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in;the matter of:

°ACIFIC GAS & EL&CTRLC COHPAJY Docket.Nos.'50r275_

50-323

’
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_Cavalier Room,
SR C San Luils Bay Ian,
e ‘ Avila Beach, cglifornva.

-Puasday, Janvaxy 9, 1S75.

Hearing in tha above—enﬁitled natter wvas

‘ reconvened, pursuant to adjournment, at 8:30 a.m.

BEFORE. H
| ELIZABETH BbWERS; Esq., Chairxman,
Atom;p‘Safety and Licensing Board.
. DR WILLIAM E. MARTIN, Member.
| .. GLENN O. BRIGHT, Hember.
| APPEARANCES: = .- ' ]

i

On behalf‘of Appl zcant, Pacific Gas & Eloctrzc Company:

BRUC& NORTON, Esq., 3216 No.’ Thzrd Stre tr
Phoenizx, Arlzona 85012.

MALCOLM H. FURBUSH, Esq., and PHILIP CRANME, Esq.,
Legal Department, Pacific Gas and Eleectric
Company, 77 Beale Street, San Francisco,

" california 94106.
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APPEARANCES: (Continued)

on. behalf of Joint Intezrvenors:

DAVID 'S, FLEISCHAKER,; Bsg.. Suita 602,
1925 15th stree'z:blc‘;n’ ‘anhmgtcn' D.C.

On behélf of the NRC Regulatory Staff: L

. JAMES R. TOURTELLOTTE, Esq., EUWSRD KETCHEN, Ssq..l

"7 ., ' and MARC.STAENBERG, Esg., Office OFf Executive
S Legal ‘Director, U. S. Nuclear Regudlatozy ~ .- <.uf -
s ( Commission, Washington, D. C.‘20553. R I
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PROCEEDINGS
MRS, BOWsSRS: We'd like to beyin.
Nqueuppn,
RICHARD B, 'HUBBI;RD
resuaed tné stand on behalf of the Applicants, aad, having
been previously duly svwora, was examined and testified
‘astllon; o : o | . o B
MRS, BOWERSS' ‘g-llr. Fleischakerx, ‘do Iﬂwuixderstand‘1
correctly Mr. Kristovich will not be here this woraing?
MR. FLEISCHAKER: That's corract,
MRS, BOWERS:- Well a% the close of business

yeséarday{ we had the position of tha parties on tne‘pre-’

_-pared testimony of Richard 8. Hubbard relating to Contentions.

% rom wro s

"5, 6 and 7, Seiswnic Re—-analysis of Structures, Systews and

Components. '
* " We vient through tilis document diring tne evening
bréak,land wﬁuld ;ow like to give you‘our ruling‘onwhnat we
taink is appropria?e to come into the rec;rd.

| Numher one, the introduction. There was no
posztion‘or the partias on that and there was no objection
by the parties on Number Two, the statement of coantentions.

Nuiber Three, and our opinion is sort of an

historical recitation of the issues, except on paye 7~4.
And in the middle of the paragraph that begins thare, thaera‘'s

a sentence:

wearl 3L A AR I mwer. (s eemiarieEr TS v -z ox s . 3 M ser







. 7,88'9.
i 1 . )
0 szB/agbz2 PRevision Three of rReygulatory uuide l1.29
O ) appears applicable;to Diapblo Canyon as the ilpla~
° mentation ;p;artion of the Guide states that ==®
O 4 And guoting part of the Guide. We feal th‘a.t's a .
° legal opinion and that sentence would be deleted.
* ° Now 3.2, the parties have raminded the Board tna'c
7 tnis really is based on a contentior tiat was "not aduitted
. ! for sevarai réa'sons, a couple of years or so-agt. And ve. .
° also think that, as talented and as qualz.f:.ed. as .r. Huobhaxd
10 "is in many areas, that he does not have the - tnat, in
u addition, ‘he does not have the axpertise to be Sponsoring the
12 testimony in that seétion,—so it?s out. |
») 12 , ) That's a:!_.so -true of 3.3, Use of Actual laterial
T Strengths, we feel there isn't an expertise to sponsor that
15 section. | . N
ie iWow, over in 3.4, we're daaling here with re-
17 qualif;!.cation.prograxn inadequate, but the focus has.been on
18 e.'{.eci:rical equipment, and so we think that's it's appropriate
- B Bl to have this section in except for terrea“sen:ts::nces.
20 The last sentence in #he second parayrapn is
21 where this witness has given the Board what we consider
??' "essentially legal instructions: "The Board should detexmine..|.®
Q 23. so and soO.
m 24 2nd then tne last two sentences.in tne last
~ 25 , parayraph, we feel this also is a leyal opinion and in paxd
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giving tie Board instructions. So those sentéaces would ve

deleted,

Now paragraph 3.5, Load Rosponsa Lomolnatzons
Jot .in Accord w1tn regulatory Guld° 1.92, we alsc think that

tne witness does not have tme ‘expertise to sponsor this,

except for one small part that we feel is more of an historical

I£ you®ll go to page 7=-10, the paragraph tnat

beéins: E

‘“At the request of the Staff, a study

waslperformed by the - -Applicant £o evaluate the
differencgs in the piping system.reaponsgs whan
the +%wo different analytical approécnes discussed
above. were used. The responses at sowe locations
on the §ystems ipcre%sadg at ‘other locations‘
decreasad. (See attachmment BQ® .

Now, wa'll talk 1ate; about Attachmeni 8, but we
feel it has been adequately identified, not only in the
footnote here, but in tne payge that listsctheﬂattacﬂmants.
that there has been sufficient foundatioa for it to be coa=
sidered.

But the next sentance: "Because of the sansi-
tivity of the results in the analysis method...® et catera,
that is out. We feal it's beyond the expertise, and it's

stating instructions really, legal instructions to tna Board.

nnnnn

. recitation. R | o | o
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3.6: “Desiyn in Excess of Yiaeld," the firat paxt
of it down to.the end of the quote, we feel is essaentially
reciting‘hisﬁéry and that wiii be left ia. But the last
paragraph, beginning witn: |

®The FSAR awendusnt does not include a

list of structures, systansSce.” at cet exa,

We Feel that that is not only beyond the expert;sage

L4

'but it's also really gzv;ng legal instructlons to tne Board,
You 1l notice the seatence that follows it is particularly
‘sharp in instructions to the Boaxrd.

Now, when it ccmaes to IV, Comclusions, we raally

various sections that have done before, but bacause of their
briefness, they really do not give enough 1nfbrmat;on, wa feal,
to ngexthe whole picturs and could bhe mzsleadiqg.

So we would deléte the Conclusions, whicn wa cali
ith% Summaxry, becausa we think the same inébrmation is covarad
eafliér;,‘mhera’s nothing néw“hare. But because of the rather
éhorthana éppréaéh to try to geﬁ the thing pulled togethexr
iL cne brief paragraph, we think the way it is preserted
is incomplete and could be misleading. '

Now, Attachment A, we agree with the Staff and
the .Applicant's suppoxrt that no foundation has bean laid

for this document, and it will not ba accepted.

- —
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had any information that’ would focus this on D-aolo. It was
.a general document.A

,told you when vwe began yaesterday, the Boaxrd wecoynizes: tue

,“order to obta;n witnesses to sponsor tnexr posi tzon. And wa
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Attachment B, tne parties Felt no foundation,'

but we feel, as ve said, that there is an adeqta.e descr;pt;on K

of the document of Attachment B in the listing of attachmeuts

as well asﬁthe footnote.

Nhen it ocmes +0 Attachineat C which is a memo

\

for EoG. Case from Hanauer, ve feel that thera s o foundat;ontv‘

Attaohment D, we- feel is not relevant. We hében‘t':(

Well that's #he posxtlon of the Bodzd. Now it

has not bheen. easy tO‘consxder th;s te°t1monv because, as I

dlfflculty that Intervenors have, the lack ofsxasouroes, 15»

of. the test;mony could cone in.

c . But’ wa -also recognize~our xaséonsibility thatiwor'
extremely talented in -many ways, does not have tna axpartise.
in the~bérticu1ar narrow fields that are covered by khe pro=
posed testimony.

Mr. Fleischaker, yesterday what we did was saparats
#he two, as you may know, and went through Contention 4

proposed testimony, and then HMr. Hubbard spoke briefly about -

, cannot«allow test;mony to be. sponsored by somaone who, altnoughx’

g
- “En
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those parts that remained-in,.
Now would you llke for hzm to do that ‘haxa? dow ‘
do you want to prcceed, are you prega_ed o precead on Lhiq?
MR. FLEISCHAKLR. Yas, Malam, .

' We don’t thlnk that thsre 8 any raasos to

Wsumma*mze the teutimony that ms ramalnzng zn evvdenca, And sof

Hr. Hubbaxd to stand cross-examznation on. the remainzng

Wé?l qe-havé;td"offer”it‘iﬁto:evidenca, I gug;é;\
MRS.<ﬁdeRS: It haén’t bean offared yet, - Both#i“
docum;nts,werp marked Jbint‘intsrvenors' 65.
| Mﬁ. FDDISCHAKER. c&rrect, so wa are. finished,-
I guass, w;th o my understanding is that after the Bodﬁd
ruled; ltnwould be appropr;ate to offar the document, hxn1bxt E
Numben 65, ‘into- evidence: and: then My, Hubbard would. stand

a

cross—-examination oa the basis of that whlch was aemainung

‘“in»evldance, is that corract°.

MRS° BowLRs- © Well that’s one way' to proceedm

Lat na check=w1tn-tne paxties.‘ Hr, No:ton?

MR, NOR&ON: Hr, Fleischaker can pffer-it into
evidence any time ha wanté.

MRS, BOWERS: You've heard the Board's positioca

' on tnis matker as to what part rewains in and-what’s out,

so let's check with the sStaff,
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Mr, ‘Pourtellotte? Joint Intervenorsf Nugbexr 65 is
being offered in evidence.-

MR, TOUR&Eﬁ#OTTE: No objaction.

MRS.aéOWERS: Well Joint Interveaors® 65 -

MR, WORPON: Excuse e, irs, Bovers, I didn’t

know if you were asking for objections. We objesct to it

¥

- motion to!ét&iké.' We understand you've already iul?d on.that,| =

"but we are not waiving those objecticns as it's been offared

into evidence.
I éhought the questicn was whethar we agrasd that
he could offer it into evidencs at this time. Asd I said

he could offexr it any tina he wants, I.didn't«realize tha

- offer had been wade.

,éuﬁ we.objéct‘to ﬁxhibi?vﬁs going intb evidence

fbx“Fhe re#sonS*stated in the motions to strike mada by ' j;x
HMr. Toﬁrtellotﬁe and myseifo

“ MRS, BOWERS: Well your objections are overrulad.

to the extent that we have adwitted the portions of the docu-

nents,

MR. FLEISCHAKER: Aapnd for thae sama purposa, I.
would also.like to note for the record oux objections to
the Board!s ruliny undexstanding that that which has not been
stricken will be aduitted into evidence as I understand the

Board®s ruling.

1)
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MRS, BOWERS: That’s right.
Now do you want to proceed wiéh any cross-
esamination?
MR, NORTON: If ycu’ll give me just a nomeat to
reorganizeiaftsr the strikinge.
(WhereupOp{ the documant
previbuglf ;arked‘for'j
 jdentification as Joiat
Intexvenors® Exhibit 65
was received in evidence:
as modifiéd'by the Boaxd'sg
ruling,)
CROSS~-EXAMINATION (Continued) .
BY MR, NORTON: |

Q Hr, Hubbard, turning to Page 7-8, Requalification
1975, I take it it's your testimony that that Standaxd test

that correct?
. a Yes.
Q Now, do you know if the siandards which pracaded
that one, whatever numbaers and vears they may have been, but
preceded IEEE 344-~1975, had a éﬁmponent for aging or a require-

ment for aging testing?

A I beliave it was 1971 and, to the bast of my
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recollection, ii nad no couwpoaent of aging.
Q All rigat. |
Do you know whethex any‘;tha: nuglear powver plan
which have receivad construction parmits prior to 1975 had
a requirement fox aginé in‘thei£ electrical squiprnent testiag
or analysis? |
A I don't know the answer to that.
g .. ALl right. |
| Now- Mr. Hubbazd, the thrust of your argument
hexe and othexs that you!v§ made in your testimony seems»tq
be that, as regulaﬁions'ox'neg° Guides or code; oz standards
dr whatever it 'is we're tal#ing about ave updatad, ona has
the-duty to do whatevar'that‘new updata requiraes in taxrms of
an analysis or a design-oi:whataver ‘he subject mattaer is.
Is that yéux basic premiée?
*A.  No. *
Q‘ | Ai; right. Then aexplain your basic premise as -
to == as a new standard or a new code coggérout or whatavex,
~as to how it applies. to something thak has been built befora

that code came out, inuéerms of a naw requiremsat undexr that

cods.

A Well I think the part having to do with backfittingd
would be covered by 50.109 of tne regulatioas. I mean, an
actual decision of whether to do backfitting. Now that is

separate from my f£aelings on aying, that IBEE Standaxd 323

fa
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was written in 1974, or it was issued in 1974 and that was
one of the family of standards(pf which tﬁa we Wall, 325.
describe@ qualification in demeral, en?irongsntal qualie
fmcatzon, and one aspect of env;xonmental qual;f;c«tlon is

seismic quallfxcation vhich wasg than lates updatad in thls :

standard, to the bast of my knowladge, data back ho 1974, B
that's the first tine the IEEE had spaclfxcally addressad it
in £his more generzc sensc.

So. uheza has always beed 2 possible rcquzremant ‘

“of aging. We talk abou compoaencs in tha xeactox lastlng

for the lzfe of’ tha reactor, whether tnat’s 30 Years,. 40 yeaxs.

. or: 50 years. But the dszerence is that in 1974 vwhen the

IEEE" wrote thezr standard, Lhey had now. spacifically sa;d

. somethlng about aging.

l:’é So my pos;tzon zs, lf youlze going to do qualie

N »

1. fxcation ¥esting. to say that somathlng that is ¢o ba installcd.

} ip:thezplanu'w1ll be able to withstand an earxthquaka: for the.

design. 1ife of the. plant, well.then, aéing*shouldabe part of.
that considerationq‘either through testing éo do tha aging-
or some analytical techaique'to say that it wes gpacifically

considered.

- . - - 1Ty Tt oM g1 e e e LR ST T e R T F L - - e = G e des
~ - + . .
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Could you tell us what the technique is?
For aging?
Yes, how you test it.

-

. Well, you can age things a number of ways. Foxr

» 0O P 0O

electrical équipment’one'way you age things is to tzake them to
an elevated temperature for some time. Shaking itself is one
way to agersomething. Duty cycleﬁig anothér way to age.

' Ig”other‘words, something has a certain number
of operations. * These. wexe the examples of how you can age
something, and then run tests later on.

Q Well, I guess what I'm trying to get at, e,
HLbbard, is every time, you know, we make advances in codes

and regulations and so on and so forth to f£ind out how we

L, RTSccosIs S dedie kraey 5 e

do thlngs or think we find out how to do thlngs that we
didn't know how to do before, and so on, does that mean

that evexrything that went before it is unsafe, I mean, that

it didn't have that component, that all of the elesctrical

equipment and all the power plants, whether they be nuclear

’ on‘coa1~fired or what, are somehow unsafe bacause they didn't

have tﬂis component of-analysis prior to 1974, that everything

that's out there is unsafe?

That's what I'm driving at. I Jdon’t undexrstand

the thrust.

A I really don’t feel you can make that argument

that they're all unsafe, no.

-
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My expexience at CGeneral Electric wasg that ave

_found there were aging problems, particularly with electrical

eéuipment. We found tﬁingsvlike colils of relays that over a 4
éenayear period’viould ‘dry and beccme embrittled. Cexrtain.

paints, or like on relay contacts; through agiag times the

relay coﬁtacés would stick. And so when you took the power

1 - R

sensors that had, oh, various plating processes, that those

. plating processes would start to deteriorate oz flake'due to

aging.-

'So £hat we.did have a consideraple‘experience
with the aging phenomeoon causing deterioration in parformance
of components..>_“ o h o T

Q All right.

How dzd you discover thms?

NMA; o Well,. we discove*ed 1t, Lather than through

qualificatlon testing, we discovered it after the plants vare

. operating. v e

Q - How did you discover it? I didn't ask when, I

=asked how.

A Through various ways. Would you like me to des-

cribe those?:
Q . Well, isn't it a fact that there is pericdic
testing: of equipment o see that it works, to see that it is

functional? Inspection of equipment, electrical equipment, to
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7900
see that it is indeed functional and operable? For example,

a battery, if one is relying on.a battery wouldn't one check

it now and then to make sure that, say, all the lead hasn’t

dropped. out of the: bottom of the bat tery? Isn’t that eortﬁof
a perlodzc cheeklng and testing done of electrical equipment?
. A B There s a.lot of perzod;c testxng and ;n~serv1ce

1nspection, yee.,

é‘a“ And wouldn't that 1ndeed uncover, if you had
aglng, or you know, some of ths agzng you were just describ~‘f;
ing? ‘ 7 ‘ | |

7A . Well,I’don't‘neliene;so in all cases. Like'take
the neutron sensors, that‘’s not in an azea whene'you can get
at them real easily to do that during continuoue operation of
the plant. So. if’ tne plating would deteriorate and then you
would have a shaking phenomenon, you might not. know that. It
would continue to act. lzke i was operating fine. But*you
would have a lot 1ess‘adherence of the plat ng o the Sensox.

The relays: I mentioned, that,, you know, that.

happened in Monticello.. Actually they turned off the powe:

ty

So some of them you would obviously find during

in-service inspection, and others might be difficn}t to find,
Q Well, are you:aware of any situation where a
seismic event has occurxed and there has been a f£failura of

electrical equipment due to aging as a result, you know, at

“ B Etere 3 ez ES wmw £ R A ESARNEE D @ o I A, = T UREL ST e e e - : » - a3
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1 the time of the seismic event?
?%,B/Wb‘1 2 “ A "'m not aware of any.

3 Q Any time that it ever happened anjplace in the
(": 4 world at a nuclear power plant, anyplace, anygime?

5 A I'm not aware of any.
- 6 .. - Q Fine. | 7 N

7 A ' Turning to page 7—11,«I.£ake it that your thzusthi
o 8 || there is that there are instances where design is in excess-

9 of yield; is that correct? And that this is an unsafe coﬁ-;

10 3| ' dition?

h Looou a ~ That's a two-part question, then?
i2ll - Q. Yes, it is.
‘ 0) _ 13 YA Yes, there are‘des'igns in excess of yield. And

14 as far as, Is it unsafe? my answer to that would be I doa't
15 ‘really xnow.l Because I don't really knov what the deformations
. 16 will be. The two sentences, one addragsed buildinge and
17 gtructures and the other addressed equipment, and there's
18 || -really not a lot of information givan abouéfequipment.’about
d 19 'hb@ much deformatiog will occur.
20 ‘Q Well, excuse me, Mr. Hubbard; Is it your
21 position that the regulations do n&t allow désign in excesa
’w - 22 || of yielaz |
} 23 A No.

Q In fact the regulations do allow it, do they not?

5

- 25 a That's correct, I believe.
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. i Q Fine.
H:H)Q}.’»/wbi‘h 2 And did you ask in interrogatories Or on cross-
' 3 U'examinarion of the witnesees that were hore foxr structures,
ft> 4’_ components and systems where deformat*on would occur and £0
5 what extent?
e 6 AT 1 believe so. )
‘ ;7’h, | - éﬂa .- AlL right. So now you know; T _ ﬁ;
“ 8t - A ”‘ I have more. of a: general knowledge than I had
9" then, but not apecific knowledge on a piece-bj~piece basis.‘
ol heard general criteria.
% . 31" “ E Q “ ) Did you not ask Lhe wrtneeses? For example, I
12 remember*some rather: extensive cross-examination of Mr.‘Ghior
0) - 13 about. the clearances, the tolerances in the turbine pedestal. .

14 Do you remember you cross-exemined about: that? Did you not
15 }| ' have. the. opportunity to ask all those questions that you o
JSzv:wanted and £ind out where the. design 1n exress of yield
17 occurred? I remember the diseussion about the intake. struc-
18 || ture, thexquestione. Is there any area that you did aot

/ 19- inquire about that was overlooked? ‘.

26_‘ ' ﬁ‘ That's a. two-part questzon again. I believe the.
21 | first.part had to do with structures. That's what Mr. Ghio-
22 talked about. '

23 Q That's correet.

A And Mr. Hoch very early in his tesftimony sald

i

25 £hat in structures there were three places where you might have







G

N

W

i2
13

14

15

16

17

18

19

20

21

23

25

-‘examination?

7903

where you might go into the inelastic region. And Mr. Ghio
talked more about that. So on structures I think it is pretiy
weli determined on the record vhere inelastic hebaviox mightm '
occux. |
Q All zight.

And you do not have the expertise, do you, %o .
make 4 judgment as to whether in those three ingtances that
i? gomehow a safety problem?’ --or, to put it another way, you
do‘not have the expertise to contradict the witnesses who said

it was not a safety problem?

i
»
L4

r - A . ‘That is correct.
Q All right.
Now what other areas are you concezned about

%hatuyop didn't have an opportunity to ask aktout on crossg~

-

L

A - he second part that includes the quote, it‘

' ¥alks about possible initiation of safety features and

momentary intérruption or’nonractfvatidn*of s;fetxnfungg}ons.
AndnthaF has never really been defined about what initiation
of safety features might occur. I'mean,.does thgt mean

relays might pick up-- ‘ .
. Q ’ Excuse me, Safety. Okay, initiation $£ ;afety

features and momentary intezruption or non-~activation of

safety functions?

A Yes. It's just a statement there that says that's

= S . . Bim s e s Sad EIEEIs X1 L BML T A SRS AL E BRI Lo eBbISe bTE
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the criteria. 2And I think there  ghould be more fleshing of
that out, like what safety functions might be’inétiated.

Q Did‘ydu ask those questions in interrogatories )
or.in'gross}examinatién?

MR.\FLEISCHAKER! Excuse me. Ve don't.have our

participated in writ ing them, I thinx Mz, Norton is aware that. ;

we did ask those questions in inter*cgatories about yield
and" deformatiou. Not the specific question ahout safaty

functions, but there was a question about, yialding and

| deﬁormation. And I believe wae-got a very genaral answeyr

back.. ' But I don't have myiinﬁerrogatoriés with. me.
I MR. NORFON- Well are you testifying as’ to~=-
MR. FLEISCHAKER. ‘NMo. If you had the inter—'
rogatorieé it might.he useful. “ | _ .
MR. NORTON;_ x'm asking Mz. Hubbazd quaastions
whi;hwl thought was the purpose of crosa»examination.( .
BY MR. NORTON:
v-ﬁ?!ég," Well, Mr. Kubbard, there were panels here that
covered each and every aspect of the facility aé j;éiéo
£hrough it, structures, systems and components, machanical
equipment, electrical equipment. Did you just rot agk the
questions; or were the questions asked and answer not given,
or what? I'm somewhat confused.

2 Well I didn't ask any questions. The attorneys-

* Copy - of the interrogatories hexe, unfortunately. But, having“'”f
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1 asked the guestions.
?(RB/bi 2 Q But I sat here and heard you ask them first and
' ¢« 3 then th("e a-ttorxiey at;ked them.,
Q’ 4 . A I think .it can be safely said that thera were
5 _ a nun\be;:' of questions:' that I might iiavca. V{anted asked that. the
6- " attorneys didn't ask. o R _ | -
7H. . Q- : Now the quote you re’ *alking about here is not -
"~ | 8 ,Lhe Hoegr:. analysis, iz it it's the DDE, the origina’ p

o design,, double design e;ar'hhquaka?

10 | A That's correct.
54 Q All right. .
TRIE - : Do yvou have the FSAR there with you?
0 13 A ‘No, I do rot,. [T S
| 14 Q Do you' have the Hos;g;:!:‘ Repcgrt,m &31&@ 5., w:!.’:h

15 | you by chance?

6.l A  ~ Yes, I do.
7 ’ Q Okay.
e s ll. A, No, . I'm sorry; I didn‘t bring ¢hat in i:oday.

19 . Or maybe it over by Mz, Fle:i.schaker. I think we: didn't bring‘:
ﬂo that in- - | .

MR. PLEISCHAXER: I think we have it "in the cax.

21
22 If.you need it we can get it out of ths car.
T 23 fi* o MRS. BOWERS: Is there an extra copy? Does
24 the staff happen to have an exira copy that could be loaned?

a/‘ 25 ) MR. FLEISCHAKER: I%?ll take us £ive minutes. I£
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Mr. Neriton wants to pursue thig I*1ll just run out to ¢he. car
and bring the vhole box in.
T MR. NORTON: We have an extra copy.
(Docﬁment handed to t@e witness)
BY MR. MNORTON:
Q You've been handed the copy, pags 2-20 of the
Hasgri.Raport, Volume 1, Have you :aviewed'that page?
A I belleve kh;t is the page vhere I took the
quote.
Q And what does it say?

Now the fact that the DDE is no longer contzrolling

but the same -- the Hosari analysis has taken place for a much

large: earthquake, a .7Sg.effective acceleration as opposed
to the DDE which was .4g, how dqe§>thisihave ;ignificance
nOW~tﬁat:all,ofﬂthe equipment has been analyzed under the
Hoégri and. all the structures and all Phe components gﬁd all
the éystéms? M |
A Well I‘believe during the testimony thét w;*ve

héard‘for‘the last couple of wecks the applicant sald that
pg;t;of~thé criteria was o allow comgonents to.go beyond
yield. You know, we talked about the 2.4 and the 3.5 factors
ang~-

. 0 Are you taiking about the Bosgri a#aiysis‘br the
DDB*analysis?' Because your testimony here dealg with the

DDE condition, not the Hoegri analysis.
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of Mr, Hubbard béfore he complates his answar.

. "the DDE- condi*;on, and I. had assumed that that game critaria

MR. FLEISCHAKER: Hrs, Bowers, I would just like

o object bacause on several occasions Mr. Hubbard has started| -

£o snswer, and Mr, Norton has objected or has iatarrupted

him, and so I would like to object to Mr. Norton's interzuptic

70

BY MR. NORTON‘

0 I'm sorzy, Hr. Kubbar:d, I d:r.d aot :mtend -z:o \4.:;, 2

interrupt you in any way. You know me . well enongh to know

‘MRS, BOWERS: Let's doa't have &wo peopla
talking at once.
THE WITNESS: X%m sonetimes guilty of tnat;mysa;f;

E~Theiquote says that I have ia tha»tastimony for

applied for tha Hosgxi condition.

BY MR, NORTON: ° ST

' Q You had assumed that?
A*g_: Yes, sir.
h‘Q; :  And what did you base that assumptxon on?
A‘ B ; based that assumptlch that in the Hosgri, tha

amendment"later on. says that the design is allowed beyond
yield, So I would assume if it was an acceptable criteria

for the DDE, it would he equally accaptablé for the Hosyrie.

1

: that if you want to kaep talklng, you just keep talking, okay? ff
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Q Could you tell the Boaxrd the xelationship -
_between'initiation of safety features and yield? What is

2

your understanding as to the zelat onshlb between something

designea perhaps in excess of yiald and initiation of safety

features?
‘Do you understand “that relatzonsh

A, 7 Noz in all cases, I dontt. ,The senterce up,

above said‘somevmaterial deformations and ‘some abncrmal
actions, including possible initiation of safety features..
What came to.my mind was something like a

pressure transmitter.

*

that if‘you»startrto‘wigg;e that, like you would during an

>,

earthquake, I couid’picture that that mlght get a momentary

31gnal thau WOle say you we&e gatting mcre preqsure, oxr

:somethlng—of‘that sort._ - -

ve 5(‘§;When I read that, I thought, well, maybe those

Like you‘d get

a~momenuary deformatlon of somethlng llke a 1eed7e. That's

» A LY

more movement.than de ormgtlon.

- But{the sentence 1tse1f that: says there are some

-

material deformziions and some abnormal actions, well,

* -

abnoxmal actions I was thinking would be like pressure
transmittexs’, sonething of that sort, including initiation
of safety features.

Q My poinz is:

Do you believe *that because there
, .

mma W 2w ok o o o e e AFse R RN S . vz ocame sames 4 i ow
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is some material defoxrmations, it's that which initiates the
safety featuras?
A Wot nécgssérily, no.
Q Do you un@erséand how +that counld cr c¢ould, not
occar? Do you have the expertise to make that judgwent?
A I think if I looked at the specific thing anad B
found out what tyée of material is deforminé, i could see
if that might impact-on the safety function, ves,
But I do not have the knowledge of what material
deformations &ou all had in mind when you wrote this, i
Q . Well, how about quotiné the criteria immediaéely
above the.part you chose to guote, number 37
Would you read that please?
A Yes. Part 3 séys:
"No device shall fail to initiate and maintain
‘its safety function nozr prevent oth;r safety devices
from performing their safety functions."”

And that's really not in conflict with the

.
»

next sentence, because the next sentence says that some
safety functions may get initiated when gpey shouldn't have
been. In other words, like you might shut down the reactor
when you Yeally didn'’t nead to, or you might have an intexr-
ruption of non-safety functions.

So thoée sentences axe not in conflict.

Q So in final conclusion you have jusit assumed that
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this criterion for the DDE applied to the Hosgri event, but

you don't know, is that coxrect?

A That's correct.
Q "And even if you did know that that were the case, |

or if it were the case, vou. are not aware of any specifics.

a

. You. just-say, well, this'is a‘pbssibiiity?

- . . L)
B PR 4

- Yes, sir.. oot . L. ,

“MRQ NOR&Oﬁ: I have nothihg-further. " B
. - MRS. Bowﬁgs: ‘Mr. Tourtellotte?
'BY MR. TOURTELLOTTE:
Q  Mr. Hubbafd,twhén'géu were with Genéral Eleétriéj
did:you get info*thé Seismic gualifications of semi-cénductors

and wvital instruments?

A I participated in reviews we had of that, yes.
' Q  How was that done?
’ A - We were gétting,a lot. oﬁ‘semi~con&ucédfs.from

Taiwan, and at.one-time we got -~ well, we did shaking of

tho;e'in insérgments, but we: could not determine at that
time ant sorg'of aging wé.weie inducing through the
shaéiﬂgi_‘So ghe sémi-condubtors was éne that conéerned‘us,
that we could do functidnal testing later on to see that the
device workad.

But we didn't;know héw much of the 1ife we had

taken out-of_the device of these little packages of semi-

conductors. So that was a matter of concern, and we really,

B Y PP S LM £ ATEEA 8 OSSR s S0 VR TN PR M RMITLT A CWHE T AT G L L
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while I was there, never came up with an answer fer that.

0 My question. is: How, did you petform the tests?
A We had a shakeyr table where we could do multi-—
access, muiti-fraquency testing, and in gensral the electronic

boaxds were part oflarawars o control panels that vere put

‘on thaa table and shahen.‘ And then aftexrwar ds we would

a
~

. examine -- well, durlng the LeSL we would exanine vhat the

2
* - w

functlon vas contlnu Lng tO opera e and then am -er +the test
we would repair whatever danage had taken vlace, and then

re-test to see that. the function was continuing %o be pex-

formed. - .
‘Q . How bigiare semi~condactors? ’
A SGme of them are very small, up to the laxger

~

size -- well, you know, when vou. talk about chlps. I mean

when'we»start»off, we're talking about one transistor, omne

ndiodeew_which'is very small, and you're talking now of S

oo

Q- ~ The surface area would be like perhaps the
surface area of your fingernail, some thlng like that? .
A. For some of ghe very small semi.~conductors. S, yeé.

And then we’d have larger chlpS Wthh might be, oh, thé size -

of a penny or so. L

0 So how many g's did you put on those things ih
testing? w o

A I do not really recalli.

Q You don'’t knowv whether the g foxces wers small ox

™
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g level.

test something ‘that small you reallyxhave to havg,a.high.

great?

A As‘I’recall,'we tested some of them up to as high

as iiké 25 g, because“thef would ba high up in'the=éoﬁtrol.
panels, and some of thé“control panels wvere nbt —— well;“
tﬁey were very‘flexible, so there'd be a2 lot 6£,acce1erat;9h'
in g levels as you'd go up 1n height in the panelo.

So that I recall some of them had 2 quite hlgh

.

I recallx25g or so.

-
<

y . -

g 1eve1 to. get some’ Llnd of an

A I don t really Pnow 1f tnat's the case or not.

> i

. Q " on page 5, 6 7-8 you start out, at the bottom,

e T

""Because of the uncerta1nt1es 1ntroduced by
_‘ quallﬁlcatlon cestlng, quallfzcatzon testlng
1s not normally accompllshed on. equlnment that

iz to be utlllzed fon safety functions in a

~

plant.

2 ,
- M

What do you mean by 't:hat'>

A This 1s what we talked about yeotofday. My

expérience at General Electric was that occaszona}ly ve woul
take production units off the production line and then

run qualification tests like this on them.

control

We would have a zather unigue looking

panel for a particular utility, and rather than do analyses

Q ". Ac ually, it's crue, is it not, that in_.oxder to .

accurate reading on the test?|-

-——-rn s
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- of the seismic response, we'd put it on the shaker table and

shake it.

As a result 1of that, vouw might ge% a2 few crackad
welds and a few instruments come f£iying 6ut and broken
windows, and one thing and anothezr.

Then we would repair that, re-test it %o see that

s

it was functionally operating, and ship:it to the customer

‘to be good for 40 yeafé.- And it was a.lit tlb haxd ho verlgy

that we hadﬁ't, you know, done a lot moxe aging to that
partisular equipment.

So my'recomﬁendation was at GE that we not shake
equipment that we were eventually going to send to a
bustomgr;“ ﬁoweyer( we‘giﬁ do t?gt:f |

It just adds uncertainty into what you‘va really

-déneu I mean you can get that'back and re-test, and it

"looks like everything is: opexating. But thers still is a .

éonsideréble amount of uncertainéy, in my-opinicn.

. Q . Actually, there’s uncertavnty elther vay, 1sn't
there? If you don't -~ are you saying that you shouldn t
test equipment that's to go into“the piant for safety
functions?

A No, I'm not saying that, Mr. Tourtelloite. My
feeling is that as part of your design verification, design
qualification program, ithat at that time you do a prototypé

and first production units. And prior to starting shipping
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things. to customers, my feelisg iz that those ‘gorts of ‘tests
ought to be done on prototypes so that the eguipwment that is

shipped to the customer doas nov have this aging phenoménon,

or hgs nct been subjected to this phenomenon.

Q Do you know of any specific instances in Diablo

~where the semi-conductors have beern tested and then installed

in the plant?

A I£ I had the Applicant's testimony I think I
could find some. .They sent a number of pieées of electrical
equirment to Wyle Labs to be tested, and we could go through
the list. I mean it was in the testimony, the list of panels
thaz were'put on the shaker tablile, as I recall.

Q what you’re saying isithat thosz pisces of
equipment shouldn't have ever been tested in the first
place?

a We'xre talking'about a facility that is costing

billions of dollars, and we're talking about putting back

into the plant devices that cost at the most tens of thousands

of dollars in many cases,

So my recommendation would be if you're going to

* do environmenfal testing like seismic testing, buy another

one, or take a representative sample and do tie shoking on
that one, rather than on the onz you're going o zeinstall
in the plant.

Q But I don't understand that. No two units are

A o ——— mam s R - W 5 mmem mem s w

pou e
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built exactly alike, are they?
A You would. like to have them built alike. That's
what yéﬁ do, like when you qualify weld processes and
qualify plating processes and soldering processes, the
purpose of that is so that your production is repeatable.
I'd have to agree with you tﬂaﬁ, depending on
the level of ‘control you have, it may or may.not be repeatable i
Bﬁt that is also a problem wiéh any qualification testing,

" wheze you test one:and say that's'indicative of a number of
units. If you don’t have tight.érocésskcontrol) it’s only
indicative of tgag one particular unit.

Q But in fact it's really quite difficult, very
‘Ml§%ificg%f, t9‘reprodu¢§ two of anything that are exactly
alike, isn:t it? |
‘A “‘ I hope not. fhat sounds like a smart"answer, so
;Japo;ogize.’ But what I mean by that is thét a lot of
qualification testing for components for nuclear.power planés
is based on testing one unit, and then sa&ing the other 10
"‘dr 100 have the same properties. and that is based on the
. fac% that yéu ﬁave tight control of the procéésés and the
procedures by which ¢hey are built.

) So when I say, I.hope not, vhat I mean is that

I hope the controls are such that the one that is tested is,
indeed, indicative of the other units.

Q But it is possible, isn't it, that if you have
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+wo uniws that are tested, oxr two units, come that ig tested,

say "A", and "B",. one which is not tested, that "BY will

would not show up on the testing; isn’t that correct?

A That’'s correct. And that's why the validity of
your testing program is somevhat dependen? uéon the numpax
of units you test. *

;My exﬁeriepce in the‘nucleér program was it's
haxrd epodgh.to get people to test one‘of something, let
alone —- I'maan‘bécause'of the expease -- let alone testing'
5 or 10, or repesating the test once a vear or once every
two yearé, to see thgt they are still valid, when it comes .
to environmental qualifications.

So I don't think you and I are in disagreement.

Q@  But it is true that there will be uncertainties,
either way, isn’t that trpe? . There is uncer;ainty if vou
reggstall the unit that's tested, and éhere;s unce;tainty
if you don't reinstall the unit that's tésted: isn't that
true? » )

o o A
.. A . - Tﬁeg;gre‘different types of uncertainties, yes.
+ MR. TOURTELLOTTE: Nc meze guestions. 7
" MRS. BOWERS: The Board has no questcions at tgis

time. Mr. Fleischaker, do you have redirect?

MR. FPLBISCHAKER: Yes, I have some qpestioﬁs,

thank you.
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REDIRECT EXAMINATION
BY MR. FLEISCHAXER:

Q Mr. Hubbard, during the time you worked for

General Electric or at-any tim2 since have you become aware

"of any nuclear power'plant that's been subjected to strong

»

. A .. By "strong ground motion" I assume yow mean a’ - .

-

»:IoikilﬁmeterS?u I'm not aware of any. -

.

Q . Let ‘me be moxe specific:
‘Are.yoy-aware of any operating plant %that's beeﬁ;”‘
éubjected»fq acceleéations ~-- any operating facility ~-- striﬁen3
thgé. Are.you aware of ‘any facility, wﬁiié operating, that..
has been subjéctegfto accelé?ations in‘excesé of .15g7?
A I'm not aware of ?hy;
"_MR; FLEISCHAKER:' No further quaétionsl
MRS. BCWERS: Ilr. Norton? | |
| RECROSS EXAMINATIOﬁ
BY MR. NORTOM: |

¥

Q, - Just because youlare not ‘aware does not mean

. there haven't been scme, does it, Mr. Hubbard?

A Well, I've followed that with sorie interest, and

like for example the Japanese plants, to get scme idea, you

- know, how far off some of the earthquakes might have been

from the Japanese plants.
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"0 Is it your testimony thet the Japanese plants_
" have not received in excess of .15g?
A-_ . I thought he séid 1.15.
Q  oh, no, he said .15g.
* MR, FLEISCHAKER: Can I get that -:J_'eared up?
| MR. NOR&OQ: Bxcuse me, i thoﬁght I wasagding
to;rec;oss. | \ »
R gaiz': wokrow: - .
o Is ip.yag; tgstimoﬁy that no élantslhaQQ réceivéé

in. excess of. .15g, or was it your testiwmony that it was 1.15g2 1 "

A »»‘Igéﬁoughg I heaxd 1.l5g.
Q Weil, I believe you zaid .15g, so X'll ask that
question:

Are you aware of any facilities that have received

. in excess of .15g7?

A No, I am mot. .
Q ° By that answer are you saying that you don’t
believe there are any facilities -- any nucleaf facilities at

anyplace. in the.worldjthét have received .15g2 15 pexrcent of

‘Qravity?‘

A . I think thefe's a pogsaibility that some may have
received that, like San Onofre.
T don‘t know. When we're talking about at the
.15g level, I don't know.

Q .15, 15 parcenz of gravitv, vou don't know?
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L MRS, BOWERS: The Board has no further questions.
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A That’s correct. I would agsume that scme have.

MR. NORTON: ©Nothing furxther.

.MRS. BOWBRS: Mz, Touritclloiite? 1

MR. TOURTELLOTTE: Nc guastions.

MR. FLEISCHAKER: I‘d like %o clarify that,

because I don't think it's clear on the zecord, . I'd like to i, .

restate my question to‘Mr: Hubbard:

%

FURTHER REDIRECm F&AHLNAmION

, BY MR. LEISCHAKER:

‘d i Aue you aware of any faczllcy, wnlle opcr ting;

chat°s been subjecced to accel rations in sncess of .15g?

A.  ~I'm not aware of any that have ox have-not.

I'm not aware of any studies that wounld say that.

| MR:=FLEISCHAKER: No furthér questions.
el e MRS.,BONDRS.h Are you suggeatzng thau Mr.

v
"

Hubbard mova fwom one sxde of tha zToom to the other?

MR. FLEISCHAKER° Yes. If there are no furthqr'

questlons, we'd ask that Mr. Hunbard bhe dlgmlssed.

' MRS. BOWERS: Mr. Hubbard will be dismissed.

‘(Witness excused.)
MRS.. BOWYERS: Are you xeady to procaed with
Dr. Brune?

MR. FLEISCHAKER: Yes.
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Wherzupon,

Y

JAMES M. BRUNE

vas called as a witness en behalf of “nEervenors,  and,’

o
v
‘

hgméh£° I'm lookﬁng vor a. thlru COpy of tae testlmony o

'MR. T?ISCHAKER. ﬁss. Bowaro, may 'z hawe .one

P . R .

give o the-Reporter.
i(Pauseb) B
. !; ”'d like %o have th record reflect that we are

handlng to the Report cz.thzeeicopiQS“oﬁ a document eatitled,

| [ w

“Tesuimony of James N. Brune on Behalf of Intervenors o

this marked as Intervenors xhlbz Number 66.

-

(The document referfed Eo vas

. marked Lor ldcnnlflcatlon as

"

'Joint Intervenora’ thlnlc 66 )

DIRECYT EXAMINATION

v

' BY MR.. FLEISCHAKER:

4 -

Q Would you state your neme for the record, please?
A James ¥, Brune.-
Q Dr. Brune, do you have bafore you Joint Intexr-

. venors' Number 66, anlcn is entit ied, TPestimony of Janes
N.. Brune, on Eehalf of Intervenors Regarding Contention 3,

Ground Motion?"

T EEERY amsmm ac  —Tex & m R - mEEl e B3 . L L Cam T e € ae e 1 g

F Joink Int
having affirmsd tbgi ‘he would spedk the truth, was examined

and testified as follows: e ' ’ v-

QGgarding COﬁtentﬂon 3, Ground Motion,” and I'd like o have |
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A Yes,
- Q Could you pleasa describe brlefly what bhat
documenc conta11s? ‘I'm not asking ‘for a oummary of youzr

testimony, Just a. descrlptlon of *the. docume 1k, the main. body

3 g,_"‘ “
:

of the text and the autachnen and appe:dxces.‘=
A I see. nght. . | : o
Thls is a summary of my. hnowlecg aoout the

status of oua Pnowledge about strong ground motion vary near

large faults, and sone o: the facLo*s ‘which lead to tne

L]

pxesent state of uncergalnty 1n thls zone near the fault, and ;f

:1ncludes a statemant to nhe NRC, thisz COmm1381on, p’us an

appendlz which I submluted to the’ ACRS deacleng this

‘problem. Also a lettnr that I submltted earller *o tne

th concerning one of the effects involved in our uncertainty,

namely the effect.of rupture propagation. T
: ;;‘ihere?s also another appendix—relééingktg soma.

L
-

recent evideénce. from new earthquakes in Mexico.
Q « So we:can understand, the first piece of the

"‘:.‘ )

_’document is your testlmony in thls proceeding... Th°'dbcument

| marked Attachmen“ A is your. blbllography, whlch contains

your profeSSLOnal‘-- a statement of your professional
egperienée; your traiﬁingrand a bibliography. 2and then there
is an Apﬁendix*l,hwhich is a statement €0 the ACRS by James
N. Brune, dated June‘23}y1977.\

MRS. BOWERS: PYou'ze calling the appendices. It's
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‘*body, the attachmen“ Whlch is you: bleicgraphy, and

attachment, isn’t it?
MR. FLEISCHAKER: uan 8 call that attauhment, yes
I'm sozry. It’s not marked, but JUSL for pucposes ov the

e

record, let's call the statement o the ACRS Atcachment B,»"

on Reaccor Safeguards - that'" it. mHose are the twc thlngs~

< ..

¥,

*

attachment B, which is- “your statemant €0 tne ACRS?

THE WITNESS: ,Yes. Those are in thexe. I'm

‘not sure about your designation cf what. the titles of them

‘are.

] 'BY..MR:.FLEISCHAKER: ... .

SN SRR (LA et v atpopd il A i <4 - ‘ i it e—— PR
v

Q - Now, with respect to the_document'that's'béen m

énj:corrootions that you'd like to make to this document?

AY No, I don’tm

Q: What‘WE‘designated as Attachmont A,‘the~bibiio- _

graphy of Jamos Neil Brune, could you glve a. brlef summazy

7‘of that document, whlch contalnﬂ a s+atement of vour

- professional‘experience and vcur education?

A The statement indicates my academic association
with Columbia University, California Institute of Technolcgy,
and presently with University of California at San Diego.

‘Tt lists some honors Itve received, professional

- and the 1etter to the Executive Director; aAdvisory Commwss*on

T

marked as Joint Intervenors® ExhibiQQNumber 66, do you"have

.1 !

* that I see here.} Is that corre ? Do ycu bave the ma:z.n

=~ N
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memberships, scholarships and fellowships, committees. and
then there's a list of papers I've written.

Q Can I ask you how long you've been involved in

"the S udy of otrong groand motlon?

A Apprcwlnately since abouu 1965-66 vhen I first

strong ground motzoﬁé.- éO'that would be.lB'years.

0 g As I understand your statemenn, that also is

rthe amourt of tlme 1n whlch youtve been suudyng Lhe T ,j;~ﬁl

,‘characterlstlcs~of near‘source?

A Yes.

.

Q Could.yoe please give a brief summary of the.
statement that is the main body of your testimony?
A The‘teStzmony beglno with a eumna"y of my ACRS

statement, from whlch I wxll read a couple of paragraphs.‘

, The p01nts in that testlmony are summarlzed as follows:

1. PFor Iarge earthquakes (magnitude greater than.
7) at c103° dlstances (less than 10 km), peak accelera-
tions and veéoc1t1es could be a factor of 2 greater- ‘
fhap postulated in USGS circular 672.» Uncextainty
stems from both“the‘lack of a sufficient data base
aﬂd lack of knowledge about parametexs necessary for
theeretical modeling.

2. Theoretical and numerical calculations

' gsuggest that accelerations and velocities of 2g and

R I

I started working on local earthquakes and
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@[’ 1 200 cm/zec, raspectively, are possi ? but‘calcula—
(?} 2 : tions directly appllcaole to Diablo Canyon were not
(TE 3 avallable.
7 » ‘ |
N ., 4 3. 'Important improvements in data base.and
5 theoretical un&érstcnding cén.be expected in the
6 Qf next few years: . e
7> jA,,- : o Qa Fccuslné cc erergy {or a*recthlty) ;‘ ‘;gfjlﬁﬂ
n -8 S assoc’ated with fault propaca tion can lead to accelsr-; "
s .
9 ' atlops and veloclt;es amplied by more than atfactorf
10 1 | of 2 in.a ssctor of abcu? +5° rrom,the direction
1}‘ L . of fault propagatlon. Diablo Canyon cculd be in:_ib
12 : j the sertor of focu51ng. | | |
4[!) , 13‘ ; ﬁc;f,h ‘ descrlbe an alternste way of looklng at ths
14 || ‘inrterms:of interference of' wave packets. ‘ \
15 o , . 6. Accelerations and veidciriQS‘arévéropcrtignal
6. | : ito:rhe stress drcp on t@e fault plane.f Alrhcugh=
17 ﬂi‘ " stress drops averaged cver the fault are typrcally
- -181 . “less than 100 bars, there is eviderce that in.certain
15“ ‘"ﬂAs_’clrcumstanres stress drops can be. as hlgh as a
20 » “ 'a.kliobar, The probablllry of such ‘high stress arops‘
21 occurring over large volumes ‘at shallow depth is not
22 ~ known, and thus the possibiiity exists that such high
1”)1' 23 ' stress drops could lead to unexpectedly large
24 accelerations and velocitles. ‘ R i
qﬂ!y‘ 25 My statement beforxe the ACRS concluded that the
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design earthquake gives a reasonable est rimate of the o*ob;ble

ground accelerations and velocities eupected at Diablo Canyon

t

2

for a magnitude 7.5 earthquake on the Hosgri fault, but that
it does not represent the maximum possible. The occurrence:
of focusing by rupture propagation ox construciive interferance

along with other factors, could lead to values as much as a.. -

~
»

4

‘In tbe next sentence X describe some radditions

to the data base,ylnclud ng LhQ records from the recent Gavll,

Ru531a earthquake. -

These: accelerograms represent the first. near
source instrumental acceleration data available for an earth-
quake of magnitude greater than 7.

The maximum recorded amplitude was 1l.3g on the -

. vertical component. The hocizontal accelerations were about

.75g on the eas —west componene and .67g on the north-south

- , -

component..

.
A

The horlzontal compoaents of thls record are

roughly typlcal of what we might have expe cted‘fcr a complex

bmultlple event earthquake of this magnztude. ' Hoviever., the

vertical acceleration is unusuwal since it is considexably
higher than the horizontal accelerations, in contrast to
most other known strong motion records.

I mentioned a couple of other recent recoxds

-

where the same thing. is true.
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It is 'fo be ex pected that in tbe next few years

a number of detawled studies w1ll be made of this record. Such! -

studies. will include theoretical and numerical mcdellng,
determination of eazthquake mechanism and source paramnaters,

and. study of speCLal propaganlon and at tenuatlon chafecter

~”Eics of theesite. Only fur“hcr study and the collcccion of

more data will allow uS‘to Judge uath confldencﬂ whether 1t
‘s typica;‘or'not.

~ I then, proceed to describe some other new records

that are pérhaps surprising, including cne on April 6, 197?"‘_

‘a magnltude 5.5 shallow cartnquar in Itan that genexated

| peak accelerations of .95g and l ¢8g, %orlzontal and vertical

]

components respectively.

I then describe sonme 1mportant new accelerograms
record d during ‘the Victoria, Baja Ca‘lfornla, Mexlco eerth— }
auake swarm. of Maxrch, 1978. Peak horizontal acceleratlone og

,.6 g were recorded at the: Victoria soetlon for an avent of

-’magnl tude 4. .S. at’ a hypocentral dlstence of abou 15 kxlometere.

. These events all occurred and were recorded in the doc;
sedxmentary baszn orf the Imoerial Valley in a settlng 1 ';Ik

‘ esoentlally the-same as that of the 1940 Imparial Valley

' earthquake.

t least three of these small events generated

N

" accelerations greater than recorded in the 1940 El Centro

earthquake. This illustrates the difficulty of using a

marEs 8 A AU awen s em B swga GBI b B E o K P AL EErey NARSD EERIHIE VAW Wz eeRAS R
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small data base to infer maximum likely accelierations for

a given area.

Then I consider some extrapolafzono people have

/
msde.

necessity to estimate acceleratlons thexe, a number of people

-Because of ‘the" lack of near bou&ce ‘data and the.-

have eztrapolatad data from large* dlstances and sma11er

magnltudes.

LY

accelerat:ons than the more recent ones..

The earller ex»rapolatlng gave lower near sourcem;f

ror example, at

distances of 10=kilome£ers for a°magnituce 7.6 earthquake,

at-10 ki;oﬁeters, whereas the curves presented dy

N

_ the curves. of Donovan indicate. aéceleraticns of about .45g

prifunac.

and Bradj indicate. that near the fault for a magnitude 7.5

earthquake the average peak accelerations could be 1.75g

and the average plus one standard deviation could be about

2.59..

Trlfunac glvas abouu 1.7g for Lhe average

acceleratlon neaxr’ the fault for a magnlnude 7. 5 earthquake

and[about~4.0g for. the acceleration with 90 Percent probabil;

© ity of noE.baing‘exceedad.

These are for right close to the fault.

The values at an epicentral distance of 10

kilometers:

are 1l.lg and 2.45g, respectively.

That is for

the average acceleration and the 90 percent probability

acceleration.

aAmbraseys presents average curves for peak

e
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acceleration versus magnitude for various distancz ranges.
His curve for R less thar 10 kilometers, distance less ‘than
10 kilometers, indicates accelerations of over lg for magni-
tudes'gfeater than 6 could occur. He demonstrates that the
earlier curves of Donovan and Esteva systematically undei-
gstimate the obserﬁed European data.

Ambrasey; also makes the obsérvaﬁion that the @

upper limit on observéd apcelerations nmay be independent

of mhgnitude, even though the average values clearly

‘increase with magnitude.

Ambraseys concludes that accelerations infthef

_focal volume may well reach and exceed values of 100 percent

‘g, and that in the future accelerations greater than I g

will piobably be recorded for even low magnitudes.

»
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I go on to describe some .0of the calculations
which support the statement made in my ACRS testimony about
the focqsiﬁg of energy in a sector zbout «~ excuse me, éboutm'
five degrees off of the direction of rupture..

_‘The concept of focusing oi directivity 18 impoxrte~
ant in strong motion seismology not only bgcause.of the fact
that it can lead to éﬁomolously.high ground veiocity and’
acceleration in the-focusing‘direcﬁion, but because‘it
intreoduces -a large range of scatéer'in the data; in addition
to the effect gf‘the“fadiation pattern, thus making it
paﬁéicularly difficult to estimate the mean and standard
deviation of expected velocities and accelerations from a
limited sample of datﬁg ;qu?,ggis reason we will probably
need ten or more recordings of strong ground motion near
Iarge:earthquakes before we can have much-confidehce in
estimating the expected accelerations:and velocities,

It should be noted that the Hosgri fault is
curved northwest of the Diablo Canyon siée. Thus, although
the site is about five kilometers from the fa;lt at its neag-
est point, it is much closer to the projection of the fault
using the trend northwest of the site, Energy released
ab;ut 20 kilometexrs up the fault could bé‘focused nearly
directly at the Diablo Canyon site. A calculaéibn should be
made to estimate the effect of focusing ip this case,

In summary of the section on Directivity,
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'-directivity is a verified phenomenon in earthguake ruptures..

Its effects are understoed in a generxal way, although %he
details of hcg effective it can be in .leading tc high aCéelefs
ations and selocities are not yet uﬁdeéstocd. As:noted‘by‘
Bakun, et al, in a xecent paper:

25 would be imé:udent to.neglectythef_

Effects of rupture propagation: in the estima~

tion of strong greund wotion.

e

Then I have a secnion on .he Poss*blliuy of High
Por other fault parameters constant, accelerations ’
and velocxties are. proportxonal to stress crop. ”he average

stress drop for la ge earehauakes ls about 30 bars, wath a

” range up. to a lmttle over 100 bays,

»

Although most small earthqua?es have suxess drops

?veoﬁwlesssthan,lﬂo bavs, there is evldence from spectrum

‘ studies that in some circumstances stress -dzops can be as hiah’

asﬁazkilobae,.with proportlonallj h;gherrnearasouree accelera-.

-.

~ tions and velocities,

-

The stress 'drop along a major fault dﬁring'a

large earthquake is probably quite variable, and thus even

locally the s&ress drop could bz considerably higher.
Aki inferred a local strzsaa drop’ of 370 bars

and associated near source accelerations of i.5g for the

P
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mpbé' 1 1857 California earthquake, based on varidtions of observed

2 w fault 3lip and a barrier theory of faulting.

3 Whether oxr not large stress drops can occur at

SO

.4l shallow depths, less than.a few kilometers, is not knovn..
5 ‘Somz of the studies which suggest that they can are summariéed”‘

‘G "in my testimony.

r.‘q‘ .

1zi'u’w<‘” : ~i;m I;conCIude that large étress~dcoés over:relativenfﬁﬁ
;‘ . 8{ 1ly.large Volcmée neer,the‘surface may cause anomalously-hiéhwk
ol ecceleretionsnand veiocities in *some inEcances, éreater‘thao;m
.10 T 2g acceierationsxand greater than 200 centimeters per second
11 I velocities, 7The~probabiliﬁie§ of occcurrence for high stress
2 | -drops’is noc'knowna, |
]) 13 © . Fault breakout.. |
RV ‘ “Axchuleta and Fravier ‘showed that, fo: a rupture
. ,15f'i inltiatlng at depth and reachlng the free surface, fault
‘1553 breakout almost doubled the particle velocities along the ‘
‘;j 3- fault." For' a. 100 baz stress drop the near faulu velocitles
: 18 iiéxceeded 400 centimetexs per second; If 'such high surfacew
19{': partlcle velocities occurred in a layered medium so that
'Qni . i 20f1‘ ‘enexgy were more confined to. the surface than in their half
21 - ‘vspace mcdel, very nighvpartlcle velocitles could be generat=
22“? ‘ed fdve kilometers from the fault trace.
(:z:_ 23 ‘Al study should ba carrzed out investigating this

24f ' effect. for the situation at Diablo Canyon,.

Gl -\s . . ) ) '
Qﬂl;/ 25" AT .then have.a section vhere I outline some of the

.
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.arguments against high velocity and acceleration.

I have discussed above a numbesr of points whichA
soggest coat neaf‘large eafthquakes accelerations‘as high
as ig and veloclties as high as 100 centimeters pcr Second.
may be cormon, and. accelerat*ons as high as 2g and velooitzes

as hlgh as 200 centimeters par second occasional.

I d;scuss ﬂome of the arguments whioh m;ght be i

7 g

cited as a: possibil*ty against euch high velocities and -
accelerationsc,f R k |
| | The fact that the data base is- so small can
equally’ well be uoed to argue thau the above conclusion, that ; .
high velocities and acceleratiocs can ochr 19 not proven, '
espeoially‘since no aocelerations as h-ghwas 2g nor velocities.

as high as 200 centimet ers per, seacond have ever b 2en reoorded.

’ Also, a number of physical phenomenon nay Timit the velocitn '

N ies and’ accele ations observed,\for example, scattering,

inhomogenezties in the rocks, incoherency in’ the fault

18'l”=rupture, low Q and. high non~lmnear attenuation.

The faot that stress drops averaged over the

"fault plane are commonly about 30 bars and thus 1ess than
‘thought 1ecessary for generating lazge accelerations and

've;ocities suggests that in most .cases such large velocit~

E?, ies and. accelerationsswould not be expected.

. Building damage observed near large earthquakes

has usually not been as gieat as engineers would have expected|

[ A R N N
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for such lazge accelezations and wvelocities,
Finally, it can be reasonably azrgued that ¢hs.

very high values of acceleraiions and velocities require such

a coincidence of deviations of variables away f£xom their

average valuves as ¢o be very unlikely for any given earthw '

quakae,

aa

All of the-above arguments carry some veight, but

" in most caées - T probably should have said in no cases

that I know of == have they not been verified ~~ they have
not baen verlfled as arguments against the possibility of
hign accelerations and velocities. :

They do not, in my opinion, outweigh the contracy
arguments and.evidence pfesented earliar, Théy aﬁé gspecially

weak if the burden of proof is azsumed to 1ie with the

15-|| = contention that high velocities and accelerations are not

expected.
’ In other words, to accept!these ;rgumenés without
verification woold be to abanéon conservatism in the process
and thus. to accept greater risks, The situétion is such:that
in the face of the sﬁrong evidence of high accelerations and
velocities can occur, but with a data base too limited to be
sure what the probabilitiés are, we can only conclude that the
higher the design levels, the less the risk will be,

Expectations for the Near Futuzrs,

It is evident from my testimony that our
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undexrstanding of the nature of strong ground potion near
large earthquakes”is stiil ‘in an uncertain'ééagao Neg
recordings arxe often surprising., Deploynment of large nume
7bers of acce*erographs near active faulis bogan only a few \
years ago’ and the data ba@e ig as yet very limited,

Vie may expect mar@ed.chgnges-%h our ideas once
strpné motion from sevéral*large éarthquakeazhas‘been‘oh~ f‘
;ser#ed'oﬂ annumber:of'inst:uments.in tﬁe'near field. Also,:
our abllzty to do theorhtical and nunerﬁcal modeling is
advancing rapidly and may lead to 1mportant insig&ts in tha’
near,future.

cOncluéions:

The main coaclusion of ﬁy tegtimony is that,

based on. oux bresent>1i@itedidata bagse for near source =~

- that. is epicéntralud§staﬁcé.less than- ten kilometers ==

1532.‘ground motion for large earthquakes == magnitude less than

B

saven = and nased on our' present limited understanalng of
)

s the seisgic_wave genezatlon‘and transmisszon, the ground

motion postulated in USGS Circulaxr 672 for a magnitude 7,5

f' ééﬁthqﬁake -= that is, peak accelerxations of 1.l15g' and peak

velocities of 135 centimeters per second == has.not been

" shown to be consérvative.

Under reasonable cohditions, maximim accelerations

f;¥an§~yelocities could exceed 2g and 200 centimeters per

seéond, respectively, ' Cisculax 672 notes that the tabulated
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values are not the maximum possible, Average acceleratiéns
may be about lg with the average plus one étandar& deviation
about 2g.

‘Although there may be factors 6perating to make
such large accelezations and velocitieélléss likely, such.
1imitin§ factors are not established by our present Qaté
base and theoretic?l understanding. Near source recordings
nevercheless, acgelerations greater than lg have been. recozrd-
ed three times andtvelccities greatér ihan 100 centimaters
per second. once,

I conclude that the present data and physical
underséaﬂding of seismic wave generation support the higher
acceleration verQﬁs digtance cuxves such as those of Trifunac
andﬁBiady:and‘Amb;aseys. A neaﬁ‘certain conclusion is that |

if.the burden of proof is assumed to lie witch the thesis

than lg are not: common, then the thesgis. has not ‘been proveén,
~ That ends my summary.

Q‘-- Dﬁring‘the course of reading the conclusions, I
noted that in the third line I think you misstated, You
sald:

9 .0omotion for large earthuﬁkes.magnitude
less than geveno;.”

I think you reant greater than seven,
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A Greater than seven,
. Q That’s the way your text reads,
T have a couple of ques tions that I’d like. to
ask you. ’

During the course. of your suxmary and in your

~test1mony hexe you speak gaveral t wes of a phenonana which

S
- .‘tg

o X
]

cOuld you, in. layman’s tezns, or .in terma that
ngnt be readlly accessmble to _someone who hasn®t. had znten-'
siye tra;nang,\oxplain‘what the phenomena of Epcusing isg a;l,f
about? o | | e o

A Yos. .

” , . .

If you have a. fznlte fault, a, long fault, then

e e w ..r .;."‘"‘"“““t“‘.‘.';ﬂf‘

you can repres ent the ene gy radiatsd from that fault as

'occurrzng at differont parts- of. une fault. Now, ;f zhe-

energy from the different parts of the fault were. released
at‘random and not in phasa, then they would constructzvely
and.destructlvely interfexe,. And the«netvresult at’anyvgiyenf

station near the fault would be a superpositlon of these

'randomly 1nterfer1ng burots of energy.

However, if the. energy is released in a cocherxent

;" way then, for example, as the rupture propagatés doﬁn the

fault, if it Propagates with a velocity somewhat near the

velocity of the waves that are generated, then each successive

section of the fault will release energy which will be richt -
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in phase, that is, lies fight on top of the energy from the
previous section of the fault which is traveling down the
fault, Aand thereforxa they will add up, .

Each little subsequent section of the fault will

' erelease some energy which adds on to the energy traveling

in that same. direction with {he same velocity from previous

© parts of’ the fault; and therefo*e energy wzll continuously

»

add up, ‘f S
And in that sort of a szhnatxon the enexgy xs ‘
focused in the divection of rupture propagatlon. ’ |
Q Youyalso mentioned in your summary heze a -
.phenomenon which you called constructive 1ntezference of
<yave packets from §1ecrete bursts of enexrgy released on. a
fau;t;
isfthaé a. phenomenon differenthfroﬁ“or the same
as: the focusing phenomenon that you've- just described?
-\ : It's a different way of 1ook1ng at the game
thing,. essentially. which way of. looking._at it ‘=~ there is
‘somewhat of a»dxfference, but which way c£ lookingcat it is
more appropriate for earthquakes depende on. knowing more about'
eanthquakes than we do right now,
That is, at the present time we don’t.know\

whether it's, for example, a better approximation to model

"’ an earthquake as a smooth propagating fault op:ebigodel it

‘as’ a series of sort of discrete bursts of enezgy. But

FEE LT TP r s -» € 4 omme ma o onom oo 2 2F mamm e x raimma-e - e s b
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basically the phySics is the same, .
Q Again, I-think we’ve had some discussion about

this, but at this point I°d like to get voun description of

a texm that you use. in your testimony called ”stréés'drop",

and, again, in language thdt might be accessible to someocns .

vho doesn’t hava intensive training, explain what "“stress drop

-'is and what the term ®bar® is, vhat that represents as a

measurement,

A Stress - drop ig a term that refers to the change,:

. "the defoxmation == it relates to the deformation that occurs

in éhe‘eartHQuake in ierms of the  anount of 81§p and the
rigidity of the rock., A certain‘amount of stress will de=-
form rock of low rigidity a lot more t¢han vock of high rigid-
ity. | ' |
"So in a rock of a certain type and a fault of a .

certain.sizé, the higher the stress dyop, the hiéﬁer the
slip on the fault, | L

h In othar words, if we had a circular fault in a
given type of rock, and slip of one meter occurred on that

averaged over the fault; then we would zsay that the stress

~drop is a certain amount. I£ the slip had bzen two maters,

we would say that. the stress drop 1s twice as much.
So in an elastic medium, the deformation is
related to the stresses involved, and that?s why Qe use tha

term "stress®, It's stress by the rigidity of the zrock is
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related to the deformatiocn of the rock., So essentialliy
stress drop refers to how much defozmation has occurrzed in
the rock.g . - ‘

Q Is thexe in your testimony anywhexe iﬁ any of thg
attachments an equatiocn --_of is that cescribed by an egqua~

tion, this <texm ®stress -drop®?"

A ’No,.it°s,n6t in nmy testimony.. :
Q .Can it be described’ w=-
A ; W’ell,'yes° The standazd elasticity law relates

the stress drop to the rigidity of the vock times the dis-

depending on thewgeometry’and the shape of the fault or
something like that.

But basically it°s stress is egqual to the rigidity|

Q _You use- the:term in here ®bar®. What is that?

a - ogay.

| ' A bar is essentiallv oné atmosphere of stress,
Inmothef ﬁoﬁds; the forée-ﬁér'unit area that is exerted by the
pressure of the atmosphere on the surface of the earth, And
this is just used as a unit in seismology to measure stresses
relative to.

MR,  FLEISCHARER: I believe that ends our summary

at t+his point.
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I°d like to offer into evidénce Joint Intexrvenors
E;Qibit which hagrheen.marked as number 66,
MRS. BOWERS: Mr, Norton? . | o
MR, NORTON: No objecticr.
MRS, BOWERS: My, 'Touztellotte?
MR,'TéﬁgTELLogmaa No objectioﬁuﬂ i
MRS. BOWERS: ‘weii,fabint'zngééveno§s3”nkhibitl o
number'GG'is receivéd in evidence. " A | b
‘ ' ’ | (Whereupon;,thé.éocuménti
preéibdﬁly marked as
1ntervenors°;ﬁxhibit'66:
was.receivgd'iﬁ evide#ceu

MRS, BOWERS: We'd 1ike to have a brief break.

" We'll take “ten minutas,

MR, FLEISCHAKER: Thank you.. .

,_(Récess.)
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MRS, BOWERS: We'd like %o bagine.
7 CRQSS-EXAMINAL‘ION
BY . 'i.Ro NORTON¢
‘Q Dr° Bfunao I want ol aaP some quast;onao baszcally

just‘backgrouud ques'zonv about*the focusing, and I want to~

draw a couple of exhlbxts which I'm. sure .nterVeno*s' counsel

'will 1ike, to see that I undarstand what. you re talking about

when you talk aboun focusing.
) (At "the viewgraph.)
The first faﬁlt I'n going to txy o draw would be

a plane. view,.a surface view of a fault, Aund. if. I can draw.

‘anfapit likefthis, and have. this triangle represent a étreng

motion instruménéﬁ;ecordiné station, and éut an X at wherae
the rupture sgaréed\oh this pﬁpéthétical earthquake and a
éqqiggly line-shoﬁingithé %npturingroccurring along with an
arro& showing the,dirgction’of“that‘rupturem

| . Now, is' that the kind of phenqmenon you’re talkihg

hﬁout,.whexé'you,wodldﬁexpect'focusing,ja rupture occurring

-alohg, propagating toward the instrument?

A That's correct.
Q ' Aall right.
Now, the problem I have with that is that it seens

to me that that is a paper phenomanon. In othexr words, if

-
~——
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in the other directionfyou don'tc ﬁgve focusing. Bub obviously!
that’s not true, bécause focusing, I assune, is & real phanc=
menon, is thaé correct?. , |
| A - Thai®s. coxract..
Q * All right.
T *So:whgéhefjlfvé got the instrphént there-or noé;;f‘K
. focusing can occur. e . rjﬁ. o . x:;ff\;é,
A Yes. | | s
‘MQJ th'éﬁa physical phénomenon.
. ‘A It's a physical phenorenon.
MR. FLEISCHAKER: I Qas jist~wohdéring Qhat,we'xe
=¥going £o. do with %higs piaca of ﬁapei? ‘ . '
- MR, NORTON: It’s. maxked. as Applicant's Exhibit
. Number % - . | ’
S - ‘ (Wheréupén,'the docunant
; “:preQiously‘;eférred,toxas
Applicagt’s BExhibit 36
was: marked for: ideatificatiod.)
Q::-; R ;MRS;.EbWERS:3 Upfafpﬁﬁe £Ope.
“‘MR, ﬁORTON: At the top, in red, and we'xre going
_,tb offer it in evidence.
MR. PLEISCHAKER: Do you want to sign it?
MR, NORTCN: I don't caras. Tha record is pretiy
élear*as to who was' making it.
R. FLETSCHAKER: Okay.
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BY MR, NORTON:
.Q You talked about coherency in. terms of rupture,

the cohexency of the ruptura in connection with focusing.

degree of coherency that is dirscily relatad‘to tha amount .
of focusing, is. ~.h.at: correot? |
A That’s one of tho facnors,lyes.k;
: . Q E‘Invother-words, if you have a Qory coherentﬁ
Tupture, you would haVe moxre- focusing than if you had a very
incoherent rupture?

) MR. nLExaCHAKER‘ I have an objeotibno .only on:
the basis of’ foundation. I think we: should have souna explana=
tion of what coherency is bafore we procned.“ | 3

MR, BRIGHT°, I would appreciate knowingo

MR;‘NORTON; That’s what I'm artempting to do.

BY MR, NORTON:.
‘H‘Q. f“And if you. had 1ess coheroncy. you would pZchably
nave less focrsmngq is that correct?

Af’m There'’s a‘ little bit of uncextainty introduced
there ahout how you normalizs what you assume. constant in %ne
two cases,

For caample, ﬁhera{s.a recant papar by Boore
and Joiner where thay conclude that the introduction of

coherency leads to higher accelerations in ¢he diraction, but

L
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: energy radlatzng from “hea different parts "of tha fault is.

- describablu by a smooth mathematical functica c: LJ, say, how
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the reasoa for thi: is ==

© I thisk you misspoge, the introduction of ia=.
. coherancy? “ :
A ies;
Q You saia "coherancy;
A . The ’ntruductaon of incoberescy leads to hxﬁhez4.,:‘f

acceleratlons ir. tha focus dixection; but that's becausa of

the way they normalize thlncs. SQ if welre goiny to gat thas ¥

exactly stra;;ht, va're gozng %0 hava o ba careful, vou knoa, o

But in a general Way s what you! re sayzng is ”ight,
that lS, glven the same auount of enezgy and ¢the sams anergy
release'asd stress drop &3 ‘T constant then, given that amount
of. thing, then if'yoh make. 1t more incohereqt,-themacpelerav i

N

tions will be less in ths focus diraction.

Q Okay. Let’s talk about: coheremcy.. Could you define }

éoherency in this concept?

A, Well, it's a parameter o quantiﬁyhcwumuch,the=

close it is o the wavae valocity of the vaves ;t_generatas
and things iike that.
Q okay.
‘ T other woxds, if you have a ruptuxa propagatica

which is halting, lurching, going fast, slowing down, in other
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rupture if it were zero -percent incohereat. Okay?'
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words, that’s less coherent than one which is just kied of
moving at the same ¥ate rightt down the fault? ‘
A That'’s corrack.
Q  oxay.
Now, obviously parf#ct cohezrency wé'could-aséigh
a value of 1like 100, okay;rloo percant goherent. Parfectly -
izncoherent ==~ which I éﬁesuma‘yo; could pever get, ané theﬁln

zero perceat would be pexrfectly incoherant, which I guess

'bx definition you couldn®t-get becauss you worldn®t have a

So,'woﬁld you agree with that, I méan, tha two
‘extremes are zero and ioé psrcent,in texus of‘qphsrency,
you would naver achieva, it's obviously scmethiné in batween,
A - In natura,iyes;
Q Okay.

And we're talking about tﬁe real world hexa fox

éﬁe momeat. | ] :

So how do you know whethsx any fault or any poxtioé
of arfault or anything =-- what percent of coherency you're
'goingzto get. '

A The only way vwe can tell is to get soma cha
strong motion recoxrds and seé. for big earthquakes, get enough
data in the near fielid to measurs the Xacords and see how
coherent the rupture is, wanich is a prccass wh;:a,n-

Q  How do you measure coherency?
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‘WRB/agb6 . . A By.looking at the shape of the wave forn-that's
4 2 ’ .
(‘ ) racorded on the strong motion instrument,
S 3 |
. Q Okay.
o 4 ‘ ’
. A ° . The ideal exparimant, of goursae, is to have &
5 n ‘ . u
‘. large number of stations, so that you can interxpret ‘the various
6
po! " wave forms in terms of what’s going can in the fault and thean, |
: 7l | ‘ , " o -
’ by looking at the shape of the wave, you can telil what tha
. . ‘
. 8 .
M et coherency on the fault was. Wa have not bean able %o -do this

yet“because we don’% have encugh data.

Q All right,.

i : " Now the fiést plane view here that I°ve writtea,

i2 let’s label that, if we can, A, 2nd then lat ma do anothex
4@!2 0. i?ﬁ f:éné;;whibngwéulgjge a cross=sacticn, vhexre %he lina I'n

14 drawing represenis the surface of the Earth. 2nd let;s“say

Bl we have down hera, oh, 20 kilomate?s underneath the surfaca

16-

of the Barth ve have a rupture that's the =~ shall wa call.

A, 17 that the, what is i%, the epicenter of tha earthquaka?

. ;18 A Hypocentar.
- ! i?ﬁ‘ . Q . The hypocenter, excuse ma. The epiqenter would Ea
i : 20-; ﬁp‘mere, right?
, 2t . "'A Yes,
, 22 Q Okay.
23 Now when that rugtures, it can rupture ip more

é‘24 than one direction, it’s three-dimensicnal, isn't it?

A Yeos =~ wall, it could be sort of unilaterial, but

-~
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.then what happens after uhat you uan't tell, it cculd spread

' rupture parallel, in a sense, without ruptiring vartically,

' propagatas out, you might draw a. little circle around thera

20,
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it probably starts out more or less three~dimaasional.
fou've got to be careful haxe. At tha instant
of rupture, thera pxobably have to be three == not threa~

dlrectzonal, but it has to move initially in a plana, buf

out moxe.or .less. in one direction or it could go both d;gectaa
‘Qr ' Okay. You®re taliing.ma,-tﬁan, that it could
parallel to the surface?
A.\ In physical r.alztjg it couldn't rupnure ¢ha
fault plane, it couldn'ﬁ be a narrow line. ' |
Q. Okay . |
R A Not in .that ;qnsa. éut the shéée of éﬁa axea
that’s rﬁptﬁred that you would draw after that could be
variable. B | |

- ‘;n~oéhér words, right after that' as tae ruptura:

in:one casa, for example, or’ you might draw. various shapes.
Q. ‘ A;l,rightm
For example, it could rupture toward tne surface,
as I'm drawing here, and then go this way,.could it nox?
a I wouldn't like £o -~ when you say it rupture§,
I need to know what the rupture surface is you'xre talking
about, |

In other words, at the initial point “here is zo
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- focusing, and anything in between, corract?

7948

rupture at all. -A short time afésr that, there is some lina
you have:to dr;w around there which says what part-oé tha
fault has rupitured. You can’t draw a line like that, you've
got to draw -~ the lins is sort of normal to the axoa that?g
ruptured. The rupture spreads out like a crack.
Q Ali right., N
A And in’ that thzng, it would ba a two-dzmansional -
thzng you would have €o dra'o |
‘7 Q OLay. |
Whau I'm trying to get at though == wa’ll labal .
tiris B. == what I'm try;ng to get at is, no: only co yow' ’m“ g

have horizontal focuszng, the phenonenon, you hava vertical

A It could ba:in any diraction.. It could ba in'thé
- it%s in.the‘qiraction of. rupturae.

Q:¥ ' Ié{s in the. dirsction of‘tﬁe rupturélL So if éodJ
havefa‘ruptura"which‘séartsxzo kilomstexs dowa iﬁ the earth's
surfacs,gﬁd moves up toward‘the surfaca, yoﬁ,couid havae a
vertical. focusing. |

A . That's;coxrect, yes..

Q All right.. .
| So fou:have ¢he horizontal and the vertical
A Corzact, T

Q But it's always f£ive degrees, plus or minus, ia tha -
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direction of - the propagation.
A Well tha five dagrees refexs to’an idealizead
mocdel,.

IZ you have a zupture front that's coumplicatad, -

s ashyou're suggésting, that moves- £irst ia ore diraction»and‘

then in. another, then you night == %Zhe concept cf’ tha fiva ,Q ‘

' ‘degress is introducad for an zdmal model whickh is. propagatzag

mora or legs in one direci::mn° 1£ you’ve ;ntxoduced the
rupture'that noves variably, then you can't -“tﬁe five

degress- can't ba'appliaed necegsarily. You'd have to do thai

Q. :Okayy
. - What are the factoxzs that beaﬁlon coherancy?

QA In this coﬁtext.,it’s bésically‘tho vay in which
. . 'S S ‘ .

.F ﬁne fault rupture expands around from that point &ou drevie

Q- Well, butﬂdoesn't it, also have to do wikh the -

characﬁ_rlstzcs of the earth. of the fault along the rupture

" plane?

A Yes,. it has. o do with the wave velocities, tae

" velocitias of the waves that ‘are generated by the earthquaka

. also, It's a combination of the way in which tha fault

rpptures and the way in which the waves propagata cace they!ve
been released.
Q All righto

Let me ask you thiss:s isn’t it true that for avery

oy
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.earthquake there has ever bsenm, the vhenomana of focusiny has

existed in that earthquake? yﬂ
i%* depends oa waethesr you’ re *afarrxng to the simple modgl or’

-not, . I would say the physzcs which 1eads tc the concept ck

‘d‘! OkaYb - u |
. What I’m getting a¥, 1L that focus;ng, whather it
be: at zexo percent or 100 pexcan%,- both of. uhzch would be
imposszble, lxke coherency of zaxo to 100 percant occurs
in eVery earthquake, the quast;on is how much £ocusing ocours
in any ngen aarthquake. But . tha phenomenog, therphysical
phenomeno; thaé you are éescribing nas ¢o cccur ¢o cae
degree or énother’in every eazthquake;ldoeS’it:noi?
Rt ' A:V’: Xes. Right. But also it's not just coheéancy,
$£35‘aigo the direction in.which it rupkures and taings

#

‘like that.

an idstrumeﬁt there to.measuge it but itts- thaka.,

A , Yes, to a‘cértain extent, right.

Q - Well, it's a phenomenon ox it isa%t a phencmenon.
If it is a>phenomenqn and it's_thére, ie's the?éo

A . But on the 11mit of your scale, i€ you‘ze sayiang

.......

A Well ags I sa*d, in the casa*of a complax modal o=,

g;" _But. it doaesn't make any diZiucveanea in which diractior

?Fruptures, you still have focusing, i% just,isg°t ww thera isn®d.

e
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. then there s a slxght amount of focusing, and thd quaatzon is

«phys;cal phenomanon, 3ust ‘as much as thare is.a wava pxo-

" true? ¢ -
R That’s corract..
Q - All right,

‘}Aqgfthe earth, isa't that correct?

7951

and 80 ==
Q But it's focusing?

A But for a particular casa you mxgbt Bay, for

\

practical purposes, it isn‘t significant in that casa, depandi&g.

on what you -~ if ¢he %hing is essentially complataly ig=-

but there's a slight amount of coherency, okay,

is that practical oxr note

Q@  But my point is that it's a pnenomédon that:
exists in every earﬁhquake ﬁhéﬁ has ever occurred. It‘s a-

auced fron every earthquakv that aver. existad, isn°t that

Dz, Bruﬁo, then<while:yourAthaory of how much. of'.

acceleration or velocity is attributable to focusing oxr

" directivity is relatively new, the. phenomenon itself is.as old|’

A. - I'nm not suré what you mean by “"my theory.®
Q - Well ==
A  Most of the things I've quoted wera other people's

studies in the testimony.

Q Oﬁay. I didn't mean to ascribe == don’t get na

wrong, I’m not arguing with you that it doesa't exist, but what
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- imply that it's:sort of a new thaeory that has just cona axround.
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I'm poinkting out is that it has énly been in tne last year or
éwo ox threa oxr four or whatever that numbaré have beex
ascribed to focusing. And while that’s true, that this is,. -
as you plainly state in your paper.a racantly avolving e~ .

and I use the word Ptheozy® but you can use any word you'

10t that correct?’ ‘ | K ’ ‘ku@w
A Well, the first part about whether it's a racantly‘
evolving idea, I think, to put it in the right contaxt is
it's something that everybody assentially who thouyght abou£
it knew existed. ' But the level of thevsc;edca, and the lavel
of knowledge about eazthyguakes and so forth havé not pro= '
ceeded to the lpvel at which it was =-- well, where it was

introducad in hearings lika this.

The implication, I don't think it is corract to

In fact it, you know, it has existed sinca the beginningiwhen
people started writing down mathematical equations about
faulting and so forth. ‘

Q Dr. Brune, I'm not trying to imply that.

A Okay, well that's the first part of your statément.
Q I% hasn't received attention, it hasn't bean

called focusiné and it hasn't received the attantion up until
the last howaver many years it's been, 1'1l say faw years

where it has received a great deal of attention.
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i%earthquakes in the' past .as now.
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A Well I,think youlrs referring to the case of
geismoloéy. In‘acéﬁéticsé ii’s bean knowé aad.referrad to
1;ts of timas, but in seismology we haven®t had the near
's;urce racords to interprat it ox’ therae havan't;been that
many studies méde in the fér £ield, if you wanht.to go to:thé.
far field. | |

But you know, Sack.in 1952 Beniof£ déed,tﬁeJ' ;

strong moﬁion, the reﬁson it hasn’t been applied is bacause
'there- hasn't been enough data to apply it to.
- Q ‘But the phenomenon has .always beé; éﬁéxaa 'Ihméan;

"there's no moxe: focuszng occurring in earthquékgé today than

L) $launt Sus v AN

e . wavx

A That's correct, the same physics éépiiés to
LAY A1l riéhtz e

Now another term I'd l-ke to talk about and get
a basic understanding about bafores we proceed into your
tggtiﬁony.is intensity. How is that used, how is. the.term
®intansity® used by saismoibgists? '

A intensiﬁy is. 2 qualitative scale ofqéhe amount
of damage that'is done by earthqugkes. Thaﬁ i;, whather
something is knocked évar, whethar a certain type of coastxuction
is damaged or not and so forth, .

Q All right.

4 e
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". elate it isn't exactly 1inaax.

And can you relate acceleraticns to intensity?
A.  There could be;a:geherai'rélati;n.- a nuuber of.
people have tried very general ralations, but there isA't a.
one~to=-one corresponéanca betwean acceleration.and intansity,

80,

9 . Okay° What’s tha general *elatzonsnip? I appre- ,

-
i

A Wall tha general relationship is the highaer the
intensity, the higher the acceleranione That is, hlgherr

accelrrations. tand o generata hzgher intensitias.

’

@ A1l right.

What kind ofvintensity wpuld you agsociate with,

-_fdrrexampla,~400-percentn9f.gravity?

A . I donft knovr,

W - Let®s ake a city liké San Francisco Sr”Losy

“Angeles, whichevex. you: like, a- major city hara in California. .|

What intensity would you. expect in thosa cities 1f an .
earthquake occurred tnat~produced 400 percent of,gravzty?-

A IT would depend on what the fraquency content

f is and what the character of the wave form itself is. Than

in order to == well, in order to assiga intensity, you usually
discuss building design and how much damages tnere is done to
buildings., A% most levels of. intensities, that’s one cf the
factozrs. So you'd have t& have some way of, say, relatiny

the amount of dalage in the building %c the acceleration.
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Q Well let me ask you ¢his: what are buildings == z
you have 400 percent of gravity, would you expect buzldzngs
in tég Angeles and San Francigco o withstand thoss, those
kind of g forces?

A At low freguencies, no, but it d$p$nds or what

frequency is involved., At.very high fraquencies, thaey can

easily stand them.

Q  Well what frequeacies would you associate with

400 percent gravity, what would you expect in tarms-of

frequency range for 400 parcant gravity?

A I-wouid expact probably quite high frequencies,
but I'm not exactly sura, Ia other words, probably up around.
greater t¢han 10 Hz,. (

Q And it!s your tastimony that, for axample, the

Los Angeles Coliseun could withstand 400 percent gravily at

10 Hz?
A Nd, I'm not a struckural engipaer.
Q You don't know what would happen to it?
A. No..
Q Ckaye.

- What's the largest maximum frea £ield ground
acceleration ever recqrdad in ths world?
A The largest in my knowlédga is the Gazli earth-
quake 1l.3g.

Q Dr. Brune, could you list the records which you

r
A
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feel represent focusing?
A I could 1list soma recoxds which iay rapresant

focusing, and I think with sSome probabkility probably do. But

 again, as I said beforxae, thars have not been anougn recoxrds.

taken in the aear field of, say, a laxzge earthquaka to o e
completely outllne the . rupture pattern.and: tha wava pattarn

so that you could. figura out exactly what was gozng One

' So it's mozre in tha line of guessing. like you say in ths caga.

of the San Fernando«eartnquake,nvery likely ths valociﬁy pulse

in the begiﬁning of tha racord was due o focusiny. lMost
people who studzed it agrae £hat that was. == wall aot all,
but nmost people thisk that it was dun to- focusing. S0 I muuen
would 'say that I more or lass agreg iq‘that case.

Q ~ That's tha Pacoima racerd?

A The Pacoima record.

And also people hava suggestaed that.the Baax

Valieyaearthquake. which had a fairly high acceieration fox

4

a:iqw_g, may* have been the rasult of focusing sinca it was

' on the fault plane.

Q Well let me ask you this: isn't it true that

aevery record that was aver takan where a2 fault was propagating

at the record for any period of {timas, is a nmesasuremant of
focusing? ’
In othex words, if you've got a strong motioa

instrument and you’va got a fault rupturing, propagating ia

~ace
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#ne direction cof that instrunent for héwevas brief oxr howevaex:
long a period of timas, you have a record of focusing whaether

you know it oxr not.

A Yas, it's a racord of the phenomenon of focusiag. |

in a sense, but it doesn°t tell you how eFfectzve focusing

can be in ganeratzng large ground motion becausc. in ordar to '

~know thaL, you have €0 have a large sample of GVQnts and know

~.- and racord data for: rupturas going in various dzxactzons j,

'fo; various types of faulﬁsc
Q But it does measure the phenomenon?
A Yes, buc it is not very helpiul <o you if you

don't know which dzrectlon tha rupture vent. You cam say.

yas,. that's the’ result, focusing was gomehoy inVOLVed in that )

earthquake but I don't know which way the ruptura want, 80
you don'*t. know how much of’ what you sea is dua ¢o == in other
woxrds,. you don?t=know how focusing affected that: particular
record unless you kaow vwhat tha rupture was. 5

. Q" ‘Well let me. say this, this may- be a pratty naiva
'qpestion and expose my ignorance, but it seems to ma that if
you: know the hypocen&er of the earthquake and you. cartaznly
know whers your ingtrumant is, then 'you know the dixection of
the rupturs, don't vou? 1

A Well not necessarily., As you pointad out ia youx

diagram, tha actual wave front may be quite complicataed., If

you kncw the hypocenter accurately and yéu know that tha faultl.

T R T sy
-

....
1
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L which is toward the. station, yas.

" occurred fox that particular ruptura that oécﬁffga“to that

it would be differest.

rupturad in a nice swmooth way, for example, which you usually
rd

§
:
!
i
, ;
don’t know and as I said bafore, we don'% have eaough data %

%o kaow whethesr if wasg o= &heéher mayﬁe the fault initialiy ;
ruptursd t¢he other way an& tgen turnaed around and came back
ox == thare's awlot of thing&pwe don®t kaocw aboutiit.

Q But if the hypocénter is 20 kilomaters south of
my station, and it somehow geks by ny station, it had to coua .
at my station at some tima. - |

A There®s a ccmponent of the diraction of rupturé

Q That’s corract.
A YSS o * .
- . o PR PR P (S '.Qf_l"‘(\“’.“r)
Q So that. record has ¢o xeflect whataver focusiay
occurrad.
A Not whatever, it reflacts the focusing that

site. If the rupture variated -- moved slightly diffarently

Q That's coirect. But it does recoéé whatever
focusing there was to racord at that site.

A Yes, it reduces o a tautology sayigé'whatava:'
focusing occurrad occurrad and I agrea.

Q That's correct. o

A Okay.

Soes P
iy

Q. So all racnrds we have then where thars was
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propagation in the direction of ithe ipstrument are racoxds
of focusing? )

A That's not what I would say, xacords of focusing;
I would rather say thaé soéawhera in‘tha enefgy that is

arrxvxng at the. stat~on, ths effec sof focusing ara ;nvalvad

in that data to a. certain extaent. but you don’t know how much 1

_becausa you don’t know how the rupturs occurrad.

ZQ, Well Dr. Brune, *hat’s I guess ona of tha thinquﬁ::”
rthat bothsrs ue about ybur'testimony. 7¥ou sasm. &0 cali ié '
only focusing if iﬁ’s a ﬁigh g'but,it’s a focusing phenoﬁanon-
no matter what £he g ieval is.

AJ’ % Well I d;dn't use the term ”defocuszag" in my

testimony, but that's a tarm that is inuroduced, for .ample, .3

-in tha direction that ifxthev:upture occurS'in-such a way

that: you get destructiVe interferanca, you could ‘call it

defocusing.
Q Okay -
A So in that sort of. gereric terminology, you might .

say defocusing is one. subset of focusing. So. that in some

directions, for example, a selsmogxaph might racoxd lowar
accslerations than normal begause of defocusing, in other
woxrds, the rupture happenad to go in such a way +that it .
destructively interfered,

Q Well what's norwal? What do you masan ®lower

" accelerations than normal,® what’s norxmali?
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A Well say then the average., If yod-haq a whole
bunca of stations, if we'had had, as I said, if we had had a
situation where thers was.a rupture and a larga number ofi
stations around i%, then you could measures the acceleration. at
a large aumbsr of points, . |

Angd then you would say Okay, atc most of tha ==
the average accelerations arae so-and;so. In ore certain
diraection, the qcceierations are very high,fsay? the dirsction
;f focusing. In another direcktion, thej'fé very low. You |
could say it defocused in that direction, that’s what othaer
peopla have said..

Q And thaﬁ's another way of saying that if you
put 10 strong motion instruments out there you pzrobably are |
going to get 10 different recozdings. |

A Yes, theﬁgﬁfect of focusing is a phenomanon which
is direckional, so at different directions'you gat different
accelgrationsv

Q- Okay. And so what you do is“you add up the 10
instruments and divide by 10 and you say Well, this is nomal
for this aarthquake and anything higher than that is focusing
and anything lower than that is defocusiag? |

A It depends on axactly what the fault mechanism
is you'd be working with, but thaé's ona way to do it.

In other wvords, lat's tak§ a siﬁpla casa of a

nice unilateral rupturs, and then you have a larga aunmbaer of

—— 5
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strong motion-seismographs around it and you xecord»a,;arga

And you anotice that in the dixectionf

in which the *uptura occurrad, therets ve"y,very high accalaxam )

¥
. *

accealerations.

Okay. 1f you wanted o usa zhe woxd normal,vp'

'you introduced. lt, I would say wall one way to do that would |

be to, say, just t0~aVerage'all Zhe accelerations ‘and say

Okay, the accelerations in the diractiocn of focusing are highez
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1 Q ~ Will you turn to page 3-8 of your iestmony?

2 ' A " .Okay. Yes.. . :

3|l g ALl right. _ |

4 | . You say-- When did you prepare this ésétimony?:

5 A thfwas ju3£ around the first week of Novembei.

6= Q It was in'Nov&mber?:

7 P\ Yes. L i : ‘ 1; ' .f‘
8 Q okay. -

o |l . You say at the very bottom of that page,

ol ~ "Except fox the study of Ambraseys,

}1 nbne of the above studies included the-rasults

12 . of the Gazli earthquake described above. Since

131l this is the only near source record we have of ’

14. auch a large earthquake, a reasonable assumption

15 (with veryslow confidence level) might be that.

16 this record represents the average valua of ac- : |
17 | celeration, and we can estimate probability and ' !
18 confidenca limits by assuming the same variation

19 It in' data for' this distance and‘magnitude range as

”20 found by Trifunac.

21 Do you believe that it's 3 reasonablé assumption

22 to take one‘piece ofhdata and have that representing the

23 | average value of acceleration? Do you feel really that that's
24 a reasonable assunption, Dr. Brune?

25 A Well that's why I qualified it with "very low
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confidence level” and "mightfbem" The implication is.thagz-..
QL Would you base aﬁy decision on that? I mean

would you call it a reasonable assumption and go 80 far as

to base. .any kind of important: decision on it?

A No, the whole subject of my-- in fact the whole.

.‘emphasis.... You have to take. thls in context. The whole
gleméhésis,offmy testimony is that since we~don't‘have any*
' records avaxlable that - we: can't b° sure wnat the ground

’ motions wzll be in the near field of large earthquakes,

Q . ‘I guess I would‘feel a lot moze comfortable if

; yoursentence sald "Since th;s is the only near source record

;we ‘hAve of such a large eazthquake, an assumption wlth a

very low confidence lovel mignt be®* * #" I have real

'groblems with ”rehsonable,"k when you va got one data pdint.

PR " MR.. FLEISCHAKER- Objection. I don't think
-thaé?gha:questzon, Objection to the form.
| ‘BQ‘MR. NORTON:

' Q .  Would you agree to remove the word éioaaonable'
in front of-"aosumption?"i'I*guess that's my question. Aas I
’oéod'iﬁ,qasooqlayman,,the-word:;oeasonablo" vhen we're talkingf
abou£ one data point ih the whole worid ag an average, it
just defies my onderstonding'of the woré "reasonable.,"”

A ‘ Well I think the question is, glvan in the con-

text of not having any data points versws having one, the

question is, is the confidence level any higher with one data
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" point than with none. So I feel~~ The reasényl-quaiified

that sectioﬁ so much is that I -- is basically to.emphasize

the point that I'm making in my testimony and which you're

;ﬁaking now, that we really can't have any confidence of our

present estimates of accslerations in the near field of
large earthquakes. for this very reason.
Q ‘Well let's go back to the word “only" in that

senéence. What was the magnitude of the Gazli earthquake?

A fhe MS value? .
" Q “ Yes. ‘
A It's about -~ I believe it‘was 7.2, I think.

Let me just look and see.

Q Something ayove‘7 and something less thaﬁ'?.S?
" A Right. |
Q  what was the distance of the instrumén%“from
~the fault? | | |
A | The Russian interpretation of the distance-~~ The

Hypocenter or the fault itself?
Q | Both. - “ e
‘A E Both. .
The hypocenter was, I belleve that it was ébout
20 kilometers to the hypocentral distance. and I think it was
something like 10 kilometers, oz that distance, to the fault

rupture.

Q Okay.







.16

N

13

14

15

17

18

tude of that earthquake or the acceleratxon of that earthquake?!

-that I couldn!t be very sure from the data I had.
bl

7965°

And that was a thrust fault?
A Wall-it tad-a large amount of dip-slip motion
on it. o |
It had a large amount of. thrust?
Yes. (Dip-slip.- ’

Okay .

OO0

And you say that S the only cne. How(about,the;”f;
Tabazrecord? Do you know what the paramaters of the Tabaz

earthquake of September 16, 1978, are?

A That;S*the recant*Iran earthéuake?

Q Yes. | |

A Yes.' Well, I-- | -

Q ' Chat was a couple of monthe before you wrota

your testimony.

A Right. 'Well, as I mentioned in there.I had a~-~
No, I don't know. what. the final fault plane solution, dlrection

of rupture~-

Q You haven't investigated to find out the magni—

qhen you've only got one piesce of data here: you haven’t found

out. the other piece of data? -l Fu

;S Well I looked at the xerox copy that I had angd .

tr;ed to estimate what the accelerations are, and I concluded

Q Have you read the preliminary report on the Tabaz
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Earthquake, the Tabaz, Iran, earthquake:of September idth,
1978 by Rcbert. Sharp and Nicholas Orsinl, U. S. Geological
’Survey, Menlo Park, California?

- A No, I haven't.

.Q ' Have you been in contact with Dx. Bruce: Bolt
wﬂé snpplied that information’ —

3“‘ ( " The informatzon in the- reoort?

“Q. . No the information regarding-~~ A separate o
report, 1nformation regarding magnitude of the earthquhke,
g levels measured, location of the hypcoentral—-

' Aﬁ »No, I haven‘;.‘ ‘
L FLEISCHAKER- Ercuoe me; I'm going to object
) to that question on the basis that I don't know—- My recol-
lection is that Dz, Bolt provzded some - information to’ the
record which he said vag preliminary, and I'm not sure if
uthae's:what Mn.'Non#onais referxing. to. or.isﬂhe referxring
toeone,other:rebort thetzﬁas snbmifted to the’U.S.G.S: or
submitted to the:Univergitg for press, or what?

MRS.:BOWERS:Y oould’you clarify?

MR;INOﬁTON: what am- I supposed to clarify? I
don't underétand. I asked him if he were aware of these
things.. And I don't understand. He gaid ne isn't. I don't
understand what the objection is. .

MR, FLEISCHARER: The objection is the use of the

word "report."” I don't understand what he's talking about.
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MR. NORTON: All I nave is the title to the
report. It's a USGS report. That's all I have.’

DR. MARTIN: Is that Bolt's report?

MR. NORTON: No. Bolt's was a letter, I said,
alietter to Dr. Smith. And I think he testified about that -
in his uestlmony. And I asked him if he‘was«aware of»the“‘
informahnn or had been in. gontact wztn Drw. BolL. | ‘;‘f "; '

MR,  FLEISCHARER: Okay. I just wanteﬁ to make
thatkclear‘on the record. i

| DR.. MARTIN: I'm stiil not clear, This was. a
letter,tha;“Dn.-ﬁolt wrote to Dr,. Smith, and you'ze askiné
Dr. Brune if he knows ahout‘thgt.letter?:

MR. NOREON° No; if’he knows>about'the‘informa~

P

tion on the earthquake. It's. obvious that scmebody has,

the 1nformatlon igr they re writzng about 1t in letters back

and forth to each otherx.

This letter was in Novembexr, and I'm just asking

him if he.has that. information about that earthquake.

. MARTIN: Well the only place we know the
1nformation occurs is. in a personal 1etter? ’

MR. NORTON:* No. Here's @ USGS report about it.

DR. MARTIN; That has the same information as

" the lettex?

MR. NORTON: Yes. and I'm just txying to -f£ind

out if he's aware of that information.
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MR. FLﬁISCHAKER: Before Qa'proceed any further
on this line of ‘cross-examination I think Dr. Bruge.shoéld ba
given'an opport;nity'to.geefwhat that information is, .And
I also tyiny.it_would be_useful for purposes of the record

to see what that information is, whether 1E€"s preliminary ox,

_you know, what the basis for the numbers aré that are in the

USGS reporq or‘in‘the letter £xom Bolt to Smith, -
| :DR.JMARTIN: .The;quéstion about the‘USGS report
was. asked and answéred. . ﬁ
‘ ﬁﬁé..BOWERS: But}Dr.:Brﬁne-referred to a xerox
dﬁdumeﬁg that.he mid he had'no confidence in. :

THE WITNES?: No. That wgé‘ﬁ serox. copy of the
ré;ofd‘of one of the strong mqéiqn acce;grogrémsm “
i ' . MR, FLEISCHAK#R: I'm: not quite sure where we
are at this poiné; I think Mr. Norton has. just crogas-examined
&hié witneésfon the basis of two documents, and I'd like to
hévq.the oéportunity to see thenm. ‘

KM3; ﬁoRToN: But. I haven't cross-examined on the
basis of ahy documents. I asked him if he were avare of the
existence of tﬁe documents or the ‘informaton contéinéd“in the
documents, and ﬁe said No. | )

I don't understand what the problenm is.
MR. FLEIéCHAKER: Well I may wish to ask épme

guestions about those doccuments on zedirect, and I think

since Mr, Norton has got them there I ought to have the
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MRS. BOWERS: But he says he's not familiar with

them.

MR. FPEISCHAKER: But the implication is that
thoéehdocumentg contain- scne sort’afdefinitive descziption of
what that eazthquake wés‘all about. And. I'm not sure whéther
tﬁat's the case or not. | | | ‘

" MR. NORTON: There’s no implication whatsoevex -
about what those documents céntain. I asked him if he was
familiar with the information they coﬁtaihed and. he said No.

MR. FLEISCHAKER: Okay. So all we'ze aéking him
is éhether he has seen tﬁe documents?

MR, NORTON: Ithink the recoxd is very clear as
to what I asked him ané what he answered.

MR. FLEISCHAKER: Well it's not clear in my

MRS. BOWERS: Well he said he was noﬁ familiax
with the information. I éould'assumepthat'meant-he ;adh't
a;én,the documents. |

 MR. rgnzscéaxza: Okay.“

BY MR, NORTON: .

Q In your testimony on page 3—6; at éhe end of the
first paragraph you have a bracket "I have received ungonfirmed

reports that ¢he recent Iran earthquake produced accelerations

of 0.8g at a near souxce station." Close bracket.







. a—

AP

10

11

12

13

14

15

16

17

18

19

20

21

23

24

25

7970

I guess what I'm asking is why you didﬁt‘féll&w
up and dget the information on this earthquake if you vexre’
relying on déta source in the world. Thig appears to be a
.gecond, which doubles your data base.

¢ a Okay. Well, I talked to some people about that
record and tried torfigure cut, on theix basis, how confident-
they were of the accelexation itself. Aand everybody I talXed
to said, Well I've looked at the recoxd but it's a very poor
gopj} and I‘m not suve what the reél acceleration on the
record is, I think it's about .8g, but we can't get the
original, and I'm noé sure exactly what the true acce}azaﬁon ]
is.

Did you agk Dr. Frazier about it?

—

Yes.

And Dr. Prazier-told you he didn't have any data?

:u;o:u;;o

Well he said that he.had seen-- As I .recall, at
the time he had a similar :ecofd, and ¢hat he thought the ~-
be was convinced that the peak acceleration on the horizontal
was .8g and on the vertical he wasn't sure but it probably

wag something of ‘the sams.

That's my wecollection of the conversation.

Q When was that?

“ A I'm not sure. It was fairly recently, like
within the last couple of week, I thiak. But I'm not absolutel

gure what the data of the conversation was.

y
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- Why didn't I follow up on this? Well, the zeason is, any

fatgme%you have a new data poiat like that, as I indiéa;ed

7971,

But, anyway, to finish answexring ycuqugestion,

Séép%é}"in érder‘fé understand the significance.9£‘th§£ data
_pois; you‘reallyyhave tpkeventually get the fault plane golu-
iﬁigq; the directzion of rupture, the depth, and all this kind
~ofi£n$ormation on any earthquake. That's uéﬁally.a cqﬁple of
yeafs later. ‘
| Fo: example, in my ACRS testimony, the Gazli

,aarthquaké had just occurred, and it had 1.3g acceleration.
Ahd_in my testimony you'll see that even @hgugh X used that
data ~= and mayﬁé you might say 1 ;hould‘héve called.everybody
right .avay and really got all that informetion because e had
zero data and now we had one data poiat, but the fact is I

wouldn't trust any f£inal interpretation on any of these data

EN T

-

,gqéggs until a couple of years aftextvards when q}l ???*T For
exgpple, in the case of the Pacoima Dam, ie is now many yeara
after the earthquake and still a recent SSA Bulletin article
comes out with a completely new interpretation of the faulting.‘
So one of the reasons I didn't call everybody

up and £ind out what all the information was on this recent
earghquake is because I'don't balieve that that would have

been-a -£inal. -- would have provided the kind of information
you need to £inally evaluate the result anyway.

Q Well but youn used the Gazli earthquake which you
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'mony. And here you have not used the: Tabaz eaxthquake which

-1g.in the  same status that the Gazli eazrthquake was at the

’ Ldentical status.

] baéiéally it's virgin‘data‘théé'hasn't been looked at éver and p‘

,‘basis to contradict the. fact that the Tabaz earthquake was a

than the Gazli earthquake from the instrument to the--
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knew very little about before the ACRS to support your- testi-

time of your ACRS tastimony:Qia that correct?

A ‘I don'z think that'g-~ "Same-status”" implies

Q Well I don‘t mean identical in evary way. But fjfﬁ“

\

over -and over, and looked at. in many different ways.

AV | Well the fault plane solution has not baen

determined. .- . R -

Q Hés_fhe Gazli faultrplahe solution been determined?

A At thg time of my ACRS testimony?

Q\ Yes. = .- | Jm ,.

a Wo. . S

Q Sp,tggre!s:no differegpe.thgr;; then?

A Well tﬁere's;a gradation, obviouslg, in terms éf
time, . ,

'j.Q; Well would it surprise yéﬁ, or woula you*have.any.

7;7 MS?
A. . No, i;haverno reason to contradict that.
Q ¢ .All right.

And that the hypocentral-digtance was no greater
—~—
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A . No,
Q And that the earthguake zrupturzd in the directioc',*
of thej instrument? |
| A . No. As i say, I den't know any of ?hese facts
abgut thét'Tabaz; |
‘ Q" Well if you agsume: that it's A“as Valucble a piecer
of data™ as the Gazli data, wouldn‘t it ezgnificantly change t
youxr ‘numbers in.yocr testimcnyaif the maximum accelexation%
were .8g? o :A : - il o :'31M
7 MR, FLEISCHAKER: Excuse me. 'I'd likento‘objecc.A
tO’thiévline of questioning, Because I think.before we agk. |

questions about the magnitude'of“the earthﬂake, the hypo-

adequate foundation ought to be lamd for the tynes of questions"

that are being asked., .
P recall Dr. Bolt teati;yingabout this. earthquaka

said these were pceliminary determinations. - :

- So.at this point I'm,goxng to object to. those
queetions, all of those questions, and requeat that they be
st:ickcn'and the answers be stricken, on the basiclthat.cn
aéeéﬁaté foundation hasn't been laid for‘thosé~num5e£s in the:
;gcqu; ‘ .

MRS .BOWERS: Do you want to repcné, My, Norton?

MR. NORTON: I believe there waz testimony from

P - e
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,*in evidence in this case. So there certainly is a sufficlent-

.transcript?

was on for about three, four or five days. We'd have to dig

_cussed that earthquake. But what I don't recall is what
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our panel of seismologists about the Tabaz, Iran, earthquake
,s.l— L)

as to magniltude and g levels, I don't think the:g_is any

.doubt about it. - There was testimony in the record. It's now

‘foundation for that hypothetical.
MRS. BOWERS: Does the Staff have a position?
. MR, TOURTELLOTTE: Nc.

MRS, BOWERS: Can you readlly identify the

MR. NORTON: It was the seismology panel which

it out. But they definitely~~ I remembertnr. Bolt and
Dr, Frazier and D;. Blume talking about the Tabaz, Iran,
earthquake of September '78, the magnitude 7.7, tpe“.aq.
N IR. FLEISCHAKER: I algo vecall that they dis-
§39 §6ﬁrce of their information was, nor,tﬁg*certaingy they
atéached to the information that they gave to the record.
1’ MR. RORION- Well, counsel had all the,opgortunity
in tpe world to cross-examine on th &. But those facts axe
%p'qyidenca. And counsel is saying, Gee I don't know about
?yoge facty. He had his opportunity to cross-examine at that
time, the time they went into evidence.

MR, FLEISCHAKER: That 1s not the point. The

point is that if Mr. Noxton wants to question this witness
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1|l about specific facts relating to a specific earthdupkp:ha

2 should lay an adequate foundation for those que;tions;’ And

3 i he had the infoxmetion in the record, then it was. incumbent
4 upon him to go back into the record and determine the info:ma~
5 tion and the basis of the information. Then he could ask u
6 this witness the questions..

7 y . He's got Mr, Frazier,sittingziéht next tg h;m;

8 || ¥y, Frazier can advise him as to the basis fox the informétion
o that he is laying out here, 7.7 magnitude eafth quaka,'what‘s
10 g@g;bﬁgis for that measurement, hypocentral distanc¢“q§'°x'

11 k#;qmgtérs, what's the basis, what's the basis for_?ﬁat,

12 rgptgfg propagation in a certain direction, what's the basis
13 .foi éﬁai? .

.
’

14. , MR. NORTON: Mrs.-Bowérs, that's just -~ I've

15 never heard of such a thing. When something is in evidence
6 and was: not. objected %o when it came into evidence, you can't

17
18 ﬁypothetica; state that there's no foundation for that

later when somebody wants to use that evidence to pose 2
/ :

10 || evidence. The'foundation is, in fact, that it is in fact

G Tessmem WS

20 in’ evidence. e

21 MR.‘EOURTBLLOTTE: Mrs., Bowers.

22 MRS. BOWERS: Mr, Tourtellotte.

23 MR. TOURTELLOTTE: Maybe it would be well for the
24 Board to inquire as to vhethex the questi%ning ig going on in

25 this direction. If it isn't, then maybe rather than ruling
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- ¥ight now that could be checked into during the noon hour.'

-Just as a possibility. I don't know whether Mr. Norton has

gimplication that might be drawn that there is certain informa~
1'€ibn regarding this-earthquake that 13"~-‘we11, the objection~
‘ is there. I just want to know what the basls for these

_questions is, what the fcundation is and where this infozma-‘

fobligaﬂpn tO’identigy~in the record the §9ufbe of your  informa-

tioh.. _ |
| ' MR.. NORTON: A1l right.
MR. FLEISCEAKER: PFine, Thank you .
-« =+ BY MR, NORTON;
| Q Well, Dr. Brune, you would,certainly; hcwaver,.

gwhave to change your'teationy at the bottom of paga 3-8 as

" the only near aource record we have of such ‘an large earth-

d E e el mi— TR Y n DRSS e e TS TR
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anything further on that' or not.

MRS BOWERS: Well we recall, of course, generally~

the testimony, but do not have the exactfigures in mind.

MR. FLEISCHAKER°' WLat I‘m objecting to is an

tiomn is coming £zom..

yM#S.:BOWERS:* Mr. Nozrton, we think you have an

»

)

quake, yould you not? Ycu are aware that there is indeed a
xecord of another large- eaxthauake, near gourca? A
‘A' YeéJ ‘I mean, if all the inxormation which you
ubmitted is correct, then it 1ogica11y follows, yes. And on

the hasis of, you kncw, phone contactg, and so forth,-éhat
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geems more or less correct.
Could I add one explanatoxry comment?

You asked why I didn't'follow up on thig earth-

quake, ' Well, one of.the reasons is that there was anothexr

earthquake and I had to fly down to Mexico. It was a short
time, and I reglly didn't have time to follow up on it, with
my other-duties. | '

Q How many strong motion recordé‘have there been

taken .in the‘whole world to date?

A I'm not aware of the exact numbér.

Q' Is it a iaxge numbex?
_— A Well it's hundreds. Over a hundred.

Q.. . Over a hundred? .

A: Kth;Qa#éé;jw";;;:L”;; migﬁt e?én be a tgoueands
I‘don”tknow:

Q How many had sccelezations in excess of 1l.l5g7?

A To my knowledge, only two. . |

Q And those two. are?

A The Pacoima Dam recoxrd and the CGazli earthquake
record. ”

Q How many showed focusing? XLet me . zay that

another way:

How many recoxded-focusing?
i ell I wouldn't like to phrase the question,

recoxded focusing in the way that you lanitially introduced it.
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Do you mean they :recorded energy from an;eax%hquake which.
had :ccusing in it, or do you mean tney were in the direction
of focus;ng,of maximum energyhfocusxng? | |

",\ .?.-.-..

o' s ‘”‘F.'Q. >
.

fibst of all it it possible to distinguish Between the ‘two in |

the real world?
'-"IL ‘ ‘f In: the real: worla? Sure.
get enough stations surzounding an earthquaka where we can

understand the dirsction, the actual mechanism of rupture,

- and so forth~-

Q . Excuse me; we’ra talkzng about zecords that have

existed in the world. We're not talking about focords that

" mh!;ex;ﬁt;ip the'future;:we'xe=talking’about what we'ze 1tving

with now.
| Is it possibla to distinguiah the two?:
-A ~ In. soms caaes it's posaible, yes.
Q In which cases?
A, Well, ‘for example, in the 1952 ea:thquake BonigfE

. the direction of rupture from the asymmetzry of the surface

But:in terms of interpratation of the strong motion records =

and that's probably what tha main implication is, is there a.
stﬁbng‘motion record that somebody Bas inferred focusing for.

And I would say that, as I mentioned before, aside from tho

‘suggestion from the Besar Valley earthquake, the Pacoiwa Dam

Well, first of all, to undgrstand your diatinctionf

As T eaid. ‘ongce we ‘@~%

And a lot.of this has been done for various aarthguakes

MR
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record is "z;he one that is most commen, probably: thexé has .
been more study omr it. which indicates the velccity s_mlsé at
the beginning of the zecord was tha resuli-‘.‘ of focusing.“

Q Let’s talk a little bilt about the difference-
bet}-}eép velocity and acceleratlen; nct necassaxily the defini-~
tions of those words, because we've .;aéard that hafore: But
I have a little bit of difficulty in understanding how a
.record can have velocity focused on it buth* not accalezation.

A Well in the case of the San Féarnando, the Pacoima |
Da;n record, some- interpretations have indicz;ted that tha |
initia-l‘ pulse of the zecoxd, which leads -~ vqhen you do the
integration of accelaration to get velocity it gives a very
‘J'.ar“ge puise of valocity. and people refer ¢o that in an
approximate way of say/ing the velaciiy pulsae on the beginning
of‘ﬁhe Pacoima Dam record. And what they mean is, if y'oui
integrate the acceleraticn and get velocity you £ind thexa‘s.
a big pulse,on the beginning, of velccity'é and that's not at
the. ‘saiie time on -the raecord that the peak: '7‘a.cceleration's occuy
wﬁic_h._ar'e later in the zecord. and so people: have said, for
éxeginple,‘ that the b'ig velocity pulse at Pacoima D#;n wag tha .

result of focusing.

g e 'Q Well, Jjust a moment.
R Velocity is dexived-- Velocity deesn't arrive on
a‘;‘ ’x:erddr'd' without a wave, doss it? I mean, velocity isn't «

gomething that a zecorder picks. up without picking up a wave?
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been.
Q" okay.. T
;: , So the Pacoima Dam record was focused? .:
.f?;ﬁ"& ' As I said before, the large pulse at ﬁﬂb‘bbginning

of the.record,which showed a laxrge pulsge of valocity and

,which people have referred to ag the velocity nulse, has been

-thatﬁs distinct from the later part of the record where the

7980

A Velocity is the rate at which the ground moves.
Q All right. And that's the waves; correct:; that

are emanﬁting from the earthquake? 3

.\ The wavaes cause the gzdﬁnd to move at a certain
velocity or acceleration.

Q So velocity you can't meassure without having the
waves. If tﬂe‘velccity iz focused, how can:;t be that the
waves' aren't being focused?

J Qﬁ- Well X wouIan’E 8ay the veloci“y is fccused: I

would say the waves are focuged and led to the large velceity )

pulse observed. I mean, that's what the interpretation has

inferred by various peopla to be a.result of focusing.
.%% ,Q“ - Of waves? _ '
: A - Yes., From the daeper pa;t‘éﬁvtha fault. ' And
high accelerations come. ‘ o
Q Okay. . But, in other woxds, that fault as it
xuptured propagated toward the instrument, gnd whatevat

focusing occurred was measured on that ingtrument duxing
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that .poxrtion of the rupture?
. A Yes. But you doidt exactly what tbe angla
between the direction of ruptuze and the -£ault is. 2aAnd tha
focusing effect is dependent on . the fxequency content.

In other woxda, ¢he actual fccusing of energy

.-for different frequenciea is difforent. And so uniess ‘you had

an exact solution to kncw exactly how the mptnze occurred’

N

: you' don't know whathe:: the frequencies that made up the
-velocity pulse might have bean focused mzd the- cnes that make g

f_acp the acceleration, noi:. " You don't know the exact dotailsvo?‘ o

And also the attonunation may have zerovad -some

of the high frequencies f::om the. velocity pulse..

SRR o & You zeferred, didn’t vou, to tha recent Mexico
ear,tﬁquake?

Q - What wac 'che magnitude of that earthquaka? .

A 7.9.. | |

Q ___And how would you. deacribe the: intensity?
*A S - would say- it wag quite low.. '

Q Very little. damage?

A Very little damage, yes.

Q Whac was the measured acceleration at Oaxcca?

A  As I understand, it was about .2g. But I've not

"é‘eon ‘the record, the original recoxd. That's quite a-Iargo




FaN * v
0 w b w v



“RB/wb21

o

10

i1

13

14

15

16

17

18 .

19

20

21

22

24

[
. §
H
‘
s

Ay ¢ omwey e

Ak v

7982

@igtance from <he epicenter.

Q Tarning to page 3-7, starting -- the sentenca the

tpird “line fzom the top, , . " |
"Tzifunuc gives about 1.7g for the
average acceleration neay the fault for a Magnxtnde
? . 7.5 earthquake and about 4.0g for the acceleration
) , with 90 percent probability o*= not being e%ceeaod.

-Let'me see 1£ I undarstand my atatiatics vary

weil.
| Are you there? ‘-
"A Yes.
Q@ °  Okay. ) 1

o - Does that mean that if you have ten 7.5 magnituda

eartiéﬂakes one out of ten of those ﬂafthquakes'is going o

2%

result in an accelaration in excess of 400 percent oﬁ g*avity?
E A That’s- on. the fault. - That's the interpolation.

L)

1That would not necessarily mean 4g-at the surfaca.

But what ne's aaying in that thing is that'

*° trwg

righﬁ oh the fault itself, Tha nvmbers foz, say, 10 kilometars

.- -
h NL,_ .

.
- -

.away ara given in the next sentencs.
Q All right.
So at:. 10 kilometers away you'’d have 245 percont

of gravity. Now that's a 90 percent probability of not baing

excaeded, that 2.4592

A That®s right.

%
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Q So that means within 10 Xilomeiexrs of the fauls

for every ten earthquakes you're going to have 245 psrcent of

gravity within 10 kilcmeters of the fault? . .

A - If you accept thoge-= I'm éuoting hig extvapola~-
tions.

Q I undersatand that. ° _

A - 2nd yéu'rewaaying, What's the implication 1f

-those extrapolations aren't correct?

Q No; I'm ;sking you if I understcod the statistica
correctly? , '

A Oh, yes.,

Q . Okay.

Now you go on and you s8ay, "BOOZ2eees"
Excuse me just. a monent, -

(Pause)”
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Ycr say "Boore et. al. do not axgend ¢heir curvas

fortmagnitude‘7.5 aarthquakas to shori: disiances for lack

of data but the slope of their curxves projectad toward shozbd

distancas sugéest accelarations of gresater than 2g axe possible
at distancas of 10 kilometers.” ’ :
I beligve in your deposition WQﬂdiscussed éhe

éqcéleration-and distance-xelationship, Do you recall tnat?

¥:\ No,

Q We talked about the near f£isld and w@etﬂe: there
would be'any distincti;h batween the faults and two kilouwsters
from the fault or five kilometers £rom tha fauly, do you

recall that?

A Yas, I racall that, e -
Q And do you racall what your position was on.that?
A I wouldn't try to summcarize it, but I could giva

Q Okay. Why don't you give us your posizicn aowe
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" A Okay. Would you repeat the question?

Q We're- talking about the relationship bétWéen“:

acceleration and.distance from the fault?

A ‘Yes;

Q Froé zero to, say 5 kilometers. .

A Yes.

Q i What is thé‘relationship bet&eeg aécele?atiqn ahd:

diéﬁance? ‘Would you expect to‘get‘a difference in acceléra#
tioﬁhin thaé‘S»kilometers? |

A ‘i'Weil,\I think that the sa?e’thing is;true,'thaﬁ;
we*don'tihave enough daéa to say what that is, either. I

mean we can hardly -- if we-can't tell.whét the average

[

~accelerations are,.we could hardly start talking about what

the slopé of the acceleration curve is.
@ But didn't you say you‘had‘ah qpinign“as to_—;

A Well, I think there will be attenuation of high
frequency energy as it goes away f;om the” fault, ahd therefore
that there will be,éfdecrease in acceleraéiop with distance
Q" i Lineariy?

A No. Again, I can't imagine that we have enouéh
‘knowledge -- we don't have enough knowledge, in my opinion,
or enough data, to say whether it'sulinear or not.

Q Let me ask you thisg:

Do you really helieve that for one out of evexry
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10 7.5 magnitude earthquakes that occur that within 10.5 km of
the fault you'’re going to have 245‘perc§nt gravity oécurringz

A * "Really believe," with the smphasis that you put

" on it, sort of . . . I'm not sure what you mean'by that

emphasis.
I‘have'ﬁo reason to doubt the extrapolation that

he made in‘terms of fitting the data, and so forth. .'2aad the |

* data are too limited, and I understand the physics is too

limited, to say what the prchbabilities are.
Everything scems to suggest the fact that wé

have a couple of accelerations around lg, and we've only got: Af

. 80 much limited data, that eventually thera'll be something -1

" a factor of 2 ~- oﬁnlknowledge of the. subject is-such that:

a factor o? 2 is not an unreasonable amount of variséion.
So. they couid be over 2g. |

K Q ﬁell, I»inoﬁ”fou said. that you didn't ha&e any .
expgrﬁisé in whether ?uildings would stand or fall, but |

heren't*you;very active in. and involveq with the .La Jo':!.la‘:ﬁ-r

=

~ about. an apartment building being built, and the scheols, -

. the standards ‘to which they are being built, for earthquake?

Wereén't you personali}_involved in that?
'A I don't remémber_the exact details, but . . .

what was the first part of the queséiqn again? You know that |
I -- ahout building damage.

Q . You stated, when I asked vyou about: the L.A.
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Coliseum withstanding 400 percent of gravity, yow said, well
you didn‘t know whethér it would oz not, because you didn't
have any expertise.

A Well, I also said it gepended on tha frequency.

I said that there's no doubt in my niné that at very high

frequencies iike 50 cycles it'll stand it.

But, as I say, 1f you're trying to get me to in
éxact Getails tell how a building vveuld stand a cartain‘
amount of acceleratio#, that's when I said tﬁat that's
outsiée of ny exéertise.

T But I'm willing to tell you everything I know
abo;t~the response of the buildinés and how that implies on
acceleratxon, which I think is what you Z@ o oo -

Q ‘ Well, I guess what bothers me is ;hat,‘askf )
understand the bullding codes up and down the State of
California -- and I understand the San Diego area whexa you

" live is léwer than, say, ios Angeles, which is probably a
little bit ‘higher than San Francisco =- tﬁey're calling for
10 percent to 20 percent gravity -- the best ones -- foq.
hospitals, schoolé, auditoriums, buildings where thousands,
tens of thousands, and even up to 100 thousand people
congregate at one time. And when I see numbexs like 245
percent of giavity as being predicted for one out of everf

ten 7.5 magnitude: earthquakes, I'm vexry sufprised.

So my guestion to ycu is: If you really kelieve

¢ mrmaes g e > e $7T0 e e e Tamen s amwmm 1 i cmmRE E o 2







DI

»!r‘

wel 4

13

10

11

12

14
15
16
17
13
19

20

21

&

25

SEA ch G s e s ddsk e #Y T &skIw S 0 ded & & R eremArL S SRl SIS oF ¢

7988

these numbers, would it ke youx op%nion that ﬁhgse codes,
these recent earthguake codes for Les Angeles and San
Francisco, and so on, are novhere near what's necessary to
protect ?he buildings?

MR, FLEISCH2KER: Objection. I'm going to move
to strike that whole séeech on codes and thpusagds of people,
and the figureé there. There's just no basis for that inw
the recofd.

. MR. NORTON: Well, we can go through the basis

and, lay the foundation.. I think the objection is propazly

' taken._"And I will do that.

BY MR. NORTON:
Q Yon are aware of the buil&ing codes of Los
Angeles, are you not, as to the g values specified?

A ‘Yes.. I think I can clear you up on.my under-

.*standing-of the topic you're aiming at, and that is, as I

mentioned’ in m§ testimony, one of the arguments against the.
high acceléiations is the fact that the bﬁilding @amagq that's
been 6bsérved has not been ag high aé the engineers éould
have predicted for,such large.accelerations. That's the
point you're‘gettiﬁg at.

Again, that's -~ that’s not the point?

Q No, but go ahead.
A Okay.
o) Your testimony is interesting, anyway.
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a . As I said, I°'m not an expert in structural
response. 3o whether or not a buiiding should be damaged
at a certain acceleraticn oxr not; I don't know. .

But I do know the histoxry of the engineers
attempting to say what the peak ground motion should bz on
the basis of this. That is, I know that in the ?ast there
was a time, as mene;oned in Dr. Newmark's téstimony, when
thé engineers argued because the building dJdamage was so©
low that the accelerations couldn’t be over .5g for many
years, until there was a zecord that was iecorded of .5g.

So thege’s a long history of‘the argument that
the buiiding damage is not what you'd expact for these
large acceleratio;s.and, thexefora, they don't occur. !

‘ This is esseqtially what I would say is using
a building as an acceleéometer, and I think thét's an
importanéapoiﬁt that it's very important to society -to get
straighténed out, as to what that is. Aas I underst;nd it, |

that's the reason for the’introduction of the concebt of

. effective accgleration and so forth.

Whatt T see as the final answer, the satisfactory

answer, that we need to come to is when we put in an
accslercgram of a certain acczleration and certain type, and
so forth, that we do accurately predict the damage to the
building. And then when that situation arises, then I would

say, okay, at that time 'it’'s all right €9 use building
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damage as a measure cf ground acceleration. But:up uvntil

that éime; I would say that I would putﬁmqéh’qore-ﬁéith in
the actual aécele¥6graﬁs to estimate Ghat the ground moition
is, rather than estzmatlng the acceleration from the
buildlng damage.*:
Q " Okay. 7Andijou would use tﬁé“acéelerograms in g
lieu_oéisome maihematiéaifectrapola 1ons too, wouldn't vou?:
A Yes, riébt; " Well, not in lieu of. i’d saj in:

preference to.

o0 Yes.
A‘_; :xeg.: zp££ink we need to get mozre acCGieratiqn}n
: Q: Well, then, what acceleratlon would you recommend

~

for. design of bu*ldlngs that I've described, hosp*tals,

l

| rschools. audztor;ums, that. have large collecblons or peoplc

R

.
-

continually? - ‘lf ‘;h : : . " "wf ;
'ﬁs I ha&e noéfthqught about the Suiléinévdeéién :

problen. 7 | i |

' Q . Well, now, weren’t you very lnvolﬁed in La Jolla

in just that questlon? ‘ ' : - ,A B
A  To.a certain extent. I was working with a

fellow professor there, Gilbert Hagemeyer, who was the

1

<4

Q Regarding schoo1sr apartment buildings?
\~\\ i .
A Yes, he's the oné -~ I was 30zt of the seismolo-

gist and he was sori of the engineer, in talking. So the
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combination of what we were discussing there -- but I'm
willing ¢o say that for ~- vou're asking me as a citizen, nov,
to sort of take into account all the --

Q No, I'm asking you as one‘who used a statement,
relied on a statement, that one out of every ten 7:5 magnitude
earthqgakes;would produce free field accelerations of 245
pexcent of gravity. 7

A I :quoﬁéd that as one of £;e pieces of information
that's in the literature about what accelerations might be
expectéd>in~the near fieié,

My main poxnt in my testlmony is not that that's

. a valid number for emtrapolatlon, but that we don‘t know

what the trﬁe accelerations to be expected are.-

I'm ﬁot taking Trifunac's number and saying,
okay:, that's what I thinkvwe ought +to design buildings for,
that that's the aopropriate number.

I'm gimply cxtlng that as one'of the studies, and

I prefaced that whole section by saying we don't have enough

-data, and all these authors, whether they come up with low

valﬁes or high values, have always prefaced their studies
by saying we don't have enough data to knov what the true
accelgrgtions are.

MR.. NORTON: While I've been cross-examining,
some people have gone to the transcript for the previous

objection made by Mr. Fleischaker. The.%transcript is from
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1 Decémber'lgi 1978. It starts at page 5845, We are talking
Qg\ . 2, about Mr. Bolt, w.ho says:
(‘\ ‘ O | I "May I add something?®
4 And ‘he then gces on for three or four pages.
5 (Laughéer‘) |
R 6 : 'So we'1l move over to where the appropriate data
7 is, 5847, at the top.
: 8 ) "The Pacoima record and this acceleration of
é l.2g was a very important pivot point in theif
10 arguﬁent:" Since that time we'h;ve had one other
11, . ' record which bears I think more ‘importantly on the
1% N gsgessqgnt§fz‘tha@hwasxyn Seétember 16th in Iran,
Qﬁi: i3 ) a record obtéiﬁéépiﬁfiﬁé!aié& Ofeeo® ==
14 and I think we have a typo here ~~- it should he Tabas -
.15 ®...Tabas which was five milés from the end of
16|} - the‘fauit ruptufé. |
17 . The fault rupture, again accardiﬂg <o the U.S.
o » 1éa _ . Geological Survey people just published in the .
. ig Ayewsletter of the Earthquake Engineéring Reseafch
~ 20 Institute, was thrust-type faulting, so this is,
21 according to the“testimony that we ha&e given in
22 this subﬁiséion; likely to be én tﬁe high gide. And
23 . the magnitude, the‘ﬁs magnitude for this.éarthquake
- 24 i . "is variously given as 7.7, 7.8. We got 738 at
”‘/ 25 Berkeley on out calculation.
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and we were referring to circuiar 672 —

 ‘strike. We now have,epeciflc information. L

So this would be the highest aoceleratien -
I'm sofry, this would be t@e closest acceleration ever
obtained on an instrument near to a great-earthquake,
7.7, 7.8 magnitude, and the peak acceleration was
about .8g, in flat contradiction to the extrapolation

that was carried on in this particular circular...”

NG

Y ..e.which relnforces my view that ‘the basis of ‘that

partxcular argument is on very s shall I 8SaY . shahy

b . . RN

" . ‘,‘uz‘ "
ground? B

(Laughter N

So that'’s where the data for our\ﬁumbers cdme.

Could we have a roTzng“oh Lhe obnectzon?

MRS. BOWERS: We canhoroceed with the questions
now that fou'v Ce— B
’ MR. ﬁoaron; I. think M;.rFleiscﬁaker made @’

motion to 'strike my questlons and answers.

MRS. BOWERS: Viell, the motlon is denied to

BY MR, NOR&ON:

'Q You st111 haven ¢t answered my question, vhich is:
what you would recommend for the typeo of buildings that I
have described.

'Are you not goiné to answer that question?

A . I!d_like +o0 have some time to think about it.'
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As I say, it's -~ I'm not sure exactly io what context you're
putoing it in. |

MRS. BOWERS: On the basgis of the present
information if we have a sensitive building very near an

active fault which,could have a magnitﬁﬁe 7.5 earthquake,

is. that what you re --3 L

BY MR. NORTON..

A

.4 . You ﬁave a lot of“buildingé very near faults in

Los Angeles and San Pr«nc1sco. 4San Franclsco is 1oaded

~

WLth them.k The San Andreaa goes rlght up through the vhole

Bay aréa, does 1t‘not? You'haveAa;tremendouS"number of

buildingsJWithin ten kilometers of the Hayward,. Calaveras,

R T T

‘and the San Andreas. You kﬂbw, that's what I'm talking

about. - |
MR. FLEISCHAKER: I'm §oing to object to this
line%of éuestioning'on the basis of-relevance.

We re not talking about general structures 11ke

hospltals and schools, and even those kznds of sensztlve

»

'structuros. Wetre oalhlnc about a- partxcular structurc, the

-

Dlablo Canyon.
' That structure has a frequenc; ranae whzch is.
quite different from schools apd hospztals gene;ally. It
also has equipment, valves in it, that is quite diffexrent

from the kinds of eguipment thaL is in schools and bospvtals,

so that the numbar that might be app;oprzate fo¥ a general

o e ex P Ty P N [N
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building code aren't relevant to the discussion before thisg
Board.

The discussion befoxe this Board is what are
Zhe appropriate numbers for the Diablo Canﬁon Nuclear Power
Plant‘assuming.a 7.5 magnitude earthquake on the Hosgri fault.

MR, NORTON: I'm not going to respond to that

in very great detail, excépt<that Mr. Fleischakex doesn't

know what he's talking about. In“some’iostanqes he says

.we're 1nterested in entirely different’ frequency ranges.

He's just absolutely wrong.v

But ve certainly have the rzght to go o the |

Anumbers used in ¢his man's testmmony and ask hlm how he

_ would app ly those numbers to the real world. And the real

world isn't limlted to Just Dlablo Canyon and éarthquake
engineéring. There's heen aIl kihds of testimony about
diffevent kinds of butldlngs, what L&nds of bul‘dlngs have

withstood earthqua?es of great magnzttde. There was testi-

~ mony about San Francisco and all the bu.ldzngs there. There

was testlmony ‘about Lachupada Steel Plant, I forget al1 the
places that*Dr. Blume Has ' testlfled about. Thete has been

testimonf by this witness about & 7.8 or 7.9 magnitude

- earthquake in Mexico with very little damage.

He's here to talk zbout earthguake engineering

.or earthquakes~and séismology, and limit it to one little

spot. on the face of the earth, that's a little bit broader

ane? ner ¥V e ratncd e s

A1 mEaE - e————
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subject matter- than that.

‘MR, FLEISCHAKER; Well, let's geé two things
separated here.

The first thing that we wvere taléing about‘was
the relevance of the numbers that might Ee contained in
building codes which are used fq: design of - schools and

hoeﬁitals._.

Py
-

My objecéien‘stands on the‘beeis tﬂe%’ﬁis ques-=
tions were dlrected to soliciting that kind‘of information
from this wltness is lrrelevant for th1° dzscuss;on.

But more broadly, or a dlfferent kind of objec—
txon is that the kinds of 1nformatzon ehat Mr. Norton is
scekxng to obtaln, ar the llnds of testimony that he is
seeking to elicit iszbeyond the scope of this witness'.
expeetise. w

Dr., Brune is a uelsmologist, and I ehinL berore

he sald he wasn't a structural englneﬁr .and he wasn'ﬂ prepar—

ed to talk about the eppropriate nnmbers that should be ut11~

1zed as the zero period llmlt for the design ~esponse spectra,
for the Dlablo Canyon Nuclear Power Plant, or the zezo perlod

limet for any response spectra for aay, £ac111ty. That’s the

klnds of things that Dr. Trzfunac and Dr. Luco talr about.
That s the kinds of things that Dr. Blume is 1mm1nent1y
qualzfied to talk about. That’s the kind of thlng that

Dr. Newmark is qualified to talk about.

—— 2 menas ——— B B s - a———— —— S

S —
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}IAhope“Iwcén havefthat.éuote.éorzected,?%f that's exactly

what I said. -That seismologists shodld'set:the standdrds?

»

“.codes, we wvere talhznc abou* the numbers for gt 8, and you

" the true ground accelerations are, I would trust the .evidence

'prgsent status as far :as me as a scientist.answering what

‘from buildings.

MR. NORTON: Mrs, Bowers —~-—

. PLEISCHAKER: So I'm going to object to that
line of guestioning. ' ‘

MR. NORTON: One thing. 2nd that is that this
witness just testified that seiéologists-should set the
standards.- He Just testlfled to that. And now Mr.i
Plelschaker is saylng he 1sn't quallfled.~, } |

| Uell, I. don't quite understand that.

THE WITNESS: "If I said that the sezsmologist ——

T don't recall that. And I don't know what “the s tandards

are.

MR. NORTON:.Ve were talhlng about the bulldln

were in your dlscu331or about the bulld ngs be;ng accelerom-
eters\and the strong motion records.w
L “ THE WITNESS' I diddnot‘say that the seismologists

»
‘, "

should set the standard What I said is that in our

2w

from the acczlerometers before I would trust the evidence

MR.NORTON: I know youﬂsaid zhat. But I think ~-

THE WITNESS: And so if the question is what the

o 0
-
Cige @ ou me
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th;s whole 11ne, trylng to get this w;tness to testlfy about

fécuspof the question -- no pun intended -- is not on what
" this witness would do relative just to hospitals and other

~“buildingsﬂ The real import of the-question is how does
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true.ground acceleration is, not what the building design

»

level would be, or, as I sajid, come structural enginéering
questieny hi standards -~ ‘

MR. FLBISEHAKER: Let.me interrupt you. I have .
£wo 6bjections pending before the Board. ° .

\ ‘The first objec tion goes to Lhe line of
quest;e;;ng.. The question that was pendzng before this
witness ﬁad to do with what standards he’would set foxr’
éeneral‘building design codes haqing to do with hospitals,
and I object to that on the basis of féleveﬁce; 3

‘The- secona objectlon had to do with pursuing-

the deszgn 1cvcls that he would specafy £or the Diablo
Canyon nuclear power plant.

I believe he's testified before-that he is not
an engineer,‘he is hot a structural engineer: He' s a
eeisﬁdiogist.' | “ )

A

fMRS.;BOWERS: Does. the Staff ﬁave a position on

LY

. MR. . TOURTELLOTTE: Yes. I tthP the matter can

be resolved if -you consider the focus of the guestion. The

s a7
o

this witness apply his science in the réal ‘world. The question
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of those, because the relevancy is that this witness, as a
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is what application does he make of the figures that he
comes up with.

Now, that doesn’t necessarily mean that this
witness would go so far as to make an application that &
structural engineer would make. On the other hand, I think
thg testimony throughout the proceedings ﬁave clearly
indicated that there is a relationship betwéen seismologists
and the structural engineers, and that seismclogists do have
some kind of input into the basic data ﬁseq by structural
engineers.

And it seems éo me that that 'is the focus of -

the gquestion. The question is what kind of input :would

tﬁ; substance of this testimoﬁyw

MRS, BOWERS: Mr. Tqurtellott;, thgwbasis for
the -- the;e are two objectiéns, one relevancy .and beyond the
gxpertisg. Now, are you‘sayingnthat you think there could
be_rglevancy'and it's within the witness' expertise?

_MR. TOURTELLOTTE: I guess I'm answering both’

seismologist, has the basic information, part of £he -data.basel

that the structural .engineer uses to come up. with his
design. ' ) . 1
Now, the structural engineer nmay do something

else once he gets a lg or a 1.5g or 29, or 2.45g, the
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ructurai engineer may do °ometn1ng el =
“The question is, what va;ue is it that this

.witness is going to give the structural engineecr for the

s m

design of any plant, it doesn’t really make any dxrxerenc-

whether it's hospitals, or anything else That’s the first
place. . ) : 7 7' L

’rl

B a
s

The second place is it is wiéhin his ez pernlae,

because T think way back when we got 1nto the busines s'ox'

s is mology and structural englneerzng there was a clear

v

1ndmcatlon on the part of the witnesses, whlch was noét

cont¢adlcfea by anybody, that sei smologists at times worked

N

over into and overlapped -~ the word was "overlapped“ I

thlnk -~ wi%h the S»ructﬁ"“l enalneers, and struc tural
 4engineers overlappea with-seismologists. '
There ignft a clear-cut line‘:be?weeb the two,
aéd there is an area of expertise which %he seismologist has

that makes a considerablé"iﬁpdt into the strucikural

engineer's analysis.

& Feslig ameadmee T- e =
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MRS. BOWERS: Well, the fact that they talk to
eacﬂ‘other and the seismologists give information to the
structural engineers, does that in any way, then, give
seigsmologists expertise in des%gn of buildings?

" MR, TOURTELLOTTE: No, no% in the design of the

' buildinga,';

“But the questicn obvlously in an*ordinary e

'again, we're talking about the real worldo' structural

eng;neer is going to- ay I've got a buzldlng to buila and

‘my bullding is going to be in Los Angeles, it's within X

number of miles of this fault;;and I don't know what the °’

capabilities of' the fault are;‘Ivdoﬁ't'knqw~what values mighé
be”assignédi but 1'd liké"fortgéu £o do me a'étu&y that would
show what kind of acceleiationé Imigpé ;xpecf at‘thié place
so‘thgt I can figuré 6ut what‘tﬁe dasignmof the .building will
be. v . '

Well, in effect he's asking for .some sort of a

. parametexr from the séismologist which would tell him how to

design the build;ng, and %o an extent he makes a-“ contribut;on‘

to that design., That doesn't say that he’s designing the

.building, bui his basic information is put 'into the design

byithe structural engineer,
MR. FLEISCHAKER: I agree with Mr. Tourtellotte.
And if I can == ﬁust to make sure we’understand

the focus of my objections

.
B R B e e e
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n T There®s no question but this witness and any

t e

other seismologist has useful information to give a struce

tural engineer. And that information is his estimate as to
the parameters of ground motion that can be expecéed at the
site, with the velocity of éhe acceleration, the velocity,
whatever. ‘ S o

The basis-of nmy objection, thBugh, ig ¢hat in

these questions he is requesting this witness to selact the

| zero period‘limito -He is -expecting him, or feqnesting him

- RN B
by

o ‘designate the acceleration values to be used in the
design that scales the design response‘spectrd:,’And that's
the natuze - of the objection, Not that he gives informa=-

gidh to engineers regarding ground motion parameters; but

.. that he should do the selecting of the number that scales

the design respoﬁse épectrao ?hat} I think, isvanﬁi@proper
line of questioning, | |
So I ;greegenerally w}th qhat QMr; Tdurtellott's
been saying.: - | V ' | a
The objection standé. . -

-

. MRS.'BOWE#S: Mr. Norton, you were talking also

‘about some of the codes that relate to schools and hospitals,

MR, NORTON: Yes,
MRS, BOWERS: Anrd you referred to the numbers of
those codes.

MR, NORTON: Yesg,
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And Dr. Brune, I think, assented that those
nunbers were correct. I started to lay the foundation and

he kind of went ahead and answeredra portion of the question

without really answering whether he agreed with those numbers.

" But I got from his answer that he did agree with those numbers)

MRS, BOWERS: But do those code numbers =~ I
need a little education.

MR, FLEISCHAKER: I see Dr, Brune ghaking his '

head ==

MR, NORTON: Yes, we were talking about the

/
ra

Los Angeles Building code, for example, .l to .2g for hospitals

R

and so 65,,and ; gathééed“that he agreed with those numbers,
Maybe he didntt,

THE WITNESS: No. hgreed with them? VYou mean
agreed ghat those were the numbers or that those shduld be
the design numbers?

MR, NORTON: That those verxe-the numbers of the
code, ‘ |

THE WITNESS: No,‘i don't know exactly what the
nuﬁbers are,

BY MR, NORTON:

But they're in that range?

A Yes, ‘
The Board would like to considex

MRS, BOWERS:

this matter., We have objections pending,

A\
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(The Board conferring,)
—_
MRS, BOWERS: Well, we‘re going to overrule

the objection.with the understanding that this witness has

;testified as to his role when he was dealing with an-assoc-

iate who was a structural engiﬁeer and how it was a conbina-

-tion of the two dlsczplinas that got-him 1nv61ved‘wlth code

' matters, _

So we'think, whiie there's-relevaﬂé§,‘éhat perhaps

~

it has llmited value,

So why don‘t you proceed? N
MR, NOR'I'ON: All right,
'BY MR, NORTON: o

Q Let me ask thisg.

"The schools and the apaftmentibqildiﬁgS'that

‘you ware interested in in La Jolla, were they within ten

kilcmeters of a fault?

. A’ Yes, some of them were, yes..
o All right.

aAnd was that fault capable of é 7.5 magnitude

earthquake?
A I don®t know that, no,.
- Q Well, do you have any idea of what the magnitude

"was that it was capable of?

A T think that it's.really not known.. That’s one

‘of the problems.' In some studies it ‘'said that I believe it

3 ermm e nme Mg RIS IARMIS 21 & R
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was a 6,75 or 7 earthquake. It®s possible in that area. And
I think that in the realm of possibility, it's possible that
there could be a 7 earthquake there. ‘

Q Okay.

and as far as this distincition between a 7 and 7.5
it isn't that critical, is it?

A I'm not sure what you meén by “that critical“.-

Q Well, the idea of accelerations in the near field,
the distinction between a 7 and 7.5 isnt really that critical;
is-it?

In other words, if you've got a facility within
10 kilometers of a fauit, and there®s a 7 oz 7.5, it doesﬁ't
really maké much difference vhether it's a 7 or 7.5 in terms
of the acceleratiog that facility is going to see for the near
field, does i¢?
A It dépends on what you mean by “much difference®.
In the terms you use there's a probabilistic sort of increase
in the probabiliéy of high accelerations as you .increasé the
magnitude, ' ‘
| Q Right, _
But it°s not a significant consider;tion, the
significance between 7 and 7.5 in that circumstance, is it?
' 'I believe we discussed this in the deposition, -
A Yes. )

Well, I wouldn®t say that it's not significant;
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but I would say that vou can't draw -~ that we don‘t Fnéw a
nice relatignship to draw to say that the acceleration at
7.5 is a certain value, whereas that at 7 isfa"certain value.
Q All right. f
Well, let me. ask you th;s:
What was the acceleration that you suggested be

useﬁ in the co&es for ‘those schools and that apartment bulld-

ing Withzn ten k;lometers~of that fault?

-

A I éon't recall.
Q ‘Was it higher,thaﬁrf;Sgé f
" A 'I don‘t. recollect.u' |
Q You have no memory of that at all?
A No, I don’t'remember the numbgr.
.Q: - Was it accepted? ” ’
A I don’t xemember that either.
Accepted by. what? By tha...o

Q Whatever“you.proposed. Was it accepted by the

: people that ==
A No, I'm sorry, I have fo gotténvabout that and the
details of it. And also, as I say, I was involved with
another person and X don’t remember. .Most of my input was Lt
-well, I don’t remember exactly what thg—details we}e.
Q Al right, .Let’s move on. |
Iﬁage 3-13 of your testimony, the last paraéraph:

‘Tt shouid be noted that the Hosgri fault

-
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is curved northwest of the Diablo Canvon site.®
Where did you note that from?

Fromva couple of the maps that I've had.

A

Q 'What maps?

A I would have to look them‘up in oxder to get them,
Q You can't tell us. whether 1t was an Applicant

map,‘whether it was a Dr. sllver map, or anything more about
;t than it was a map? |

A Well, other than I looked at'a couple of maps and
looked ‘at the == I think I looked at both of them, but I
can’t remember exactly. You know, X couldn't swear that Toeeo

Q Well, your next sentence is the one X really want

You saye

®Thus, although the‘siée is about f£ive
kilometers from the fault at its nearest point,
ie is much closer to the projeotion of the fault
using the trend northwest of the site.”

The first time X read that sentence X sdid, Gee,

he's got the plant closer than five kilometers from the fault.

But then I read a little bit more carefully ‘and I don®t get
that meaning of it, l

But the problem is the more carefully I read it
the less T understand it. X just doe't undexrstand what you

mean “it is much closer to the projection of the fault using
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‘the trend northwest of the site.®

Are you sayiné that you find a point on the faultc,
that someplace on that fault it's pointing at =~

A Yes,

Q -= the facility that, and then you put a ruler
somehow and run that imaginary, now, fault, that you can run
it through the site someﬁow? “ |

a Yes, right. As X said, it's closar to the

projection using the trend northwest of the site, .

Q ~ Oh, but that projection still doesn't go through
the site?
A I think there's some latitude in how you draw

tha:t° It's possible you could draw it so it*weht through the
site, ) R

But my estimation of what it was, no, there was

just somevhere it was closer, but not through the site,
Q All right.

Well, how léng a sﬁfetch of the si£e is it that
you're projecting #rom to send waves to tﬁe site? .How long
is that piece of fault? Is it a_kilométer, ig it 100 kilo~
metexrs, what is it? i

. A "No, On the map, as I recall, the numbex I =~ the
afea X looked at was just a few kilometers long, but it all

depended on making the statement —- I was aware of the contro-

veréy about wvhether the Hosgri fault in fact connects up with

.
%
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the San Simeon fault, and so the question is exactly whe?e
does the: £fault go and where do you'draw the tangené €0 it.
and that's why I said the statement at the end, that a cal=~
culation should be made to see what the effect is.

I could not, from my own mind, £rom ghe various
testimony from geologigts that I’d heard and so on, deqide

for '‘sure where the fault went up in that direction. So I

suppose part of my 1mplication in saying a calculation should

be made was not .only just not trying to imply that I knew

exactly where the faultwwas,,But, rather, saying that if

" someone does know exactly where‘the £fault goes, that=- and

"if ¢his can be establzshed, or the boundarles can ‘be estab-

Biand b T R v P <]

1zshad wlthin reason, then a calculatxon should be" made for
a rupture going along that particular section of the fault
and .see. if this effect ocecurs,
I don't knpwlwhe?her.it does or not,
Q . We}l, how would you:suggesﬁ‘tpaé.pne»éo out apd

gspacifically do what you're éuggeéfihg be . done?

A ) Well, X would ‘take the various reasonable possib-
1lities for where the fault goes, and then put a =~ do a ]

number of models of dislocation propagating along the ?ault

" dn that <Girection, similar to what Boore has done for the

-San Francisco’earthquake, oxr* various other people, and txy

a whole bunch of different combinat;ons of rupture along the

various possibxlitzes for the  fault, .and see if in thoge

= sree
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in any case there was ﬁore focusing than we expect.
| 0 .Well, let's talk a little bit about focusing.

v You-know, we talked about focusing, but we really
didn®t talk about how 1on§\focusing lasts. We talked about

the coherency of the‘rupture as kind of the controliag facter

* as to how much fccusing you ge , r -

. What we didn't talk about e you know, 1et‘

assume we have a nice fault rupture that goes in.a straight

e

1ine, and then, boom, goes “off at a 45 degree angle, so that

. we can talk about a straight, you know gl let's say we've got

focusing that occurs before the fau t turns away, so that
we've got, 'you know, a nice straight line ‘that ‘we're talking
‘about, | o : -

How .far out from the direction of “hat line is

" focusxng ‘going to remain intact? - -

Do you see what ‘I meaa?
p:Y Yesg. . ’, o ffﬁ"h*u . A
Q Let ™me see. if.I can make it .a very diacrete -

let's ;say you have two waves that focus, that you have just

o enough velocity. The velocity of Lhe propagating rupture and

the velocity of the propagating yyaves are the same for just

'Wtwo waves, SO that you have a double wave, okay? So, youtve

,got, instead_of one wave, you've got two waves traveling

straight out from-the end of that fault, That just happens

to be the way it works out,.

Jpmn b m——————- 33 ®E TemE TEE A |
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" with a model? You can get coherency there almost 100 percent,

PRFR.

and have™a focusing effect? . Is anything going to interfere

‘done for the case of the Hosgri fault, In other woxds,

series of calculatiocns o zee what the effect igy, so that ==

that exizt out there, it®s pretty difficult -to get anywhere

8021

How long are those two waves going to stay togethel

F—

a,
.
'~

with them?

A T donft know themanswer to that questioh, I ¢hink
vhat needs to be done is to take a .realistic model of velo-
city. layering in the earth or velocity structure . put in .
reasonable models of dislocation, and s;e in any éiven cage
how much it occurs. |

Q That's never baen done?

a It may have been done for a few casgs} but %o

follow the line of reasoning, I'm not aware that it's beén

-

actually someone has gone along, éeciaed vhat the possible

variations of the fault are, wﬁat's the possible range of

u
s

dislocation models and typee, and then gone and done the

Q ' OkaYO

Well, thsre®s lots of things that interfere with

foéusing, aren’t there? You have to have‘cohefehqy, and

coherency is very easy to get in a';aborator&, ien't it,

can't you?

a Yesg,

~

Q But in the-.real woxld, you'know, the real rocks

e
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near 100 percent coherency, isnft it?
. A It's hard to say. I'd say it depends on =~
Q All zight, I
But let's say this:
You would say this, wouldn’t yous ‘that even if

you could achieve clogse to lOO'percent coherency for.any

go ‘in time, that ccherency is going to fall apart, i81°t i,

I maan, as you start traveling over distance, the more dis~

-
- b
»

isn't that correct? 7
A To a certain extent. It depends on.the wave

lengths and the velocities, variation in the 8tructure, and

Q‘ But it°s the realfworld, and thoge things aren‘t
going to mesh together very well for any length of time in the
real world, are they?

: A ” Those are qualitative statements. By “any iength
of time“ or "in the real world“ 1 would juat say that as
far as I know there have been, as T said ~= I say ‘what T said
in my testimony, that the phenomena has been demonstrated to

. @xist in ruptures. AaAnd we don't.knov;exactly how effective
it is in the real world,
There’s two ways ﬁo‘redcce the uncertainty: one

is to get & lot more data, and the other one is to do more
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on a fault and the fault, say, had -~ wall, let’s take the

' meters 1ong, something like that? And vou had about a 200
‘Lilometer rupture along that fault. If‘you got focusing for

fthe entire 200 kilometers and you get to tha end of that _

"200 kilometers wherxe the building was, you _could aend it ¢o
‘Venug, couldn't you? ‘g‘uuap, ie woulnxjust blow it xight away

wouldn't it? ’ . . ' o

vit, an incredible amount of energy?

"~ used,

e 18 |
191l
20

21,

. do you, Dr, Brune?

8C¢13

numerical calculations and see,

Q Well, theoretically if you had a building built

1206 earthquake, Lest's take the 400 kilomater == no, it

was more than that, The San Andreas is == what == 700 kilo-~

'If you had that kind of focusing for 200 kilomater:

A I wouldn®t .use any of thosz adjectives that vou

| But I woyldlsay that we éeally‘aon't know yvet

for a propagating disloéétionrana a given stress dr¥oep .in
ce:tainrﬁnq.realistic layering situatioﬁs wﬁée the effective
amo;ntrofrfocusing is, .

| Q Well, but you don't really Selieve?tha& youn could

have focusing and coherency of a rupture foxr 200 kilomatens,

A It depends on which wave lengths you*re éalkiné

about, I don‘t think it‘s’iikely -= 3£%8 not going to happen

a—n s Gemar s mmen ' . 8 E e e e s

v

it would just - it would be -an .incredible erplosion, wouldn®¢
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at very high freguencies, " But =
Q Okay. '
Let's talk about frequ,ncieso
MR, FLEISCHAKERS nxcuse mao
I*m going to object because Mr, Norton is not
'permittxng Dr, ‘Brune to complete his answerse I know that
wheén an expert begins an answer 'you want to ‘jump'in with a
question, because that happens ¢o m&, But I would appreciate
it 1€ Mr. Norton would permit Dz, Brune to complate his
answers. And I'm going to object on the bagis of that,

BY MR, NORTONsS

Q Go ahead and £inish, Dr. Bzune. Itm sozz
a I%m trying to recall exactly the contéxt.
Q. We ware talking about propagating we g zupture

having coherency- for 200 kilometers, and you said, Well, it

depends on what kind of freguencies you're talking about,

i interrupted and said, Okay, let's talk about frequencies.
e A" ‘What I was going to say was that the Boore and

Joyner study which introduced coherency on the fault as it

. propagated along still concluded, as I quoted in my tostinony,

but in this case the accelerations vere even higher in the
"".case of incoherency, |

Now this iz partly, I think, ‘becauae of Zzhe way
they normalized the results. But that just shovs tlint the

effect of incocherency propagating along does not get xid of
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N “Wa.ves” are measured ‘in terms of frequency.

" Do you have ‘any idea, for example, what frequency Diablo-

. different componenis, depending on whether 3t's pipas oz the

Ié " what we would term low £requencles, is that ‘correct:?

ing.t6 =~ I mean, 1€ the building has a certéin period, then

E

" what you call low frequency or high f£zrequency night shift,
24f°“ depending upon what the context is. ‘
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the fact that there is more energy focused in the diwaction
of rupture propagation.
Q All right,
Let®s talk about freguencies, .
Pocusing waves are =- frequency is a component of

a wave, is it not? I don't know if that’s the right word.

" A Yes,

Q All right,
Now what frequency is of interest to buildings?

Canyon buildings are concerned with?
A Again, that®s sort of Butside my area of expertise.

But as I recall, there is quite a range of £requencies for

main building, or so on.

é But generally it's high frequencies. I:s not

.
KN

A . No, I woulGn't =~
Q- Well, how do you define a low frequency?
A You would define it in each given contéx;,*accord-

'R Well, weve been listening to seismologists and
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séructural engineeés for weeks now, and they®ve used the terms
high and low f£requencies éather easily without any problewn,
And we've neve§ had a problem with defiﬁition, T don’t think,
up to this point in time,

Generally frequencies halow fivahhertz have bean

ftermad as low frequancies and frequencies above five hezts

uand up have been termed as high frequeneies. ‘

DO you hawve a problem with that basic‘aafiniticn?
‘§ !eso . L _
 I think that’s the way ¢o approach it rathar ehan
low and high frequsnczes. Simplg tell mo the frequencags

you re interested in,

o= o e e L EVE L SRS~ g

B -
= - - s e T Py - e= e ~emta-

' Q OkaYo

Well, but the testimony, the recoxd to this point

*>id¢tima talks about low frequencies and high frequencies, and

Citfs generélly been low frequencies of one herts, -«1 hertsz,

«

S © MRS, BOWERS: Mr. Norton,=aﬁe you bégiﬁning on

......

,

Perhaps we should braak fox lunch .
‘MR, NORTON: - Well, this particular point I°d like

to finish, It's notrallbng one, it°s fairly short.

-~

_BY MR, NORTON:

!

Q . Isn'e it true, Dr. Brune, that the phenomena -

of focusing is one which affects low frequency waves much more

.-
B
)
.
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mpbl7 1 than high frequency.waves?
2 A I believe tha%®s true. I almost certain ¢that in
3 most contexts that®s true, There’s a little biz of uncertaine

4 ty in my mind about the interpretation of tnis Boore and

5 Joyner paper where they introduce incoherenéy in a couplie of
6 || &ifferent ways.

| One is they introduce it by the variable velocity
8 | and another one by a variable amount of dislocation. But

o |I' basically I think that®s correct,

10 |f . and in the case of a, say, a- uniformly propagat-
11 " ing ‘rupture on which you introduce a variable amount of slip,
i2 || say, or a variable amount of rupture, then that's certainly

. '
o, ()

13 ||° true. As you go to the higher‘frequencieé, éhat introduces

14 || incoherency in those,

15 So the effect of focusing would bacome less,
16 || Q In other .vords, at one hertz you're apt to have
17 || much mor; focusing at cne hertz or lower than you are for
: ‘ 18 | eiﬁmple at ten herts? _
:, 19 I - A X think.that’sﬂcorzect, ves,
. 20 | Q All right, o
21 MR, NORTON: We can take the lunch break now, i€
20 || You want. |
23 |I MRS, BOWERS: Fine,
24: We'll resume a% one o’clock.
v (Whereupon, at 12:00 noon, the hearing in the
‘ﬂ'a 25; above=entitled matter was recessed, o reconvene at

1:00 p.m,, this same day.)
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which you relied in arriving at the statemant in your testimony

2018

ATFTERNOON SESSION
(1:00 pom.)
MRS, BOWERS: Arae we ready Lo resuma?
WWhereupon,
.JAMES N, BRUNE
was called as a witness on behalf of Joint InteﬁVenorsp and,
‘having affirmed ‘that he would -speak tﬂa trqth,‘was axamined
and tas£ified further as fcllows;
CROSS=EXAHMINATION (Continued)
BY MR, NORTON:

e Dr. Bruna, I asked you to get out the maps-od

and I*ll have to find it hare, that ve ware dlscusszng earlier
today on 3~13 regarding the projection of -the fault, tne bend
in the fault and so on. Do you have those maps?

A What I have is, I looked at several umaps, what
I.have is a tracing I made off of one of the maps, ard unfort
nately I éidn't label which one it was but I can £ind out
;atgr. | |

| .The other one is a Xerox copy of the fault map
from ¢he California Division of HMines and Geology.

Q Now this tracing that I'm looking at, you'haVQ no
idea where that cdme f£rom? '

A I dog't remember which o;e of the maps I had,

and when I 4raced that one bfﬁ,iﬁ was among the group of iaps
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£hat had been sent to me about faulting.

Q My problem is what I have here is a tracing with
no key as to distance, I haée nd wvay of checkirng the.wap and
no way of vérifying ﬁhat your éestimony says.

There is no way you can supply that informatioa

‘€0 us?

A  WVell as I said, what I did, I took that apd - -
¢raced ihe map and I don’t remembsr which map. ".I looked at

the other map "you have and I looked at some otherso dhe dpein

‘one that I drew, I draw ‘a tangient on it and Lt poznted alnrost

.And I looked at another one, the ona that you

Y

at the fault.

'hava in your hand now, the Cal;fornla Division of iinss, and

‘when I drew theftangient on that it did not.f

Q Yes, as I look at this Callfornla Division of
Mines and Geology map, I don‘t ses any band that would pro;ect
toward Diablo Canyon at all,. »

y:\ Well there's two tracaszon_thé upper end of the
ﬁosgri Fault ‘there. ) | A

| Q‘ Wéil thegfre far more than 20 kilométgrs.awayo

A k ﬁell the one.end --wthe praéise distance &t thch
you say the focusing stops I don't know exactlye |

Q éut the bend vhere the«ébcusing wouid have to
start or stop, in other words, where tha pro;actxon would

‘start is far more than 20 kiloweters on this map, far more.

A HMay I look at ite







WRB/agb3

)
-

.

@

;,f.iéﬂ(‘:
- ¥ v ~

i

16..
17
ﬁs{
s
20

21 ‘
23

25.

8020

Q Sura. But I really wish you would give sous

+hought as to how we identify == this is just a sketch in your

" hand in pencil, there’s nothing on it to indiceike where it‘s

from or what the basis for it is,

IRS. BOWERS: But he's testified ha 'simply doasa‘t
know, -
R, NORTON: Mrs° Bowers) hé's got testimony .in

his testimony that, indeed, it's 20 k;lomnters. And ‘thera's

no way»to pursue that.
. , " h;,o‘ ,* ‘

" THE WITNESS: Well I th;n? I can explain that,

.and that is thet the disnance, 20 kilometers. is not a prec;se

number like you can_put your flnger right.on that point arnd
say»thaé'sthere iﬁ is. What needs to be done is whet I
mantloned in the tastimoay, that ig, -you need to tahe the
actual shape of ¢the fault and do the calculatxon"on it, and

then try the various «- if you can eliminate QVerybody alsa‘

1nterpretation you’ could p*obably Just ‘do it with one, but

: I would think you- would want Lo +taka various geolog;sts“

(N

terpxetation and try thosa.
BY 4R, NORTONS
Q But you haVe a statement in your testinoay tnat
says: |
"Energy .released about 20 kilomatars
up the fault could ba focused nearly dise;tly
Now that's a

at the Diablo Canyeon sits.® Pariod.

T2 e vty Y fem ol ay 3vSve et a
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statemant of fact. am I now to understandAthat ¢hat's just
ona ofAmany possible possibilities?

A Yes. The "could" implies that until yoﬁ‘va done
the calculation, you don®t know whether it will or nct éhét's
the whole purpose of doing the calcula®ion,

‘ MR, FLEISCHAKER: Excuse ma; may I nave thosa,

please? '

HR. NORE&N: Surely.m

-(Handing to lr, Fleischakexr.)

MR, NORECﬁz' irs. Bowers, I would like &o take
;.moment and see'if we can fknd.;hich map théﬁ'ééécing coues
from. There aren®t that many maés, ;#é*l think we have mosé
ofrthem in the prepared testimony and perhaps by overlay
process we can find out which qnq'it comes, £xoii and then
sﬂow that map to Dr..Brune anq ha could tell ué vhether or not
that’s the map.‘

MRS, BOWERS: Well let's take a few ifinutes and
do that.

' (Péusé.) ‘

THE WITRESS: Figure 30 shows wherd Hoskins and
Griffiths pointed +the fault, and the curve Ené% they°ve
drawn, it could be, the tangient would be evia on the
other side of the == as I said, I didn®t just 188k at thet
one map, you happened tO'pick.oﬂé”that'is éhé #h¥e I Xeroxed

but I looked at the othex one, if wa look at tﬁ%% ona, wal
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see that it's certainly true, Figure 30.
BY MR. NORTON:?:

Q 7ell, but which is the map-you did your tracing
from, can you determine that by lcoking at both maps?

A I don®t think wé can, bescause it was oé a biggér
s;ale, it wasn’t 2 reduced map like this. As I recall, it
was a biggér scale map.

Q Well, would you look at Figura 44 in the testimony?

A Yes, I°m looking,at it.,ﬂ.

MRS, BOWERS: We're goi;g‘tohaﬁq‘to have a
prief éecegs, long enough for me to’make A télephone cali?
"{Brief recess.) |
MRS, BOWERS: Will you proceed?

BY MR, NORTONSs

Q Have you found the map from which you madé the
trééing?
A ~ No, I haven'%,
Q You have not been able to identify it? .
;A No.
DQ Well Dr. Brune, looking at Figure 44,6f +ha diraect

testimony of Hamilton and Jahns, do you have ithat in frqnt
of you?

If it's Figure 44 in the bound testimony, that's
whose testimony it is.

& Yas.
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14PB{agb6 2' ) Q ALl righ.t.
( . . Now as X look at that figure, the only band I
— -3 see is in exXcess of 20 milaswaway £rxom %he sitg. Can you
\ ¢ verify that with'a piece of paper using'%he scala?
. :
0 i Is that correct?
;' . ) * : Could you use a piece of papar ipstead of your
7 fingers, I think somaéimeé it viorks a little batierx.
- 8 S
o , _ - A Yes.
g Q It is in excess of 20 miles?
0 A It loocks about 20 miles.
i Q " Okay. Aard 20 miles translatas to uwhai, - . 4
N . 12$ 'appro“,matclv 32 ox 23 kilomaters?.
o 2 L ore tnas that. |
1 Q More than 33 kilomaters?
15 A * Yes, that®s about right.
16 Q Okaye.
17 Now br. Bruna, in your deposition, I beiieve we
N . :8 discussed what was thelnear £ield, and fou sald it's genax&lly
X Eg accaptem as the smallest dzmansion of the "fault in guestion,
‘ 20 whethe*‘ you'ze talking sbout fault length or fault depihe
2i And you ware talking gbout mest faulks in Califoraia are
<i/ . 2% .assumed to be 15 ¢o 20 kilometars‘in depth and that, thexefora,|
2%' the near field would be 20 kilomsters.
P Zi That’s my memory of your depositioz. I don'i have
‘ﬂ';, 4 25; ie opén, put genara;;y that was the discussion. .Is that &
NN ) '

- m——— P——
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correct ="

A Somaﬁhing.of that order,yes.

Q  'Would that be a corredt definition of near £ield,
then, generally around 20 k;lomaters?

2 I would say, daepending on ths:céntext, yeg, that
would be a reasonable nq;nb'er;t e ‘

Thére's not~a‘sharﬁjtrahsition;betﬁean.aear field

and -far field. - o -

9 - I understand, you Just have to arbztrari y give

) 1t a label someplace, and that's generally what ong maans by

" pear’ f;eld though is sometnzna w;thzn 20 P;lometerq in

;Callfornia, 1, that corract? mA:';“ o
A @h&t?s correct.
Q And in your tesﬁimony,'hhan you use the texw

"naar field," you aze'éertéin ly not talhing about anything

" other than that are you, Dr, Brune?

A In my ﬁcst&mony in talking about near £iald?
Q Yes, ' wpen‘you use'the’term “near fiald;“ vou

don®t mean something greater than :20 kilomsﬁéis,'do you?

A NOo.

. R / N

Q All right.

A Well == I don't bel;eve I'va testified about

. L]
near £field yet. But youfxe asking me what I would use? I

think in ‘this context it would probably be corract, yes.

Q Okey.
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So then the Diablo Canyon site would not be
within £he near field of any focusing phenomena from the
Hpégri,‘is that corzect?

A Yes, iﬁ that definition, yes.

Q  Now one last thing, you were talking about sowe

yod‘say;
A calculation‘shoulg be made to asti~
mate the effeck of focusing in this case.”

Can you tell me anyplace wvhere such. a study,

A: Mo, not that I kaow of.

Q Going :to Page, 3~-1ll of youﬁ testimony, at the top
of the page, you'ra talking about stress drop, velocity,
acceieration,_and you talk about Xostrov model and you say:

"Figura 1 shows the particle velo=-

" city and accaleration obéer%ed.at the surface
along <the projacted strike of the fault for
}a buried vertical circ&lar %auit (ceﬁter at

3even kilometers depth) expanding iike a Kostxov

model (propagating stress\drop) o a-°radius of

five kilometers and stopping. AThe-epicaﬁtfaL

distance is six kilomet;rso" |

And than you start taiking aboutagsigcities of _

1.89 accelerations, velocities of about l.8g. 2nd you sayé
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?Phis result dramat%caily illustratas
the effect of focusing." «
zs‘thia in any way a real world model? That
perhaps awkwardly phrased, how about does this model in apy
way reprasenf: what happené in the raal world?
a Wel;;ié represents it in the.segse tﬁat you
cou;é have ayrupturé\starting at a point éné rupﬁuring out

to that‘kind of a distanca, In other‘words, it’s -conceivable

way that it does noL renresant realzty, parhaps. is: the
‘fact that the model is a half~space rather than -a layareé
yspaceo )

Q "Well let?s talk about oome tedms éhat haven‘t baen
‘introdpced, I don't t@ink,lyet.’ Lat's.talkabouta crack
tip, Qhat's a crack %ip? | |

A If the ruptura propagates along in. ;uch a way

'that the rup uxe, you can spacify along 2 certaia plane st

occurrad, SO you cen draw a nice even lina at the poxnt
betwaen whera rupture .has occurred and where it ‘hasn’t occurred
Then you probably would use the term "crack £ip" to repraeseat
the edge of thé cxack traveling alonge. |

Q And what do you mesasurzg at the‘crack tip, commonly?
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@[’ WRB/agblda : A You mean on strong motion seismographs or, what
<ﬂ 2 kind of measurement are you referxring to?
(f“ =3_ Q When you're talking about a craék tip in terms
h _A, qﬁ £he Kostrov model, what lavel of stress is the lostxov
2. model assumed to exist at the crack ip? | |
ij ‘5? 7 ' ( A Oh, tﬁere 18 a singularity in the s?xess at the
. ,g. crack tip.
' ~§I . Q; In other woxrds, it's an infinite‘stress at the :
2 ‘Erack tip?
A0 A 'Yes;
KOs Q Tgat's.what the model assumas. ’
- iz Now céuld ycu'tell'mé~where in the world I could
jS; i3 go to observe infinite.stress at a crack tip?
| 14 A No, in the #eal world,!theré wbuld.Se sona
15 fiitering at‘high @requencies because ﬁhg étress couldn’t |
16 achieve that value, |
- 17: Q Well isn't it'a fact that the maximum accaeleration
5:5 1?{ and velocity depend 5n the stxass'dropbat tha crack tip?
qif‘.'« 1?; ' ,A That is correct, yes.
K %p 0 Well so whaé is the use of this model for purposss
) %’ of ﬁhis hearing, what's theaadvaptage? 7
22 - A It has been filtered to 12,5 Hz. which maans that,
23 to a certain extent, the singdiarity ~= and you are not on
2% the singularity -- so tha purpésa of it is tOeces Oncae you gat
25{ right away from the crack tip, you can use the model o get
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2 rough idea of the type of"energy.tnag‘és radiated fron the

it

S——

fault,

Q Well how about.stopping? How is that intreduced
in ¢the model, is fﬁat'a real phenomenon?

A "Well again a fault could stop ian that manzeZ,
#hat is, the strass -~ the rupturs frqntrcould stop and heal

this way back. .That's not'theronly;way,~thara°s'lots of

-different ways'that*it=can stope

Q@  ‘Can this model bs deﬁoﬁqtrateq‘in the real world?’
A Yoﬁ méap couid‘a‘labbr@ﬁoxy mcdel‘bé made of this?
Q Could this cccur .in thae real world as you haﬁé
it he&e? . |
A Exactly? |
Q. “Iﬂfi;ite stréés? '
A No. |
Q Let me ask you tﬁis:,

Welve 'talked about focusing and you say we naed
mdfe‘dataotée need moré dgtao How, if you wera going %o
collect‘theudata, %ould éou do "it? -

‘You know, you'ra givan a reasonably large sum of .
money to go ou? and collect khat data at a point, at sone

place. Unfortunately, you may have to wait a 1ot of years .

£0 get your 7.5 magnitude»é&rthquake. But let!s assums that

someone has the ability to tell you ¢hexe’s going to bs a 7.5

. magnitude earthquake on Fault X, and we want you ¢o go out aad

" v
xe
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© places,

- 8o what we would feallyﬁlike €0 have is, say, maybe an oxder

of magnitude increase, 1like a factor of 10, so it would be

.20 oxr 30 strong .motion instruments a:pundia faﬁlt? You know,

are, but for small saxthquakes I don't Lnow of any. It could
| happen in soma casas, like we have sona earthquake~ right now

down in Mexicp, a dense array == well, we have saevean stations,

80295

capture focusing for us. How would you do that?
A Well basically I would put & dense array of strong
motion and othex types of ingtrumenis avound tha'fault, so I .

could measure the radiation at a large number of different

Q How manya When you say "a dense array, ara you
talk;ng about 100 s¥trong motion instrumants oxr f;Ve? '

'.A It's one of these things that you would try to get

.as many as you~dan, but practicalfreglity would,.limit the numbar

zhat you could 'put down thera, '

-

At the presentc t;me, vie typlcally deal hlth maybe

one or two or)thrae, in some'casas, right close‘to a fault.

.~

20 or 30 instruments around the == c6Vering various parté'
of the fault, “

Q Is thexe any place in tha world whexe there are

where you'couid gat that result?

A _ For a large earthquake in Southara California there

and there might be other .places in the world where it exists

such that an earthguake could oceur there. But if the earxthquakea
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is large emnough like all of Southern California, then of course

there would be anougn data %o do that.

Q Tha Parkfield aarthquake, wasa't that, cxcept

perhaps for the total numbar of ipstruments, waen®t that pretty

much what you're suggesting?

A No, bacausa that was just a linited array of one

part of the fault down in ons end which went petpendicular

20 the fault. Almost all the rupture occurred Wp in the -

other direction. o
.To really be certaino about: the'mthéﬁ}sm, you

would need an array of.staéionS‘that covered the’fault up
and down the fault, both directions of rupturd propagation,
soms npeear the féult,soms far away.» '

| Q Didh°§ the rupture propagate right at the
instrument that was locazted within 200 maters of the fault,
within, you know, a coupla of football ?ields of the fauli:,
didn®t it ruptura richt at it and right on_by'it?

2 ~ Well it's not clear exactly where ths rupture went
at the time of tha earthquake. There's different psople who
have studied, yet soms of them say it stopped about 20 kilo~
meters up, other madals have had it going by. Thre’s a lot
of d@fferént nodels and we don't know. For this very reason,

wa don’t have enough data to tell.
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9] How about surface breakage? Wasn't there suvioce
breakage?
iy There was surface breakage, yes.
Q Did that indicate wvhere it went?
A Well, the surface breskage right near the fauwlit,

though,; occurxed after the earthquake, and it's not clear

whethex the actual xupture at the time of the eérthquake

occurred at the site or not -- right at the site or not.
Q 2% a minimum would you say it ruptured'toward

that instrument within 20 kilometexrs, or up to 20 kilometers,

at a minimum? ( o
A Well . . &
Q In other words, it may have ruptured a lot closer

than that, but at a minimum it came within 20 kilometers?
A | I think that‘s corract. I'm not suxe ahecut the
exact number, but --
What was the magnitude of that earthguake?

I believe it wa§ 5.5.

Q

A

Q Are you sure_ it wasn't 6.35

A The Parkfield eﬁfthqugke? {

Q Yes.

A I'm not sure about what the surface wave magnitude
and -the local earthquake magnitudes were, but -—-

Q I'm talking ¥/S 6.3.

A It could have been that. I forget what the enact

snwindam
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nunbers were.
0 And what was the acceleration?

3 ‘ A Acceleration was .59 on one cbmponent, near the

~N NS

41 fault, roughly .Sg.

S Q Lﬂt 3 talk about the Imperlal Valley eazrthquake.
& 6 C ‘The instrumenu was at El.Centro. was it not?
71 A rHight.
- 8 . @  How many kilometers off the fault was the instru-
S I ment? |
10 | MR. FLETSCHAKER: Objectign. Well, I'm a little

-

11 || "bit late in this, but .I'm going to raise this anyway.
B ¥ ' There®s a figure in the testimony nov that Mr,

» . -
Q]Ly 13 Norton has. I assume he has a basis for the figure 6.3. I

14 don't want to quarrel about iz -if he has a basis for it, but

15 - it would save a lot of éroublé jﬁst to éet it into the record.

16 \‘ o HRS. BOW&RS: Are you goiné back, aow, to _—

17 MR. FLEISCHAKER: Yes, IL'm géihg back to the 6.3
: ” i8 {|. for the surface wave magnztude, as a neasure of the MVS of

[t B

19 the Parkfield earthquake, and I thlnk pr. Brune indicated he

20 !l wasn't sure, but it could be 6.3,

21 if Mr.- Norton has a gasis for that, it would

22 clarify the record and make it a figure &e a}l could rely
l23 on wﬁen e write our findings, which is what I'm talking

24 about. .

25 ) ¥R. NORTON: , Do you want me to testify that it

- e c: wa 5w peamsm - G o # > ey emms 2 - - = a .
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6.3?
¥MR. FLEISCHAKER: Well,:that’s what you did.
1IR. NORTON: No,'l asked the 'quéstion, counld it
have béen 2 6.3, and he-said‘yes.
MR, FLEISCHAKER: He said it coéld have bheen.
MRS, BOWERS: Well, thére’s not a dispute, isa‘t

that correct?

MR.NORTON: There®s no dispute that I'm aware

MRS, BOWERS: ‘The wifness agreed that it could
berof that maénitudel |

Mr. Norton, if you can quié@;y pg;)yéqgmg§gq§>
on‘a documéﬁt-tha“ - - h

‘MR, NORTOW: I caa guickly put. my.hands on some
expefts who gave me the nuﬁber, but they’ve got to dig out
thé dpcument that the number is in.

MR. FLETISCHAKER: .What I'm looking to is writing
the findings of éact. I'm perfectly happy éo rely on 6.3, if
that’s wﬁat it was. But I‘think‘that for puréosee of the
'récord.it would be useful to have the basis for the estimate,
and.then‘everybédy can rely on it without any problem.

MR. NORTON:,'Well, we will certainiy provide tﬂat
in webuttal, if not before.‘ |

" MRS. BOWERS: Fine. Thank you. .

BY MR. NORTON:

PRI
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Q Now, tmrning to the Imperial Valley carthquake.
I asked you aboni the record -- was it at EL Centxe?
A Yes.

Q And hovw many kilometexs was that racoxd f£rom the

‘nearest point to the fault?

A You mean the fault that ruptured during the

eaxthquake, or the fault traces mapped on the 'ground?

(o} The fauvlt that ruptured during the earthguake.
a I've forgotten axactly.

Q boes five kilometers sound about right?

A I think it was ferther than that, Trifﬁnac‘s'.’

and my interpretation of where the rupture started =- I'm
not sure.

Q No, I'm talking.about the ~- not wheze it started
rupturing, but ?rbm the fault from wvhere i£ ruptured.
T oa Well the problem is that in a study that weldid
the slip on the fault to the north we interpréted as possiﬁiy
occurring in an aftershock, that occurred .after the earth-
guake. So Ehaé if that interprétation is acéepted, then:

during the time of the earthguake which caused the sironjy

" shaking, the rupture started farther to the south, and in

that --

@ ., But the instrument —- what I'm tryiag to Qo is

* analogize this to Diablo Canyon. The Hosgri fault sits out

there, okay?
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A Yes.
0 50&;\3; 6 kilometers aff the coast.
Okay. So the instruments at Diablo Cauyon are
some 5 or 6 kilometers off the fault."
A Yes.

o} That's independent of where any rupture ox

propagation of zupture occurs. That's where the fault, t¢he

Hosgri =—-
A ‘Okay .
. Q ~-”fau1t is.
A Sure, yeah.
Q Okay. 2and thatfs what I'm trying to do.
A The rupéure on the earthguake, if"yqu;take;ou;

interpretation, then the rupture that occurred during the
earthquake did not occur there.

Q I understand that. But the instrument was
approximately éive kilometers from the fault that was
involved -- - .

A “Yes.

Q -- in the Imperiéi Valley earthgquake. Isn't
that correct?

A I don't remember the exact numbe¥, but that seems
like it'*s close, yes.

Q All right. Now, that earthguake in 1940 was

what -magnitude?
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A Weil =
Q Surface wave magnitude. What was it?
A Well., the number that Hanks and Kanrameoxl recently

listed was 6.7, in their paper.

0 Surface or local?
A Surface wave.
Q Have you ever heard the term 7.1 surface wave

magnitude for that earthquake?

s

A, ¥es; The listed valﬁe in Gutenberg and Richter,

as I understand it, is 6.7: The value that's given in

Richter's bock I believe is 7.1. I'm not sure'abonénwhether

it's 7.l.or 7.?.

| I'm not sure about what the explanation for the -
digcrepaﬁcy is. ‘ |

Q So anyway, it's someplace between 6.6 .a2n& 7,°

7.1 -- gsomeplace in that area?

A Well, the =--
Q Is that correct? )
A I think the measured value, based on the surface

»
€

waves themselves, is 6.7.

Q okay.
A Okay .
Q " a11 right. and do you know what the accgleratien

measuzad at that site was five kilomptgié‘ffém the fault?

A It'waé about .3g, in that oxder of magniltude.
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Q 30 percent of gravity?

4 Yes. Again, that's not the fault that ruptured
during"the event, though. That®s just the projection of
the fault by the station.

Q Well, it's the sams fault that ruptured dvring
éhé event. What you're saying it didn't anecessarily supture

all the way down to where the instrument was?

_n That’s right.
Q  But it is the same fault?
A It*s' the same fault, yes. But it could have been

a completel} different‘énswer if the rupture hzaé gone by’
/
the iastrument. You don't know.

Q How close would you say the instrurent was to

a I've forgotten exactly what we got in that. .

Q A long ways away?
A Mo, not a--- well, I would say probably somathing

like 10 to 20 kilometers, something of that order. 10.

‘Q - Can you translate that to miles, how far it is'.-
in miles?
A Well, something like 5, or . . . something of

that order. It may be 10 miles. I'm not sure. I don‘t
remember thé exact numbers.

Q Okay. Certainly closer than plus 20 miles?

‘A I wouldn't say "certainly.” But I think £0.

’
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That's my recollection of the map.

Q Well, let's refer to your paper.
2\ Okay, leit's get tha paper out.
Q Tectonic Stress and the Specira of Seismic Shear

Waves from Earthquakes, Jémes N. Bruone, Volume 75 Numbex 23,
September 10, 1970, page 4992. There it lists masimum
velocities observed near earthqﬁake-in;Taple”l. Parkfield
Station 2 -- excuse me -- El1 Centro. '

It's got 7 miles southeast, and in front of 7

‘it has a ., . . a squiggle.

Yes. Approximately sion.

A

Q‘ This is §pproximata, okay?

A Yes. | ‘

Q@  So the aistance was, then, the e?icentral distance

was approximately 7 miles from the station, is that correct,

the iecording station?

A Yes, -

Q All right. BArd that is certairly a lot closer
thgn_zo-plus miies,ié it not? .

A Yes. |

Q And the recording was a .33g?h

A Yes,

Q h And the magnitude ‘was approximately 6.7 MS?

A Right. .

Q Or the magnitude may have been as‘high as 7.1 MS.
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There is scmz dispute about that, is that correct?
p <A T don’% think there's a dispute abcut it. Thexe’s}-
a difference in the literature, let's put it that way.
0 We}l, as a matéex of 'fact, youx paper shows' the

magnitude as 6.7, 7.0.

a Okay.

Q Okay?

A Yes.

d This table I just referred t&.

A 'Yes, but that =- sincé the time that 'Kanamori

and HBanks have done their study, they‘looked bacﬁ into the
way that‘Gutenbérg and Richter actually calcdlated the
magnitude on that~eérthquake, and looééd back to the criginal
notes.

And so I think that unéertainty to a certain
extent is eliminated, and I would take their value. as tge
corxect value.: ‘

Q Page 3f16 of your testimony, under the heading,
"Pault Breakout,” you gquote A:chuleta and Frazi;r. ’ .
' Is the Fra;ier that is quoted the person who is

sitting next to me? '

A Yes.

Q Could you tell me ~~ well; in the second sentence
it says:

UFor -+ & 100 bar siress drop the near fault

-«
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fault velocities 400 centimeters per second.”
What eqguation was that dexived from?

A That wasn't an egnation. I looked at the graphs

and estimated the velocity on that.

Q " How about an-earthqueake? What earchquake would
that be?

A You mean vwhat magnitude would that corresponé to?

0 Yes.

A I don't know. I'd have to sit down and calculate
the moment and try to make an astimate. g

0 Wh§? would hggpgn if you reduced thergri& size

S vmecen Swwmamm -

. . - 4 = s o

by a factor of 22 S
A I don't know.

MR, FLEISCHAKER: Objecticn. Foundation. There
has been no foundation laid for the term grid size.

MR. NORTON: Dr. Brune, do you upéérstéad what
I meaﬁ when I say what would happren inyou reéuéed the grid
size by a factor of 2?

MR, FLEISCHAKER: That's not the point. The
poin{ is that the xrecord doesn't understand, and I'd like
+o have the record show what he means bx grid size.

I have an’'objection.

MRS. BOWERS: -weil, this member of the Board

doesn't understand it. Would you please ask f£for a definition?

wamens
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3Y MR. NORTON:

0 Could you define grid sigze?
A Well, I'd rather that the Frazier sitting next

. to you who wrote the papér defined it, but I*ll trv.

Grid size is basically the term used to
représent the-fdistaﬂée between points, and the nunerical
approzimation of the propagation of waves in the faulting.

So that if everything is don§ right, then the
more you reduce the grid size the closer you will get ‘to the
correct amswer, supposedly. -

Taat's it, in general. There could be some

exceptions o that, but . . .

| mwaas b - iy ¢ e s s T My st B
. -y re— W el NN : e

o B § ae-

Q- "Bﬁéiishfémi%wé fact that if you reduce the gr;d
size by a factor of 2 you'é double ghe close—ih velocities,
and you keep doing that?

a Well, not a2t the distance at which this
particular grid was computed. . But 1f you follow it in, that

~is, if you follow each grid iﬁ,'then if ‘the numerics
approximaies the Kostrov solutiop fo£ that k;nd of a
pr;pagating fault, then yvou have a singularit% in velocity
at the crack tip, so that it will go té infinity.

That's correct, ﬁeep'doublingvthe velocity?

Yes, thatfs -~

That's not the real world, is it?

0 P 0

Well, hut this is done at a Finite distance

e . = yar ame w rnew aw= T e F . L
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away, so it's nct clear how - a grid of points soxrt of
spaced like thait is not the xeal world, that's true. Bub I
presume the authors thought that it came somewhat close to
it, or they woulén't have donehthe calculation.

In other vords, it's one of the available
approxlmatzons ve have toward trylng to flnd out what's

going on. I'm not saying it's the only one.

Q . Could you carry out such a study ‘for Diablo
Canyon? | ’

A " couid I car*y out such a study’

Q. ' Yes. Oxr, in your: oplnion, could ﬁr. Fx‘z;er?

* A Yes, I think he could, given time and money.
I think we could- Llnd out — B
(Laughter.,)
MR. FLEISCHARER: Who's paying who? Is this a
study by Brune and Frazigré
(Laughter.)
MR, NORTON: Well, thedrebuttal will take care of
that.’ There's certainly nét going to be.
(Laughter.)
RBY-MR. NORTON:
Q ,ﬁow,'going to page'3-17, the last paragraph,

where you state, "Finally..." you'té talking aboﬁt the

probabilities, I take it, in that sentence, of these various

things coming together at the same time, is that correct?
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i 2 Yes.

Q%* ) 2 0 All right. VYou're talking sbout very high values-
: 3 of aeccelerations and velocities reqﬁire such a coincidence
(Z\ 4 of deviations of .variables away from their average values as

5 to be very unlikely for any given earthquake.
6 L ¥ ’ Now;’What are thosé variables? Let's list all

Ly

7 t+he variables.

: 8 _ 'We know there's coherence. \
: o A Well, the tﬁﬁﬂmain ones that I talked about in
16 | ¢his t;séim6ny are the fault*rupturé propagation of focusing
13: ang the stress drop. = - a » : .
: 12 . Wéll,,l listed uéAabove theté‘atlthe top of the
iﬂE@w’ ) ‘ 15 ﬁlupégg dh>3;i7}(fdf*ékémpiefbécgtteriﬁg,'inhbmpgeﬁeitieé in
.- 14 the rocks, incoherénéy i; the fault ;upture,f;ow Q and high
: i5 || - non-linear“attenuation;aamong other things.
L e " @ . What are —-
E, , 17 A Stress érops, and sé forth.
’ ‘18 Q  Bat T would like all of them.
ijﬁ 19 u You listed scatteriﬁg, inhomogeneities ~- I can
;1 ;d~ (}nééer prénounce that word -- in]the roéks, incoherency in the
: 21 fault rupture,llow Q and nigh non-linecar attenuatibn and
! Cf; : 22 gtrass dzrop. |
g% )
T 23 Il ’ Now, what other variables?
24 e | I'm not sure I could get the list complete.

0—*’ 25 " There'®s a certain lack of knowledge about exactly how

Ay PAN 5 P o L3R e % R e L T ] = " B AR b s S EBSIRAN RM FIE f B L T LR B
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faulting occurs,so --

Q Would we cz2ll that a variable, lack of knowledge?

A Okay. Things like, you know, stress concaptration
around the crack tip, =nd 'rupture velocities, standard
devmatlon in the rupture velocities, other measures of
complexity of éhexrupturing.
| Q" All right; ‘So you've got.aii éf these ;ariables,

all of which have varying degrees of probabllvty of occurring
at -any glven d;menszon, any given level, if you will, at any
‘point in time. , |
Then you combine all of those probabilities, and
then . that gives you .a probability of whether or not-foqug%ng

resultzng in high°r than average acceler 1ons - focusing

would occur in any event -~ but focnsing resultlng in hlghe*

%

“than average accelerablons would oceur. Is that correct?

A . Well, 1£ you‘re gozng to throw in all thoae other

’ varzables, .then 1t's not just focusxng, 1t's the uhole suite

of them, which Ais vhat you-re say;ng, the combination of~all

.of them would occuxr such that the accalexatxon was high.

- Q Yes, hlgher than average acceleratlon.
A Right.
Q Okay. WNow, given all of those variables what is

thg_probability tyat you can predict that that would be

site specific, that you could take an area such as Diablo

" Canyon and stake it out ag to its sguare footage, orxr square

pa = e o - >a R e
aaaaa [ a e —rere
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acreage -- and in terms of the structures there you're really
talking about square £footage, probabiy,'és éppose& to square
acreage —- vwhat is the probability of géttlng that at that
site?

A We don‘t know. I stated in a couplé places in
here that we don‘t know‘the’probabilities on acceleraticns.
Tha?‘s - | H

Q ';‘ﬁou don't knoﬁ the proyabiliﬁies~oﬁ accelerations

*

a Well, once you get -- the point is .once you get

“a '.little ways-away from the fault, 'like maybe 20 kilometexs,

thenLyou,start’to have enough dété'that vou can, for example,

.establish a mean curve, and you can egstablish a .staandard

deviation.i And purelyifrom the data, raﬁpar‘thgn.trYing to

.predict- it from theory,.ypu.canl-- in scientiflic terms if

you can say what the average is in the standard deviation,

althovgh vou can't predict at any.given point, you're said

.%o be able to sort of estimate the pfcpabiliﬁy.

So what you'd have to dosto'éa%iqu this

gituation here is get anough data in close to a fault G .

* that you could’ establish a mean and a standard deviation,

and then you 'would say. ves, I knor the probability.
0 Dr. Brune; let me trxy again. I'm-trying to
£ind out:-

,Isﬁ‘t it true that a2t this point in time, given




» i




» -
-

wel 16 - 8046
< L a 6.5.0r a 7.5 magnitude earthqueke anvplace in the werld, |
H ; 2 you don't know what the probability is that yo\u\'}‘é‘vgoing to
3 get a g valve in excegs of 1?
4 a Irn close te the fault, that’s correct. That's
5 the esgence of my testimony. |
> ,' 6 Q - 'And you d-cm't have any idea wl;at ghat probability |
7 ig? : : - I | | |
: 8 . A I don't have any specz.f:.c :z.deal, no. i
'9 Q That's .right. But it’s possz.ble, is that what 1
B 10 . your teséimony ‘187 ‘ | o l
ii A Well, yes, it's possiblé. But ‘if you believe the l
‘ | . 1é various that I've ‘cited in here, t;.heré are reésonabl -~ it's
@Z}* | i3 | noi:’ Just a ‘f;r out possibzl.l:‘;ty 'tﬁét couléi occur;; but in fact
: 14 :;ome pecple have e?t.rapola ted Jzez.;. curves back and actually
: 15 got those values. '
‘;,_ 16 B« A couple of tiu'zesr?r
’ 17 A ¥hat do you mean, a couple of timas?
:‘ i8 o - A fevz.times,-they*ve ex’trapolated back and got ~- P
: “, * 19 : B 7 Oh, a few people, you mean? Out of the sm.Lec'.
‘% éo ‘of different peonj.e that do :Lt? Some of them got it, and
{ 21 ' _ some of them didn't.
IQ 22 Q‘ Yeah, that's true. But in addition to that,
,. ‘ 23 even those that go't it have only got it for a couple of
: . 24 ,inséancgs -~ vaiues in excess of 1g?
ﬂ‘:v 25 A The’ curve‘.s ~- no, the curves are a prediction of

PR L SR P T SO |







N A®

R4
L
A

wel 17

11

12
i3
14

i5

16

. 18
19

20

R A e T L

. 8047

the average value -~ like Trifunac’s curves are a prediction

of what the ‘average value in the standazrd deviation would bs.

» Q : Ne, I'm talking about zctual earthquakes.
A oﬁ, the actual data?
Q Yes.
.A Oh}Ayéah.‘ No, .we don't. We’ve got just a few

values. ‘Maybe one or twq earthguakes, ét +his stage, of that
large a magnitude-at, that close é disﬁance to the fault.

Q And some of those two are below lg, azen‘t uhAY?

y:\ | Yeahy rxght.' Well, I don't know uncc* -— e have
at 1east at one stat.on, we hnow that lf we accept that -
record as right, thean the acceleratlon was'.ag at that one
station. |

Q@ ° All right.

'“My poiné is: Given .the possibility of.it

occurring anyplace:alohg the fault, what is the prchability

_ of prediétingfiérfor,any site specific, like Diablo Canyon?

A I'm not sure I - yoa mean what iz the probability
of predicting it, ox. ‘can we predicL the probablltty? The
answer is no, ve don't have encugh’ daua to say what the
probability is.

Q All right. You know the averages and standazd

deviations for distances greater than 20 kilometers, is that

correct? .

A Yes. Welil, therxe are various people who have
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. greater than lg acceleratlon at the Hosgri site?

reéuced the data and ccme up with cufﬁes, like Boore, et al
for ¢he USGS, and Trifunac, and otgers.
I've iisted a number of people who have done the
extrspolations.
Q ‘ Okay. Well, therefore, ho: 1zkely is the Hosgri

bend whlch 13 20 mlles, accordlng to the map, to produce

MR. FLEXSCHAKER: Objection.
Mﬁs. BOWERS: Numbey one, you meant a the
‘Diablo site, didn’tlyou,~Mr. Noéton? R
‘MR. NO&TON: Well, .let me repﬁrase the questmén,
" and he ca; EestatﬁAhisAobJectlon. I interpolated a couple of
‘W;;;g;i I belleve. '
BY MR. NORTON' J
Q | How 1zxely, or what is the probabillty, of this
bend in the Hosgrl on Erh*bit 44, whxch is -over 90 niles
'away, which is far more than 20 kilometers, to produce
Jacceleratzons at the Diablo site in excess of lg?
: -MR. FLEISCHAKER- hI'm.going'to e o well! I'11
let the question s and. o A 7 .
THE WITNESS: ‘Well,“as I mentioned in the
”testimony earlier, tﬁat particular map that you've drawn is
hot the only thing that I looked at. I£, like on this other

map. in Figure 306, that is more like what the. correct -~ figure

30 in this book ~-
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BY MR. NORTON:
R, Excuse me. We're.using Figure 44, the bend shown

in ¢hat map, which is in excess cf 20 miles away --

A okay.

Q Anq‘I‘m asking you o assumg ~-

,A. Assume that map is dorrect,ckay.

Q‘ ‘ Assﬁmé théf maé is'correct. What is the

probébility'of“a‘rupture occurring north of .that bend,
propagating in a south,direction, producing accelerations
greater tnan 1g at the szte? ;

X I don't know what the exact probabzl ties are,

but I thlnk it would probably be low.

Ve

P e LRCTIR TR P a—

MR. NORTON:A Mrs.,Bowers, X wonlc lL#é to teke a
coﬁple 6f minutes tp‘get'my noﬁes together and review my
cross, and hopefully compleuc it. ’

~MRS BOWERS£ Do you ;uS“ want a couple of
minutes, oxr do you réally want a ten—manute brea] | iq-

7

MR. NORTON: Well, I’m;not gure. .What time is
- ‘ MR. TOURTELLOTTE: 2:00.
' MR. NOREON:' I don;t think it's necessaary to
take a ten-minute break this_earl&._ ’

. MR, FLEISCHAKER: Mrs. Bowers, if we took a
break now, I could ailso have an Bpportunity to review my

notes for redirect and it wouldn t necessitate another

L er ceeas amae meomer amr S-wire e
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vel 20
1 break.
@g" 2 Well, let me ask Staff: Do -you have much
3 crossl?
4 MR, TOURTELLOTTE: About an hous.
S | (Laughter.)
- 6 | MR. FLETSCHAKER: Is that right, Jimp
.. 7 MR. TOURTELLOTTE: Yep. .
N sl . MR. FLEISCHAKER: Okay. Well, forget it.
9 MRS. .BOWERS: . So you don't ‘v;ént a ten-minute
10 break? 2ll rir‘ght‘.'i ' B ! o
11, " (pause.) T -
3 -Madelon fl'hé |
o 13
14
o 15 o ‘ o
i 16
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MRS, BOWERS: RAre we ready? |

KR, NORTON: Mrs., Bowers, I have no mm:e cragss
examination at this time.

MRS, BOWERS: NMr. Tourtellotte?

BY MR, ‘TOURTELLOTTE?:

-

" that right?

A Yes.
o) .Ishd;*tqhere ig ¢hag? - <
% A At the University of California at San Diego,

e e

Q You st do a lot of conéu‘.’.ting vork in comnegs

A I am not suze what you mean by "a lot®, Butooes
Q Well, do ‘irou do consulting work? '
A I am noé :involved in any conguiting "x.’-i.:ght nov,
Q Have you done any work in earthqualke '_bu'i.'ldiug?
A Ear-thqu:a}:"e building? '

. Q . YG.B. » | [ '

Have you done any consuliing work relative to

.. building for earthquakea?

A I don‘t yecollect any, no.

L

‘Q . You stated in vesponse o soms questions that .

wera asked by Mrx, Nogiton, you stated roughly that thars was

Q Dr. Brune, you!zra a professor of geophysics, iz -

the Institute of Geophysics and Planetarye Scripps ‘Institution
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- presenting that curve?

" yailues, to show that the ‘extrapolations in this distance

7litt1e data.

" is that correct?
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Do you recail that?
A No.
My recollection is that we were discussing.

Trifunac’s extrapolated curve at that time.

-

Q - I see.
A That's not my curve,
.Q Well, maybe I don®t understand., Why are you

A I pﬁesente,d 8 .‘nv.mber:ofr different curvas, inelude

ing those that show lower values, and some that show higher

range are not consisZzent bacauge theres not enough datsa,
so that we don't know what zhe true values are., .And this is

stated in Trifunac's paper tco, that they are based on very

Q Well, the idea of quantifying focuéing. then, is
a very recent developmant in gecphysics? .

y:3 I'd say it's a vecent development that focusing
ha; been used for étrong motion, but it’s quite a bit longer
than it's been used in moxe distant ways.

Q You stated auring your testimony that accéleration

could be increased by a factor of &wo by reason’of focusing,

A Yes, I said moxe than a factor of two.
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Q More than a factozr of twe,
\;N-
Well, would thé& reverse be true? :
A You m2an reverse direction on the fauli, or what:

do you mzan by Yreverse®? Do you nean focus?
Q okay.
T+ would be reduced by a2 factor of two? Would
there be a reduction by a factor of two ==
LA Yes.
-ibecauae of focusing?
A Yes.

I think we should go back to the answer I gavs

& fault and if we then took the average acceleration of all
of them, then in the direction of xupture propagaéicn there
‘would be increased amplitudes in the defocus direction, thea
direction away from rupture propagation there would be lowey
-acceleration. » |

0 I get from reading your ‘testimony that you have
quite a- few qualifiers in heve and.your -testimony indicaties
to me generally that you believe that all of this is possible,
that is that forcusing and ehe‘effects of forusing, such as

leading to an increased acceleration by a factor of two is &

possibility.
A Well, I'm sure that it do=s occur in nature.
0 But you don't state with any degree of carteinty
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that ¢hat‘’s absolutely what happens, that is that you could
increase the g factor by a factor of two.

a Well, ¢that®s certainly tirue that you could ine '
crease it, What I'm not certain abcut is when you put it
in ¢he cohéext.of, you know, the real earth, like Diablo Cenyon
and so forth, with all the variables, that that would be trus,

Q So, you don®t remily have a strong degree of
dertainty that that indeed iz what would happen?

Well, I feel very strongly that that could happen

or would happen in some cases, as I sazid, but there’s a cocuple

probabilities4aré‘o_
Q One of tﬂe things that caused me to vwonder sbout
your testimony was a zesponse you made about one pilece of

testimony; and I believe it was on page 3-8, and I may ke

kg

’

“pPepending on ‘the cocherency of the
enegéy, this could lgad to accelerations
about two times those dbsex;ed’at Pacoima
Dam,‘ioenp greater ¢han 2g.*®

And I believe that you said socméthing to the

effect that the reason that you usea-the words Peould le2d®
is ‘that there wasn't that degree of certainty in thz zeal
world.,

A Yes, it wasntt 3in that == that wasn®t the one .i¢
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was., But I°d have to 1lcok a little bit to £ind out vhal
section.

Q Well, I guess that generally sets the stage,
because I also have a difficult time f£inding exactly wihich
one it was, and I didn’¢ make & note of it at tﬁe eime,

But I would invite your attention to page 3-3,

In the next to the last line and the last 1ine, talking about

focusing, and it's almost a &hblic&ﬁe of .the other statement.

It 8ayé:
®rhe - occurzence Bf\fccusing by rupture
- propagation, o? constructive inte:ferénée,
along with other factors, could lead to values
of as much as a factor of two higher.®
This is anothervinstande whare you're saying o=
those aré qualifying words, to say that it could happen.

T%s not necessarily £rue that it will happen, buat it coulid

happen, -
A ‘Yes, that’s correct.
- Q ‘I invite your attention to page 3-4; 'In about

the sizth line down in the second paragraph, it sayse
°%f the faulting can be represented by
a’rupture propagating -somevhat ervatically ‘
- along a fault, then the‘Kazakyz Point st%ﬁioq'
was probably not in the direction of focusing :

-~

or directiviiy magimmm...®
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I am interested in the subiuvnctive cleuze there,
that{

WIf the faulting can be represented by Q : .
& rupture propagating sonswhat esratically
along a faulteeo®

Is it 2180 possible that that-was not the case? .
A Yes.

As I think I've ..explained quite a number of

times, we really don®t know that much about how to model

faults to know exactly what to put into them,

Q@  Further on dovn at the botéom of Zhe page in.

the.las£ raragraph, it starts:

“rhe horizontal components of this record
are roughly typical of Qhat e migﬁt have expected
for a complex multiple event, earthguake of this
magnitude,®

When you say ®we might have®, is thééialéo .3
reflection of something that might have been, but it wmight
have been' something else? '

1 A In{“@ight” there, that means we've given various

pecple’s projecﬁions, like Trifunac's and 2o forﬁh.' I£
you haven’t had the data points and youlve taken éheir proijec=

tions, which are done without that, and looked at them and

-8et, you know, what range of accelerations might vou have

sort of guessed back in that rangé, then that®s the contoxt

R
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in which that means that "might have®., That is, before
"the earthguake had occurred, just based on their pgoject@ons,
it's somewhegg in that zange, I wouid guess, o

MR, NORTON: Excuse-ma,

3 would like to have that quéstion and thet
ansver read back, please, by ‘¢the Reporters ~
o (Whereupon, the Reporter read £rom the vecord

‘as requested.)
/ MR.-NORQON: Thank you,

BY MR, TOURTELLOTTES:

0 On the sixzth line down at the ‘top 'of page 3=5eo

MRS, BOWERS:';Excuée me. Just a minute,

DR. MARTIN: Before we go on, .I wonder if I
could get a transiation of that ansver, - :

(Laughter,) | )

DR. MARTIN: I just coulén’t foilew'it;

THE WITNESS: Okay, : N

. It means t¢hat == <he “might® means'éﬁut éiven

":."the éituat;pn'without that hata point‘ahead'6§ fﬁme; based
;Sr‘bﬁ”éhe various evidence we have, then we wodla.hhvéZexpected
"gh%t kind of annacééleration nigat occur. And the “might have?
means' that posing the situation before we had that data point
if gomeone tried -to say what sortas of acceleraﬁiﬁgg'ﬁight
"you expect for that sort of an .earthquake, that®s what you

might'have guessed; something in that == it wodla not have

L}
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been esxpected to got that kind of an accelgration.

MR. NORTOH: Well, I would like to have that

" answer read back because I think he just totally reversed

that answer with that last statement.
THE WIYNESS: Okay.
When I uged the word “might® I am posing & situs~

tion that without thét data point what might we have expacted

" for a complex multiple evenrt earthguake of this magnitude,

DR, MARTIN: Excuse ms.

Does this supply some sor:t of extrapolation freom
the data that were availsble where you say you might have
predicted the data point?

. = - B R R R A L T T I

THE WITNESS: No, T mean that .given what we knew

Il'  before and what the extrapolations say that the average
:shsuld be, and the standard deviation shouid bs in thet range
Hfar_sbme of the p&edictions, like the Txifﬁnéc p;q@ic&icno

' that value falls within one standard deviation. ‘and so it°s

* .a reasonzbie value to have expected.

DR. MARTIN: All right,

5o it is statlstical,

THE WITHESS: Statistical, yes.

DR. MARTIN: A1l right.

MRS, BOWERS: Do you want to proceed, ir.
Tourteliotta? . |

MR, TOURTELLOTTE: Yes.
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Q On the sixth line dowmn €from the top of page 35,
you make the statenment thate '
“Rarakyr Point may have been near a nods
in the S wave radlation pattern but near an anti~

node in the P wave radiaticn pattern.”

That's just supposition, isn't it? It could have
been‘scmaéhing else? .

2 No. Well, i%®s not just supposition. “It’s &
reasonable explanetion for the fact that the verticzl compo-
nent was highey than thevhorizontélv. |

In other wozds, the fact that the vertical compo=

nent ig higher than the horizontal, which is unusual fox most

. N . .
earthquakes, suggests but doessn’t prove thag‘thaﬁ‘s‘tha CRBC o

Q ‘It could be somsthing else?

A Yes, Thata the only sort of explanation of it
that occurred that I feel cqnfident ofs;- And I%e talked %o

a2 number of other people, and that's tha only one theytve coma

up with, : : Lo

Q The next sentance says:
"Also contributing t& the high
vertical accelerations could be the relae
tively low attenuation of P waves which. 1
-makes up tﬁe pre&omineht enargy of the

vertical acceleration.®
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You use the texm “could be” there, and I'm asking
“you once again: is it possible that it*s sowething eiso?
2 That®s correct, The context of thias ig that the
vertical acceleration is observed to be higher than the

horizontal, whereas most of the encgineerg up.to the time of

this earthquake had been predicting that that woulén°t be the

"“case. So in the context of suddenly f£inding an earthguske

vhich gives accelerations which are not in agreement with
‘the ideas and curves that existed praviously, £hs contesy of

this is to present two possibie ex?lﬁnaéibné”&ﬁ?ﬁﬁgﬁo

‘However, I°m not aware of any«expladﬁéioh of why

that is true. That has been proven $n the literature or is

Hl- -accepted. It's still a possible explanétidnwéf that,

T Q Continuing on with the nest paragraph; ‘where 1%
sayss
%7€ the radiaticn patteén ezplanaticq”“'
is taken we-mayfaséume thaﬁ‘iflrecoﬁdé had been
available from the directiona of the 8 wave.
radiation maxiﬁum,rtha hqrizontal aceeléréti;ns
would have been‘conéiderably greééer;’

-
v

That sentence starts off éith again a subjunctive

. «clause, “If the radiation pattern explénation is takenaee.®

Is it possible that there is some other!ewplanee

'Wtibn that would fmnke an equal contribution?’

A Yes, as I said before, that's only cne of the

ey
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possible explanations for that zrecord.
Q And the last paragraph of that section, sight
above ®Other Accelerogxamk“c the last &enéence 8RYCS
“Only further study and the collection
of more data will aliow us to Judge with confie

dence whether it is typical oz not;

ii“' So vhat you're zaally saying there is you den’e

5know_whether this has any applicability or not right now,
A Well, it certainly has applicability as a dsts
"' point. What we need is more data. Bad before wa had seroy
now we have one, . - .
So it's important to have more data, But hefoze
you can tell whether zny one data point is cioée to the
o average or nct, you nesd enough to determine what the average
is, !
d On page 3=6, you’ve talking about extr&pslaﬁiqna
at the bottom of the page. And the last sentence readss
"For example, at -distances of ¢en
kilometers for an M equatifs 7.6 earthquake
the curves of Donovan indicaté‘accelera~
tions of about .45g at ten kilometers,
where the curves éresented by Trifunae and
Bradv indicate that near the fault for -
an M equals 7,5 eazthquake the average

peak accelerations could he 1.75g and
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that the average plus one standard devia-
tion could be about 2,5qg,°
Again, the term == or the usge of t¢he wozrds
“could be”, Does that just indicate what's posgible hore?

A Well, that indicates the fact that in hig psper

“he also observed the fact that there®s not enough datz in

that range to be sure of the extrapolation, so he éualiﬁiea
hie gﬁrve, and i am voiciné that qualification..
‘We don®t know i€ that’s true. That weuld be
true of aay curve, bonovan®s curve or anyone aelse’s,
Q. You. don't kacw of any carthqueke where there'ﬁas
ever been recorded a grouné motion of 2;59, do you?
A No, I don®t,
¢ Further on in thaf paragraph vou séate thats
®Boor, ot al, do not extend their ‘
cuxves for M equals 7.5 earthqunkes to shoxt
distances because of lack of data, but the
slope of their curves, projected towvard
short distances, suggests accelerations of
greatex than 2g are possible at'éistancés of
ten kilometers,®
New isn®t it ¢rue that a person who makes &
curve usually stops their curve beceuse théy don®t feel that
they have enough-informatiocn to draw that cuéﬁe any fusﬁhaé?

A That*s corzact.
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c ‘And 'so drawing e extrapolating . “cuve which
the anthah himself refused to draw becausgs of the lack of date
doas not really give rsliasble 4nformation, doas it7?

A Well, there is some information hidden in there
in the fact that you wouldn't expect a curve o make a chaxp

‘wcorner, so that there’s aoma ‘distcance bajona tne end of the

0"

curve that you can trust it. : . '~uaw

But basically 'Y -agrae that I aon°t think £ha

L2 |
a
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of ground acceloration yours going to gat, is thare?

f;notmenbugh date to be surs about £he curva.

":indicete a degree of uncertainty about whethex they will or

" “they won't?
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Q And éha lpst sentence of that sama paragzaph sayss
"Por 95 percend coafidence intérvals’

their projectad curve suggests accaleraticks

near 2g are possible for distancas of 10 'kilo=

makars,”®

There i nothing there that would sliggest that -

A There is .no data in that distancq rdﬁgee
Q Furthér»0p dowz .on thel page =-=
" A I should say not ihat there's no datd, bvt there’s

Q Purther on down on that page, the 1ast paragzaphs..
Well, let's move on, i
On Page 3-8, ‘the first .full sentéééé says:
‘Ppmbraseys concludés thet accaléfa-
ticns ino tha fo~al voluma may wall raach ahd
‘excaed values of 100 psrcent Se and that in the
future, accelerations greakzer than 1g will

probably be xrscorded for evan low maénitudqso°

Is the use of the word “may twall »each,® dcas that

a I would say they do. I think that's what he's

reforring to. I dont helicve hn places & 1ot of ~= is not
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sure axactly what the probebilities are goirng to be and thai's
why the qualificaticns.
Q Down in ¢he next to the last paragreph on that
page, the last full sentance in that paragraph says:-
"Depaading on the cohexancy of the
anargy., this could- lead to accelerations .zbout
two times those observad at Pacoima Daii, i.€.s
. greater than 2g.°” v
I apologize, it’s the second from the lasé
sentance. -
Bu® again here we havse tha wordss . u
”,..pould‘;ggdrtp:acgg;erations.ahdut

£Wo £ilaS..00," and that is to indicate a degres of

uncertainty about whather thay would oz wodld_apg. is that

corract?

A '~ Yes., Perhapsg that’s =< you don't nasd two

.qualifying things in.that aqntencaL‘ It probably would hava

bean adequate to say depanding on the coharency of aenaray.,

" bacause for a given typa of coherency you ctourld say they would

hove definitely but we doa't keow what =- thore is uncertainty
about how coherent the.eﬁergy would have beéns
Q 09 Paée 3=92, the sixth lina'éowB atatasg that:
“Thus, assunming the horizoatdl accalera~
éiong in the Gazli aarthquake represant tha maan,

ope would estimate 90 percent comfidence lavel
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accelexations of about 0,759 timas 2.3 equals
1.739.% I
is thexe sufficient causc to halieve that the
horizontal accelerations in ¢he Cazli could repressnt the
mgan?
A Weall thay could raeprasent the ma;d{“ﬁhaé's for
surae, but we do not know that they do represaggfﬁhe mean.
" Q There's apother intervening sénﬁeaéb}'and then the
next sentence is in parenthesa§° It sayss ® :
! ®(As noted earlier, if radxatxon panta:n
is the explanation foxrtha high vertical’ accoleaa-'
tion at Kerakyr Po;atq‘?pggwtyggpormzpnta; ]
accelerations werae probably higher at othex -
azimu hs. and thus the estimeted S0 parcent cone
f£idenca level horizontal acceleraticns would ba
even higher.)® ’
Isn“t xt possible that there®s soma other expla-

natzon than the fact that radiation pattsrns ~<" a radiation

pattern ig the eyplanation £or higher vertical accelexation

A
at Karakyr Point? “ s
):% That's the reasoa for saying "if." '
Q ‘The naext paragragh says: T

“In sumpery, the above extrapolations,
althouch basad on very limited data 'and thus of

low confidence, indicata that for magnitude 7.5
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eazthquakes as distancos of five to &en Kiiow

mater accelerations higker than 29 are

occasionélly expacted, ‘and acceleratiors of

about lg are coummenly expected.”

What do you mean by the texm "occasicnaily,® how
often would you axpect thét?' " '

A ' Well that's raforring to the curvas of the typa oL
for example, Trifunac®s wherae the averaga acéeleratian-o-
Let's go back to the one it’s referring £o.

At 10 kilomstezs. the average acceleration is l.lg
and the 20 percsnt confiderce lavel is 2.45¢, 80 that givﬁs
you +ha probability for one of those curves. " And my statew
ment simply means that we don®t know what &he Lrue answer
ig, S0 any of those extrapolations could be -right and it could
be somsthing in that range. -’ T -

Q Wall is "occaesicnally” one outi: of 100 or one cut
of 1000, on; every 10 yaars, one avery 100 yaarge

A In that particular thingy on Tzrifumac's curve by

itself, it just maans ona oul of 16; 90 paxcant coafidanca

Q On Page 3»16, the last seantence in tha f£irxst
paragraph sayss .
°For}propagating ruptures, the particle
velocities in the direction of rupture propaga-

%

¢ior can 'be moxa than twics as high.®







Ty

wy

1
WRB/agbs-

o

L by
By XY

3
14;
1541

1.6‘ H

17

18-,

80692

That’s not to say that they would rgasonably be
axpected to be more than twice as high but only thet. agailn,
that it"é paasibla? * e

A I would say that ==~ no, I would say in this case,
i‘?::‘s reasonable to expact then 4o be. -Bui theré’s mot enough

kpown about actual fauiting and so forth %o be sure that,

- in any given case, that would happs’m.‘ But it's carkainly

reasonable to expect them to be that h:.gh. yes. )

Q It would bs reasonable to axpect them, if you

-could demonstrats {hat this formula applied, ‘is “that what

youtxre saying?

A Yag == well, if therse wag é 8Rookhs s o' Y@ o if the
:jx;pi:ure was of t¢he typé, the simple type on 'véhi.‘ch that formula
ig basad that it would hépps;x. But it th.e Ga::thqudm is not

of ==-it could ba of a differant type. 2T

Q hBut you don‘e ,:aa.lly know <what}ie;§"‘"éitgn a rupiure

in ‘the raal world would occur in accordancs with this formulia?

A You know that it could occur, but you don‘t kauow

that it would occur .in any given instance.

Q And you don®t know whether one oVer has occurred?

A Well I'm getting a littie bit confused about what
you ‘mean by “this formula.® In other words“, hag ‘it evar
occurred that the accalexats.on 4n. one dirdction has beoan &
factor of tno higher than irn somg othex direc‘.:.on, the answar

is yaes,,
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But if you mean do I kacw that thore has evar haan
a rupture in nature that has beaen, say, if we could acbe§t
this "statomant of how close to an idealized rupture, no, than
I‘don‘t %Xnow that,
Q The next psragraph, the last aéutenca sayss
“The curves suggest...” == I'm 'sorry, we'rae
talking about, I guess, the Trifunac and Bradf}“wrifuaac and
Boore, et al. extrapolations. It sayss
“Tha curves suggast that volocities
in excess of 100 cantimaters pser second may '
be exéactad cloge to magpitude 7.5 earthduakes.®
The term “may be; is that a qualifier to denon~
strate that that is considered to ba a possibility?

A  It'sa gualifier taken to mean tﬁatfgven +hough °
the extrapolations and data that we.have pow indicate that
it®s not reliable enodgh o kéow that that's the “trua valuas.

Q And thep the next sentenca in the next paxagraph
sayss: P

In viaw of the abova considerations,
it Beems probable that given more records fram
large eaxthquékes, velocities as high as about
200 conitimaters per second mzy be recor@adfé

‘I take it from what you said dbouk 100 centimsters
per sacond that the same orj;qual answer would apply to that

gtatemenis?
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know.ﬁhara°s going ¢o bs & largs variation and they couid

-pazragraph, the'third complete sentance I beliavd, it®s right

L "Dxrecﬁzvity was probdbly vary

" means that it's probable becausa thazr intaerprétations hava

. 8071

A Except that that also includes the probab@l%ty
of variation. That is, the pravious sentonce gays that )

100 centimaters per saeccnd may be axpectad, and thex tha next

stateament says that if that is expacted thea cccasiozally we

vary up to 200 centimeters per second. So thé sSecoad statemant
includes a statement of.prcbable=variatioﬁ‘£ﬁ tﬁé velocitias,
- Q Okaye
I invite'youraattention on down t&'ﬁﬁe sext

EECIN

after ¢he brackets, It says: BTV

important in genexatzngmﬁha high Veloc;tias

obgerved for the Parkfiald énd Sap Fernando

earthqugkaso“

Do we know {hat dirsckivity was responsibla for

that? .
T A No, tha'p:obability maans that sinéé“a numbar
‘of people have studied these earthquakes and Zhere is sona
consigtency in thexr intarpzetahiono of the data, that n:obably

this feature in .i&, that that feature existad in the real
earth.
Q On Page 3-11, the first seamtence in the sacond

paragraph says:
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YHartsaell and Archuleta have racanﬁlf
made pumerous observations of particie velo=-
citias at various ;zimuths around propagating
spontanaocus rupzures in foam rubbex énd fourd
£hat near tha fault in the directios of ﬁgbéura
propagaéioa, ¢he particle velocities may ﬁé ’
mora than & factor of three higher £han velp-
. cities near the fault but away from- the airection
of ruptura propagation.®
The words that I want you to look 2t appear in thé
thigd line abova tha end of the saentsnce whers it says,
"may be mores” Are thesa words to qualify thal statenant
again as o indicating it is possibla buk we dont know whether
it really would happsa or not?
A Wall in that particular case, tha "may be® refors

to wheather or not the results in thet modsl are appiicabla

in the model, so the quote "may be" refoxrs to applying that
result to the real earth, '

Q Paga 3~13, the first sentence of the FTirst complets

°The phenomeron of focusing oxr’
dirxactivity apparaently played important role
in the large valocity pulse cbserved on #he

Pacoima Dam racord of tha San Feranando aarzthaguaka.®
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Citing HBeaton at raferance 21.°

What other items plaved an imporiant role in the

Jarge velocity pulse raecordsd at Pacoiwa? T

A .w@ll the siza Pf the stress drop adéiﬁie various
other paramzters of t¢the earthguake.

Q So yoﬁ reallj can't quantify, can you, what

focusxng ox d,rectivlty had ¢o do with {he record ak thosza

) ‘sita? : ', e

a Well the model itseif had dirdctivilty in it zad

the questxoa is is that a unzque nodeal, and there ara soma

" gtudies which have modalad #the source somewhat dszarently

so: that dzrectivity wouldn®t have playad the samz -~- wouldn®t

have been as affective in their models. So depending on
whose modal you usa, %hars is uncaexrkaindy in-%haﬁ.

Q Okay., So you'ra talking about, in tha%t sentance,
you're talking about the conclusion that st¥ong ~= by Hezton

in a model which he aeszablished for the Pacoima Dam and &ha

San Pernando aevents?

A That's corzect.
Q == rather thon tﬁa actual racords themselves?
a That's corxect. Inscofar as the model is appli-

cable €o the racords, the staterant is trua.
Q And tha model may or mey not ba the Teal world
situation? ’

A We don't kanow esackly how close it is. Thera have
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baan differeprt studias by different people.
Q Thé £irst sontence in the next paragraph sayss:
. "Divactivity may hava worked in the
raverse direction for accelerations obsaéxved
on éhe Pacoima Dam racoxrd."® -

Again, itt's aiéo possible that it didn®g, isn't

that true?
" A That'e c&rract.
Q The last seatenca in that paragzaph ‘Says:

®Thus, points farther to the south
may have bsen.more inwthe-directiqn-of focusing
for the shallow éactoikgiﬂtqéﬂfault and, “thus,
may hava expariencaed ﬁigher acgeleratioﬁsﬁ”
" There whare you say “may have been more® and
“may havé_e%parienced.“ again reflecés a deérséfof umcartaint;
about what in fac® happanad, ig #h;t correct?

A Corrécto




,
,
A



2D
£1s 2C
/"QRB/ wbl

C

v

EY

0

O

e

14

15

i6

i7

‘18
19

20

21

22

24

‘two sentences, the first sentence says~- I'm sorry; the next

to the last sentence says that,

occur,

8075

L3

Q In your last paragzaph on that page, tie last :

*Energy released about 20 Km from the
fault could be focused nearly dirvectly at the

Diablo 'Canyon site.”

It'g also possible that it won't be focused?
A That's corre;t. ' |

Q "And we don‘t even have a reasonable dégrea of
certainty about whether that phenomenqd would occur -oxr would
wot occur; isn't that right? ” po

A Even .the phenomenon of focusiﬁg itqéif% We °
don't know for aqngivén éarthquake on the Hosgéi fault
whether or not it would foéus energy toward the Diablo Canyon

or not. ‘But we do know that the ﬁhenomenpn of focussing will

N Q But wewdon’ﬁ know that }E.yvuld occur, say, to

tﬁe éxteﬁt that'Trifunac‘aaid it might occur; correct? - |
. A . Noé for any given earthquake, no. -

' vt We all agree that focueing is aééually'é'part of

,gr; éarﬁhquakes to & ére&ter ox lesgerextent; isn‘t_ihat
dbfréct?

ST S Yes. It occurs in all earthguakes. That does

mdot:meap that energy is focused at every record. There may not

be any records. It could ba that there are not any reeords:
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which have been i;*the maximum direction of focusing.
0 On page 3-16," undexr Fault Breakout, the third
sentence says, .

"If such high surface particle velori-
ties occurred in a layverad medium zo *hat ané:gy
were more confined to the surface than in their
half apace-éoéei,,ve:y'high particle velocitiés *°
could be generated five kilometers from tha fault."”

I take it the introductory vortion of that
sentence: algso indicates a degzree of uncertainty about what
might happen?

A ‘That's correct.
Q The ;ést gsantence in the firs# paragraph on
page 3~18 states,

"The situation is such that in the
face of the strong e;idencafthe high acqalerationa
and velccilties can occur, ﬁut with‘a‘data base too
limited to be sure what the probabilities are, we
can only conclude that the higher the design levels,
the less the risk will be."

What do you mean, the highexr the design lavels?
What design levels? Are you talking about stzuctural engineer-
ing? ' :

A Yes. In other words, the higher you build your

safety margiﬁ‘on acezleratcion the safer it will be. If you
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design for 2g it will be safer than lg, and.lg will be safer
than a half g.

Q But you’ze not a stiructural engineer, are you?

A That sentence doas nott~~ I don't think it
implies knowledge about structural engineering: it's =aying
that if'the structural engineer has to_design his building to
be séfé:at lg it cevtainly will be safer than If ?t is A
degigned at a half g. |

Q Well do you know how the varicus accelerations
affect buildings? “

A I think that's outside my area of expertise, if
I'm clear about what question you‘’re asking:‘

In other words, could I calculate the response

of a building to a certain acceleration; is that the question?

Q . That's true.
A ' No; that's outside my area of expértfse.'
Q Well you don’t know, for instance,-whethex if a

building were too stiff for a given acceleration that it might

be. worse than if it were desiéned in a more elastic mode,
would you?

A Well, as I said, if there were -some design

‘characteristic that made it less safe at the higher design

then I would say from the point of view I'm talking about,
which is only the input ground motion at the base cf it, .

then in your case you would say it would be worse to design
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to design it for the higher thing. 4nd I’m not. saying ;ny~
thing about that. Aall I;m sayi;;\EET'if it's designéd and
ig in fact safe for ig then that'sletter -- you have more
safety than if it is in fact designed and safe for halfig
in a situation close to an active fault like this.
Q Well dbesn't that depend on the stiffness of the

structure you'‘re talking abont?

. A I irclude everything that goes into the engineer-
ing design in my statement of, Is it safe or not? So I'm
avoiding -- in other words, I'm not trying to get into any
engineeringrdésign. ‘When I say "safe” x'meén you take ail

that into account, anythinévwhibh ig beyond ny expertise,

3n -saying it's safe.

SR You're telling me that you can make a judgment
éhaé”ﬁlﬁuilding should have ~- tﬁat a building should ba
designad to withstand more g's, but 'you don't know anything
about stiffness of structures. It iz possible ehaé a struc~
ture pight ﬁe 8tiffened, or even part of a structuve might

be Btiifened Ey making ‘it resﬁond to 2 higher g lavel; or do

'you.know that?

A Well I don't know that.

Q Okay.

A I'm still saying the safety of the building.
Q Page 3~15. You state in your firszt sentence,

the conclusion says,
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1 ‘ . "The main conclusion of my testimeay
@WRB/wbS 2 is that based on our present limited &ata base for
h 3 ’ near souzce (epicentral distance liess than‘ten
(ﬁ\ 4 kilometers) ground motion for large earthquakes
5 {magnitude greater than 7), and bgsed on our
oo 6 present limited understanding of the seisamic wave
3 7 generation and %¢Zransmission, the ground motion
o Is ‘ _postulated in USGS Circular 672 for a magnitude 7.5
é earthquake (peak accelerations '1.15g, peak velocity.
10 135 cm/sec) has not been aﬂown'to be édnsé:vative."
11 o You're saying that you doQ't have very much -

12 information, and anything is possible, But the USGS. c:rcular

'Eig> i3 has not been shown to be congexvative; is that what you'ze
14 || saving?

15 A You said three things. I didn't say anything is

16 posgible anywheré“in ny statement. But I did say that we
17 dorit have very much data. And I did say that the data are == an

18 the other evidence p&esented in my testimony, indicates

& v

‘ *Fé-‘

19 that we have not shown  that these values are conservative.

g o

12.340 20 ] Q Have you evar uaed 672 for any purposge other than

21 making this testimony? Have you ever used--

A I used it in the sense of comparing the values

R

with what T had in models and various theoretical calculations:

]
-

and‘pébers I've written, sand so forth. But not in building

R

25 design cases involvinrg building design.
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Q Do you know what USGS Circular 672 was promulgzted;

for?
A Yes.
Q ‘What? P
a The Algska pipeline.
Q B mean, it wasn't for the Alﬁska—piéeline, to

put through'the-pipeliﬁé,<was7it?w v
LA Oh, I see whﬁt you mean. .Well, it'was in ‘a paper

wh;ch was design values for the Alaska‘pipéline, pnd in that

, thég"kxied to estimate the values ofVPeaK jrouna accelerations

e g7

and ‘velocities for various sizes of earthguikes. .Bug, as

.I recall~-- -Yes, the results are not dependent on it being

fb:’éhe~pipeliné. . . N

‘Q But it was uged as a guide for engineers; isn't
tpét correct?

a Yes. Right. .Or anyone ecise who wag intexested

Vfiﬁ'kndwing what the accelerstions and velocities ara.

Qe When you got your information fzom Circular 672,

~you got that informaton fxm Table 2, didn't you?

2 Yes.
Q | pid you read the whole circulax?
A Yes, -I read it at one time. I don‘t remembex

4
‘all of it in detail.

Q- Actually, that cizcular to a large extent is

written alsc for engineers, isn't it?

!
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A I don't know whether to a large e:tent. I wsulé
say that's the primary purpose. But I don't Ikmow exactly
what it was written foz. '

Q wéli, the ground motion values that .are in
’T&ble 2 are subject to several conditions, aren‘t they?

A .Yés. - .

Q And wouldn’t those condiéions to gome extent have

"a bearing upon their conservatism?.

A That®s one of the things that would apply "to

_ their conservatism, yes.

Q Well do you know what those yglue$-~- vhat those
condit;ona aze?

A Belng cloge to the fault is one of them. And
éhere are several conditions listed, but one of the conditions
is éhe statement that they afe-not the maximum possiblé:
‘Which means that -~ I don't take the wvord "conservativye®
to Bé‘éxactly quantitative. So that if thoy say that the
values they have ligted there are not the maximum possible,
=then I believe their statement means that there's room for

thé possibility that they're not conservative until T know

-‘what that means. T

Q Vhen did you write thid piece of testimony?

B -
5 -

A Around the-- That particulzr part was written

-

ﬂaibqné the first week in November.

“Q - .When aiad you read USCGS Circular 672?
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a The values in the table I read right near the

T e

WRB/wh8 2 same time. But as far as reading the text of it, that was

3 || some considerable time earlier, about the time of my ACRS

o

C

testimony. And I may have read parts of it after thau' but

I don't recollect exactlé.

L3}

6 | Q Which ACRS testimony? When was that?
7 A - June 23:&, 1977. " S :
8 ‘ "0 So roughly a year and‘five'months”beforeayou read

1

2] the whole artacle, the whole circular; right?
10 Lﬁ' A Well, again, I don’t remember for sure that I did.

11 Bu* “I think 80.

-
s

Jen 12 iﬁﬁifjd And you did not review what: ¢he 'written text of
0;}. 13 that cu:cular vas a{: the time-that you act'sally made this
14 'statement that those figu:es have not baen gnown to be
'is conservative? |
16 ’iliﬁiiﬁg That's iight. Z dién't raviewAthe whdle éritten

17 text. o
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Q During your cross—examination with Mr. Nq;ton,
you gave one answer which 1ndlcated that everything available
seemed to indicate that the plus 7 magnitude earthquake
you’d get something near lg, but with more information you
might get something closexr to 2g, is that coxrect? DB you

recall that?

A ’Not exactly in tho;e vords, no. I don't recall.
Q Do ycu disagree with it?

A <Sta§eiit again. |

Q Well, understand, I'm not a court éeporter and

T didn't take it down verbatim, but I thought what you said

was that everything ava.lable seens to indicate scmething

e

near lg, but»with more information wé;might get 2g'é.'
| A The first part is correct. I 'think that the
eviden&elsuggestsnthat sompwﬁere arcund lg is a good value.
As.féi as the second part, that we could get
2g, I'm not sure whether 'that. referred to thepossible
é#cursions f}om‘the mean.’.A. T don't know the context in

whxch that's quoted, buL I can tell you what I feel, what

I think, and that is I do feel that you could have values

as high as 2qg.

Q Also; Wl»h more information we could have
values less than 1lg, couldn't we?
A Oh, we definitely will. There will be a

variation of data around the mean.
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Q and it‘s.also possible that with more information
we won't get values of 2¢g at all?
A Are you saying it's possible we may never? That's

possible, ves.

MR, TOURTELLOTTE: I don't have any more
questions at this ti@e.»

I do have a motion to strike a couple of things.

I'd like go mové to strike, starting on page
3-18, the fourth.line down'that says:

r"'.l?h.e,y are especiallflwegi Ef the burdennof

lproof is assumed to lie with the contention

that high velacities and accelerations are not

to be exéected.“

‘That is a legal conclusion which I don®t believe
this witneés can nake., . | |

The other item I would ask be s?ricken ig on
page 3-15; the last sengence on that page, which also refers
to the bur&en of proof;w

DR. MARTIN: I'm sorxry. =I diédn®t get the second
one.

MR. TOURTELLOTTE: The page is 3-19. The last
sentence says, in the last paragraph o; that page:

"A near certain conclusion is that if ¢he

burden of proof is assumed to lie with the

thesis that very closeé to large eaxrthquakes

L e
an -
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of greater than lg are not common, then the

\\

T“thesis kas not baen proven.”

MRS. BOWERS: Mr. Norton, before I'gd,té Mr.
Fleischaker, weuld you like to’ékpress the Applicant's
position on this motion?

MR. NORTOWd: No. “
MRS. BOWERS: Mr. Fleischaker?

MR. FLEISCHAKER: Can I takeer..Srune\on voir

" dire for a moment?

L

MRS, BOWERS: I-*didn‘t hear that.

MR. FLEISCHA¥YER: Can I take Mr. BPrune on voir

,di}e for a mcment?

MRS. BOWERS: Weil, —

MR. NORTON: We'd object to that procedere, Mrs.
Bowers. I dor't understand voir dire of one's own witness.
I éoa't'understand that term at all. |

- . Was it Saturday or Henday ~~ I guess it was

' yesfarday -~ I didn‘*t understand it yeéterday'and’I,aon't

understand it today, how one voir dire's their own witness.
MR. FLETSCHAKER: I can cexrtainly make an

argumentvwithout téking him on voir dire, and I*d be Lappy

to do that. So let me make the argument.

Fizrst of all, as I recall, I ¢hink two days ago whd

Mr. Kristovich requested +that written testimony be struck

+he Board ruled that it was tco late, and that if the evidence

v}
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vas admitted and there wasn't a specific reservation
raised ao the time the testimony was admitted, then the party
who sought later to strike the evidence was out of luck.

I think that that same rationale applies hera.

But even if it doesn’t, it's clear -~ it appears
to me that there ig more than one kznd of burden of proo
Although 1awyers tend to thznk that only lawyers think in
terms of burden o¢ proof, I think that maybe SClentlSoS do
too. | i

" And it seems to me from reading the evidence that

the:burden of proof goes to scientific evidence that we're

'talking about, and that Dr. Brune is not necessarily talking

about the buraen of'proof in a legal sense as lawyers think
about. it, and as the regulatzons aoplzcable to this
proceedlnq would requ;re.

The teotimony to me herxe is perfectly consistent
wmth the cons uctlon that the burden of proof he s talking
aoout ~is in a sclentlflc sense.

;-
v

’ a:; c A - -
MR, TOUPTDLLOTT XIf that's the explanation, and

. ;f everybody agrees, then I don't have any objection to iﬁ,

b

remalnlng in,
MRS. BOWERS: Mr. Norton?
MR. NORTOM: My position is thg same as it was
bafore.

MRS. BOWERS: Well, the Board fezls comfortable
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that it was used in a sclertific sense.

MR, NORTON: Hre. Bowars, X think the simple

‘solution %o it is to stick in ¢the word, “ecieantific,” the
burden of scientlific proof, so that it’z cloar thet wa'rs

‘not talking about a legai burden ¢f proof. Thaé's wvhat Mr.

Fleischaker has just suggested. )

PO Y

If the wozd “sclentifice® ware inﬂarted after

"'hnrden of" in each clausse, that weuld teke care of it.

MRS. BOWERS: XLet's check with the witness to'"
try to shortecut this a little bit.

Dr. Brune, would you have any objectibn,,ih ¢hs

gsantenca that's boen identified on page 3-18, beginning the

fourth line from tha tcp,‘*whay ara especially weak if the
§Qxden of proof is assumed...” ot catera, and then tho last

sentence on page 3-19, to insert the word "scientific® in

'fraut of'p:oof?

You sac, in this case the Applicamt nas the

> burden of pzoof as a matter of law and regulation,. and ve rem

into your testimony.
THEE WITNBSS: Well, X'd certalnly be easy with

putting "gcientific" in thera. Tnat agress with the ehinking

I head.
' MRS, BOWERS: And I.assume, Mr. Tourtellotte, that

your motion to strikes is withérawn, is that csrrect?.
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MR. TOURTELLOTTE: I assume that wa're going {0
put the word in both places?
HMRS., BOWERS: Yes.

MR, TOURTBLLOTTE: Yes, I would withdraw that

MR, HORION: MxS. Bowazs, before the Board goea

on with its questions, 'Mr. Tourtellotie's cross~axamination )

I could take those now and got them out of the way, and then
noa-hhve'dny"more, and.ﬁhen the Board could- ask its questibns
and then Hr. Fleischaker could do his redirecct, if that's
permissible and accaptable £o the other parties.
MRS. BOWERS: Xot’s chack with Hr, Floischaker.
MR, PLEISCHARER: T have no cbjectio?jfb procoeding
igfthéé’m&nner. ; ;
| HRS. BOWERS: Do you want to go zhead, Mr.
Norton? “ ‘
. BY MR, HORTON: : EEEEEE

w2
-

Q ' While Mr, Willizmsor iz setting up the Vugraph,

defihéd it in your testinony, but indeesd you have in the
£irot sentence of the conclusion where you say: |
| “Near scures epicentral distancs lese than
10 kilomoters.®

B That’s rot defining it in a gesnoric vay. That
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.

) ray that; X°'a go back to what I gaid befors, that ﬁba

~you ve talking zbout. o , A
’1“ "Q ‘All right. Wali,ﬂlat'o talk ahoutiéhé‘aonériﬂ'

80689

says for the purposs of that sentenca that's what I'm using

it as.

s) Ckay. But generically, then, you can streteh it

out-to 20 kilomaters or less, okay? We established. that ..

earlicr, didn®t we?

A In certain cCasBes, yes.
Q All right. .

ﬁell, lot’s put it .another way. 'You can't streéch

'fé“bue fupthar thon that. Then we atard 1osiﬁgjthé'meaning“é£

.
3 LEL I

what wa're talking aboat.
””. A Wbll. for ¢the nlaasa eazehqua?e, uith & vary. la:ga

a:aa, hundrads of kilomsters, yecu. conld aeroEQh ﬁt oat fuzthar

?ﬁhan that.
s R he . : T - ...r o
- Q But that's an unusual sitmation. = -
A I don't hknow whéehax that's unusual. I wouldd't=

f dafinition of nesy fielu dependz en what type of eazthquake

.
ty

fault. When wa':e talling about near £ield in the Bosgzi

p ) . )
A ‘A3 T said befors, it®s not a precisely defineg’

H

g texm, ) !

Q A1l right, burt vhat is the range? .

A Something iike, I would soy 10 tc 20 kilometers.
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Q All zight. Excuse me. while Z get up and movs €0
‘anothsr: aiko. | '
{Pauna,)
Dr. Brune, I wont ¢o meke sure X understand this:

When you talk about focusing ocgsuzzing, what

-you'rs woally talking dbout -- wo kesp using ﬁ:ha torm

fecmsmg, bat we'zre raeally talking sbout higher aceal@:ae:ﬁom
' .Ehan nazma& as the rosult of focucing. St whes you me;e ﬁ.’ae

- phrase like; wall, s‘:‘ocusin_g occurred here, whot you mosnt was

L

) agg;al'ara:t.iom were racorded which were higher than noraal .

: as ‘4 yesult of focuzsing, ion't that corzect? ' SR

: coul& ba, yead.

P. I'm no* suro of th.a exaet context, kmi: that

seems o wmam e PR

=== - se= e Jo—— —= it e

'n.'

KT " e as cpposed to -~ bacause fomaing n&waya

o"cbfws, we agresd on that earlier, Buc: vhat you'za intamswd
A

i.n iz whether oy not it results i khigher accaleratf.ozxa. ( :
- = ; N »

; _ Isthatafairai:zxmmnt? ’ ‘ )

« .
-7

LUy R X think that's --~ I'm interested in bot:h. whatnsr

S .
vy

iﬁ's low or high. From a scientific point of viau, I'tq il

’h

intmzeatad in vhether the result of the zupturo pmpagatioﬁ

- lcreates high or iuw ascoslerations and how it's diswibut;@d._

R . ’”"‘Q Ok&y.

a But in' tormo of tzying to estinmate what kinds -!

Lc':f' acbeaémtions. how high accolorations cam be, yss, in £hat

cuntext that's what vou'd bs mefarring ¢o. )
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¢ .g - Ppropagating at the*eitc.“

“the eita. | o e

a result of ¢ocueing to occux. there has o ha xup&uza.at
3lease.part of i, propagating directly at the instrundnt oz.fl
12 ~within your five degree — '
13.‘.‘. ‘ .

depands on how incoherent it is. It could bs wider for tﬁét’

- £or- lees coherancy. That'S-one of the points of my‘haying’,'

E.aqd gesa 5u3t axactly how higs-that iz, I don'¢ know how

of f:eedém?

'Eqneation ~- and, again, I'm not a court reporter but I'tr{éd,

:ﬁé)get it all down, and this is a very close paréphrasa,i§

. 8091

Q A right. Would you agree with this sentencs,

“ %In order for higher accelerations to occir ag

a site as a result of focusing you must get @ rupture
Zen't that corzect?

"t n part of ¢he ruptuxe muat.be pzopagating toward

-
L3 I 4

.Q " A3l vight. In order for the high adcélézétion,aé

>
7.

= .
. o

. . ' . !
a Woll, £ive degzaos ia not a pzacise number. ‘Iz

that wo need to do a ealculation, is €o put ineahe;anqy‘iﬁ

!}ég’b it 5180

>
.

Q But-propagating at the site within ﬁpma degree
A borxact.

Q okay.

Now, you testified in vesponse to Mr. Tou;ﬁal{étee‘

~
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¥You said:

e don’t know Lot any gigen-ear&hqﬁnke which
corld Qccur on the Bosgri fsult whaether it
would zesult in fccusing‘&t Diablo Canyod.br
not." . '

Do you rocall that statcrent?

.‘YQE L

weil;‘let's look at the ‘threa mape that i could
record that poxrtray the Hcsgri fa@lt. , |
The first ons is the cne you refarrealta, the
Griffiths figqure 30 from the Johns Hamilton f'

ﬁgw,'aza yoéwaware'wh&n &hai map"wns.dxawn?
Yo, I can =~

You can sas it riaht on the bottem thera, yes:
Yas, I -waa going to say that. 13871,

AL right.

A

And &are yon aware of the. histozy of tke

collection of data regarding the Hosgri Zauvlt, the kinds of

aata that hava bgan colliected,. and€ when azl that daga was

z°d say that's outside of my aree of énpe:tiéé.

- Howaver, I have at one tims or apnothar reed esrtain gections

' of that -- the reports that were given there.
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« racitation of the evidence ig accurate, and if it’s not I'm

the testimony has been that it was in 1971 .chat the fzuli,that

this paper was published, that people other than Hoskins and

‘ there in their work for am oil company . And it was unpubliaheq

mepping efforts have, of course, taken placs.
. seismologiaé isz_
. data weore conectcad,“ ag oppoged ¢o ‘this map which was before
* probiebly 95 percent or 99 peycant of the data were .
* collected? ' *
: ought .Co explain why X didn®t pick out any one map and ’B&Y.

- that was it.

" B1i Silvers, szbout whore exactly what fauls connects with what.

Q All right.

, Well, I want to infoxm you ~- and I trust that my

sure Mz. Pleischaker will grzb the microphone away £rom me.=-

G:iffiths, who obtained this data, that there wes a fault cut

nnti.l 1971.
It was after that time that a tremendous amount.
of data has been cpllected regurd:!.ng ‘the locat&oa of that'

fault, ond that as a result of that collection of data new

.
L

Now, as a.seismblogist, n;y qusstion £o you as a
Wouldn't you want ¢o wely oa maéé after the

”~

2 Yéa, in general that'’s trus. Hovaewvar, I think T

v Partly bocause in looking at the maps at the

surface, and reading various people's toestimony «- fox;: exsmple,
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I had operated under the agsumption that we did

not know where --~ axactly where ths rupturs would cccur 63

’tha fa‘aiﬁ )

Q Okay. Let's take two of the resent maps ‘that
ware collected after the datz and lock at them,
(8iide.) - :
Let’s take f£irst the California- Division of

Mines and Geolouy, & map which Jeint Intervencrs wore kind '

' epough to provide as represantative of the Heagrl faule.

PO L

Row, can you sse vhere the Rosgri fzult is on‘

that map? " S
MR, FLBRISCHAKBR: What was thoe label vou gava
{

gha&?

MR, HORTOR: Joint Intexrverors 35, California -

piviéion of Mines and Gzology. o L

. BY MR, NORTOH:3
Q Can you see the Hosgzi fault en thers? .
y:\ Yoz,

Q © o oan right.
Now, do.yoi know where Diablo Canysn is o thaé
ﬁhp? I appreciate it ian't dravn on there, bud age you :
familiar enough —-

" A Yes.

Q Can you take the pbinter &hich is oa the 6tha£ﬂ
side of the Vugraph there and point to it? h

{The witnass compiying.}
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0 All richt,
MR, NORTON: ILet me mark what was Joint Intexvenosn:
35. This is a xercx of Joint Intervenors® 35, We®ll mark it
novw Agplicant's 36,
MRS, BGWERS: MNo, 37,
MR, NORTON: 37, excuse ms,
{(Whereupon, the document
referred to was marked as
Applicant®s Exhibit 35
for identification,)
BY MR, NORTON? i
Q I’ve marked thie as Applicant's 37 for identifica-
tion,.
' You can tell me now, is that right there whezxe
tﬂe site is, wheyre you indicated? '
(Indicating,)
A More or less,
All xight,
Right in there where I've just put that:dot,
Noer vant you to assume this earthouske, and ,
I will take my pen and see if I can do this, an earthquake
with its epicenter zight here by the *2%, where it says
“Pault®, right at the base of the "%, and propagating south-
ward for let's say ten kilomaters,

Now isn®t it #zus, Dr. Brune, that given that
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' Z.'?:'you didn®t weally mean ¢hat, 4aid you? PP
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éar{:hquake, that you could say that it would not xesult in

focusing at the Diablo Canyon site?

A Yes, Weli, it would noi 'esult in inere snsed
1.  acceleration due to the phsnomena of focuaingo N
i a1l right, sir, "

When you said the statement “We don’t Lnow for

" any given earthquake which could occer on- :the Réélé:é'i Fault

I ¥ whether it would result in focusing at Dz.ablo Canyon or not,"

-
o v,

~: A ' Well, I meant it in the sensa ..hat if we juet

“had an epicenter end you spacifisd the epiceni:er and not "the
-direction of tupi:u:e on the fault, that we v;oulanféf:‘ knows

‘I you specified direction of rupture, then $t°d wd

LY
P

Q A1l pight.

Then let’s toke some epicenters. i'li.‘j:?_wbite '

'the number one by the °9%, the”‘ eafthquake I just deseribed,

. I will write a mmbar 2, T wili write ‘a' number 3, &nd Y will

@

oo,

write a number 4,

4

Now, could you tell me for any one of -those
é&;‘:‘thqﬁakee whether focusing would occur at Diablo Canyon

site given those ‘epicenters ond given rupture in ‘edther

direction, north or south? Ian‘t it .a fact, Dr., Brune, that

' .you wonid not get focusing resulting in higher accolerations

at the site with the epicenter at any ome of those places?
A ‘Well, I think ¢hat for number four you couvid be
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somawhat in the 'zone of f.'ocus:%.n'g depending on how broad it
is,.end how inccherent it is.
T But bacically thet’z correct. In the géatement
that I made in the tént ¥ was not asstnni;'z'g that we knew
waere the Heosgri fzult ended going up in that dii:e_'c-'-z:iono So==
or, exactly whare it was, so that =~ v

Q Now can you scale off how far away hq%r&i‘ar four
is én this map? 2nd I think if I == yes, {:here‘-'s‘“{‘.he scala
right there, -

Can you tell us? Do you have scmethirfg; to

"measure with here where we can scale that off as to how"

' many kilometers number four is away?

FRE AN

' Well, let®s put it this w#y: I's certainly
more than ten kilomaters, isn®t it? )

A Yes, ‘ -

Q _ In fackt, its probzbly morxe like 20, 25 kilo=

meters, isn’t it?

A {Nodding.) : .

Q Can you answ‘er audibly? '

A oh, yes,

Q So, let®s go to your conclusions now, And this

.8ayss
© ®The nein conclusion of my testimony is
that, based on our present limited data bise f£or

near source (epicentral distance less than ten




[ a.d Y LN o _



WEL/npb4! kilometers) | ground motion for large ea'rthqtfékés
2 {magnitude greater than severn), and based on
3 our present limited understanding of the golg~
4 nic wave generaticn and t:re}nsmission,: the *
5 ground motion postulated in USGS Circular 672
Gl for a magnitude 7.5 earthquake (paek accsleras
79 tions 1.15¢, pesk velécities 135 contimoters
8 per second) ‘haé not been shown to be conservas
9: tive.'@" . | . . saaRh e
10'}'? e‘ ‘How does that stutement apply to Diabioc Canyon?
11* o :1 A - It applies in the sensa of giving éhe_z 'id.aé-.a that
12 " ;we;"havao Near largé‘eazthquakes the uncertainty end stress
134" " drop, which could be wsry large,in soms casés very small,
14 4 " mhe uncertainty in dizection ‘of propagation of gupture,
157" ‘the effect of layering, the éfﬁect of Zoule break out, all
15‘.f‘ 'of:' -the thix_zgs"that‘pmceded’haze: then all' those i_:éz.}lect:iva}.y
17 ‘sre taken into account. o “": *;{"-,
18] ol May I f£inich? | cer el
19.'.§ f--' w5 Q ~ Sure. ‘ : ’ AR
209 . A ~ That that data:a;nd +hat knecwledge m‘é"i‘éaﬁesl that
zf ! - wa :ca:inot be sure that the circular is coxiservat,iir’é,‘
Zé"f: ; Q But you, taking this map, you.can’t'é‘é.;t;focusing
zaﬁf‘é“z"ivithin ten kiiometers of the site. oo

’ 24 A That statement does not mention tha word ®focusing®s

25 So one of the msny pa:amtez:s of the fault,. '

e — —— ® t——

8088
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0 Focusing doesn’t apply.
A Could 7 go back and say that I don't zgree with
your statement that with this map you can’'t get foecuning,

)

éirst of all, the concilusion, as I said, 'is based
. on the fact that there is éome doubt &baut the intarﬁzataeion
' of the continuity of the Hosgrl fault énd exéét;x whezre it
‘fédesJ it's -- ' - ) :
"é . WEII,.Qow, wait a minute. ‘You're not & géoloéist.
g !ou'ie not here t6 testify that this map is wrong, ave ycuf
d MR, PLEISCHAKER: Objection. First of ali,

" counsal is. arguing with the witness. He's intexrupting the

P

1]
L

“witness, and ha's misconstruing the tastimomf.
Thiz witness® teatimony wac that he looked at
; seversal maps, and on the basis of those cbservations, and in
J‘OQQ maé‘in particular he made a tracing, and that tzacing
'léd'him to this conclusion. 2And that conclusion &é.étatéé
;'og page 3-13 of kis testimony: :

"Enargy released about 20 .km up éhe fault

-

.
B |
LT

could be focnéed nearly directly at the

S piablo Canyon site.® T
| ' Now what this counsel is doing, ha's taking oﬁé
ﬁap oné éf wany whioch, for all we know, co&l& be & cartoog}

' &nd he's ﬁiottea soma hypothetical boints on there, and I: T

" think that as a result he's migcoastrulng the testimony. .i

" ge's interrupting the wiéness. The objgcﬁicn ié.

——
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' to indicate that there might be ccnt.nuity betwaen the ;."

geologic offsets.
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that you are interrupting the witness and misconstruing the

testimony.

MRS. BOWERS: Mz. Norton,do you want to respond?
MR. NORTON: I don't believe I intarrupted ¢he
witness, and I don't beliecve I'm misconstruirng the testimony.

I wap asking the witnéss if he werc a geologist

MR, FLEISCHAKER: Furthermoxe, his questions
weré argumentatives
| MRS, BOWERS: Does the StaZf have a position on
thig? T
MR, TOURTELLOTTE: No.
HMRS. BOWERS: Well, Hr. Fleiéchaker, th%s ?a d'
map that was introduced by the Joint Intervenors. ' R
' MR, FLEISCHAKER: We didn't introduce --
MR. NORTON: Our cartoon. '
MR, FLEISCEAKER: We didn't intraduca that map -

I don't recall vhy we introduced that map, but I ehink that's

' part of Hall's work, and the point of his work,’ I think, ie

- .

[

San s.meon, the Hosgri, and the focus of that WORK is on

i.x'-'dl‘
ae o,

: But that doesa't matter, because if you use -- i;

i yon take the 2pplicant's own work and you ¢ake a look at.it

*“elosealy, these platas that are in his cwn wozk, and you etart
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draﬁing lines, youfll see that it is exactly -- that tna lines

denonstrate the point that dr. Brune is twying to make heze.
And ‘we con sit here and we can play, wWe can put

this wap up, we can put this nap up, we can put this map up,

- all afternoon. And if wo continve in -¢his vein, I have no

other choice but to take these maps -~ the Applicant®s own

: maps, by the way, that aze in evidence as part of thae FSAR -
-and demongtrxate ‘that within 20 Pilcmaters you can ‘£ind thm

- £ault as he has mapped it, the Applicant has mepped it, - and

1f you take and project a 1ina along that fault ‘towazd

: Diablo Canyon site, it runs right into the site, and that is
'within_20 kilometars, and that would demonsérate the 8eneenca

. that is at the bottom of this witness' testimony, -

‘5Energy released about 20 kilometers up the
fault could be focused nearly d}iecély at the

Diablc Canyon site.®

. And I'm reférring‘specifically to plate 1 of Appendix -~-

¥R, NORTON: Mrs. Bowers, this is*getting

4%

ridiculous. This isn’t an objection. This is a closing

ayrgument.
MRS. BOWERS: The Board will coasidexr t¢his matter.
{Pause.)

We think it is appropriate to use this map and{

.
[

e S ——— T N P P e £
|

s s m ok
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‘all}I'm saying. So ‘on redirect we‘ll have to play this game

5~witness and vas intezrupting him.l
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Now, &snother map could be introduced, lr.

—
Pleischaker. Do you feel thiz ig not representative or

coxract? d
MR, FLEISCHARKER: Yes, ma'am, it's in evidenceﬂ

All I'm pointing out is that, you know, we can

- do this all afte:ncon. Thexe are other mape that the

) aPplicant has drawn that ‘are 'in the FSAR and in evidence, and

8

L with différent‘results.

-/ . ' .
T .In fact, you can ‘come up wWith results that directly

S

' cogfirm the tastimony that this witness has given. Rnd that's

bi; over again.

MR. TOURTELILOTTE: Well, lot's go.

T ' MRS. BOWERS: Well, we pewmittod Mr. Nortoh to

* go out of turn, really, so you have an opportunity on red;répt.

MR. FLBISCBRKER: I appreciate that, but the *. °

: initial objection to the poin* ehat he was argning ‘with the

4 L]
!.
. *

S MRS, BOWERS: well.‘-T
MR, PLEISCHBKER: ~I'll withdraw the objection.

‘BY MR, NORTOK:

Q - Dr. Brune, X have a guestion now. Who wrote :ﬁe'

;;taatimoni,“you or Mr, Pleischaker? That laﬁt‘santance?

s *

A I wrote the testimony.
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Q Did Mr. Pleischeker have any input to it?
A No.
. Q ' My question to you kefore the objection}wéb:

Yoﬁ are not a geologist who is here-to say that
onc map is good and another mapiisinot good, are you?
A Well, iet ma explair the context of my thinking..
s I said, since X read the testimony of- some

geclogists which gaid that the Hosgri fault may be continuous

" and it may not be known exactly whore the £ault goes up iﬁi

that direction, I assumed that one of the poszibilities is to
make a continuwous fault at depth, even though the surface
break iz not cutlined as ‘continuous. But one possibility is

to make a continuous break at depth, or-a break that tiles,

" dips at 2 cartain angle, so that -~ So I think you'wxe corract,

if ve accept this as ths only possible inﬁeépretmtion of
f&ﬁlting, I can proceed and answer that I dontt thisi that
focusing would be vary effective in thia paxeicular case for
this £ault.

. f& Q Ckay. But the éarﬁ where-thera's soma @%Qbutéﬁ:

P

ﬁﬁbﬁt i to vhether thera’s a conaection or not.: Do you

_gﬁpﬂﬂyhere that is that that question arises, pbynggq%;y?‘

-

> A Hell, Z know what.my'intnrpretaégon of what it

W n

7 was, yes.
Q Could you tell ma that? - %' E
a The question as I remember it was whetheéitheéé)

.
WNF
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I dia not say that it would be effective.
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was-a connaction betwsen the San Simaon fauit and the Hosgril
fault up in this direction, and uncertaingy ahéut magnetic
ancmalies and various intevpretazionc. .

This region is exactiy where “he fault went.
Q A8 & maﬁtar of fact, that is in the avea of

~ ”

San Simson Point, ic it not?

A -YGB Y

Q All right. &And how many miles away is thae fgamt

‘A ‘T think the point ycu're making is ‘thet's oo ’

_far by itselfito be effective in this, and I'1il accopt théé.

But there ie stil) the uncartainty about whors the fault is
and vhare it comnects. And all I said in the tontinony i
that a caiculatioh-should be made ¢o0 see how effective i .is.
Dy MR, NORTON: I have .nothing further.

“%iw. © MR. TOURTELLOTTE: Mras. Bowers, a momarit ago T

s .!.
thought I hed a third motion to strike, and I Qe - -1_

e .
~, = ﬂ

T ™ I'd.1ike to strilke the last santence of the firsh
-'-;:/-" .‘ »7-

, g
>, §

paragraph on page 3~18, the one that zeads: - . -
' “The situation is such that in the face -

IQ: »

and velocities can occur.but with & dats basg -

"\ -
.too limited to be sure what the probabilities - !

Loty

are, we can only conclude that the higher the ;

. . “ P B
©of ths strong evidence that high ageslerationd o,

an
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design levels, the less the risk will be.”
I £hink the examination of the witnsss on that

toplc indicatad that he was talking about building design, and

he ls not a structural enginesar, and he caunot meke that king

' of 2 judgment.

, T o We havo had othar testimcny in the uroeaeding

o n by

which indicatas that' uoe only aze 'we concorned ahcut just the

Ly

- Aocelerations, but wa'xe concernad about such things &s

e

' gtiffness and ductility of the aiéucture auﬁ.éhéir cemponaﬁté.

/-' And to ngke this king of a statemant.wvuld ba

"misleaﬁihg. It could ba cited by ths xntezvenczs in aa

' avidantiazy vay that wounid mislead the reviewars as well.

Moreovar,;if there was any'possibili@y ef ’ . ‘

:ébnnection batween this witnaés-ané making & sta;e@ent 1k
'ﬁhat, it vas wiped out when he indicated at tha»baginninq’éf
my direct that he rcaliy hadn®t pavticipated as a conaultant

Now, I also kncw that previously we ‘have had -

\,.-

.

in my previeus motions ir. Fleiachaker msntione& tha avent

ehat occurxad the  other day, but it roally isn't in paxa11011

ae all, because vhat wa have here is testimony which gays cnm
thing, -and ‘upon exploration by croas-examinatian inaic&ted
ghat &t was actually not within the compatancy of th&a wntneas

=~

: £5 tostisy abcmt ic. _ -
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" have had, and it's my undezstanding from ALAB-179 that we.have

*»answe:c with respact to this statoment.

_little bit.

. i‘
- ‘thaé uesign, are we making ‘the structure so Btiff that it loses

8106

known of it.

It's impossible to read the statement itgalf and
know for certain whether he's talking-about structural
design -or whethey he's talking sbout some other degicn that's
known o seiamologists. ‘

Consequently, this is the first cpportunity ve

I

* ¢he right to make that motion to strike at this tims,

DR. MARTIN: I recall éoﬁa of the questions and
One ansverx wa§ to.
the effect that Dr. Brune assumed that if the building was
built to withstand 1g,it would be safer than if it were puile
£o withstand .5g.

Are you refnting thaévkind of stééemant?

MR. TOURTELILOTTE: Vell, I'nm not here ¢o fbféte

it one way or the other. I am saying that this witness can't

“

.make thaéikind of a statement,

Snze, it sounds good. It really sounds good to .

n ‘:t...

: me to say lg or half a g, but let's changa the.values a

Laet's talk about 5 g’s ox 2 and. a half g'a. B

Are we making that structure co stif€ if we change

:"ductility and the result is the opposite of what a layman

might think?

. .g".

‘
"

I don't knew.

2

PR

[y

B
-

treren o
%

T don't know what the answer ic.
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But I know this witness can’t make the statement w;th any
dagraa of competean about vhether a design ¢hat's cae-halilf

g is detter than a quaxkeé g, o that 2 g's is batter than

- 19 :He simply doesn’t have ~- .

DR. MARTIN: The objectién really goeéfto the

‘witness' éxpertise,:not to vhat ‘he's séying.‘

MR, TOUREE&LOT”E No, ‘in fack, you know, we

might look ‘at any nnmbar of witnesses who might come up and '

"whpt ¢hey have ‘to say'might ‘be accurate, but the problenm ia

we ddh’tlieally;know whether they're'accurata or ‘not, if

wbnrbr ARt o .

ﬁ@cedsarilx argue with that;ybut on the other h&nd'lidon"h

they aon't havea the axpertise to JDack that etatamant uo.

e tels
b‘l‘ <5

So I guess to answey your question, no, x‘&on‘t

‘kfow vhether it's;true‘d:vnot. T'va 1eaénad an awsul lot

:"componants, ahout increasing deaign or aaczaasing deeign.,:

.;about structural - engineexing, and thexe's still a lot that

: I don't know abont.it.-"

8o I'm ‘not will.ng to pasS’on 8tructuxen und
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" @on®t think we can sit around .and decide whether ‘or not the

- in-oxr not,

: ‘be alloved.in. And Y think we followed that f£airly closely

.ing either approval or disapproval of what®s happening in this

‘deling with that last .sentence, the top paragraph on page

“3-182

.case of Mr, Hubbard, 1t's a questzon oﬁ whether'thq y;tness

. statement ig correct aS’azbasis of whether it should be allowed

'w;ﬁﬁess°s area of expertise. If i1ts not, then it should not

throughout this proceeding from the-very beginning, ~ With
' our witnesses Mr, Fleizchaker insisted on that, and was

sustained on a few occasions, and 8o on.

8208

DR, MARTIN: Okay, I just wanted &c be Tilezzr on
the basis of your motion,
MRS, BOWERS: Befeore we go on with the motion,.

I'a like those of you in the audienca to refrain from esprecse

i ‘
o Now'we°ve got the motion.w

:iu

tMr,. Nbrton, do you have a poaition on “ghie motion

el L) e

‘MR, NORTON3 Wall, I would just liPe to reitarate
vhat Hr, Tourtellotte has said. .zt's:not-the question of

e w

vhether the statement is correct or incorrect, as - in the

is ‘competent @6 be teSkigying undag oath and;giﬁingiopinicn

testimony in an area outside his area of expertises And. %

.

I think the test is whether or not it®s within the
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mpb2 1 _ So the question to me is vhether or not it’s |
within his area of expertise. I. ¢hink he has ‘fairly cieazly

3 stated that it is noct. And I don't make a judement other

C 4| ‘than that,
51 L %«tﬁink on that basis it.should be Bté&égog-
" 6i ‘ ﬁRS.“BONERé; Mz, Fleischaker?
) 70 o _ MR.:FLEI&CHAKER:l Wéllé.I &isgg@eezfnr this
ol semsans . o
53" - . There are reaily two things that are f oéting

—.?

ldf. arcund in the argument here. One of them is whether ¢his

Jff; falls within hie ‘area- of experﬁise. and the other one, vherea
12:: ‘1t is prohably misleaaingo Lot me deal with the last cne

@’} . i3 ..becauae I think it's the eaeiegt to deal w...th firsi: 1
. 14% f' 2; « I think. that on ﬁhe basis of the cross«examinatian
' 15@3’:that it's éerfectly clear wha* Dro Brune ig’ calking about
16§§I_here. He ;ndieated that he's not trying'to designate a asre
1%§§" period 1imit, he®s not t:ying to, you knav, spacifv a partieue
ggi , gé%%lflar acceleration -or responsa Bpectra to apply Zo & buizding.
ﬂ h gié%' Rather, what he was saying. ia that it miy -be X

.
. M Lgpan®
RERY

RS

that when you conaidez ali of the f£actors involved, you

N

[

,zf. " wouldn't 9o tp a highexr acceleration level givan to do with
22 the sitg characteristics ot with«tﬁe partidq;az f:équency

23 | ~ response of the.building; or whatever,

24" ' So that I t¢hink that his test 1msny made i¢ pczfaees
25

'1y‘dlear that this'ataeemant is a brba& statement. Tt i3 &
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more dgeneral statement along thq nature that Dz, Har&ig
has indicated. And I think that it falls within his area
of expertise, and I chink it 1s cdﬁsistent for this Board to
so rule.

I zéc§il that at the Seginning of the proceeding

I mada two 6bjections.‘ One of them was sus“ained and one

"of them was . overruled wich, respect to the eapertise of Dz,

¢

"'Bolt and that * panel. The,first objection I mnde was come

. discussion about the vesponse of the Dizblo Canyon structure,

y
" and 1 think hhe Board sustained me on that one, say.ng this

‘wasn®t the'panel Lo deal with ‘that apeeific question. But

“then 'X made a :more generaliobjection hav;ng to. do hith ¢he

[ TN

PR N

- .scopa of seismology. And h o think thaﬁ - and the Board at

that time ruled, and I think I agres, that seismologists not
only make determinations sbout ground motion parcmeters,
but through'eheié knocwledge of intensities and éhe\effect

‘on structurez -generally, they have the ability and it is

" within their expertiae to diacuss damage to structuxes gane

‘And T believe that that is the nature of this

' statement here; What we're talking about, this is a general

‘" .statement having ¢o do with damage to structures genoéally.

And that £alls within the gscope of the expartise of a seise

"mologist, -

. I believe that was the nature of éhé Boaxd’s p:ior







ty

D T

mpbs 1 ruling, and I believe that ruling is applicable in thig csse.

C 2 . MPS. BOWERS: Mr, Fleischaker, it°s not raising
3 the question, ft°s based on a conclusion. We can only cone
C\ 4 1l  clude that the higher the design levels, the less the risk

5 will be, rather than just raising the queation; ‘

6: || MR, FLEISCHAKER: Well, that goes &0 the point ’

v

| . ) 7 that Mro Norton was: making, which was wh.ther the sxt;atemnt:

" was ::ight or not. ”

n
T ®

oY - - I°m saying that the Board .may not agree with
10 I Dr, Brune's ccnclusion. 'J.‘he question is is. it within his-
1 1,;5 area of ewpertise to nake that concluaion, a generai statee
| S 12 || ‘ment about ground motion and general levels of éacign. And
\ ‘ - By I think it's consistent with arguments that hava bmen nxde
o 144 in the past -by Mz, 'rcurtellotte when he was talking abouk
15- | ‘ sexsmolog:acal panels, it wvas consistent with Mo, Nozton®s
16 | statement when he was seoking to == when he’ vas rezponding

17| ‘to ‘the arguments I made about Dx:. ‘Bolt and that panelo -

B . e point i that it is vithin the ares of

i;‘-;’f' ‘»“ EE. I .
o 19 | expert:.se of & seiemologiet to make genezal observavione abott

" o 20. "’ ‘the level of damage an&:buiz.&ing Yesponsea, I‘é; :18 not == and
21 W I think this Boaxd®s ruling is that they do not, hovevex,
|- , i ‘decide and determine particular characteristics of responce

22

23 - gpectra, That'é & structural engineer's job,

- 2l . 7 I think ‘this 1s a more general statement: and
25

£alls within the expertise of a seismologist, Dz, Brune is &
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gseismologist, and sc I think e«

"MR, NORTON: Esxtcuse me, Mrs, Bowers,

+I £ind that incredible, because I tried ¢o get
Dr. Brune to tell ﬁs what would ﬁéppen with 4gs oxr with, 245
percent of gravity and so on and go forth aﬁ& he couldn®e

4

answer, He refused to ansver any of those questions, aayinq

' that was not his area of .enpartise,’ And'yet,thisucogcluzion

is ‘going ‘right to those questions he vefused to ansvsr because

" ,it was outside of his agea of exﬁerﬁi&e.

‘T don°t understnad the argumanto

MR, FLEISCBAKER; ‘The azgumant that'X made then

-we znd I used the woxd very~spec;fically=-o wag would you

" designate =~ he wasg reqneéting.iﬁ'that line of aréumantefér

Dr. Brune to designate a pé:ticnlar acceleration as the zere
period 1imit for a bunch of huildings, and was Boying ¢hat

it was without his area of axpertise to des gnate & specifiiec

:” Zero period limit fox a collection of bu*lﬁings or for Diable

Canyon in particular. .

But it ia not:" without his area of cxpext.se <o

.};ﬂmzxe general chservations ahout the correlation of ground

motion parameters and damage o structures.

MRS, BOWERS: I think w2 have the posittons of

“ ‘the parties, So the Board wiil censider it.

(The Board conferring.)

MRS. BOWERS: Well, the Board has congsicdered this
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-matéer, and the motion to strike will be granted, -since two

do think this is .a conclusion on zhe part of this witness
dealing with structural desig.

MR, NORYONs Mrs, Bowers, I have two minor hquaém
keeping chofeg.

1@ 1ike to move Applicant’s Exhibits 36 end 37
into evidence at this time, .

Applicanﬁ's Exhibit 36 doesn't have a title. X

'gueas ve can call it npplicant°a drawing, Applicant’s £xeae~
.hand drawinge.

and Applicant's Bxhibit 37 would be Reviced -

Joint Intervenors® '35 == oz Annoﬁated Joint Intervenors® 35,

I think would be a better ¢itle for it.

MRS. BOWERS: Hx. Pleischaker, Appiica£t°s

Exhiblt number 36 and Applicant's Exhibit numbar 37, which

" i's the annotated versicn of Joint Intervenors® -35, ars new

| being offered into evidénce.

Do yon recall the £irst one?

‘MR, szxs”naxznc Yes, 36 was the cartoon, T think,

* with the propagating e I have no objectaen.

¥RS. BOWERS: Mr, Tourtellotta?
MR, TOURTELLOTTE: NRo objection.
MRS, BOWERS: Well, Applicant®s Exhibi¢ numbsy 36

and . Applicant®s Exhibit number 37 are admitted into evidenca,




L]

]

-~




8114

mpbl 1 {Whercupon, the documante

previcudly mevked 23

3 . : 2pplicant®s Exhibit 36
C‘\ ' 4 and Applicant®c Exhibit¢ 37
5. 3 ,' vare received in evidence.)
2 ) 6 > MRS, BEH;ERSs Now we have yet to get to the Boaxd®s
7 questions for th.ls w:!.tness, and I understand that ‘m has B
- 8' - 5comm:.tments where he ‘needs ‘to ta?e a fligh‘- - a.t: what Q::!.me?
.. 9 ‘ _ MR. FLEISCHAKER: I think the £iight was 5230,
10 - - THE WITNESS: 5130 ;:r 'Bsd5, I'm'notﬁc_:ezét'aino
"ii,% v . MRS, BOWERS: Well, zather than &aking a ZROIE8,
12 1l we would 1ike to wproceed, sineewe did have a reecess. not
ﬂ l . . 13- ) long ‘890, becauae you, of caurse, naed time to get ¢o the
o 1 ‘-.1 I aizrport. '
15 -  EXAMINATION BY 9HE. BORRD -
'167‘ ~ BY MR, BRIGHT: 4 ' |
7 1 | Q 4‘ Well, Dr, Brune, z°11 give you the same intelli-
;‘{ 18 | ‘gen..e that I've g:wan the Applicant's geologists, ceiem}l@@as%; '
“ ‘ 18 et cateras ‘ . . Ly '
; LT 20‘ ‘I am not a geologist or 2 se:?:s'moloqis-i:q :an‘d

sy || principally what I am asking sbout 'would amount to &ither

¢ lelpification to me ox definitions of things that IR sure

"are quite familiar to you.

The item Pparticlé velocity® comes up fairly

BB B R

e A T

™ often., %hat is the particle?

3 - ® aw a v
D - - e wr o= ok s mra aweremsras v- = e s cmie s = . B & . s - J
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A That could be read in this testimony as a point
in the mwedium, the velocity of a point in the mediuvm,
) Q It would just be a massless thing?

A You could think of it os a lccal aton, the walee

'hxcity of that atom as it mowves around.

Q ane. That's vwhat I thought. Goede
N On your focusing, from scmething you s&id X got

" the idea ,hat this was much of what in physics we' think of as

réinforcenent of == in light or sound, this sort of thing.

And’ the phase zalationship batween whatever ﬁhe{w;'uﬁllp in

f";ithis case it would be ths leading adge of -the earthquake

crack and the spead of propagation of whiché%ar‘enbrgy wava
youlzra taliing about thzough the ma&iu; would be ecntroliing.

p -\ Yes, sir, that®s correct,

Q Is this what you meant‘by,cohérence, o was
coherences strictly on the fauit?

A Well, coherenqg. iack of coherence could mean that
the 'source is not moving as a amooﬁh»steaéy'sourceé' Or:it
coula be any nurber of things that introduce phase distortions
in .he energy so that they don®t awrive at the same point in
phase with one another,

So it couid be igcoharence introduéed by the
* fact that the fault itself is moving ineoherently and thezse
fore the waves generated by it are incohaxant.m It could be

‘the medium, the velocities in ¢he medium will distort the







4 emsaca bows 1 ub 4 Nsdes »

T
3
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T
o4, .
-
I

1 wave fronts as they propaga;i:e around so that they do not
2 arrive at a particula;:' alite .coherently, -
«3 ' T think that®s the main sources of inccherenay.
4- It wo{xld eithe;r be the structure -or the.gource. o
5 Q Well, then, let me ask youtfor a p‘éﬁiaular
6 mterial in the earth, rock, vhatever, associated with ¢hat
7 would be a, part:.cular velocitj of propagation o¢ the. energy
8 wave £rom the faulf., fxom the earthquake, f::cm the hypccanter.
9 l BERH Correct. S L
0 ') . Q. ‘Vhat do we Xnow about: the crack propagaﬁioz: speed
i alcng the fault? ‘ @ ; v ”
zz - - A Very iittle is known a.bout ehai:.
;3‘3 = " Q Is there any h:owng-mlationship batwean what I
12’;&:E guess wa would consz.der a fairly well kno‘.m velocity of ¢he
1 5 : ene:gy wave and the mlocity of crack propagation in a given
16 - medium?
:17{" i A Thexe are - numerous theof:etical studies with
18 1~ atfferent typ'es of assumptions whi’chrésult in ‘estimations
;9'§ of'diffez‘er;t velocitiesn. . ‘So the ratio. of the zupture ‘velow
,26‘{ city to shear velocity iz a critical velocii:y.
21 ‘If the rupture velocity is exactly equal 2o ¢he
‘25"l shear vel.c;ci.ty, then you have perfect interference of the
23 shear wave energy, and you get the highest asceslerstions.
24" .Som:e studies seem to indiecate that cracks :w“ould'be‘ stoble
25 at the shear velocity or even higher at the P wave velocity.
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mpb4 i Others say that it should be lower than the § wav¥e velocity.

(%7 2 ~ So the situation in the thecretical field of
' 3 undexs{:‘amdiﬁg these is such that we can’t be sure.. Most
C .4l models that ave done, you assume ‘that the rupture velocity

5[- is slightly less than the shear wave velocity; " Past of this
6]l 4is based on some e¥idence of rupture in the field that scems

7t j‘to suggest' this i.:s i':z"ueor But, aga:!.n, tha dai:a ax:e nof:; g@sd

ke,
-~

: 3 '-"'enough for us ‘to be confiéent that that's correct.

o - @ A1l ::ight.
19"1' ; The question of veloci.tias and accele wations cane

113 '{,'-up on == I think in regard i'.o a: particularly ‘high ‘veloeity

124l that was obtained at Paco..ma Dam.

. e oy e L el W%"W:’ Ay A -

% LoE me a8k e< T thin}' z've asked it heSO"eo bug

14«{ " let me ask it once meres’
s . “The pximnry infomation that ‘you get f.'zem the
6 accelerometera is acceleration. ,

77 Bl ‘A - That's correct.
5; ;‘ , 19';' , Q And €rom this pxirtich:ula’r tzac;a‘p whatever you want
‘ "? o - 153'_'; - o enll it, ‘you obtain veloc!.ty oy integraticm,
& | 20 ° ' A. . Integrai:ion, correct. |
21 4l .,.,-w Q Integration of this aarticularfaignal.- Okay.
: 80 you &on"t have machines that  are particui&rly
23! set up to actual_ly perfozm,;:he integration and él&;y: it out

for you at the time it®s going on?

‘0&)‘ 251l A There are such instruments, but there are none

[ R L R e Ny wosr tw
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~mpb5 1 ‘that operate as strong motion instruments.. In otheériwords,

-

" ‘ . 2 there are none that will stay on scale in intense ghaking.
v 3 ‘But in other cases we measure velocity ail the <¢ime,
C 47 Q bkayo
5 | Now I had a little prablam in un&erstanding page
6 " 3=7, and. a , :lttle bafore that, ‘X think, ‘where you' x.'a aal?inq
7. k about extrapolationso ] | ) B ‘
8_'{ i . ‘ Now these are ta.king small or smalle:: than your

9 major earthquakes and from instruments that: are some distancs
10" away, and tr:ving to move that back to the hypccam.er. or
1l wherever you want to‘. and then taking tha{: kind of curwa and

12. determining, say, tha- ter kilcmeter values o

wgmem A

,ﬂ y | 13 - A That®s correct.
14 < @ - == ineach zespect:. *
,53 . Then, X guass I need & leseon in standazd dev&a» |
15? tiona and confidence 1inits, _ }
’75 Z guess it was Trifunac-and Brady say' ‘thats
,%é;‘ i Feefor a 7.5 éarthquake the average peak
) ,?i i accalera.t;ons could be 1.75g and that the avemge
20; ’ " plus one etandazd deviaticn could be about 2.59%
21“} Novw does that mean that you have ‘a ‘rangs fron ig

22l “to 2.5¢7

A No. It means ‘€hag: 1g is the maan, wight back on

23
21:{l the fault itself, And one standard devieticn, which iz aboud
25

two=thirds 'of the population, would fall within 2.8g, But
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than 1,75g,

‘8LL9

-in statistics when we formulate a gstatisiical pr¥obiem like

\ » -
that, you say the probability of an chservation £ailing oute
side of goms limit £rom the mean. So, for czemple «= statis=

tics per_’ se, of course, deesn®t always &pply o tho .real

.éarth, but'in a statistical distribution there is a £inits

.probability of a very, very large valus way up the're. But

the p*obab:.lity is 80 . low that you aay you can :lqnom ic,

LA 4.:’<

SO that what that curve maans there ia ‘i thm

‘curvas. are correct, extrapolating back to thé origin, then
;you“f{}ould expect the "avér&ge valus ¢o ba 1.75, and Wmm
T of the value would ‘fall within Plus or minusg e wan, one

. 'standard deviation, which ‘on tha upper emd would' wmaon 205G

Q “ -And the standonzd aevian.ion ic dﬁ.ffex:eni. on ¢tha oo

'well, T understood the standard aevia‘hion Zo ba a pilus or
* minus, C

A Yes, there would be eome below that too,.
Q Yes, am’i that’s.what I was askinéi*you;“' ‘
A Yes. The sams thi.ng aaya that f:wo-thirde of the

values would £all within one standard aeviationg Thaerae could

" ba part of them above and part of them below, ‘Thare would

3 be some velues below that., So there would be goms much lower

- ¥

Q And would the lower bn ths zeme as thea mppm.’

' standard deviation?

YA You meen i:he ancunt of standard deviation fzom the
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mean be ihe same e
Q Yes,
-= in the upper and lower direction?
Yes,
7I believe it would in that soxt of ahalysisr

.
t

7Okay.

Lo I s B S

, So that ig the avezage peak acceleraticn, if it

' could be 1 759, then you would then have a range -

A - That®s correct. -
Q@ == because you have .75 as your upper limit, .75

would be your lower limit, and it would be one, one to 2:5¢%7

A Well, 2,5q ==
Q “Within the one standapd deviaticn."
A - 1.75 to u.Sg. that means on the upper end that's

4759 The curve for one standard deviation iz .75 &hOV@puaﬂd

" that means the one for the lower one would be .75 balow,

below 1.75, in other wozds, one, right.
‘o Fine. o
{«-.‘ You had quite a. converaation with Mr. Horton
about vhat this = well, tﬁe next eantence~ ” »
.. ‘emrifunac gives about 1. 79 for. the

average accelaration near the fault for an M

equale 7.5 earthquake and about 4,0g for the

" aceceleration with 90 percent probability of.

not belng exceaded,”
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Now, my feeling when ‘I first read this was that
this was trying to figure vhat an Eupper 1imit would be, and
not necessarlly that this tells you that you’we going ¢o get
one of these for every ton sarthquakes that came &iong.

A Well, T think 90 pexcent confidence means that

" if :you had a lot of samples then 50 percent of the time the
values would fall w.i.thin that valtse, yea, wi{.hiv tha.{: anount

“ O deviation from the mean, < f e o

Q ~ But ion*t ¢his kind cf a standard wajr; of detere

. 16 ¥ /mining what an uppez .limit in, say, them\real'wdz?ld ‘48, 90

© " percent probability of mot being exceeded 'is the wWording?

. Yes, ' K H | -
;Wall,‘ ptrictly speaking, I*m not'ﬂ a'u're""'. what the

=~ you rean when I say that a pheixon’sana vhich has only a

“ p::obab:.lity of one in ten of oceu.,.ring m an’ npper I.imit?

'rhere arc gome circumstances whare that kind of v’eliabilit;y

wouid be hacceptabla, but I khink thexe are other cases wherve
it wouldn't be. | | b
‘- In some cyses you- wan{: to be 99 parcent: cartai.n
Q@ . Oh, well certainiy.
A But that's what - X thi.nk vour interpmtation
‘of what it meons is coxrect., It means that 90 percent of
-the time the values will not eaxceed that.

Q Ail pight.

7 swnnmey
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our fivst paraéréph, you says

‘to me that 'you have a range of frcm Zero 4o 2g. It ‘8ayS

"average is one g, one standar& deviation is 2g. What is it

8122

© And thaé, then, also goes for the values that
are given in the next sentence which talks about an
epicentral digtance of ten kiiometers,
2 Corxrect, -

Q Then, on 3«19, there, at the lasi sentence in

°Awerage accelerations may he about lg

with 4he avarage plus one standard deviaticn

!
about 2g.%

o ,f' Well, now, if that is ‘80, then it would " appaar

on tha lower end?
Do you‘aee vhat Y mann? ' .
A X think there is somawhat of -2 logical inconsiste -
8ncy. But I think the "about® «= I'm £rying to aort of
sunnarize a whole bunch of curves that,peop;e have nade,
none of which I feel are accurate, And so in that I am make
ing a qualified atatemento '
. Oh, these cuzvés axe-baéed on‘empi:ical o
A That®s corract, "’
e Aatao
All right. Thank you.-
BY DR, MARTINS

Q ‘"I have one question.

S e Rt T T T < rew A A ¢ o &g A e TR - Saes smter
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' " near .field would ﬁe needeéo I*m not tzying&to éteaict that

o poaxtzve that i¢ woula be or would nct be exnected?

- hasn®¢ been disproved, What, ip yaﬁx opinion, would consiie

“you then conciuds that it's hot to be ezpectea?-
.a A No. You would just change the probabilitieao

gia3

I am interested in your arcument that .the pozzsibe

ility of 2g acceleration from nea¥ & 7.5 magnitude earthguake |

tute proofepositive that 2g could be expected -in the near
field £xom a 7.5 earthquakae? - .
A Well, I made a rough attempt to state that when

I-gaid that I think ¢hat at least ten observatioqsiih the

at the end of having %en observations I would be- then youdy
" to- say what it iso ‘

Q You mean ¢en maasuzamanﬁs,.ﬁé; actual mea&uzsments?
A At lean§ gen actual =~ what I -said was at least .
ten actual strong moticn maasurements‘in"thstnedr;éield of

large earthquakes, that close to large‘eaxth§ﬁ3§§§{”

0 And ¢hose data, then, wauld constitute proofe

_ A weil, ie nepende on what youove got. It's not
a Simple logical ~= if you == . i -
;su. Q . Well, if you got no measurements of 2g, ‘would

A

“But on the other hand, if you got 24, then yon wculd knaw

@haﬁ it's possible. S0 tha arguesnt is not a linear one

.
:
i

depending on which way you go.

.0 Is there any statistical basis Sor using cetual
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mecsuremsnts to indicate an expectation of 'such high accsie

erations?

A

All of the extrapolations of Trifunuc and Brady

and Anbrzseys and those people, that?s what they did, They

used empirical data and exntrapolated back and came wp with

thoze conclusions, But since the data are so few, there’s

very low reliability in trusting them in that rénge.

Q

»

"A

Q

Well, T see you have cited in yvowr testimony,

| . .reference 10, a paper by Hanks and Johnson, 1976,

Which page of my testimony is thag cn?
3=21, ZIt°c in the list. I don"t’@'w wherze’ you

Qi’ted it,

T momwgn e AN

~ Okay,

e e ST S

Yeog, I cita it on page 3-8,
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WRB;ggbl ! Q I cén't call this a conclusion Of thain's bacause._ | —
—C Cl4 . 2 it dogsn®y appear in that saction of tho paper, hut there's
o~ s é; sentence :to‘i:he effact thats |
C & “algso thare is copnsiderable scagier
'5 ™ . in obsezved pe.a}c accclerations at any magnitude
& - ;'g‘ 1 - 1evel in Figura 1. The peak acceleraticds that
- gl are ’a.bout:.:lo kilomstars -" 'which Z assuma to be
= 8 " range w~ 9Of 'a}:out ‘10 kilometers considexvaed in
':?5 this study are easem‘:ialiy ‘intispendant of '‘agpie
10 tude for M -greater than -approximately 4.5.%
I Do you recall that == | oo
2. A. . Yes; the.t;s similer to the conclusion that
13 Anbraseys wrote. o ; Co L
M T Q Do you agres wii:h- thae?
’5 - A ' I agree that, as I said, _tha:i: the upper limit may

8l pe independent of magnitude. Again, ve don‘t have eacugh data

© v 10 %5 be sure. . But the-average probable accaleration ciearly

' ) .- 18 increases with magnitude, as Hanks and Jolméon' ‘Baye R
,\ o g"‘as- | In other words == Axa you clear om Uia%?
| 20: 9 Yos, But the datn I'm looking at tell me that

2t ~ the highest accelarations ware not associated with tha highest

.« Faae,

‘ magnitudes.

Ha's got an earthquake listad &t 6.4 magnitude
' ‘giving an acceleration of 1150 centimei:ars per sacond .squared

24
'@ -
@ 25.1" He's got a 7.1, and it was only 342.
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o Then would you suspact: that thascs data that are

. for. exampla, you could somatimes get larger-aaxthquakes with

-with less accelera.tion tha.n £urthar onase

- points exhibiting a great deal of scabter.. '

" weza provided later on, iater than this study.

A Tha larger earthquake was oanly ong == I boliave

it was only ons. data poin't;. _ And then vhen they went in afier
the earthqueke, thay put a lok of recoxds dowz, 8o that point
is not takez:\' at the same site in the same position ra;l.a.tiva
to the faultssf as the other data warg, thaere’s an averzga wish
a gort of ridge. ’ | ‘
Q Al right.
/
h:s.gher or lowexr than yau .might expect on aoma kind of regxsssion
line would be indi.cat:.va of focusi.ng and dz.rectwity? B
A Well no, with so little kaocwn .about; the ﬂai_:ua;;ion
I would not say thot that's 'it. I &ould just say that, given
hat wa have .scattex, if wewplot a curve \fera;xé magpitude
thera's a range. On any givee ‘a‘ven"‘.:.,k you can fall above or
below that. | |
.S0, ﬁwo auccaa_szi.ve ws' you might get & largar =
lasg accalera.tion and you could sometimes det closer earthguakes

Q mhav:.'s axactly my pxoblen, tryipg €5 ohta:;.n any
usaful statistical informa.tiozz out of the small numbaex of data
‘A Are you raferring ¢o that particular study or ==
Q This particular study plus thr_ee deta points ¢hat

L
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® WRB/agh3 ! Well, without going into the averags accealeratica,
(-. ) I note that ws have a coafficient of varxiatica of zhout 80
C 2 percent which, if you apply it ¢o the formal iutexpret&té:oa of
-4 probability Mm, says that you should have a definite .
55* | number of such earthquakes whare the measuremants have asgative
& 6 accaleration. In other words, it's obviously a skewad
) 7 atstrtbution. oy
- AL "A Obviously, *' “
B R Q And T ses ao offort to txeat it other than as a
10 ‘it normal dis;:ibution. In othexr words, make any _i:#azzs.?.aﬂ.oan
i :?j guch as log normal treatment. '
»1—»»--;*—%3'51 “.sec BA.. -Well, yes, I &grac that ==
v Q But the msdiancfthe things ha givas avre iike 0.3g
M. for all ¢he racords he has for magnitudes gx:aa'.ﬁéx than 5.5
3. or aqual to aor greater then 5.5.
1. Well that's my problem. In these s‘a‘:a_ltis;‘:ics, Z can
. see no ‘indication of o reasonable basis fox aé'éf&'%i'ing accaelaras |
“ 18 1 tioms so large as 2g. - : e
3 3% . A; Well tha way I 1ook at'; it i.s,.aﬁ: the praseat timae,
- 20 we only have ¢wo :aco:di:;gs, -o:}e sure recoxrding that close
2‘1. 1 ‘to a large earthquake and parhaps this rscant oh'a; £rom XIran
& 2.0 with 0.8g. | "
= And given those two, since ona Gf them was over
\”‘ ] 24 -.‘i.g»., I would not say that -Ece'rtain:l.y the uppsr limit is not
-4 25| ig, it's. somawhara ahove there, and given t‘.hé kinds of siandaxd
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1 ' .
m WRB/agb4 deviations tha: we see at othar 'distancas, it's reascnabla to
- C | 2 say that it's probably about 2g, that the faage could be
| ? £hat far up. ‘ A S _
C' _ ’ Q all right. , )
7. But ba.sad on. this little bit of data, dc you know
3 6 of any sta.tist:.cnl pmcadum a.or: estimating tha Jiurbar of such
; : "‘7:= ' vdata points required to maka sh&tist:.cal :mfereuces at a given.
= T? level of probability? _ ‘ "
. 9 . A ‘Ho, Im not tlxat ‘aware of ..,tat.ai:..cs. 23 I said
o ‘inmyteswony- o
b jj N «‘QA .A 'S0 z:aally e Would you ag::ea that yoxu: testimny N
2. rélies le.rgely on the.oxeti.cal a.rgumants. yours and other
5) -"3 people’s? . ' .- '
| 14 A Wall paxt: of my 'Z:antimony is that we. don't know
- v 15 i ‘what the accalera'c:,ons are, and 5 ¥ f:hmk {:hat tha{: ‘relias on
S 16 the fact =- my »un,darstanding of .the«dag:a. at larger distaaces
e 1z an;d smallex: magnitudes, the r-va.ria.tions == in othar woxrdsg,
‘ - j .- 18 *c&mplete],y unobsaxrved data to projact in and': gay What’s likaly
’; B e be the w;ariation in rangé»in -;::;.'oseb: a.nd ’daen, g:!:vag that
{ a “ . 2. situation, then say how ‘m‘uch data you think you would need.
o 21 I might form an idea as %o that, and ¢han you teil me  you
‘2 ‘only have two points cor sonsthing, then my conclusion would
" -23 | pe from-that that ws don;t know, which is ‘what my conclusion is
ﬂ\ e Q You're conciugion is that we don;t know?
| @’ 5 A Yes.
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Q 2snd ve're not likely %o know without'a good deal
mora partinant dats?
A Yaso Thera's a pcssz.btlity that 150 eould ga“- it

:.n a. rele.t;vcly shoxi tima bacause ve hava daplo‘-ed a J.a.:ga

nnmbe.r of instrumants recaatlye. B
‘ ) Q &ou are now at the. point. of wa.z.tmg for a bag
: ‘-dafthqugka o ocour near your isstruments?: -
P A That's correct,
Q Okay, Th.ank jouo )
W MRS, BOYIERS: Tha Board has nc: fu:‘sih?: qu?gtionso"

-

HMro E‘leischaker?
MR FI.I:.ISCHAKBR: Could I have aboui. two or:

three minutes? . I. want *bo take thi.s map up *ao Dr‘.‘," Bruna.

;‘{)

MRS, BOWERS: Wa've had a requesd fok & Law

n

minutes. C , T

e ¥ 0

THE VITNBSS: 2°d like a brask, %00, for probably

the sana xaasolie

..... '.:. '\\.!

(Laughter.) » PR

MRS, BOWERS: Woll wae’ll have a bﬁigé"':qgggs.

v

{Racess,)

- .
1]

MRS, BOWERSS Are you ready, Mro E‘las.achakar?
MR, FLESICK&KBR: Tes.

REDIRECT EX2MINATION
BY MR, FLEISCHAKER?

Q Dr. Bruna, the £irst ¢hing I would like ¢o take up
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taa.t, it's an extremely lsading quasi:ion and it's also coa-

- draw that conclugion fr:om the xnap that the tracwg wag dra.wa

don®t kpow which i¢ is.

€130

on rediract is the gusstion of thse ¢raciag ¢hait vou made and

the Hoava you beea able

map that you took the tracing from.
to identify tha map that you took the tracing from, f£rom which
you drew the fc{llow:mg conclusion which appaags in your

taegtimony at 3-13:3 — . RS
°Bnezrgy mlaa.sed about 20 I.ilomatars
up ‘the fault could ha focusad nesrly an:ectly

‘at the Diablo Canyon s8ita.® o -
‘Can _you identify - - |
MR. HOP:IO\!: Ezcusa ma, I’m going to ob:;@ct to

trary to the tastimony. This witness test..fiad he d:!.d no% .

froxn, he drew it from aeva:_al ‘maps. ,
| BY MR, FLEISCHAKER: - |

Q ~ With that correction . Can you idesatify the maw
:Erom which you anpa.::ently took the tracing? Lt

- A Yes. . - S ,"

Q _ . Ok.ay,‘ for *{';ha .xacoxrd,y cquld‘ you st.a'.ﬁa' ‘what that
map is? “ S -
A  VWell it sayss Ma.p Showin'g Bathymé’i:rif« and Ma.joz
Of£fshore Gaologic Featuraa :Ln the Region Batwean Point Arguallo
and Ca.pa San. Marbin, Appandix 2.5(e), Plate One. It says

ESa .131.0, July 11,2975, and it%s the map you ha.nded ma, I

G

<
agtee

abw r3 war x e

e .4
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‘what information did you have on the Tabaz - eaxthquake pr:s.o:

bto writing thic tes ..imony?

: presenmd thera, that .I talked with comg pcaop].e ‘ovar tha p!xone
" -and they gave me that == they ware having diﬁfi.culty following

- the trace, but it was apparantly about 0.8g psek accelaration,

clusicons .about =~ ‘formulating conclusions th'a£ relate o those

‘|- that are stated on Pags 3=2 of your testimony? ™.~

e e I A g1R ereg mE w e T v o= pEowtm —
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Q Okay. That®s a 1975 map thak-I took ouk of tha

FSAR and hapdsd to»yéu.
MR, ‘NOR'.I.‘ONz Is that & question? -
MR, PLEISCHAKER; I°m identifying it fox the xecord
do you have any cobjection?
BY MR, PLEISCHAKER:

- Q ;"'d like to move quickly to the Te.baz s&rchqua.kes; -

A The only information z h&d was esaent:.ally vhat’s

and thay weren®t sure what the vertical accaleration wase

Q Did you hava any copies of the record?
A Yes, I had a vary poor Xerox copy. which X still
haveg‘ ) ) , (Y ng\n.m'-:"l;t

Q And did you try to nake soms ca]rculaﬁions »egarding
the peak accelerations from that? - o

A | KO, Z just lookad &t tha racord. -

Q What additional informatior would ba useful

regarding that earthquake in helping youw formulate soma con=~

A ZI'd naed £0 == wall, I vwould like ¢o know tha
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hypocentral points, the diresction of rupture propagation,
depth, source machanism, complexity of &he scurcs, whether or
not there are multiple fault segmenis, all the information
about the sourcs itsclf, hopefully aiuilar .to Sa.n. Féxnanéo- -
or bettar, .
Q Now the infoxmakion that is curr:en?.lg in the --...
record that was raead to you today by the Applicant‘s atto..asy,

assum‘ing that information is &rue and assuming “-&haﬁ the paak

" dcdcaleration for that recorxd is 0.%g, doas' 'Eh‘e.t éhemga e

how doas that change, 1f 2% 211, the canclusions“thaﬁ you've -
drawn on Page 3-2 and.3=3 of your testimony?

A I don®% think it changes thew &t 8lEi It means

" two data points, and if we presume it beacoumes ;:éiiable, +han

I would still say that that's not enough data poi.n{:s o ba
But I wouldrn't say it has zaero effacto Bvary

time wa gat a new data point I fasl sonmswhat mozje? conficdents

" of &he results. . - "j’

Q How napy si?rong éround motiqn records do we have
within 10 kilometers of earthquakas magaituds-equal €o cr
greater than 77 :

MR, NORTON: May I.have that ques;:z-.i:on’ repeated?
I'm not surae I haard right, within twe kilamataxs?
MR. FLEISCHAKER: Within 10 kilcinetars.

MR. NORTON: I think t¢he guastioca gaid two, that’s







=

<«

© mpencerce T At TEE soms w wrmem b

It 10" kilomotars of earthquakes m'ngni,tuda aqual €95 'or greataer
.' (5 tihan ‘7? Yol o L4 :;: -

1 I toer A

I stuff is getting & little bit fuzzy, so I'm pot sura.
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why X asked o have it raopeated.

MR, FLEISCHAKER: Do you wani 4o rnepsat, or
shell I restate the quastion?
BY MR, FLBISCHAKERS
Q Ragtating the cuestions Do you have any estimats

as’ to how many recoxds of sérong ground motion’Wd have within.

Wall I thipk wa only have a couple ¢hat I know of.
" If we accept the Takaz earthquake, which I think probably is
" one, then depondipg on the discussion we h‘.a.c.;. ‘b@féra abou‘:.'
‘a’few other ones as to, wall; wa doa't know wheore exactliy
the rupture was and so forth, we might he withis 10 kilomaters,
but basically it's vary few. = - '
Q
" 10, 207

A Well no, it's around ==~ well, for '}ii&ginitude 7.5,

thera®s only one or for graatar than magnitudé 7«5 therals
only two and if you say graaker than 7, right offhand I don't .

‘know of any others., BuZ my memory of magnitudes apnd 2ll %his

Q Let ra try yc;ur momoxry. How about i€ wa go to
6.52 " R

a 6052 Well I hesitate to try %o racollect this off
the top of my head whea therafs a table == I mean, we could go

When you say very few, could you bd"iiore definitiva) .
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look it uvp in Boore's paper or something apd 8es pcw many data
points they had. But I can make & rough guess, if you waat.

Q Boora’s paper, is that 67272

A No, ¢hat's ﬁha more racent USGS popdra

Q Tha Opan Fi.la?

A. Yas, where thay give a lot of statistical valuas
from paparse )
" Q All right. Wall rathsr than have you guess,
wa'll explors that with tha USGS people when' they get here.

. In your testimony, you msantioned the recsnt -

' oaw
L3

il earthquake down the bay near Mexico which wes estimatad o

" be a magnitude 7.l end the acceleration at Oaxada approxi=

El
¥
29

" netad 0¢2go . . - - ";t'-\“
A 7.8 was the magnitude, or 7.8, actué.‘ll o
Q I'm gorrys 7.9 ;

And I believe that tha estimakion of accalaration
that you stated in your tastimony earlier was 0.29.

A That was at quite a distance from %ha fauls,

: ¢hough,

¢} Po you have ap estimation as €0 the distance?
a I beliave it was around 150 to 200 kilomstars,

though I don’t remamber axactly. It dapsnds == 100, X con't

Again, it's kind of hard to toll at this timgy

since wa don®t kuow whete tha opicenter is yot. He know whoze

e Fivae
)
[
. —

-
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:you ‘discusged that ‘there wers certain ‘assumptlons .rot ‘found .

p : A .Excuge. ma, .I haven’t got thg ‘z;’ag'é‘;?éé;'.
‘ ' Q , Paga 3-11. | | L }:‘“";
~A Okay. 2
Q .. Thera wers certain assumptioas -not- found 5,;;*,

- ¢he conclusions therefore that. you‘xre atabed ha¥e ¢ this

" paragraph 3-11 applicable to the real world? ™"

‘ "to ¥.3 corne. frequ@ncy of 12.5 Bz. wtu.ch is a :easonablez

-tmmbar Fox: the _ type 0f f:@qnancies you sa0 :Ln o-.rong motitfise

-for amy particular type of faulting, it®s ona’ poSsible physical,
' ‘modal.

8135

Oaxaca is, buk wa doa*t know where he xupture broke, and

thera is not ==~ we have instruments dowz in the area right

now txying to locate the aftorshocks. and there’s soms un=
certainty as ¢o whers the apicenter is. e
Q At Pags 3-11 of your besi.z.mn;, you daiscuss the

Roatrov model propzzga.tzing strass drop, and on cx:oasmaxmnation

nature, in particular having 20 do with the magna.tudcz RE

appzoachking :.nfmity ‘a8 you got to the crack tip. Why are

a Well the filtering has been dona, ""“16' gays,

~

. And it is a zreascpable model in tho' ;'s,ama that
it's a stress drcp mwodal, 1t°s not an arﬁfidfmy fozrood modeall
I wouldn®*t claim that the Kostrov model .is & xéliable model

.
-

So I bsliave {that that kind of a rupture could

[

5o 5= e srpawmpuTie =
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occur in the earth and you could get &hat kind of cohecrency.
out to roughly that frequancy. But I think that might ke an
extreme casa, 8o I'm not trying to say that that®s a «~= that

that should be the level of our computations at the present

"time for trying to predickt strong ground motiion, X thiunk wa .

.

should Qo things more realistice.
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D $o what youfre saying is it's not applicable to
the real worldd
A It's applicable in a general way, the ph&siqa is,.
:Q You'wve got to watch out for these  redirect
quesﬁiags.
(Laughter)

why didn't you tell me about that?
(Laughter)
I have one more question: In your ‘testimony you

recommended that certain kinds of studies be conducued

regardlng propagating fault models zn order “to eStimate the

Kinds ‘of accelerations that one might see at the site.

Could you. describe generally the kind of model that you're

télﬁing about? " - e

ey

%.§:3A Well T think that what I'd like to seé is a

propagating fault dislocation model in a layered half space

'éimilaf, roughly similar to .the geology at Diablo Canyon,

and try different combinations of faulis and different com-
binations of slip time functiong oxn the fault, pxopagating in
'various directiong, and then from the predicted accelerations
try to get an estimate';f what the progable.accelerations are
at Diablo Canyon. That's one of the things‘I suggesteé.

I believe I also suggested that some calculations
Se'done on the fault breakout to see that-- You know, in a

reasonable layered structure at Diablo Canyon, if you had a
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fault starting at the bottom and going up to the top, and if
the kind of velocities that-§ere in the finite element model
of Archuleta and Frazier, if that occurred what sorts of

ve%ocities you would generate a2t Diablo Canyqp. I think that

would be a very helpful calculation,

Q Is it possible to do those kinds of calculations
éi;pn;the techniques that we have today? - C s
' é?;%;' ?§ - - YXes, . |
: Q Do you believe that you qén have some confidence

iin-ihe‘results from those calculations?f

A ' You can have some confidence. But,fagain;il’d
.have €o kndw, yoﬁ know, what kind of answers came out and hew
-muach variability there was, and so forth. I can't asgsume that
I know the answers and then say what I would conclude after I
got the answers; I'Ad have towait until I got the answers before
I'§ conclude how certain sure I'd be of it, .

Q Are you aware of anywhere that these kind of

models have been run, anything similar to this?

A * Well, yes. Things similéiﬂtp that for which
the éechnology is eésentiaily a;ailable I think are being done
by students and by some compa;ies. So it's a te;ﬁnology
that's -available. It would take some time gpd nmoney to do
the various compinations of thiﬁgs that are n;cessary to
éxplore enough of the variables to get a confidence about what

the accelerations would be. But it can be done.

a=stre
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MR, FPLEISCHRAKER: I have no further questions.

MRS. BOWERS: Mr. Norton.

RECROSS~-EXAMINATION
BY MR. NORTON:
Q I have primarily questions raised by the Board.
Let me first ask about the map Mr. Fleischakez
gave you. EBEven using that map that you identified, it's not
your testimony that there is a very high prﬁbability~~ Let
me ;ephrase that. -
) It's not your testimony, is it, it's really your
f?elingféhat the site would be influenced very much by focué-
ing based on the maps of the fault?

a Well I think it could be, depending exactly on

where the fault is. But, no, I'm not testifying in the

positive sense. What I‘m saying ié, we should do the calcula-

tion and £ind out.

Q Well let's talk a liétle bit about that.

If.you look at all the maps--~ 2ll the maps I've
seen, including the one that Mr. Fleischaker gave you and the
ones; 30 of Jahns' testimony and.44 of Jahns® testimény, 21l
the maps I've seen, that if you look at the site, the site
is -approximately -- the fault trend is a northwest trend fault;
okay? And if you look at the site, ghe site is approximately
two~thirds of the way up the fault on the north axis; okay?

Do you understand what I'm saying? I£ you look at
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the fault in terms of a north-gouth plane, the site is approxi-
mately two-thirds of the way up the fault to the noxth end.
Is that a generally fair approximation of your zememb?ance
of +he maps, give or take 10 percent: I don't care. But it's
in that balipark?
- A I don't have anything to argue against that.
Q ALl right. '
Now, also looking at all those.maps, I don't see
any way focusing can occur from the south. I don't seze any

way that that fault plane ever goes'at the site where it could

. oocur, where focusing, meaningful focusing could occur within

-ten kilomgters or twenty kilometers of the site. Would you
égsfg;gith that, looking at a2ll the maps?
‘A ' Yes,
There are geveral phrases in there, like
;meaningful" and so forth. But generally I agree with that
statement.

Q - The curves, if any, that you see are to the

Enoigh; is that correct?
| A That's right,
Q Okay. _
Now I gquess this is just the basic question. It
is specifically applicable to the Hosgri, but I guesz it would
be applicable to any fault in the world:

The direction of rupture, it's a f£ifty/fifty
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1 proposition as to vhether it's going to rupture to the north

(JWRB/wbS 2 or the south; isn’t that correct?
” 3 ' A As far aé I know, yeé.
-~
( i 4 Q So any ruptures that we have occurring, half of

5 them are going to go to the north where we aren't going to have
6 || any meaningful focuging; correct? '~--just as a given,on the

7 {i whole fault?

E ) sl L A.“3 'ﬂI“acceptithefgeﬂeréi‘logic.df‘whatfyoufrg“aaying.
9 . ) Q OkaYQ
ol "And then half ‘of those, in fact more than half

11 || -6f ‘the faults, the ruptures that occur are going to occur:
12 || south of the vmcinity, 80 it doesn't make any difference in
i3 - - which direction it.ruptures, isn't that true?,

}g ' :; A Well I knoﬁ'don't that it's true that half of the

Y\ '
. -\

15 faults are going to cccur there.“But; not knowing any-- I
,é would say that not ‘knowing any of the physics involved, and
17 nqt kﬂowing what's going‘on, they could equglly well occur
1 || north or south. | ' :

s

- ' ! ®
- : o > ' “~ '
w Y gt foe . - . . “ W o v [ by "
PR ¢ I Ri ght. . A . -
‘9 « . * ‘ ' . ' .
‘ .

20 e "ﬂ“‘ You're given a fault that has a length, and if
. '21- you take the midpoint you can assume that half . are going to
fall north and half are going to £all south; is that cdrrect;
ST A Well if yéu don't know anything elge about it.

There are some cases where there's seems to be a preference

S5 R B R

.for certain directions of rupture. But they‘'re not, you know,

D Ce et me aes
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established. So, like I say, not knowing anything else about
it, you would say there's no preference for starting north ox

south.,

Q So as a general basis we’ve already-climinated
three-gquarters of the earthquakes that appear, or that could

occur on the fault as having any focusing effect at all on

‘the ;fault, or on the site, just as a general premise, right

““““

the site and the direction of the fault, and the--

2 That's correct, if there's ‘a random probability

of fheir.occurring'anywhere on the fault.

@ All right.

L
.

o, ﬁhen; one out of fcnr‘magnituae“7;5 earth~

quakeg, or 6.5 or 7 earthquakes hould be fbur area of concern;

~§§ that correct?

A I -think that's a xeasonable way to estimate the
probébilities.
"Q  And then the epicenter of thosge earthquakes would

havq”tb be in some vexry specific -spotz to have an& foguéing

efféct on the site at all; isn't that correct?

A Yes. It would raquire gpeciai conditions in ordex|

to gét.strong focusing.
Q Okay.

A And there's lots of other situations where you

-might not get it.
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Q All right.

Now can you assign any level of probability of
that occurring at the site whatsoever, any level of
probability above "it's possible?" ‘

A It's possible, and it's plausible“. But: the

e

a.ctual probab:.la.ty of it occurring, ro, I wouldn't txy to

el and vhatever ‘that probability .ia that you can't

‘a.rrr:ive at, other than "it’s possible," wp'.zld have to be

added on ‘to the probability of getting a '7, 7.5 magnitude

‘earthquake in the first place, wouldn't' it?

“ A Yes. The probability cf £ocus:i.ng would be oxne
of the many probabilities you would add on. B _
0 As a matter cf fact you don't add it on, do vou,
you muzltiply? ' L

A You multiply, ves.

Q So we're talking about probabilities. that gat go

. far ‘out that there's no way to ascribe a2 number to them, is

the:;é? _
A I wouldn't say there's no way to ascribe a number
to them. I would say I have not studied the-- I don't know

what the probability of a 7.5 is on the Hosgri fault. I

" Q All right.
And if we take -the bottom line question, you
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cannot state here under ocath teoday that it is probable that
such an occurrence will ozcur at the bDiablo Canyon site?

A Well there is a probability, but I don'tknow
what the probability is.

Q But I saids"probable."

A - Okay. Thep you have to quagtify ie.

Q» Viell you uged "probable" in your testimony any

number of times, 6 you quantify it for me.

| A Okay, I yould‘say that we doa't knmow what the
éroﬁﬁﬁility is.e‘ﬁ;t41 would agree that the probabilities
érefibw for any given earthquake that it would be situated
exactly so as to cause focusing at~- _
Q éndwwouldn‘t you go 80 far as to say it would
beiexceedingly‘low that a large magnitude earthquake would--
A No, I wouldn't add double uncertainties under

low and exceedingly low, and so forth, -like that.

Q Well that's a double uncertainty?

g Well I don't know what you mean by “exceed}ngly."
Q Verye.

A \ I 3ti;l don't know. I have‘dffficulty knowing

er'sure if you don't say-- Well, we have the same probablil-
ity;'ang yvou're right that I don't know what ¢he probabilities
are. So you can uéé that uncertainty to argue various dif-
ferent directions.

Q All right.
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) Hoﬁ about this as the bottom line: You avre not
prepared to testify under ocath today that it is any more than
possible?

A I have the sam@ probjem with "possible,® that,

you know, I would have to define it in my'dén terms, or lknow

R )
-

‘what you mean before I could say that, " ° TR

!

. s

H -
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 MR. NORTON: No further questions. * "

.
L ST
L] "

MRS. BOWERS: Mr. Tourtallotte?

' MR, TOURTELLOTTE: No. - ,

,3*”23 K MRS. BOWERS: Well %he Board hag no furthé; quesg-
igions. '

[ ~ Mr. Fleischaker?

MR. FLEISCHAKER: No. So we'ze off to the
airport. No, I have no further questions.
MRS. BOWERS: Dr. Brune, of courze, interrupted

travel, and some of the other witnesses intersupted other

commitments. And we certainly appreciate it when these ac-

commedations are made so that we can continue going.
THE WITNESS: I'm glad to do it.
MR, NORTON: The Applicant joins in that
appreciation.
_ (Witness excused}
MRS, BOWERS: &all right. We'll recess until:

eight~-thirty in the morning. 7
: (vhereupon, at 4:55 p.m., the hearing in the
above-egntitled matter was recessed, to recoavene at

8:30 a.m., the follcwing day.)







