the righthand portion it is governed by acceleration con-
siderations, in the central region it is governed by velocity
considefations, on the lefthand portion it is governed by the
displacement forces.

Now most of my comments from here on are going to
concern this rir.athand port .on pertaining to the acceleration
problem which has been the subject of so much discussion.

MR. SWANSON: Excuse me. 1f we are going to make
extensive use of this perhaps we should have it marked as
== although he mentioned another document, I don't think we
have actually used the number 7 yet for Staff exhibits, so
perhaps we should at this time mark this Staff Fxhibit 7, a
document which --

JUDGE GROSSMAN: In view of what has been.said in th7
record, maybe we ought to mark this 8 and leave Defendent's
Exhibit 7 for your adjustment and modification of Staff's
Exhibit 4.

MR. SWANSON: Okay. I think the previous discussion
was off the record, but that is fine. Okay. Maybe I should
indicate then, for clarification of the record, that althow.gh
it is out of place that we formally have marked the complete
blowup of Staff Exhibit 4 with notations that have been made
during the course of the proceeding and have that marked as
Staff Exhibit 7 and that we have -- the document just passed

out by Dr. Hall, which is a response spectra for the Pacoima
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Dam, February 9, 1971, figure and have that marked as Staff
Exhibit 8.

JUDCE GROSSMAN: So marked.

(The documents were marked for
identification as Staff
Exhibits 7 and 8, respectively.}

MR. SWANSON: Thank you.

MR. CADY: Your Honor, we may run into a problem
with that, is that if Dr. Hail makes any adjustments on his
graph that he is working on on the easel it may change the
effect of proposed Staff Exhibit 8.

JUDGE GROSSMAN: We will take that into account when
and if it happens.

WITNESS HALL: I'm go;ng to make a few lines on it,
let's put it that way. Okay. Now to get to the point of ti.ls.
The upper solid straight line on this plot is what we call a
smooth response spectrum. It is a representation of studies
of a large number of earthquakes. It originates from some
statistical studies carried out in the 1952 to 1954 timeframe
by Dr. Newmark, myself, and some of our associates and by the
J.A. Blum Company, Mr. Sharpe of ED’C, and Dr. Delal =-- is that
right? -- and it was soonsored by the NRC Commission. This
is the basis, incidentally, of the Reg Guide 1.60 spectra that
are used today.

This plot is anchored on the righthand sid2, in the
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plot that you have before you, to 0.5 G. If you will look
at the scale on this, for those of you who want to study this,
you will see that the righthand portion down here is precisely
at 0.75 G, if you want to look at this, and the rest of the
apectrum reflects the amplified response that one would get
of the simple oscillator. A number, a series of simple oscil-
lators, incidentally, having different periods as one goes
across and this is precisely the way in which it is calculated.

In fact, this upper smooth straight line is precisely|
as close as I can tell, the response spectrum that the EDAC
company people used. I think it is in your report, if I am
not mistaken. This is a 5 percent damping and I think at least]
the key values are the values that‘are in your testimony.

This is almost identical to a Reg Guide 160 spectra.
1 would point out tec the Board that the only difference would
be you would find that the Reg Guide spectra has a slight slopq
in here and there is a slight difference here and a slijht
difference over here, but for all practical purposes this
response spectrum is identical to what you would find frr a
Reg Guide 160 spectrum. All right?

Now, superimposed on this in the upper wiggly line
-- there are some other wiggly lines on here, but I will get
to those just briefly in a moment -- the upper wiggly line
that goes through here is the response spectrum for the Pecoyma

Dam record characterized with a peak acceleration cf 1.17 G.
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If you look at the r.ghthand side you will see that that starts
to flare out here at about 1.17 G. It is the response spectrum
plotted to the same scale on this particular diagram and you
will see that in almost all instances it falls below or at
or slightly above, in 2 few places, the smooth response spectrupm
wiaich is anchored at .75G.

Now this is interesting because at this particular
time this was the strongest earthquake excitation record we
had in which we had good data. It points up several things.
It points up that from many aspects the Pecoyma Dam record
which we always think of as describing a record of something
in excess of 1 G really in most, perhaps even the significant
parts of it, is more clogely aligned to that which would be
characterized by a three-quarter G spectrum.

ow I can tell you from a.research point of view a
few other things about response spectra from some years of work
in this field. Let me make the point this way. I am going to
draw a line now and whether you need this line on the plot is
beside the point. But if you were to take the Pecoyma time
history, acceleration versus time, which is a wiggly earthquakeg
record like this, and you were to place in this a small, sharp
peak -- it has a small sharp peak now which has a peak of 1.17
G. Suppose I were to put in it a small sharp peak of 2 G --
I'm just going to pick this out of the clear blue sky -- what

would happen to that response spectrum? I1f that particular
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peak had a response i.n the 30 Hertz range or something, what
it would do is it would come along like this and raise up here
-= and iet's assume that this is 2 G hera -- it would come up
like this and go out like this, is the point I wanted to make.
Now if you were to anchor the design spectrum to
that high value for some reason, where would it come? And this
is the point I would make. All yon would do is shift this
thing up and youwould have yourself a curve which goes like
that over here like that, very much higher and gets into
accelerations which are really unreasonable from a design point
of view.
Second point. We know from observations, from looking

at earthquake damage and lack of damage in building=s for years

and years and years ~-- and this is not omething that is gquanti
fied by an equation -- but we know that the damage in struc-
tures, as I said earlier, is not characterized well by acceler-
ation and in fact it has been observed in many, many journals,
we cited some of the references in our responses to interroga-
tories, that the damage is just not commensurate with the
peak accelerationc that are observed. And this has beern true
all over the world.

I am going to try to answer one question here. I
don't know when the first use of effective acceleration was
actually used in the literature. All of the concepts that

pertain to that particular idea are embodied i1n the words that
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are cocntained in USGS Circular 672, which was put together
for the trans-Alaska pipeline. This was two years before the
Diablo Canyoh project. If you look at pages I believe it is
3 and 4 and study this, you will find all of -- many of the
words and terms I have used are part of this. I can remember
as a young researcher in 1967 the discussion of the Koyna Dam
in India, which was designed for a very low seismic coefficient
was subjected to a rather high shaking, there vas much discus-
sion at that time how come the high acceleration and shaking
of the dam and nothing happened.

In the Pecoyma Dam, similarly, here is 1.17 G. I
do not know the precise number to which the dam is designed.
The dam was undamdgod. A caretaker's cottage roughly a half
ﬁile from the base of the dam which had a brick chimney =--
you could see pictures of it in the San Fernando reports --
stands there just as pure and simple as it was constructed with
absolutely no damage. So there is evidence galore to support
the fact that thise high peaks of acceleration are not the
indicator of the damage.

At present we are trying to quantify this. There is
a series of very large studies going on in the United States
-- and this is the last pcint I am going to make about this =--
the biggest one is being sponsored by the Nuclear Regulatory
Commission, being carried out by Woodward Clyde Consultants

with a number of other firms involved, trying to find out what
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it is in the time history recurds as ref.ected in the response
spectra and the response of structures that can better identify
what it is that leads to the response and the damage in the
structures. Wwe have already learned many things and I am
pleased to tell you we are relearning some things. The study
is concentrating in this area of high acceleration as you would
find in rigid structures with frequencies somewhere between
2 and 10 or 12 Hertz and it is very clear already that it takes
a repeated series of pulses containing significant energy
content to create the damage in the structures that we can
associate with what actually happens in earthquakes.

We suspected this for some time and I think we are
starting to get our hands on what it is. I have several st denks
at my univeregity working on that subject and there are, I am
sure, a number of students working on this also. It is a very
di“ficult problem because you arenot only trying o work with
the theoretical aspect, you are trying to relate this to what
we see in the field.

I might point out as the final point -- I draw anotth
line or here, which might interest the audience and the RBoard
-= and I have made a few comments in my prepared testimony about
current existing building codes. What about current existing
building codes versus what we are talking about here? 1 made
a rough calculation yesterday for the UBC -- Uniform Building

Code, 1979 -- for California tor a structure that wculd be
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rigid in the sense of being a shear wall, took a soil coeffi-
cient -- without going through all the details -- a soil co-
efficient on the upper side, an importance factor of 1.5, which
is as high as you would go, which would be something very
important, like emergency facilities, and sketch this on *here.
The sketch would go something like this, just figuratively.

It would go something like this down here like that and over
here like that.

The point I want to make in this particular case =--
and it is immaterial whether this is 0.28 G or 0.2 G because
we know that the coefficients from the code to which these
kindy of structures are designed is somewhere in that range.
The point I would like to make is that the ratio between that
acceleration and this acceleration which is 2 G, incidentally;
is a factor of about eight and a half. And you will find that
for tnis ratio between code-type structures and vhat we are
desaling with here in terms of a strong facility is a big margin
in terms of the point*.

I would close by saying that in fact from an engin-
eering point of view the fact that this structure is as strong
is of course comforting, fro.« the engineering point of view
and particularly the earthquake engineering point of view, one
of our concerns is that a structure not only be able to be

strong in the sense of resisting torces, but we are very con-

cerned that it be able to absorb energy and have some ductilifﬂ.
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And so this is another concern that is involved in _ae process.
I would point out to the panel that it is not solely one of
can it resist so much force. The studies and the observations
reveal that properly designed structures can not only resist
force but can absorb energy and can accomodate reasonable
amounts of deformation.

Thank you.

JUDGE GROSSMAN: Mr. Swanson?

MR. SWANSON: I did just have a couple of questions
an the way of rebuttal or response to a couple of issues that
have come up. I think just three questions, I should be pretty
short.

BY MR. SWANSON:

Q Dr. Hall, would you please comment on the role of
vertical ground motions with respect to the seismic design
criteria that you «nd Dr. Newmark unave recommended in this
proce: ding?

A (Witness Hall) All right. I am glad to respond to
that. I have several very short points I would like to make
to answer that particular question. Yes, there have been
records, as we heard repeatedly in the last few days, in
which the vertical accelerations are equal to or greater than
the horizontal accelerations. But that is not the case in
every case. Again, we come back to the concept of what you

design for. The maximum of everything? No, we don't design
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for the maximum of everything. So one of the first things I
would like to -- in an engineering sense -- one of the first
things I would like to poiﬁt ou”. is -- and this is not anything
that was preconceived -- there was a study that Dr. Newmark
and I made someitime ago in which we had 56 -- I've go: some
numbers he:e -- 56 stations from 22 seismic even's which were
picked to include a spectrum of earthquakes ranging from I
think about 1932 up through San Fernando and so forth, trying
to get a range of earthguakes. This study was done in 1976.

For those =-- this is trictly time history now, first
of all -- for tnose records which were in the free field, clear
in the free field, 12 of 14 or 86 percent of them had accelera-
tions less than a half of the peak horizontal. For those that
were in structufes, ground floors =-- now in some cases these
were two nr three or so story structures; in some cases they
were one story structures -- let's see what we had here. Righf
here. We had 23 of 42, or 55 percent, were less than half of
the peak horizontal, and we had 37 of 42, or 88 percent, which
were less chan two-thirds of the peak horizontal.

Now in all fairness I must comment to the Board and
the people present that of course these data not only included
some close in data, like the Pecoyma Dam which was a piece
of this, El Centro in 1940, which is perhaps 11 or 12 kilometen
f-om the fault was in there, but we aiso had data out at some

distance, perhaps iap to 30 or 40 kilometers. So we didn't
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have all close in data. I want to make that very clear.

But this shows you at least some range of the values.
And of course we get high values.

Now with regard to the =-- the next comment I would
make is with regard to the Imperial Valley data. And now I
am using my memory in part. We looked at this very carefully
in connection with the Diablo Canyon proceedings -- and I helpeF
Dr. Newmark with this a little bit -- and of course we tecognizr
that there are several, several in “his case, at least 3 of
the 16 == I'm not sure how many are exceeded. I need to dig
out a piece of paper here. Just a minute. Here. Right here
-= 2 of 18 exceeded two-thirds of the peak value, I believe.
I think the finding was that in terms of response spectra therq
were three response spectra which exceeded the des;gn spectrum,
which was two-thirds of that for horizontal, which is what
we allude to.

In other words, you see my interpretation, Your
Honor, is not one only of looking at the peak acceleration.
From an engineering point of view, I am equally concerned with
‘ooking at the response spectra which I am going to use for
design purposes.

Now I make a few more comments about this. What
was observed in Imperial Valley was not new. I remember

vividly in making these earlier statistical studies when I

looked at the other records in that reginn of California, in
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| that.

the Imperial Valley, dealing, for example, with the 1940 record
and some of the aftershocks and so on, that they all had this
interesting characteristic of having kind of a double hump =--
and I really dorn't want to get up and draw this if I can help
it -- in which they peaked nver at one particular frequency
-- if T am not mistaken, you will find for even these more
recent records they veak at about 10 Hertz. I will tell you
in a minute -- maybe I will let Mr. Martore address it --
this is not a frequency, incidentally, that is of great concern

tc us from a design point of view. But we can say more of

It is over -- if I may take a second -~ it is over
here. It is over here. It is not up in here where much of
our design concern is. It is over here.

Q You are indicating on the righthand side?

A On the righthand side, over at =--

Q On the righthand side of Staff Exhibit 8.

A Over at 10 Hertz in this particular case. And in
fact I believe in the discussion that was held today about
omitting data -- and I don't know why any data were omitted
and I will let other people address that -- but I believe therd
was one reason for one bit of data that was not included in
perhaps the GE study, if I am not mistaken, and that was that

one of the peaks that was at extremely high frequency, if I

am not mistaken, it is over here at about 50 Hertz, way over
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here. And that wasn't brought up in the testimony earlier
today.

I personally have some further comments to make
about the =--

JUDGE GROSSMAN: Excuse me. Let's clarify. Are
you sure about that? Are you testifying to that effect? Or
i3 that some =--

WITNESS HALL: This is from my memory. I'll have to
give it to you from memory because I do not have anything ==

JUDGE GROSSMAN: Well we want to know whether that
is something that we ought to take as gospel here. I don't
-- if you're just generalizing, you know, say so, and if it is
a vague recollection -- |

WITNESS HALL: The ones at 10 Hertz I can attest
to because I looked at one in our report from an earlier
study. The 1940 earthquake I can tell you is 10 Hertz. We
looked at the -=- I think -- go ahead. Let Mr. Martore comment.

WITNESS MARTORE: The 1940 study, looking at the
data that we have, did indicate that the high fregquency peaks
at around 10 Hertz. The other data thut we loocked at for the
1979 high frequency -- and I am sure it was at Station 8 --
was at frequencies greater than tens of Hertz, that is to say,
cycles per second, and I can get the number exactly for you,
but to the best of my recollection it was 50. But it was

certainly in the tens of cycles per second.




e ® 99 W e W N e

e 8 = 8

14
15
16
17

18

& & 8 B

1723

WITNESS HALL: 1I'd have to hunt some in the document,
Your Honor, to find this. But I am sure this can be documente%.

JUDGE GROSSMAN: I'm not trying to doubt you
gentlemen. [ just want to know whether we are getting an
autlioritative account of that. Let me point out that the
only station I recall being mentioned this morning was Station
6, not Station 8. So I don't want to get any confusion in
the record here.

WITNESS MARTORE: Let me clarify. Station 6 was the
station that was discussed this morning with the extremely
high vertical accelerations of 1.74 G. That was one of the
two that were left out. It was mentioned this morning that
there were two left out. That was one. For the reasons that
iir. Devine mentioned. The other was Station 8, which again
had the high frequency peak in the order of éo Hertz.

MR. SWANSON:. Just so there is no confusion in the
record, we are stalking about stations that recorded the 1979
Imperial Valley earthquake, is that correct?

WITNESS MARTORE: Yes.

WITNESS HALL: In my case it is from meniory, Your
Honor. 1I'd have to check it.

MR. CADY: And this morning there was no evidence
given as to any site-specific criteria pertaining to Station
8. The only discussion did pertain to Station 6.

WITNESS HALL: Geood point. I would suggest that
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Mr. Martore perhaps make a few comments -- excuse me.

JUDGE GROSSMAN: I think now is an appropriate time
for a five-minute break.

(A brief recess)

JUDGE GROSSMAN: Back on the record.

WITNESS MARTORE: Your Honcr, if I could clarify one
point I made just before the break, I had when I referred to
two stations, I was referring to two stations out of all of
the recordings in Imperial Valley whose spectral accelerations
may have exceedad the design criteria spectral accelerations
which we specified as appropriate for the GETR. It was
confused and it appeared that I was referring to an earlier
discussion of two accelerations which had not been considered,
may or may not have been considered by GE. So I am sorry for
that confusion.

This was an independent analysis that I had done
earlier of the Imperial Valley '79 data that then indicated
two of the number of recordings that there were at that time,
only two shcwed spectral accelerations greater than that that
we specified in the vertical direction. I am sorry for the
confusion.

MR. SWANSON: Dr. Hall, did you finish your response
to the question about vertical accelerations?

WITNESS HALL: I have another general comment I thinﬂ

I would like to make after Mr. Martore makes some comments.
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WITNESS MARTORE: Those are the only comments that
I have at this time. To that guestion.
BY MR. SWANSON:

Q Then I would like you to indicate the effect of
vertical ground motions with regard to engineering in struc-
tures, response, give us a perspective of vertical accelera-
tions and the role they play.

A (Witness Martore) This is somewhat reiated to the
previous gquestion, but there are some different aspects that
I would like to bring out. One is that, as has been menticned,
in most cases where there have been vertical recordings higher
than those on a norizontal level, those accelerations tend to
be at high frequency rangeé which are not of significance to
the extené, for structures, that other frequencies would be.

The other point is that where we do see especially
in the Imperial Valley '79 records higher vertical accelera-
tions than horizontal, those tend to be isolated peaks and not
repetitive peaks whrich are typically those that are involved
in damage to structures.

So the two points are that they are isolated and
they are at higher frequencies than we normally consider as
of significance to the structural response.

WITNESS HALL: I would make a few more comments in
this connection, if I could. It is my understanding that

the studies of the differential array in the Imperial Valley
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the data coming from the differential array, as they become
reported, will show that there is very little coherence in the
data. This means that you don't see things that are repetitivT
in the data. And this is an important observation from an
engineering point of view.

I perhaps could picture this best by the aralogy of
a rough sea ctate, if I could, in the ocean and get across the
point that the size of the building has a very great influence
on some of the effects we see. If you were in a small rowboat
on a very rough sea you would be subjected to very violent
motions, for example, whereas I think you can picture very
clearly that if you were in the Queen Mary these motions would
be averaged out and it would be much smoother. This effect
very definitely -- it's an aﬁalogy, but this.effect very
definitely occurs in large buildings and, quite trankly, in
a very heavy structure of the type we are dealing with here,
one would see this effect. And incidentaily, that pertains
to some of those reduced lines on this sheet that I used
earlier, but I won't go into that further.

The other observation I would make is that -- and
this is perhaps a more general one from an engineering design
point of view -- just how important are vertical motions. Surdg
they are important and we consider them in our design always

in recent design, especially for critical facilities such as

nuclear reactors. They can of course lead to upper level
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excitations of flexible floors and lead to increases in accel-
eration response of equipment at these levels if you have
flexible floors, which we don't in this particular facility.
And this is taking into account a normal design through what
is called floor response spectra.

But for the most part, in the case of a very strong
massive rigid structure of the type we are dealing with here
the effect upon the stresses in the concrete, for example,
would be very, very small if these are calculated. The
bigoest effect would be perhaps upon ¢ ‘uipment, if it were
mounted or tied to one of the walls through which this vertical
excitation were excited. But we don't have-any situations
that we can perceive where this particular type of response
problem would arise.

The point I want to make here is it has been examineq,
it has been considered, and we just don't see a problem in
this particular case. That is the end of my answer, Mr.
Swanson.

BY MR. SWANSON:

Q Fine. I was just wondering if either of you could
comment on your experiences with structures that have in fact
experienced peak accelerations higher than those to which
structures have been designed and comment qgenerally on the

effects of these accelerations.

A (Witness Martore) Very briefly, because a substantiTl
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portion of this is in our testimony, our SER, and in response
to interrocatories; however, as 2arthquake engineers, we have

identified a number of cases where structures seem to exhibit

an additional capacity above those to which they were designed.

Just to cite a few cases, one has to do with the El Centro
steam plant that withstood the Imperial “alley 1979 event.
The E1 Centro steam plant was designed approximately to .2 G
in an equivalent static fashion. Based on analyses that we
have made and records of data near the plant, it appears that
it actually saw something two to three times higher than that,
on the order of .5 or .6 G.

There are additional cases of steam plants and fossil
fuel plants and refineries that againlhave been typically
designed at the same time, of the same vintage or built at
the same time that the GETR was built, in the 1%50's, designed
to .2 G in a static fashion, which is certainly less rigorous
than the dynamic analysis that we use now, which underwent
higher accelerations during the Managua event, San Fernando,
Alaska, Kern County and Long Beach. All I am trying to point
out is that there are studies and there are indications that
structures can withstand higher peak ~ccelerations than to
which the equivalent spectral acceleration that they were
designed to.

WITNESS HALL: I have nothing more to add to answer

that guestion.
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MR. SWANSON: I would then make the panel available
for examination by the parties and Board.

JUDGE GROSSMAN: Mr. Cady:

MR. CADY: According to the stipulation, Mr. Edgar
le:ds off on examining Staff witnesses. .

JUDGE GROSSMAN: Oh. Mr. Edgar? 1I'm sorry.

MR. EDGAR: All of my questions have been discussed.

JUDGE GROSSMAN: Mr. Cady?

CROSS EXAMINATION

BY MR. CADY:

Q Gentlemen, my name is Glenn Cady. I am an attorney
for the Intervenors Friends of the Ezrth and other consoli iated
partfes. I don't expect I am going to take very much time and‘
so hopefully, Dr. Hall,‘we won't have to call you back tomorrow,
with the understanding that the Board gay have more questions
than I want to pose to you. I am a little bit unclear. First
of all, let me refer you to page 2 of your submitted testimony.

A (Witness Hall) Okay. Proceed.

Q I refer you to your answer to Question No. 4 and
specifically I am interested in that one phrase that says
"and recognizing the lack of correlation of dama_ e to struc-
tures and equipment in relation to peak acceleration, in the
light of our judgment and experience, Dr. Nowmark and I
recommend the use of the criteria described below". Could

you please clarify what sort of lack of correlation of damage
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to structures and equipment there is in relation to peak accel-
eration?

A Well, first Mr. Martore just gave a description of
two or three facilities where sudh an observation has been
made recently where we have information around the facility
ir terms of measurements, which is unusual in earthgquakes.

In other cas?s, it is a matter of judgment on behalf of myself
and my past colleagve, Dr. Newmark, over the years from what
we have seen and read in the literature and so forth. I car't
heip but emphasize, although you may not perceive this to be
related, but our experience over the years in the same types
of equipment that are in hardened facilities for military
structures and which have been ested extensively, we make
precisely the same observation from what we can see in this
sense.

So it is based in part on judgmental assessment and
years of experience.

Q Okay. Thank you.

A (Witness Martore) Excuse me. If it would be helpful

I c»~ state more specifically than --

Q Please do. Please do.
A -=- than my previous response.
Q Even though I am directing questions specifically

to Dr. Hall, if you want to ad anything, please feel free to

do so.
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A I stated in general terms the number of structures
that underwent earthquakes. I shouid probably do that more
specifically. I will only name a few. First was the El Centrﬂ
steam plant, designed to approximately .2 G, saw =-- underwent
something on the order of .5 or .6 G. In Managua the Esso
refinery was designed to .2 G, UBC; it withstood approximately
.39 G, That was in the 1972 earthquake in Managua. In the
Alaska earthgquake a fossil fuel power station, 50 megawatt
station built in 1957, was designed to .1 G UBC, which is
static. It withstood the magnitude 8.4 earthquake in Alaska
in 1964.

And finally, in the Kern County earthquake of 1952,
the Kern County -- the Kern Steam Station designed to .1 G
spectra, which was not exactly the Reg Guide spectra that'wg ’
used, but again, it was used as a dynamic analysis, .i s 1%
withstood .25 G.

Q Thank you. Or all of these facilities I am assuming
that there were extensive amounts of piping in a steam facility
and an oil refinery. During these events did these pipes
suffer any form of damage? And if so, to what extent?

A The reports that have been written and that we
reviewed indicate that the piping damage was I am tempted to
say surprisingly minor. T think the word "minor" or "insignif+

icant"” can be used in terms of the fact that many of these

were back operating within Irom ten hours to ten days. S5O




e ® N9 W e W N -

~ - R e e s e e e e e
-gouqouaun—e

" 8 8 B

1732

there was not substantial damage to the piping.

2 Do you happen to recall what type of damage these
pipes did suffer through your reading?

A I do recall -- I would just caution that piping is
not the major concern in the case of the GETR and I would
prefer not to focus on that; however, the types of piping
damage that was seen .n a number of these cases was either
in some cases deformations, cracks, I believe -- and this is

from memory.

Q What exactly is a deformation? How would you descriqe

a deformation ot a pipe?

A A deformation I would define as movement into the
inelas ic range.

Q Which is? To the point of breaking? To the point
of bending, twisting? Could you be a little more specific,
please? I'm not trying to harras< you or anything, I just
need to have a more clex. understanding for later questions.

A It could be breaks, leaks, or bends in the pipes

that would show up upon visual examination.
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BY MR. CADY:

0 Any cther forms of damage to the piping systems that
you can recall, or that you have experienced in your reviews?

A (Witness Martore) I am trying to recall. I think
there may have bee~ restraints or bolts that may have been
pulled cut. In some cases they were caused by the carthquake,
or thought to have been caused by the vibratory motion. In
other cases, it may have been another cause, for example,
a tank, or something falling on to them. I can't be specific
on each of these cases.

n Okay, fine, thaink you.

Dr. Hall, on Page 3 of your testimony, the last

sentence in the second puragraph, where -- or the first

full paragraph, where it states: "We noted that we did not
expect fault motion of significance to be transferrec to
the site from activity on the Calaveras Fault.”

Now, does that mean that you do not expect any
ground motion from the Calaveras Fault to be tsansferred to
the site in any way?

A (Witness Hall) I find it difficult to answer your
question. When you say "ground motion," that can refer to
very small motions on the order of milimeters, in connection
with acceleration, and things like this.

Q Okay, let me please clarify:

Assuming that there was a 7.0 to 7.5 event on the
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Calaveras Fault that did result in surface displacement, I

just want to clarify tnis sentence, what you meant by "you
do not expect fault motion."

Are you stating here that an event on the
Calaveras Fault, that you dc not expect that event to be of

significance in transferring--

A Yes, I understand your question.
Q Okay.
A My statement here refers to the fact -- in the sense

of "significant," which is the key word, that it would be
something -- I would expect it to be considerably smaller
than the one meter that we would associate with the Verona
Fault, were to it occur, as our design perameter.

Q Ch, right. And even if there was a one meter
displacement on the Verona, that did not directly go beneath
the GETR facility, it still would cause vibratory ground
motion, is that correct?

A I am not sure I follow the question. Do you mean ==
You are alluding to the fact that the one meter -- The
Calaveras fractures, and over on the Verora you have a meter
somewhere of slip, is that what we have?

Q Right.

ke Would that -- If that occurred, there wuuld have
been some ground motions associated with that slip, I am

sure.
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Qe Kight, and so what you aie stating here in this

particular sentence is that if there was faulting on the
Calaveras, it would have no effect whatsoever on your design
criteria--

A That is not what I intend to convey, at all.

What I intended to convey here was the fact that if
the Calaveras Fault had an un~xpectedly larger earthquake of
the type we have characterized, I would not expect to see
several meters of displacement, for example, on the Verona
Fault associated with it. It would be something small, if
anything at all.

Q Okay, fine, thank you. You have clarified it for

Can I refor you now to Page 4 of your testimony?
A Page 47 |
2 Page 4, yes.

And let me read a couple of se tences. The first
one is in the first full paragraph and it states: "Actually,
extremely high accelerations can occur on a localized basis
with no damage -0 structures or equipment."”

And then the very last sentence in that paragraph
it says: “"Accordingly, earthquake excitation with a few
high-frequency acceleration peaks, characterized for design
and analysis purposes py Reg. Guide 1.60 spectra would not be

expected to produce significant damage.”
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earthquake engineer; I am an attorney, and if you can help me
out with my questions, to help me phrase them in a way that
you can understand it, I would really appreciate it.

A Yes, sure.

Q What I am trying to get at is that with these high
accelerations that occur on the localized basis, upon what do
you justify your discounting of these high accelerations, when
they are in a close vicini* to a structure?

Is that clear?

A Well, I have to go back -- I will try to give a very

brief answer, but a simple one, if I can, to explain this:

First of all, the intent here was to convey the
point that some high accelerations of high frequency, first of
all, would not be expected to lead to -- have an energy céntont
and lead to damage, precisely in connection with th> concept
I tried to demonstrate on the figures that we put out here,
if it occurs on that site. And I think our research is showing
that, as well as observations. And that was the point of it.

It is something that does not contain a lot of
energy, and incidentally, it is not highliy repetitive, in
the sense where we are finding that the energy content and
the repetiveness, which leads to amplification and
resonance.

You see?
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And incidentally, this was one of the reasons --

while I am talking about this -~ that the verical accelerations
perhaps have such a small influence. First of all, they are
very high frequency, and in many cases, they are not, as

far as we can tell from studying the make-up and characteri-
zation of the excitation, they don't have a lot of energy
content, and they don't have a lot of repetiveness to them.

Do you see what I am getting at?

That. is just a site observation.

The other point that I would make with this, and
then you can go ahead ask some more, if you want to, is
another aspect, in the se .2 that these high-frequency
motions are in some way filtered by these largo,masoivg
buildings, and this is part of the observations that we have
made before, too.

I think I will stop there, for a second.

Q Okay, you mentioned the concept of the energy
being contained within the frequencies. Is that--

A Well, it depends on whether you are working with
accelerations, or velocities, or displacements, what type of
ground motions you are working with, but you can calcualte
the energy content in several ways. You can make a calculatiak,
if vou want to. Energy is a hard thing, thouga, you can't
see it.

Q Right, okay.
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A Let me make another point., There is another noint

that I was thinking:

In our observations -- Incidentally, over years --
that had to do with transient motions. In this case, I aa
going to refer to blast-type motions, as go with military
work; they are not as unrelated -- I keep referring back to
this occasion. They are not as unrelated as you may think.

One of the things that we have observed, in the
early -- late 40's and early 50's, for example, and it is
documented in all kinds of literature, is that for very short
period, high-frequency, blast-type motions, of an impulsive
nature, and this is the term we would use: "of an impulsive
nature,” really, the equivalent static resistance one has to
proviue to resist this type of motion is really very small.
You see, it is the reverse of the situation; you don't have to
have much resistance to ithstand these very high motions.

As you get to somewhat longer period motions -- and
I don't want to mislead you, because some of the motions that
we allude to here in some the testimony, like the Milenia
Ranch motion, and so on, are not exactly very, very high
frequency -- they become -- their periods are a little bit
longer, but this brings you up to a situation where you are
essentially approaching static considerations. You are
really getting to -- it is a very complicated, theoretical

situation, but you are getting to a situation where the
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frequency content of the loading, and the frequency of the

responding system get to be closer together, and if you don't
have repetitive motions which can lead tc resonance, you are
kind of getting to an equivalent static situation.

What I am trying to really say, is I think we are
rsdiscovering the wheel, in some of the research that we are
doing. That is the end of my answer.

2 Okay, thank you.

K In static cases, there is no amplification.

Q Mr., Martore, do you have anything that you would
like to add?

A No, he was commenting that in the static case there
is no amplification. It just doesn't exist.

Q Are you aware of any situation where the amount of

energy that is transferred through these near peak field

observations -- I am trying to get at where you have a situatibn

where you have the GETR and three kilometers away there is

a Calaveras earthquake, and we heard cestimony throughout
these proceedings that there are certain instances where you
have instrumental readings that appear to be exceedingly
high, the Imperial Valley, the 1.74 vertical acceleration,
and in your presentation here today, you have said that there
are occasions where you do have these high frequency

observations.

what I want to know is: 1Is that -- In all cases a}
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are there high frequency observations between earlier --

Ckay, from the epicenter, going in the direction of the GETR,
would that be an expected occurrence to have high frequency
observations, or could you explaia it?

A I think I see the nature of your question, and I can
answer it very simply:

Calaveras is within, what, three kilometers?

Q Approximately.

A My answer would be that that is near field. There
sould be some high frequency excitations, but not
necessarily.

An earthquake record is characterized by many spikes
of high frequency, of course, so in that particular sense
that this is a ncar-iiola situation, you would expect a toco:ﬂ
that has high-frequency excitation. Whether it has one great
big bump of high frequency, it may or may not, from the
observations we have made of many records. It is not ar
assurance that it will.

Q Is there a possibility that these high-frequency
observations could contain sufficient energy to damage the
structure?

A Oon the basis of our observations, to date, very
unlikely.

Q which observations are those? Are those--

kY Pacoima, lmperial Valley. We don't have too many
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with high spikes.

Qe All right, getting to the graph that you have drawn
here on the easel, which is Staff Exhibit No. 8, I just
have one question--

MR. SWANSON: Let us have a clarification.

Staff Exhibit No. 8 would be the diagram you passed out.

MR. CADY: Oh, right, I realize that. But that is
a fa'rly representative diagram of Staff Exhibit No. 8.

BY MR. CADY:

Q I just have one gquestion pertaining to that:

Is the straight line that you have referred to, did
that come before or after the Paccima Dam experience, or was
that line drawn to conform with the Pacoima Dam observeticn?

A Two parts to the answer, which are very short:

Pirst of all, that is not exactly a representative
situation. I would call the Pacoima Dam record a very
unusual record, first of all. Secondly, the shape of the
smoother response spectra there was based on a statistical
study, as I said, in the timeframe of 1972 to 1976. There
2re two s'_.%ies, actually, by us, and one by the Boone
Company, that led to those particular lines, but we had
ar-ived at that particular formulation in almost exactly
those same lines, many years ago, by ~urve fitting of tha
data. We didn't have as much data. until San Fernando came

along. And if you will look at Dr. Newmark's and my 1968
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paper in the Fourth World Conference on Earthquake Engineering

in Santiago, Chile, in 1968, you will find that smooth line
drawing there, almost identical to that particular one, three
years before San Fernando.

Q When was the Pacoima Dam--

A 1971.

The answer is: The smooth line is based on a
statistical study of -- Again, I don't know -- some 21
earthquakes, dating back to 1932, and 54 records, or something
like this, several studies like this, by several firms, and
it is a representation of many earthquaes, not Pacoima. I
mean -- Pacoima was just one small bit of the data that led
into that particular -- part of-that particular data base.

I am really trying to be helpful--

Q Right, I was getting into what came first, the
chicken or the egg, analogy, and if the data was -- If the
straight line, the smooth linc, was drawn to conform with the
Pacoima experierce--

A Another thing that I should point out here.

Q Please.

A The smooth line -- There are a whole lot of smooth
lines. That is one representation of one spectra.

Incidentally, I should point out for the record, and
I neglected to do this for the Board, and so on: That

particular smooth line that is shcwn on this -- What do you
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call it? Figure A? Exhibit 8?

Q Exhibit No. 8.

A It is a mean plus -- it corresponds to a mean plus
one sigma response spectrum. In other words, it is an 84
percentile estimation, or 16 percent excudence. We can araw
them also for 50 percentile, and sc forth, bat I just point
that out.

I am still trying to get an answer for you. The

v

Pacoima -- The San Fernando data, which there was a lot of it
A small part of that data, along with a lot of other data were
used in the statistical studies -- I am going to restate my
answer -- to arrive at some best estimates of these types of
straight lines that you have got here.

The Pacoima Dam record was one of the records, it
turns out, that was in that particular set. This p;rticular
comparison was not made at that time. This particular
comparison, incidentally, was made specifically for the
purpose of the Diablo Canyon hearing, because thare was so
much discussion about Pacoima Dam versus the Diablo Canyon
case. That is how that r~ame to be. But I want to emphasize
again that the shape of the spectra, and esseatially the same

amplificatiors, and the same bounds, and so on, can De found

in alother paper, of which I can give you a copy, if you
would like =-- I have it here with me -~ presented -- publisheJ

by us, thre= years before Pacoima Dam ever occured.
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Q I would like to look at that paper, but if you

could supply a ceopy of it to Mr. Swanson--

A As I leave today, I will give you my copy that I
have.

2 Thank you.

Is there a possibility tha% the repetitive motion
which possesses a strong energy content that initially begins
from the epicenter could have enough energy to damage the
GETR?

A Well, let us see. There is always a possibility.
I m‘;n you are asking a gquestion -- Really the question you
are asking is: Instead of a design basis of a magnitude of
7.5, could it be an 8,5, or something like this? A very
remote possibility, but there is always a possibility. It
is much more likely that it will be a smaller earthquake,
as we heard today, in terms of maqnitude;

Q But I am just asking, with your experience in the
study of earthquakes and earthquake engineering, that are
there data sets available that show that close to the
epicenter of the earthquake that there is sufficient energy
in which to cause damage to a structure, whether or not it be
the GETR, or--

A The answer would have to be that if the

characteristics of a certain large earthquake were such, it

could cause it. But the point I would make to you, as part oﬂ
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the answer would be: You realize that we have a very

conservative selection of magnitude. Ve have & very
conservative selection of the ground motions. I have tried
to point this out. We have a very conservative choice of the
response spectrum. YOu vealize all three of these hava been
chosen at high lievels, nigh percentile levels, and these are
all compounded one upon another.

So quite frankly, I must say that I would expect
the likelihood of representation of energy *o do the damage
that you are discussin as represented by a spectrum that we
have chosen here, t. be a pretty remote possibility. I think
this is pretty -- very large, in that sense, is whzt I am
trying to get across.

WITNESS MARTORE: Let me just add one thing to that:

The procedure that is used to determine sffective
acceleration considers that likelihcod of energy which could
be of significance, or should be considered in the design
criteria. 3o that if the likelihond of energy content
occurring at certain frequencies, or at certain peak lavel --
at certain levels of acceleration, if that appeared likely,

it would have been factored into the effective acceleration,

and thus the effective accelerations levels, for design purposes,

would reflect that.
So I think the point that we are trying to make is

that while there is a likelihood -- Well, the point I am
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tryaing to make ‘s that is considered in the process.

MR. CADY: Okay, thank you.

WITNESS HALL: Yes, I agree; [ concur.

BY MR. CADY:

Q Again, on Page 5 of your testimony, towards the
center of the page, and I will gquote:

“On the other hand, the effective acceleration
would be a2xpected to be very close to the peak instrumental
acceleration, for locations at significant distances from
the source.”

what -- The first guest.on is: What do you
congider to be a significant distance?

A (Witness Hall) Somewhers between 30 and 50
kilomoﬁcrl, or 40 and 50 kilometers.

Q Wouid yon use the effective acceleration that is
obtained from the 30 to 50 kilometer readings to be used to
determinc¢ what the effective acceleration would be at a

point, say, within five to ten kilometers of the source?

A No, within five to ten kilometers, we would normally

come down from the peaks, as we have explained here. I
considered five to ten kilometers still t» be close-in, in
my parlance.

Q Fine, thank you.

/77
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2 Just two more questions -- actually it is one ques-
tion concerned with the two examples that you have given. In
your testimonv you made the reference to a demolition ball
striking a bu.lding. Would the amount of damage to that
building in the vicinity of the wrecking ball be of great

significance on the area where the ball struck?

i
|
{

A It could be. I guess, if you have watched a wreckiné

bal. wreck a building, if they try to destroy a rather massive

piece or concrete it takes a tremendous amount of beating at
the piece of concrete to destroy the piece of >oncrete. On
each blow the ball, if you look, you will see of course some
small amount of concrete that gets crushed. So in that sense
that is damage, of course.,

MR. CADY: Okay, fine. Thank yoﬁ. I have no
further questions.

EXAMINATION

BY JUDGE GROSSMAN:

Q Dr. Hall, a propos of our preliminary discussion with

regard to displacement, I notice on page 5 of your testimony
that you indica“e that you considered a fault motion of not
more than one meter.

A (Witness Hall) Right.

Q Do I understand correctly then that that is the
overall limitation with regard to your conclusions and that

is that you do not conclude anything further than what would
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happen witn regard to a maximum one meter displacement?

A I guess the answer to the question is yes. But
that's not quite right. Let Mr. Martore comment and then T
will comment again. I will answer scme more. Go ahead.

WITNESS MARTORE: Are vou saying that your under-
standing is that we didn't consider anything more than one
meter?

BY JUDGE GROSSMAN:

Q With regard to your conclusions, yes, that is my
question, whether vour conclusions would hold for anything
beyond one meter. I understand that the limitation here is as
to one meter. But if it isn't, I want to have that clarified
now.

A (Wiitness Martore) By.inference that is correct, yes.
We assume that one meter =-- the recommendation was that one
meter is the maximum possible, well, as the words indicate
here. And so we didn't require analyses beyond that.

Q Okay. That's a propos of what we were discussing
before you began the testimony as to where displacement comes
inte the picture. I think I understand it now. That's fine.

Now did that one meter movenent maximum that you
were talking about, did that have to occur directly underneath
the GETR or could that be anywhere in the near field?

A (Witness Hall) It could be either.

Q All right. Just to clarify that diagram, there was
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a question asked as to when _hat diagram -- I am referring to
that response spectrum that was in your exhibit, Staff's
Exhibit 8. I wasn't even sure that there was a Pacoima Dam
event. Was there an event?

A Yes, Your Honor. This is a plot -- it was the
San Fernando event and part of the San Fernando event. There
was a record on the crest of the abuttment, on the rock near
the abuttment on the Pacoima Dam. This is a calculation from
an actual record taken by an instrument located at that loca-
tion.

Q Okay. And from what else you have indicated in
response to Mr. Cady's questions then, you had, if T understand
correctly, the basic shape of the straight line response
spectrum before the event, but Lhat you then applied that
shape to a chart, but after the event occurred. Is that
basically the proper perspective?

A Let me elaborate for you and Mr. Cady a little more.
I see you need a little more detail, but let me be specific
about this. I'm going to have to go back in history and I will
make this very, very short. In the early years of designing
nuclear facilities the so-called Howsner spectrum was used
and it looks different than this -- it is a smooth curve --
it really came about in several ways, but we only had a few
records at that particular time from which response spectra

were calculated. These were estimated by overlay, again. I
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mean by "overlay" I hope you know what I mean in the sense of
drawing them on transparent sheets and overlaying them and
estimating what these were.

Subsequently, in about 1967, Dr. Newmark and I under-
took the same type of an exercise. We had a few more records
at that particular time. We arrived at the plot =-- just one
moment, please -- in this paper which I am going to give to
Mr. Cady in a minute. I am going to just show you here. Look
at the plot. This is from 1968. It has this snape is what
I am trying to convey to you.

It turned out that after we had a much larger body
of data and had don» the statistical studies that we found
that the amplified accelera;ion region in this case was almost
precisely what we had over here. In the velocity case bg were
at about the 70 percentile value and in the displacément case
perhaps a 60 percentile value. We said this in print before
so I just tell you. In other words, wnat I am trying to say
is we didn't do as good a job of estimating this part but we
did a very good job, almost by accident truly, in estimating
this particular part, which is really the significant part
normally. i

MR. SWANSON: Could you indicate verbally what

portions of the spectra you were referring to?

WITNESS HALL: We did a very good job of estimatirg

the acceleration controlled region, a fair job at estimating J
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the velocity control region, and a somewhat poorer, although
I must modestly admit not that poor a job in estimating the
displacement region in this particular paper written in 1967.
Incidentally, this was also presented in this form in Tokyo
in a conference by Dr. Newmark and at that time was actually
used by the NRC in the designs at that time.

BY JUDGE GROSSMAMN:

Q If I can indicate my understanding of what you are
stating, I believe Mr. Edgar was also going to clarify the
description. What I see on Staff's Exhibit 8, to which you
refer to and which you believe you did a very fine job of
estimating, it was a straight line that slopes down beginning
at about a frequency of 1-1/2 Hertz.

A (Witness Hall) Correct.

Q And the place where you thoughé you did not such a

fine job was below .2 Hertz, is that correct?

A That's correct, Your Honor.

Q And I forget exactly what you said was =-- pardon?

A In the middle region, is that what you are asking?
Q Yes. A fair job, was that it?

A A fair job. Yes, sir.

Q Okay. So it is a fair job on the horizontal line

between .2 Hertz and approximately 1-1/2 Hertz.
A Yes, sir.

Q Okay.
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JUDGE GROSSMAN: Mr. Edgar, was that what you wanted?

MR. EDGAR: Yes, sir.

BY JUDGE GROSSMAN:

Q Sir, you gave us some examples, Dr. Hall, of instrum-

ental readings on stations which exceeded the design spectrum
and indicated in general that there are examples where the
accelerations exceeded the response spectrum with regard to
certain events. Are you suggesting that we disregard your
response spectra or the NRC's response spectra in determining
what the design basis ought to be?

A (Witness Hall) No, sir, Your Honor. Really what
I really should say is the following: I must have given a
slightly wrong impression. When you gndertake a statistical
study of the type we did in this case to look at norizontal
response spectra and arrive at the smootn shape, you must
realize -- let's talk about the mean values for a minute
instead of talking about something higher than that or lower
than that. There obviously are spectra -- no two earthJjuakes
are alike. They all have different time histories and they
all leave a response spectra which are ‘ifferent. There are
no two alike. Some fall below, some have a shape that cuts
off -- can { use the board for a second? Would this be
helpful?

Q Yes, that's fine.

A In some casec you will find earthquakes that have
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response spectra that look like this; some of them you will
find that have something like exceeded in one small part over
here and so forth. What I am trying to get across is there is
great variation in the response spectra that come from the
time histories from earthquakes.

This smooth line is a best representation which is
easily usable in the analysis and design process. That's the
reason that we do it this way.

Q In other words, it is the best thing we have to work
with so that --

A We have two things to work with, Your Honor, without
getting too detailed. One is a response spectrum like this.
We can also deal with more cost and time and effort using the
time histories themselveé, if we wish. And we do in some cases.
If you do that, you £eed to use a number of them.

Q Okay. You gave examples of where accelerations
exceeded design bases in a number of buildings and events in
which -- and I believe Dr. Martore elaborated on the examples
in which there were .6 G values were the design basis called
for .2, et cetera. You do recall that, Dr. Martore?

A (Witness Martore) Yes, sir. One clarification. It
is Mr. Martore.

Q Mr. Martore. Okay. Were there instruments at the
foundations of those buildings that you referred to?

(Pause while the panel members confer.'
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A The reason for the delay is that we are checking each|
of them. In some cases there were instruments directly in the
building; in other cases, they were not too far from the
building, instruments not too far from the building.

Q And were you then talking about actual recordings
taken at the buildings of these G values?

A Again, I cited a number of cases. Some were actual
instrumental values; others were estimates.

Q Dr. Hall, you also gave a presentation with regard
to percentages of data points in which the vertical accelera-
tions were less than a certain percentage of the horizontal.

A (Witness Hall) Yes.

Q And I believe there were some figurgs that indicated
that in 86 percent there was the vertical accelerations were .

less than one half of the horizontal, figures on that order.

A For example -- yes, Your Honor. Go ahead.

Q Were those thrust fault events that you --

A Some of them were. Some.

Q It was my understanding that these were very old

figures, from 1932 to so.ewhere in the 1950's.

A No, they go from 1932 up to 1974, I think. I can
check the date. I've got it right here. I had this handy
with me so I did this while I was sitting listening. I can
tell you in a minute. It went up through -- well, it looks

like 19 -- the upper date is 1971 and the early date is 1940.
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Q I had understood from prior testimony that there

weren't any or there were only few thrust faulting events until

recent years in which there was data taken.

A I don't think there are many thrust faulting --
that's correct, but go ahead.

WITNESS MARTORE: We need to clarify a point. The
difference between an event and a recording. An event, we
typically use that word to mean that earthquake event as
defined by San Fernando or Imperial Valliey '79. Within that
one event there may be a number of recordings and we tried to
break that down. The numbers appear to be -- these, again,
are basically -- for San Fernando there were 18 different
recordings for that one event and 1¢ of the 18 were less than
-- the vertical was less than two-thirds of the horizontal.

PY JUDGE GROSSMAN:

Q Yes, but my question had to do with whether there
was any significant amount of thrust faulting within the
examples you gave and if there were, let's hear about it,
because it seems to be at variance with some testimony that
I had heard earlier which indicated that there was almost
no data before the 1970's with regard to thrust faulting
events.

A (Witness Martore) When you say thrust faulting,
Your Honor, do you mean surface offset or a thrust fault event]

Or an event from a thrust fault? I'm not sure what --
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Q Well, I'm talking about data from an event in wnich
there was thrust faulting rather than just strike slip movement

A (Witness Hall) Well, in a tabulation which I just
happen to have here by Dr. Johnson that we used in the liquid
natural gas studies, he has tried tc identify the events or
earthquakes, as we are talking about here, with regard to
whether they are thrust faulting or otherwise. As you look
down through it there aren't many, you are correct, there
aren't many. So far as I can tell by cross checking quickly
the data I have in front of me here versus what we used to
make this statistical summary, I think it is fair to say that
the only data I can identify readily that is of a thrust natursg
in the numbers we gave you is the San qunaﬁdo data whicn
comprises -- he says 18 of the records here. I didn't count
them.

Q So actually until the 1971 San Fernando event you
really can't pinpoint any of those events in which you have
data as involving thrust faulting.

A This is somebody else's data and I aiways hesitate
to use something of somebody else's, but just let me take a
moment. This is, again, Dr. Johnson's data. As I look down
through his tabulation =-- and he tried to gain from various
people as much as he could -- I see a reverse question mark,

which would be a reverse thrust fault, question mark, at

Santa Barbara in 1941 which is not in our data here. The

-
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vertical, if you are interes*ed, in terms of the peak value --
it's a question mark, admittedly -- was .07, whereas the peak
horizontal was .24. So that is roughly 30 percent.

Q I don't want to =--

A NO ’ I ey

Q I don't want to get involved in someone else's data.

A No.

2 You just indicated that that is not part of your
data set.

A That's not part of my data set. But the point I am

making is that there are smaller earthquakes, as far as we can
identify them, in which these ratios are not 1 or in excess of
1. They are also smaller. Tﬁat's the point I'm making. Okay.

/17
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BY JUDGE GROSSMAN:

Q I am not gquite clear as to whose work it was, in
which you relied upon the particular G values in your study.
Was that your work, or was that based on also input

from the geologists and other seismologists involved in this

proceeding?

A You mean to arrive at the effective acceleration
values?

Q Yes.

A The three or four data summaries that I referred to,

and the statistical analyses of these were done by others, ver|
clearly, but I named the people who had done this:

Neville Donovan, in two cases, Tera Corporation, in one case,
Dr. Johnson, in anéther case, with regard to the data bases
themselves.

Those are the four cases I cited. There are --
thosc are the major studies, frankly, that have been done to
date, on large bodies of data.

Q I am just trying to get the methodology used.

So, in other words, from the input of those people, |
which resulted in a certain acceleration -- or certain
acceleration values, yon then used those acceleration values--

A Plus our judgment.
Q --plus your judgment, and arrived at your

conclusions.




e

10
11
12
13
14
15
16
17
18
19
20
21
22

-

1759
A Yes, Your lionor.

Q Jkay.
JUDGE GROSSMAN: Judge Ferguson?
BY JUDGE FERGUSON:
Q Dr. Hall, I would 'ike to repeat a statement that
Mr. Martore made, and ask you whether or not you will agree
with the statement.
A Okay, go ahead.
Q He said structures can stand higher accelerations
than they are designed for.
Do you agree with that statement?
A In general that is true, sir.
Q Let us then focus on vertical accelerations.

A Fine.

Q You were speaking earlier about vertical accolctaiio E
and you related those vertical accelerations to what might be
expected to occur at the GETR site, and T ¢hink you made a
summary statement that: "We don't see a problem, in this
particular case."

Is that a correct statement of what you said?

A That is what I said, sir. VYes, sir, that is what
I said.

Q What did you mean by that?

A well, first of all, we have a heavy structure, so I

would expect some filtersing -- If high frequency, high verticﬂl
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accelerations were to be imparted to the base -- Now, I really

have to qualify that, because there is some cell structure
interaction that takes place. These are some terms that we
haven't used before, but you have an item burried in the soil
some 20 feet, there is some i-teraction between the soil and
the structure. This iuterface leads to some filtering rignht
at the interface, in terms of the excitations in tbh2 building.

The building -- the heavy concre:e core, in this
case, which contains the important parts of the reactor
system, is a massive concrete structure. These accelerations,
in themselves, just would not lead -- in the sense of a forced
concept, if you were to interpret it that way, don't lead to
stresses or strains that are of really great engineering
significance. That is the point in the sense of the'strﬁctuxe
itself. |

Q When you said a "high acceleration,” I am only
talking about vertical accelerations at the moment--

A It could be on the order of -- Our recommendations
were two-thirds of what you see here, so we are talking
about -- What is 60 percent of -~ Yes, I guess it would be
half a G, in the high frequency range.

¢ So you are speaking about a vertical acceleration
of about .5 G, is that right?

A Yes, and in certain frequency ranges, it is higher

than that, because it is amplified.
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Q what would you feel the highest acceleration

value -- veartical -- excuse me, vertical acceleration value
for the lowest frequency that would occur at that site would
be?

Is my question clear?

A Oh, wow, let us see.

Q What I am trving to get at -- to be very candid,
Dr. Hall, if I can direct your actention to this question is
that I hink you have made it clear that we are really
concerned about the low freqrencies, rather than the high
frequencies, when we talk abcut damage, is that correct?

A Lower frequencies. Frequencies in the medium range
of frequency, right.

Qe And my qguestion really is: In that range of
frequencies, what values are you speaking about when you
speik about “high accelerations”?

A From the standpoint of the criteria that we would
vse for purposes of checking, with regard to the structure
itself, the¢ base of the structure, and so on, i would be
two-thirds of what is shown here in the stright-line plot, and

the amplified part, it wo—ld be about one-and-a-third G's.

Q About one-and-a-third G's vertical acceleration.
A Correct.
Q Now, let me ask you to assume that there is in fact

a one-and-a-third G vertic-l acceleration at the base of the
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building.

Are you knowledgeable enough about that area of the
building to determine what you would expect the transmission
of that value, through the base, to the inner parts of the
structure? I am really asking you, if you can, to give me
some es-imate of what the acceleration irside of the building
would be, if there were the values you just quoted on the
outside.

A Let us confer here for a minute. You are taxing
my capacities here.

(The witnesses confer.)

WITNESS HALL: In all honesty, I don't have those
numbers at my fingertips. I would expect that the G.E. people
conld address this problem, in terms of the analyses that
have been made, sir.

BY JUDGE FERGUSON:

Q But you would not kinow, at this time?

A I dc not -- I hate to speculate what the numoers
are, when I really don't know what they are.

Q Well, I don’'+ want you to speculate. I just want--

A No, I don't know. We went thrcugh a review of the
analyses that were conducted, bnt this was a year ago, more
than a year ago, and I do not have them in my mind at the
moment .

Q Mr. Martore?
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A (Witness Martore) I would like to clarify - .

points, and perhaps it is not recessary, but just for the

record: One, is we -- those numbers are calculated, it is

just that they are not before us here. So it is not a qucotioh

o{ anyone having to speculate what the amplified accelerations
would be through the structure. They are in the various report
that are submitted on the docket.
Secondly, when we are speaking of 1.3 G's, that
would be, again, the amplified vertical acceleration, at a
specific frequency, as specified in our design criteria, not
the level of acceleration that we would anchor the regulatory
guide 1.60 spectra to.
Q Okay. Now, you will be with us, hopefully, next
week, is that right?
A Yes, sir.
(A drinking glass falls tc the floor.)
WITNESS HALL: You see, thai. high acceleration
didn't even break that glass.
* TNESS MARTORE: Yes, sir, I will be her~ next
week, and available.
BY JUDGE FERGUSON:
Q I wonder if you would be gond enough to review that,
and perhaps the question may come up again.
A (Witness Martore) Yes, sir, I will.

Q What I am trying to get, Dr. Hall, before you leave,

LS
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is as much as we can on this particular point.

A (Witness Hall) Yes, I appreciate that.

Q You did give several examples of aow massive
structures can dampen out oscillations. You spoke about a
ship on a sea. That assumes a certain coupling, if you will,
between the ocean and the ship, is that correct?

A It certainly is.

Qe Do you think that would be appropriate in the case
of this structure of the GETR resting on the soil it is
resting on.

A Jo, I mean that is a kind of crude analogy used,
because we certainly don't have the GLTR plant floating in
a pool of water. Sc this is not the situation that we have.
Bat the subject of s~il-structure interaction, which is
really germane to your question, which is the situation of
a structure resting on, resting in soil medium--

Q Well, that is just my point, that is what I am
focusing on, the soil-structure interaction.

A Yes, exactly. That is a subject that has received
extensive research investigatior., over the last ten or 15
years. There are varicus techniques for making calculations
of what this coupling is that you are referring to, and the
interaction, and the motions that take place, which

incideutally are not only translational motions, in the sense

of horizontally or vertically, but we also have rocking and
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and ocher motions. All of the procedures lead tc estimates --

What I am trying to get across is that they lead to estimates
of what these motions may be. None of them really accurately
reflect the motions come into the structures, and it takes
quite a bit of judgment to inter) vet these. But soil-structurT
interaction effects were taken into account in the analysis
in this particular plant, quite frankly.

Q Did you participate in any of that analyeis?

A I participated in the review of some of these
analyses, Your Honor,.

43 I see.

Dr. Hall, we have heard testimony in the nast few
days that an earthquake of perhaps 6 to 6.5 may occur at this
particular site.

Are you familiar with the type of ground
accelerations that might be expected from that earthquake at
the site?

A We made estimates of them. That is reported in our r-
Well, one example of these types of estimates is reported in
our September letter, and we used other data to draw our
judgment.

Q Yes, I think we are “amiliar with that.

Based on -- My gquestion is: Based on the analysis
that vou have done at thl.s particular sight, and this was sort

of a conclusionary question, do you feel that anything has
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been overlooked that should be considered, so far as 6

acceleration, ground acceleration is concerned, for an
earthquake of the magnitude that we have considered?

A Tc the best of my knowledge, on the basis of the
information we have available to date, and the experience that
Dr. Newmark and I have had over the years, my answer would be (
I don't -- I cannot conceive of anything that has been
overlooked.

V! And you do feel that if an earthquake of
magnitude 6.5 did occur, there would be no damage to the !
structure, based on ground accelerations, is that corsrect?

A That is correct.

JUDGE FERGUSON: I have nothing further, Mr.
Chairman.

JUDGE GROSSMAN: Mr. Swanson?

WITNESS HALL: Well, wait a minute, I should -~
Well, why don't I let you make a commant.

WITNESS MARTORE: Again, Jor clarification, in
our safety evaluation reports, and in our testimony, we did
indicate that there may be some ainor localized damage --
By that, we mean -- I am trying to think of something
localized -- The point is that the criteria that all cf the
safety-related structures, components, and equipment must

function; we are assured of that. Localized damage that is

not of significance to the safety of zafe shutdown, and

e
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continued safe shutdown may occur, and that is the only

reason for the clarification.

WITNESS HALL: Let me amplify my answer to your
question, which is a good one, and I will amplify it in the
sense ~f what the Chairman asked a while ago, that had to do
with the shaking and the fault motion, in the sense that we
consider both of these, which -- I am kind of broadening
your question.

If the faulting, for e: ample, were to occur
concurrently with the shaking, underneath the reactor, as the
Chairman postulated, there is definitely a possibility of
having some local yielding, for example, in the foundation
slab. But this would not be of -- I guess you would call it -
I would have to say that is damage, yes. It is damage to the
structure, but it is not damage of the sort that would lead
to impairment, in my estimation, of the functional capability
of the system. There is a distinction I am trying to get
across here.

JUDGE FERGUSON: Thank you for the clarification.

JUDGE GROSSMAN: Mr., Swanson?

MR. SWANSON: No, I have no redirect.

JUDGE SROSSMAN: Mr. Edgar?

MR. EDGAR: I have nothing more.

JUDGE GROSSMAN: Mr. Cady?

MR. GCADY: No, sir.
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MR. SWANSON: Maybe before the panel is excused,

though, I should take the opportunity now to offer into

evidence -- since there was substantial reference to it --
Pacoima Dam Respon‘ 2 Vector, which was marked as Staff's 5
Exhibit No. 8, and this was not on our previously identified ;
list, but I would offer it into evidence now, as Staff's

Exhibit No. 8.
JUDGE GROSSMAN: Admitted.
(The document referred to, having
been previously marked for ident-
ification as Staff's Exhibit

No. 8, was received into evidencel)

JUDGE GROSSMAN: I would like to thank Dr. Hall for‘
appearing here, and cxcule.him.from further questioning, i
unless something comes up, of course.

WITNESS HALL: Thank you.

(The witness was excused.)

JUDGE GROSSMAN: And Mr. Martore, we won't thank you
yet, because you will be back, but...
' MR. SWANSON: Mr. Chairman, maybe a housekeeping item
before I let it go: I would like to offer some of the other
Staff items that have been marked for identification.

I indicated previously off the record that I think

the best representation of the blow-ups of G.E. Pigure B~-1,

of their Exhibit No. 2, is the version that has the complete
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notations on them, and therefore, I would offer Staff's

Exhibit No. 7, which is the blow-up of Staff Exhibit No. 4,
but with the completed notation.

I would also offer Staff's Exhibits Nos. 5(a) and
(b). Those are the photographs of the trench at T-1, and
Staff Exhibit No. 6, which will be the colored Plates 1
through 11 that were identified, I believe, yesterday, the
colored versions of Figure 13, of Appendix B, of our own
Exhibit No. 1(b), and we do not have sufficient copies of all
those documents, at this time, but I would offer that the
Board admit them into evidence, and we shall have to provide -
and ask that the record be held open, at least for these
items, and I will provide %he record copies to the Board.

JUQGB GROSSMAN: Mr. Edgar?

M EDGAR: No objection.

JUDGE GROSSMAN: Mr. Cady?

MR. CADY: No objection.

MR. EDGAR: And I assume we will get copies, too.

MR. SWANSON: Yes, I meant for the Board, the
parties, and the reporter.

JUDGE GROSSMAN: Admitted.
/77
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(The documents referred to, havin

been previously marked for ident-
ification as Staff's Exhibits
Nos. 5(a)-(b), 6, and 7, were
received into evidence.)
JUDGE GROSSMAN: We will adjourn until 9:00 on
Monday.
(Whereupon, at 5:33 p.m., the hearing in the
above-entitled matter was adjourned, to reconvene at 9:00 a.m.
on Monday, June 8, 1981, in the same place.)

-o0o~

|




-3

-
e

- -
-.3".

o
Sy - - - - - - - - . 1 -
-] “3@0 0@ 38T aznaz sUSCeeC TS Telsre tne

US NUCLEAR REGULATORY COMMISSION

in

- -
-9

.

Rascer

-
-

GENERAL ELECTRIC COMPANY (VALLECITOS NUCLEAR CENTER)

.
-

Friday, 5 June 1981

- -~ . N
ate 27 ?rs3ceecing:

o

Decket lNumber: 50-70 sC

ara‘'»n - - - - - - .- - . . - - -~ - . . e - -

S. T e deeat s' ng e Em - vicad - «-s® 8 .g-..i- - Siew: ew «
- . -~ -

a - . - - - - - —— . -

- tond - . s @ kuuu-S-'--v

ok B I k § - { .
Cificial Repcrcer

Official RepoOrter j



