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MRS,
I‘m L]

Wheresuron,

2ROCETL

o]

2

S0WERS: Are

IMRTON:  Yes,

s,

i=

&

Bowars.

STEPHAIT ALAM GRAHAM

and

=2LI ALFRED SILVER

52613

ycu ready to proceed, Mr, Norica?

resuméd tha stand on behalf of the Joint Iatervenors and,

faving keen previocusly duly sworn, verea

further as Zollows:

CROSB-~EXAMINATION (Continued)

xanined and testified

BY MR, NORTCN:
Q Dy, Sraham, as I undzsistand your testimony ves—

terday you have nu opinion, zreally, zresgaxrding the present

continuity of the

«

Is that correci?

A (Wit

keg vour indulge

shine, I have a
Q Okay
A Your

tion with respect o the present continuity of &than

systen,

TaSs
2% 28.,
»iz of a cold.

3

‘juesticn.

Q All =ight.

And vou hzve, I =ake

L, no zgenolu

Our cenclusicans hawve no

San Gregorio-San Simeon=-Hosgri f£ault zens,

Graham) #first of all, Mr, Norton, I

I%ye had a little tooc much local sun~

whatscever

et - p——.
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E‘ about the current rate of slip on any of thoge faults?
‘I’ :‘ A That?s coxrrect.

i

%2 Q And you also have no opinion regarding activity

!

! movement or seismic activity on thoze faults in the past
17,000 vemnrs?
. A That?s correct,.
: o] You 1ive no opinion on the.activity on thoga f£aunls
in terms of seismicity and siip or movement in the pas: five
millicn vears either, Isn't thalt corxrect?

A Z can't address seisgsmicity. Based cn our cone
clusions which w2 stated in the papex, rarticularly with
veference to the rate of movement curves, it Icoks to us as
though the predominant right slip, by our intewpretation of
” | the fault system, cccurrad between 15 and five willlon years.
Q Right,

o in the las% five m

Jabe

ilion vears, woy have no

0

-

opinion as to rat: of movement. Is that coyract?

A That?: corzect.

o
Y Pt Per —pvA = CSIE w8 W,

Q All right,.

And you have absolutely no opinion as to zh2

@

capability of ths Hosgri fault today. as to seismic wate or
magnitude., I8 that.corraet?
A Quits coryact,

P C e eadedy e e & sas
MR, NOETLM . Ta nave no furthayr ¢rcocsegraninatlon

» of this witness,
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genlogic features, the Faralicn Ridge, was enhanced by the
study of gravity.' Howaver, the interpretation of ofifset was

interpreted on th: basis cf the geologic =~ inferred gec-

logic features ofiset.

.

Q So +*%: daka upon which vou based yeur coacliusions

[0

in this abstract 7az both the graviity and the geologlic?
A Yes., The new information that was presgentad was
gravity, but it was based on geclogile and gravity.
Q okay. | ,
Now <vou don’t have the transcript buk this is =
raferance for thie Boarzd and the other parties, pagég §236
and 6237, Mr. Norion is-reading from your deposition taken
in Ncvember, anéd reading your statezrment o2 the conclusions
that you drew wita rsaspect in the 1974 abstract,
At vage 0238, Mfo Morzon 25ks this susstion:
“¥ow, Dr. Silwver,
this ==
MR, FORTON: Excuce me, Mits, Jowers. T don’t
unéerstand why we're raading testiwony il #hera’s not z

question in front of the witness, That ssems to be leading,

No matter what thz cquestion is ¢hat?s coming out, 1t seems

T don?t vtnderztani why we're zeading yssherdeyls tezéixony
iff there’s ano qua2sticn,.

MR. FLESICHAKER: Moy I vospond 4o Lhat?

wm rdLw

e 5w,
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MRS, EOQWERS: Yes.

ramacny a2

PR P 2 e iR N Y T

e

MR, PIPBISCHAKER: The reascn we‘re meading this

', 15 on several occe3ions Mr, MNorton interrupted Dr. Silver

7 and didn’t permift him to give a full answer to the question

- —

_+hat he asked., I made several chjections af: the time, but

[
W=

~

~he Board determined that it would be more appropriate to

rarmit a fulliaer erplanation on redirect,

-

ety

So I sm now trying to put the questicons into

-

context and €2 peimit Dr, 5ilver to give his fuil answer to

’

. SEBER, b O i i S S
by i

qu2stion. The guastion heza 1ls s5n yace 6238,
*Nowr, Dxr. Silver, inen you did infer
this based on gravity data, Corxect??®
. The answer is *wo and a half lines and I think,
as suggested by the ranscripi, was cut of£Z by Mr. Noxton,
3nd I'm going to ask this witness to complete his ancwer.
MRS, BOWERS: Why don’t you preceed, .

Mr, Pleischakar?

v s

MR, EXSCHARER: All right.
BY MR, FLEISCHAKERS
Q ¥Mow, Yr, Silwver, then you did iafex
this based on gravity data, Coxzect??
That's M», Norton in the Zranscripi,
TANSWER: Based on grav7ity datnnto
help cons:rain the geolcgy. But the gravity data

alone cexiainiy can’l: give you a £ilt ‘we®

6387
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Could you complete Zzhe thought or the answer that
you were involved in at that time?

A {Witnuss Silwer) The gravity data alone as w2
have it cannot givve youn a value forxr cffset on tha fauil, Ak
pest it can provile gonstraints perhaps ci 1oca“%nn of thea
fault, and it zan also provide some ceonstoaints on thea nataze
of the geoleglce 2z :ructurs undernaatil.

TE?s oxtremely difficult to dete=rmiaz cfiset on

the basis of gravity alone, and I did =odt use gravity alone

o
O
3]

uggest the ofiset,

"’ s

o} Yiow the offsat that weire taliking abou: here L3

o

crne of the geverzl offgets that Mz, Graneom and Tickingen

ralies upon in tnair o

onclusions in tha Grahom asad -Liskinson
ex=icie, Is that coxrect?
A Yes,

MR, NORPON: Mrs, Scwors, that’s eozaciiy what T

mean by a leading gquestion, ihat last questicn. 3It°

-
<

4]

classic example o a leading guestion, and thais what we
chiect to Mr, Flzischaker Jcing on vedirect. I can?% chink of
2 more leading ziestion than that on2,

MRS, ZOWERS: WMr, Fleischaker?.

MR, PLBISCHAXER: Is there an okles.:ion?

v
~

v3

‘“

MR, MORTON: OCbiject. Leading, ckvicusly.
a

hs

>3
1]
d-

n
i

L1

asking that thza guestio angwar ba stricken..

¥R. PIRISCHAKER: I'1l withdwaw the guestion and

A Tem A meid w -
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replace it,
3Y MR, FLEISCHAKER:
Q Has tais offset been utilized by Drzs=, Graham

and Dickinson?

A {Witniss Silver) Yes,
Q When 3id they usc it, in what context?
A They -ised it in sevezral papers, including their

1878 Science paper:, their 1978 California Division of Mines,

and a Geology pag:r,

Q Now I!'d like %o diresct vour atientica o Appli~
cant’s Exhibit Nunber 31l. Do yeu have that kafcra you?
It’s a2ntitled "In:erpretaticn of the Preliminzry Graviiy Map

of Caiifornia and Its Cocntinental Margin,” H. W, Oliver,

£éitor.
A Yes,
Q pDid vou write anything for this document?
A Yes, I did.
Q Ckav.
What is it that you wrote for this dcoument?
A I wrota a shozrt summazy ovarview, an inter;raﬁam

tion of the cffshore gravity mar o%Z California fzom essSen=-
tially 35 north to 42 degrees ncirth,

Q Now 2t vages 6250 thzough #2352 of the tianscxiph,
I believe My, tlorton had yecu reod saciions frow this psper,

I believe, I would 1ilke to show you the Eranscript and see

—— -
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<hat you racognizz this, and then you can confirm that fcx

-

thve record,.
{Handing

Befoxr2

. couple of pralimlaary quesitions,

What vz

s the purposzss of

transcript tc the witness.}

ask you about that, let me ask you a

*

e vhich yeu

the ayrdice?

wrote which is contained in App?xcant s Exhinit Numbear 317

A The purpose was to
cf the gravity Fiwmld of

Harging, and to Mbtcrpt

3Q38ible, based «n the gkavity data,

o concentrane or. what *

acout the interpuetation rather than simply writing

on the geology oi the margin,
Q And
A Well,
casily locate the
on land from the gravity data.
datermine whethao:r

Gregorio =Zault

the northex

the conclusions

£om the gravity data alone,

give an sverview dssoription

California Contineni:al

to draw whatever concluslong syrould b

We wexe asked to txy

o

e gravity data itself censgtrained

saoeinctly, whalt were your concliusions?

were ibat one could gulie
existence of the San Gregorio faulit masped
However, one could ncl

i not there was an offset along the Sa2n

That i, on2

can interpret the gravity msp a3 indicating nc offzet;

alternasively, one could interpret 1& as having an almost

unconstrained oilfset,
in tarms of the offgat,

Q Are th

In okher words it reallyr was awbhic

"3

ase conelusicons gtazed in the pavagyzaphs

n fewmpyaded oy
fa LYxeacLse

[
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you read that are read in the record here between 6250 and
6252?

A Yes,

.
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ia reaching cconclusions that you have discusszd in your
tastimony aere?

MR, NORTON: Mxrs, Bewers, again, that iz a isading
quegtion. ZIt’s a classic example of a ieadiag gquesiion.

MR. FLTZXISCHAKER: I den’t agree, I den't uzhink
that's a leading Question,

MR. NORTON: Well ¥zs. Bewers,  the way you
ask that question so it is not leéaing igs, what papers 4did
you take into consideration and then he can pick and chocse
Erom his papers, but when you say, did ycu take this caper
and that paper it's a leading questicn. It's a classic
axample of now-ito and how-not-:io.

MRS. BCWERS: Will vecu zephrase ig?

BY MR. PLEISCHAKSR:

Q What consideration, if any, was given £o Appli-
cané’s Exkibit 30 and 31 in dev=lioping the concliusion that
vou discussed in your testimony?

A (Witness Silvar) Well I certainly ccensidered
those papers in consideriag the tastineny. Howaver, tshosa
alone would provide actually very poor constraiunts on the
question of offset.

So if I could expand a litils bit: I xelizd
nost heavily on the infermation of gaosilugie offset vreasented
by Graham and Dickinscn, just bocause the gravity a2ffzot alone

i3 such a pcer constraint.

Pmeewa ves s e S0
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agi:’ g Q Again raferring to the transcript atr Pages 6250
! and' 6252, after having zead poriions from Applicant®s Exhibit
Number 31 into the zecoxd, at Pace 15, the Applicani asks
: you this guestion:
; "Can you tell iz why veu dléa’t
% inform me of this during the devositicn..?®
* ? _ y question is, Dzr. Silver, 4id vou infoxm whe
. ; Applicapt of the emistence of this map Suzring youx ~- of Shis
: data during your depesitlcen?
-
g. :\ Tes.
g ; Q And didn'¢c vow withiln one week mzil him a copy
0 ;’ E cf tha cata?
o A Yes, I did.
P . NONTCON: Waile we'ze om the sudjecs, &b Fags
: §252 of the transzripi:, i€ vou have z cooy in front of vou,
: the guestion:
i . ’
) "Thank you.
= ‘ | . "WNew, Dr. Silver, can vou tell e why
i vou didn't ineinde this information in vour
| : submittal to this Board?®
o ard then I said:
oy "Weil, psshaps we wan move on wo
b3

€)
-

anothur guestion.”
+ I think tiie rsocoyd shorld weifiack chad sShexe wag

long pause kbetwean those two sézbtemaents, balwsen thzt
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queétion and that stdatement. I think we are éloéé énough in
time for all of us to remember that there, iﬁdeeﬁ wés a

long pause and the racord doesn't indicate that and it lookz
like I agked the question and immediately cué hinm oéf so he
Thede was a

couldn't answer and that was not tzus, long

pause and ¥ would ask that ¢hat be iaserked in thé zecord
at that placa. ‘

MR. FLEISCHAKER: That's no% my interzpretation of
what happened yesterday. I have an entirely différsnt inter-
pretation of the course of cross~examination vesterday and
I'1l1l object to any such insertion.

My recollection of‘the course of cross-exemination
yesterday Qas that on many occasions -~ and I think the

recozd fairly raflects this fact -- on many occasicns Mr.

Norton interrupted this witness with multiple guestions, ;

essentially engaged in a line of rapid-firs creoss—-examination

which did not permit this witness o fully answer the guestions.
i

MR, NORTON: Well Mrs. Bowers, if Mo, Plelscheker g
is talking about this épecific siguation, he i3 just dead
wrong. After that guastion:
"Now, Dr. Silves, can vou tell me wh
you didn't include chis infermation in your sub-

‘mittal +o this Boazrd?*

br. 3ilver sat theres for what was clearly a

= 0sm g b

loné gause. And .if Mr, Fleischaker is willing o staie in

-







23]

- -
afw :

gy

e e s W es A

PY

o

can
-

Febw e rmrc

T

. 5376

-

-

front of the rest of us here new thajy that’s aok so 1'd
cartainly like to heazr it frem his mouth now, And what n2

says .about at other times is not relavant to the metion 2ight

MRS, BOWERS: I zaeall the situation. nd i€

you'll notice, of coursa, a witness i3 entitled to collent:

his thoughté, and paerhaps
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that,.
But if vou'll notive Scwn on that same pags,
Line 2i; I say:
"The witness sheuwld have the opsoyr~
tunigy to anavwer In some way the guesitlicon posed.”

»

And s0 we went Lask Lo ik,

MR, NORTCN: Yes, indszd he did answer the quastic

but the resason ¥ movedonsethat pavticular poind in time is

2N

there was indeed a long pause, and that's why I said:

=

"Wall, perhabs we ¢an Lave oun 29

ancthzr quastion.” -- hacause 1 answer wis To¥ihe

fuwas e

ceming after ‘hat leng paunse.

MR. FLEISCHAKER: Weil the purpese 9f tho zadireci

iz to clear up the implications aud the inginuezicns lafy, -
bDoth by the mannezr of guestioning and the facw <hot &Shexae is
no clear ansyer, at least at thiz voin: in the »ecord,

that this wi%ness wes hiding Jognmenis and tectimeny. I think

it i= guite clear, aad My, Nozton can cross-euunine this
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witnass as long as he wants and I believe at the end of that
cross—-ezaminaticn one fact will be revzaled, that is ¢hat ¢his
witness has disclosed his £ull data bass to Mr. Noriten and
éhat, upon vTequedt, he in fact delivezxed a copy of this map
vost-haste to Mx. Norton so that the Appliicant's consultants
could raview «he data.

' The purpose of this redirect examinaticn ”
is to clear up any possible ambiguity obout bthe faet ox about:
the guestion as to whether or not dJdata was hidden, and I
think it's absolutely clear from the guestions agked on .
redirect and zhen the answars given that this witness gave
full answers to Mr., Norion and deliverad the data upon
raguest. . :

MRS. BOWERS: Well there was a long pause, and

the Board asked Mr, Norton later to not be so rapid-fize

in his questlons, because it was not aiways apparent that the

witness had completed his answer. But caxtainly there was

L s

a long pause, and that of couyxse is the reason JAx. Norion
asked the next éuestion.
MR. FLEISCHARER: Well T don‘t know thaz'’s the
case ~- that that's the reason he asked the next cuestion.
But what I wanit %0 clear up i3 the fact --
¢
what I want to clear up, and I think i%'s important fox the

record, is the fact that this wiiness did discuuss his maiter

in his Qdeposition and did, in fact, deliver tha informadtion

[
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upon request. That's all.

HR, NORTCN: Excuse me,

Fleischaker testifying now?
MR,

FLEISCHAKER: No, I &

rageaced the

(2}

testimony that has been stats

¢hink we can nove on.

MRE. BOWERS: PFina.

I bhave cne little hcusehkeeping makiss: zhoucht

yesteaxyday that ¥ heard br. Silver zay In diana University

’

in Penngylvania and I figured I wasn't hearing righé, Buz

1£ you locck at Page 6179 that's what il says ~- -
WITNESS GRAEAM: X+ is in Indiaza, Pennzylvania,

the town of Indiana in Fennsvivania,

MRS. BOWERS: BSo it ic corvazct. Zndlana Universisy
in Indiana, Pennsylvania, is that right?

YITNESS GRABAM: I, ayself, za a graduatz of

Indiara University, Iadiana. 3ut thiz is aunoiher Iadiana

Univarsity that has ncthing to o wiih the State of indiana,

ves., It's a small étate school in Pennsylvania. ‘

MR, NORTCON: ‘hey evven play fooitball.

DR, MARTIM: Dika Scuthayn North Delioi=s,

M., PLBISCHAXER: 7o 3ave tire, agelin, I'8 iika %o
let the witness have aun oppoziéunlidy o a2xomine oiz %:&nsmxipt

alt Page 6259. Dr. Silver was gqua3i:
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Do the cenclusions --" 3258,
"Do the conclusions expressed in
this Bxhibit 31 in any way affeet that apinion?

"Aanswer: I'm sorry, which is

"Question: The one we'vwe bean talking
about, thae cne you were just handed, the one
we've been talking abouh fecr the last 10
minutes,

"A: No, it deasa’t aw all.

“Q: It doesnlts affect it in anﬁ
way?

“A: No. B2nd -~ Can I expand?

"Mrs. Bowers: Yes."

And'ﬁhen My, Neoezton -~ and X don’L belizve he

. had the opportunity to expand, dbut I belisve we may have Hhae

answer in the racord this moxning.

So iet me have the witness examine +hiz and deter-~
mine whether or not we need o pursue this anvy furiher.

MR, FLEISCHAXER: Again éireesing counsel
and the Board's attantion to Page 6258 where, &= éhe 2O%ELm
of the page, Mr. Norton asks a seriss of guestions ragaxiing
the conclucicnswhich is:

"In summary, evidence for continuily

of the Saw CGragorio Fault zone sz cocd fro

s s

. -

L
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near San Francisco to as far scuth as San

And at the top of Page 6259, the wiinsss says:

"Can I expand,” and I doa’t halieve he was civen tam c_pcr&nni?y

BY MR, FLEISOHARER:
Q Lot me ask this quastion: D, Silvez, shat is
the full answer %o the gquestion that was asked, whether the

conclusions cxprassad in Bxhikit 31 affzcted your cpinion?

A {(Witness Silyvar) ¥Yell the answer iz 1o, concarning

LY

[y

—r

continuity, because the fault haz bheen mapped througsz thz2 area

en either side of the -~ across the Farailon Ridge. Aad

avidence for aon-contiauviity wonld ke a contlawcus grzdient
acress -tne proiccted or assumed trsnd of Ghe foali. Thaik's

not the case, the corntinuity of Lhie gravity coniours i3

-

v

clearly brcoken in the map so &hzt one ean lomat: -~ ane San
" show locziicn of the fault on the graviiy map iizself.
One simply can't draw conclusiong ghoni wifsed

on. the fault based on the graviiy map alsne.

Q that mapping are vou walying on?
a Foz offzet?
Q No, for continuity.

Well, foyr continuitv, mapping on b goovnd,

A 7
3eismic refliection data, magnacic data; 4o a winor «utins,

[y

gravisy data,

P N Y
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None of the gravity d;ta -~ in the sense that
Itve stated just now, none of the gravity data precludes
continuity of the fault,«and a iot of it cleariy docunents
the location of the fault very weil.

Q In the axrea of the Farailsn Ridgae, what is zhe
data upon which you are relying for yvour concluéicn that
there is continuity?

MR, NORTON: ZExcuse me, Mrs, Bowers.

We keep talkinq akourt the fault. I preszume ha's
talking abéutvtha San Gregorio Fault. Is that correct,

Mr, Fleischaker, that that's what vour questioning ragarding?r

MR. FLEISCHAXER: The San CGregorio-Hosgzi
Fault zone.

MR. NORTON: If that's it then T object, bacausa
that was not the guestion and I°ll guarantea that's not what
the witness is talking abou¢ in t¢he lasi thres or four answers;

BY MR. PLEISCHARER:

Q Let me ask you: What terminology would you prefer
to use at this point ir the discussion with respect to tha
question of tha gravity data in Applicant’s 2xhibit Number 317

A {Witnesg Silver) Well the graviiy data, we're
talking thera around Santa Cruz-Ano ¥uevo. It ls the San
Gregorio fault. -

Q And for the San Gragorio fault then what is

the data that you're relving on, the mapping &&ta that you're

-
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r2lying on for vouz conclusiocns ragarding continuity?

MR, NORTON: Again, excuse me, coantinnity of
what fault? I honastly bkelliewve ihe witness has besn ¢alking:
abouz continuity of th=z San Srageric fanlt.

MR, PLEISCHAKER: I think wa'ze ian agresnent on
that ncw on the San Gragerle fanlis,

MR, NORTON: Mzs. Bowsrs, I would cunly ask ¢hat
the attormey namz whai he's télking avout wihen g zaysy
conzinuity, because he jus:t evidanceld ¢the fags that if he

doesa’t the witness 'and the atiorney star:t tslking akout two

TR

‘different faulis. ,

WITNESS SILVER: Well ¢his Exhibdit 31, this pze-

liminary deocument thaz I wrote +alks about, specifically arvout

the fault in the area of Aao Nuevo-Santa Cruz., And sC, vien

we're dizscussiag the gravity hera in that area, it's the

N

San Gragexio fault.
BY MR, FLEISCIAXER:

Q and with zeseect %o that avza, what meppiag
are you Talyiag on?

A (Wizness Silver) Well, mapping on land, z2ero-

*

nagnetic mapping, seismic zeflection -~ gublished sedsmic
reflecticn intevpmetaticas and gravity. to the axtent that
it certainly doesn’t zule out theriocaticn of the Zauli.

Q What seismic refleciicn data?

-,

Tew"
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Q what seisumic raflectios aata?
A Seismic reflection data published oy Gary Grasne,

dcCulloch, and otuwers, 1972, by tue U.S. Geological Survey.

Q Whae gravity data?
A I'n soxry, seiswnic reflection data,
Q " Okay.

Now the gravity data.
A The gravity data consists of tie offsnorxe region,
a survey done by “tite National Ocean Survey, 1970, and a
variety of mapping by the USGS aad Stanford, and a wihole
variety of institutions set up arnd rscently put ‘tdgether by
Howard Oliver and otners in tnis mwain dccument onland,
Q Okay. =
‘ At the top of page 6263 of tne transcript, iir.
Noxrton is qugstioning you about' tne szouthern end of tae Hosyzril
and tne initial guestion was on 6262 at line 20 -—Iexcuse nme,
line 19:
"All right.
“And you're not familiar with tne southern
end of tne Hosgri, are you?
“Answer: How far south?”
And there’s some discussion.
Over on page 6563 there is a question avout «=-
from Mr. Noxton:

"So you're just citinu someone aleal’s




s
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mpb2 i | work, and ycu naven't done any woxrk dowa there?

e

"Answexr: Okay.
i "Yes, I'm citing Hall's wviork.

"Question: Okay.

-

3 "Answer: That'ls a two-part questicn,

3 Yes, I'm citing Hall. }It’s not true I haven't
' done any work in that area."
s | iy quastion to you is ==
e "HMR. NORTON:. HXcuse e,
Mzs. Bowars, again Counsei is laaui#g he witness)
v ; Ha goes tnrough all of the transcrip: and than ne says "tNow
12 ' my question to you is¥, “That is leadiang tne wifness,
. * He should jus% ask his questions._
ca ) MR, FLEISCHAXER: I’m gettiny rzady to ask {ne
| quastion, which will pot ba a leading guestion.

‘ The guestion will be:
P What work, if any, hava you done in *he soutir?
Sl What I'n trying to do is to lay ithe foundaticn
to put the question in the coataxt.

MR. NORTON: Well, ilrs, Bowers, all he aas to

£t

” i do is ask the quastion without' reading the transcript. wnen
s | he stazts reading +tue transcript hefs leading tna witnas#.
ar | when he says "Now, waat work have you doae ia tna soudin®,

1 b tnat's leading the wikness,

v N

By reading tnis entire excnanye and saying

kx
s
oYY
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"What work have you done in the south®, tanat's clearly leau-
ing' the witness.

MR, FLEISCHAKBR: -Well, I think it's appropriate
under the circwastances to put the guestions and tue answers
into the framework here. )

MRS, BOWERS: Iiir. Staenberg, does tne Staff nave
a position?

MR, STAENBERG: Technically I beliasve tnat ilr,
Norton is correct, that the Intervancrs is patting nis ques=-
tions in such a form as they would be considered lsading
questions. ' ’

However, I beliave tne Staff'g position would
be to allow a certain awount of latitude in orxdexr 4o expadite
the questioning. And if the Boaxd believes that wa can
expedite that questiorning by putting thninys in theixr vroper
contaxt, then tne Staff would not join in the cihrjectiocn of tne
Applicant in this regarxd.

MR, NORTON: Well, ilrs. Bowers, I doan’t know how
it expedites tha proceedings for ilr. Fleischaker to precede
avery quastion by readinyg a couple of pages of tne transcript.

#RS. BOWERS: Well, I tiink youlre exagyerating
a little bit on that, Ir. Worton.

vir, Fleischaker £fsels taat there was a lot of
rapid-fire examination vesterday afternoon:;nd tiigrs arxe

scme gaps and holes. And it seems to @ tae most appropriate

. we e P P L e e os ww - - -
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mpb4 way;to gat back into that is by rxefsrcrcing the txanscripi,.

o So why don't you proceed, iz, Flaisqbaker?

MR, FLEISCHAKER: Thank vou.

BY MR. FLEISCHAKER:

e 1 Ses e

Rt Q The guestion, Dr., Silver, is:

What work, if any, kava vou done ia the southarn

-
-
—

e ranBeert

and. of -the Hosgxri fault zone?

- .

ERY
-

-A (Witness Silver) I primazrily studied the .asro-

magretic maps dona by the USGS and the Califoxaia Division

H
i
w) . of iinas. . S
i ,
g4 . Q Could you describs that work, both tha kind of
i . "
.o i study and the tima frawma?
B i Yo«
s, A Viell,; ¢he %iand of study is examiaing tha map
L] ° N
¢ {41 for positive and/or negative evidence for conibiatity .of tne
g2 . fault zone, positiva, ragative, or allowable, no@?&sstrictive
' * v
:¢i || ©videace for continuity of the fault zoma. T
s | T Q Whan was the data +taken? [ me
ca b A Let's see. The data was ‘taken in 1976.
¥
. ; Q Whan wera your siudies parfoxmad?
{
N a Fxcm early 1977 to tha prassnt,.
2 b ;
z 'i Q Nowr I°Q like to direct your attention %o -~ tha
N - . . B
gw'i Board and tha atitorneys attentions #o page 6272.
e ; Az  this pazrt of the crosg~sxaminziica T beliave
;04-.: : ) ’ .
&;'j vwe're discussing tha %rack chaxt, the large track chart that

was' on tha beard yesterday, as well as Applicani's Exiibit 32,

B

- -
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which is a box e&d of lines 6, 7, and 8 + Aad just a
couple of questions.
At lines 4 through 8 tiiere are soue Quastions
and answers. The quéstion iss
"Isn't it acreptable €0 be within m&ybe
30 or 40 feet of where youlre supposed toﬂﬂﬁ?
f"Answar: A satellite will raxely givg
you that accuracy. '
®Question: But prstty close to itf'“_
“Answer: It®s more iike a quaxrter to
half a kilometer standaxd error,®
My question is:
With zesvact to what referance point is'tgat
quarter or half a kilcmetar ;tandard arrox? '
A That’s a good quastion. |
With raspect to the satalliteis knoéihdge oZ the
position of the earth, that is, with raspect to tha satellite,
the: satellite’s position is programmed guite accufately. How=
sver-fbu‘re locating yoursalf ralativa to tha satellits.
é As we look at the track chari, are wa talking
aboﬁt the points oxr the lines?
A The locations ara point locations,. fhay waranlt
shovn on the track chart,

Q How was the line drawn f£rom the point leocations?

A The computer does essentizally 2 bast-~fiz to the

A —————— - —— ¢ o 2
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located poiants.

Q What was the data, the saisinic raflecition
profiles that ware gatheraed in these runs that were éapxa~
sented on Applicant’s Exhibilt aumber 32? Fox what purposa
did you utilize that seismic reflection profils dgta?

a To get a batter understanding of tha gross
geéloqic stzucture of that continental maxgin, inciuding
the offshora basins, thae ocuter ridges, continenﬁax‘slopeso

Q What kind of seismic raflection deta was this?

§:N It was deep penetration spavker daka, singla
channsl sparkar, v ‘

Q And vhen you talk abosut baszias ia zha contisent-
al shelf, give ma tha locaticn ~- #h&xe in Lterms of distance
from shora, ware yor studying mostly? What wers vou using
this data fér? What kind of analysis? What struchuraes?
Wherﬁ wara they locataed?

A They're located on the continental Hargin wast
of the coastling. The continental margin is.=-It's veéy wide

in that arsa.

Q Did you utilize the seismic xafiadéiion profiles

‘gathered during thase zuns for any analysis o= fox youvr analy-

. 7

sis concexning the location of +he Hosgri fauld?
-\ I f£irst saw evidanca of thae Hosgri on thos
profiles. However they wers nmuch too widaly spacsd ¢o bs of

valua -for the kind of detailed locaiicas tha# ard necded for
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6390

these studies.

MR, NORTON: Nrs. Bowers, may we inquixe if
Counsel is to the tact of this line ¢of questiorning? A2Are
they trying to show that: thelr Exhibit B42 are not ralavant
to these proceedings?

MR, FLEISCHAKER: I am simply trying to straight-
en ﬂp the intarpretation of this data and what iﬁ;ﬁas used
for, and get an accurata f£ix on this witnass's use of that
data.

BY MR. PLEISCHAKERS

Q MNow on page 6297, I beliave there is an -
inferenca in the record by Hr. Norion that the question
marks on tha USGS map were somehow ralaked to ﬁ?a't:acking
error shown on this trxack zecord hare. |

MR, NORTON: Bxcuse ms, irs, Bowers.

Now this again is leading the witness, He's

giving a speach %¢hat thare's an inferanca laid by my ques=

war his naxt question == you know, the inferencas 'to ba drawn
from tha tastimony are to be drawn by %“he Board,
MR, FLEISCHAKSR: 1I°11 withdraw tha quasiion,
BY MR, FLEISCHAXERS
Q Do you kinow whather we
MR, NORTON: HMra, Beowars, I'd subrit tha damaga

hasz been dona, . As scon as he asks the naxt guastion, tha
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WMpb8 . daqgg% has alxeady besn done,

: . That’s tﬁa probiem with this methed of procsad-
ing-thzough this trapmscript is ha's drawing infersncas and
than asking a pon=-iaadiag quastior. Buk he’s obvivusiy
lsadiag tha witness by his sumnaxry ¢f the tastincey.

b MR, F&gISCHAKER: Z withdeaw the guestion.

BY MR, FLEISCHAKERS :

Q Do you know vhather tha USGS rmlied upcn tais

s

data in completing the nap, MSQloqthat has been on thg aasel
"there and was submitted into evidsace vesharday?
MRk, NORTCN: Mrs, Bewers, I objaci.
: : & “He’s alzgady led tha wituess tc answey tma*‘se~
{Tha Bsaxd conferxiag,)
MES, BCWERS: Do you wandt o raspaad@‘mxo
Flaisohaﬁar?
- : ' MR, FLEISCHAKER: Yas.

I Zhink it°s not a isacding gquestion. ' I%'s a

_— emm W ow
.

totally appropziats question, This data was colleckted zy

Dr, Silver, and he may well know to what use this data wes

. mze -

put, I think it's on approvriaie quastion aud should be

aaswered,

-

: : ‘ . MR, NORTONs That guesition is asprOpziake thal

Mr, Plelschakex pesad 3ust now., I don’s beliave thai’s whal

ha had said quite bafore.

- .-‘ - - LS 2 -
Thz question ¢f 'bo you inow whathor this dota

v tre W aw Fare w.ak wmew
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was used by USGS' ig appropriate. I hava no objeqtion to

that question.

.

MR, FLEISCHAXER: Well, we'll let that stand as

.the quastion.

WITNESS SIiLVER: Well, the question imay se a

"1
! "
; ilttle tco broad, It was cartainly used by the,usss= It

t was used by myself vhen I was in the USGS for the purooses

|
fthat I spelled out earlier.

; The wvork of McCulloch and Wagner in prapariny

tha' fault map I discussed yesterday xelied overwheluingly on

i
! other data., However, they used all ¢ha data that they had

~

'iavailable.

{

MR, FLEISCHAKER: Thank you,
MR. NORYON: Mrs, Bowers, I°m goiang o mocve ko
strika that last answar., I was goinrg o do somé'more re=

t

;crosa on it; but I think that last answar should be struck
, without further foundation.
p” : He atataed they used ~= he said °However they
*iged all the data thay hacd’, Thexa has aen db fouandation
. that this witnees knows, cne, what dat:a they did have, and
-tWo, how ha knows that they usad it,vhather he héd“cngersa~
tions and they told him, or receivad a lattsr, df the map
said, or whatevar. n

I think thea answaer should bae sﬁruck“ﬁhlass t2at

foundation ~=~ it i3 clearly spsculaticn without fiirkhor

L]

-~
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mpbl? i | foundation,

MRS, BOWERS: Mr, Fleischakar, there’s a motion

o~

O

3’ : to strike. Do you want 'to zespond to that moticm?

- o MR, FLEISCHAKER: Yes. ’
5. I oppose this motioa., I think this witnass is
H testifyiang from his own knowladge. I%’s appareat fiom his

7 testimony that ha was at ona tima a member of the USGS., It’s
3 apparant f£rom his testimony he’s had sev?ral diascussicns with
),|; the authors of this wmap, bave McCullocl; in parziculaz,

L) And so I thipk thet it®s psrfactly api:z:opriata

tastimony. It should not bae struck. And if Mx. Norteon waniks

4 to examing him on tha basis of the shatemeat, racycss, then
» 13 | that's his prarcgativa.
hy a1 But I think thare's sufficient foundation in

s 5:" *  this record for that kiand of testimony from this Witnass,

ea i - MR, NORTON: Mrs. Bowars, he said he workaed for
:1.|" ‘USGS before this map was propared. Theoxe is no “tdstinony

Y . ' K "
.30 that he worked at USGS .at the time that this mas Was prepared.

i 33 thats ha’s talkiag about, none whakscavar., "
o MR, FLEISCHAKER: That's 20%t the poib.
‘ ‘, | : The point is that he has worked at USGS and he's
2:.:;;’_,"'. coaversant: with these people, aad ha talks o hhem on-a
ay | daily basiz and he’s had pexsonal csmmm:‘.caﬁ:’;on’:s{“iq‘i’ch Dave
- - ‘ McCulloch ragarding the coastructicn ¢f #his map. ' Hs has so

» 2| testified.

. e Tt oawweem mam 8 5 oo ome e
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Ha has so testified that he’s had telaphone
convarsations with MF’ McCulloch, and I think that is a
basis, that is a gsource of information. It's within his
personal knowledge. He should be able to testify ‘about it.

And if Mr. Norton wants to crdbs-axaminé him
on it, then that's fine. o

MRS, BOWERS: I want to chack with the Staff,

~ Mz, Staemberg?

MR. STAENBERG: May wa have a momant?

MRS, BOWERS: Fina.

(Pause, )

MR, STAENBERG: Mrs. Bowers, the Staff likewise
has no way of knowing the basis on which. the wiiness answered
this quastion.

We take no pogition on the merits of a motioca to .
strika and belisve that it would be equally appropriahke for
there to be additional recross of the witnass ca this subject.

MR, NORTON: Wall, Mrs. Bewsers, I thiank at this
time thera is no foundakion and it is clearly speculation on
tha part of tha witness without the foundation, The founda=
tion may exist, but I don't know. Thera is no foundakion for
him to make the statement that thay used all tha data that
thay had. |

There has got t9 ba socma foundaiion laid for *hai
kind of a statament,

21 %8 @ m———— wm 1 A e - ip—y i & 5 me s am 0 e tmems
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mpbl2 { MRS. BOWERS: Mr. Fleischaker, ia order to give

¢his testimoay meaning there neads to be the foundation.

s wmmae =
AC A A3 - =

2 MR. FLEISCHAKER: May I please hava the answer
4 raad back, because we might be able to do withcut a big

hullabaloo hars.

2 (Whereupon, the Reporter raad from the recoxd

e seov 4

as followss

"Witnaess Silver: Hell, the quastioﬁmmay
. : be a liitle too broad. I# was certainly vsad by
ﬂ\> tha USGS. It was used by myself when I was 'in
I : the USGS for the purposes that I spellad out
1 earliaz.
T . “Tha work of McCullcch and Wagner in pra-
pariag the fault map I d%scuseed yasterday zrelied
overwhelmingly on cthex data. Howaever, théj used

. all the data that thay had availabla.”)

e v mpa e e@imesma @D ma

= MR. FLEISCHARKEBR: I have no objaction to stxiking

T ! avaerything after %...relied overwhelmiangly on othdr data.®
MR. NORTONs Our objection gods <o ‘that oo
for the same exact reason. |
I hava a0 idea, thera iz no foundat:ion fcr that
A{if statement at all. I assume it?'s true., that would be the
. logical conclusion one would make. But thexa is no Zounda-
21 . tion for it.

< T . MR, FLBISCHARER: May I havs onc moment?

R )

o
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MRS, BOWERS: Yas.
(Pause.)
MR, FLEISCHAKER: 2Bafora the Boaxd decides, 1

would like to lay a foundatiorn foxr that, if necessary. I

‘would like 0 be given an oppoxfuaiiy befors the' Board makes

a.decisicn on whather to strike the answer or not.
MRS, BOWERS: Go ahead.
BY MR, FLEISCHARER:

Q 5&. Silver, have you had an opportunity over
the course of the lasdt year to discuss with any of tha
authors of the map, 1MS910, what data {hey utilizad in con=-
piling that map?

A (Vitnags Silver) Yes.

Q And who hava you talked to?

A David McCulloch and ﬁolly Wagner,

Q And how many timas would you astimate Qou've
Ealked with them?

A It's difficult to astimate. Botween 10 and 20
times, l

Q Is that @ach or for combination? I3 that ten
timas, 20 timas aeach, or 10 times, 20 +imes totgl for beth?

a I would say about 20 timas total. That's a
grogg figure,

Q Have you ever mat with them over ehs ‘course of

- Ny

the last year?

.~
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| © mpbls! . A Oh, yes.
% Q 2 3 Q And during the courses of these conversations
I b 3 : have you discussed the data that thsy’ve utilized ins mappiag
l i % == writing -~ whatavezr you do <= authoring Map 9102
| 3, A Yes,
; 3 ‘ MR, FLEISCHAXER: Okay. I'think sufficient
7T fou;xda.tion has baeen laid for the tesiimony ithat is in the
[ ) 3 “ recozd,
| . 3 , MR, MORTON: Wa®ll withdray cur objéction and
} Y rasexva it for cross-examination.
‘ {i ’ MRS, BOWERS: Your motion. to strike, is thet yight?
| i1 f | MR, NORTON: Yes.
13 : MRS, BOWBRS: OCkav. ‘
| < i1 . WITNESS SILVER: David, could % add ore #hing
' 15 | €0 that, one clarifier o that statemant?
TR BY MR. FLEISCHARER:
i' {7 V Q sSurza,
; i3 A (Witness Silver) When I said "use all the data
Il 19:| that %hey had available®, I should have prafaced “seismic

‘ 2)“ " reflaction data™, I'm not surs that they incorporated, say,

ar ;;: the.magnatic, gravity, and that sort of thiag in the map.
| 29" ‘: -~ Q In thae ééoss—axamiuing yastarday you discuszed
, a3: ! with Mr, Norkton the fact that you have recenizly bacome akare
2,,-""23 and have had an opportunity +o bacome familiar with wozk of
” 25! : additi‘onal woxkars in locating the 1927 earihquzkd, zefarsing

1
; |
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to paga 6335,

Since I belisve wa ware discussing tge works of
Hanks and Smith in addition to the woxk of Gawép;Op upon
which you had relied, what is your current opinion regarding
the location of the 1927 eaxrthquaka?

A Well, as I can see at prasent, th=re arec at
laast thvea opinions, not. including 3yerly®s opinion on the
earthquake, the Hanks and Smith, whose opinions ara fairly
similar, and Gawthrop®s opinion is slightly different. So
I have no basis on which to distinguish these, .I'm simpiy
aware of threa opinions.

MR. FLEISCHAKER: Excuse mg,

Wa'ra about at the completion of this, I
wondered if we could have a ten minutas break so I'can ze-
organiza hera and f£inish off the radiract,

MRS, BOWERS: All right, PFine. et

{Racesse.) : e
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£1s Madelon |
le ebl fi MRS, BOWERS: Are you ready, Mr, Fleischzker?
& MR, PLEISCHAKER: Yes.
) ;
N % BY MR, FLEISCEAKER?:
~ oL Q Dr, Silwer, yesterday during the ccurse of crosz-

examination thexze was scme discussion between yow and

LR

S Mz, Norton regarding some determinatisns of accumulated offif~

7, sSet or rate of slip by Weker and Lajoic.

™y

2 : ” Can you icdentify for me the aréi in which-the
. ;1“ Weber and Lejoie studies teok place?
©a A (Witnessz Silvex)} That was»in the Ano Nuevo asrea
;gﬁ"north of Santa Cxruz, 2 wide platform,
s g Are vou Zamiliar with the technique used by

Webex and I %oie?

pey
W

14 A | Yes,
‘ ¢3 Q What is that technigue?
§ TR A It's a technique of mapping Pleistccena terraces

.7 - on the wide Ano Nuevo Platform by which they magped the back
adges of the tervaces, that is, -the old beach lines represented

by the breaks in the terraces and, using the age information,

e
b
11

the age of the terraces which gives them control on the age

of these beach lines, they mapped the beach linez and observed
whether or not there is any offset of these beach lines alcoug
the texrace.

So in effect if there is offecet, if they do ob-

N
o
warrivwn” ruea

sarve offset of these heach lines, of these bkack edges ailong
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"mum, approximately a half centimeter a year to approximately

mentioned much earlier in this proceeding,
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fault zones, these back edges esse;tially become piercing
poinits, they become lines that are offset by a fault.

They determinedthese offsets to their range of
error, and also did a gfeat deal of seismic refraction work,
trying to determine whether or not those lines they inferrad
were fault zcnes, were in fact faults, could they independentliy
map these faults, |

Q and what's the information regarding the rate of
slip they were able toiderive from this?

A The information is an accumulated slip over the
fault segments which they mapped constrained by the ages of
the terraces which they report as 100,000 years and 200,000
vears offset by the fault. So essentially it's constrained ,
by those ages, . .

And they revort a general range, minimum tc maxi-

one and a half centimeters a year,

Q MNow there was also some discussion between you
and Mr. Norton raegarding a triangulation, mention of a tri-

angulation in the Coppersmith and Griggs article that was

Are you familiar with tﬁiangulation as a method?
A Yes,
And can you descrite very briefly what that is?

A Well, it®s a method of suxrveying points as

et m
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&
w
va

éccurately as one can relative to other points, tying the

whole network into some baseline, One dozs that at: some given

W NP DEEA P APA Yo e B AP

3§ £ime, surveys, triahgulates as many points back on each other

1|, as you can, and then you go back some time in the future,

. o {f‘«)'. L
. " L
(34

retriangulate all those points to detzrmine whether those

e

péints have exactly the same position relative o one another

L2

9 & or have they mcved zelative to one another.

[4
) Q Now uurlng the course of the cross-examination

Ta W » pmrewn

3 F ¥Mr. Norton and you did some calculations together where you
1) i multiplied 1.6 times 16, the pericd of {he triangulaticn that

was mentioned in the Coppersmith and Gfiggs axticle, and then

-l
- a

PR ;- Norton asked yvou some questions about tﬁaﬁa

13 MR, NORTCN: May I have the question zead back,
» 13 . or t.he statement? I guess ve don’z huve a question y=2%t. May
I have Mf. Fleiscﬁéker’s atatement read hack?

Caa } : (Whereupon, the Reporter xead from the record

~w

as requested,) . ‘

131 MR, FLEISCHAKER: Page 6344 of tha transeri pPto

BY MR, FLEISCHAKER:

, i
- 13 |,
27,; Q Question: Well, all right, what would you get in
A1
o : 16 ‘years at 1,6 centimeters per year?
- b
2?:¥ : MR, NORTON: I’m not objecting. I just wanted %o
o, | hear it back. I didn't catch it all. That’s all.
i ar : MR, FLEISCHAKER: Okay.

” ' BY MR. FLEISCHARER:
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‘Q Let me set the foundation here.
"ANSWER: 16 times 1.6 centimeters.
"QUESTION: What distance is that?
*ANSWER: 25 centimeters,”
Dr., Silver, do you have an opinion as to whether

the triangqulation methodology that we have been discussing

" here would xeveal, would necessarily reveal movement or

necessarily reveal the calculated 1.6 centimeters annual slip
that has been discussed in Weber and Lajoie?

A {(Witness Silver) Well, X don't have a personal
opinion. Coppersmith and Griggs indicate in their paper that
the uncertainty is very large. They do not express, howaver,
quantitatively that uncerxtainty.

The fact that they are only using =~ they state

they®*re only using a retrianguiation of three points would

"also indicate probably low accuracy, but on thefdtﬁen hand

they don't report it so I don’t know what the accuracy is.

Q What kind of information would’one need in oxder

" to make a more definitive determination with respect to the

certainty of the accuracy of the trianculation method?

a Well, the accuracy certainiy improves with many

i more points and many more triangulations, so what ﬁhgy’re

using is a bare minimum, So one could improve by the tri=
angulation method: more points, more triangulation, more

time.
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Q. Do you have any opinion as to the implication
of the f£ailure to note slip, given a trianguiation nethod
established over a fauit?

A Well, there are two interpretaticns that: might

be applied. Number one, provided of ccuxse that the accuracy

is tight enough to resolve that quesiicn, and there is serious |

'quastion in this case, provided the accuracy is éocd enough
then one can say either, numbexz one, during that time period=-
Yell, one can say during that time pericd there was not slip
on the fault,

Now the broadex implicaéions of that are either
(a) that the fault is not moving ox, (b), that the fault
moves by what would be called stick~cslip: that is, it may
move in discrete intervals and cne can®t resolve those.

All one can sav, if the data was gocd enough,'was

during.the interval you’zre looking at, there wag no novement,

. but again this data doesn®% seem to be good enough tc say

elther ocne way or the other,

0 Do you have an opinion as to whether there is

o T .

an?yhere cn the San Gregorio-Hosgri fault zcne éﬁéﬁ one could
‘go“hork like Weber and Lajoie which would help =esolve ques-
tions conzerning the maximum capable cradible eaééhquaka

on the Hosgri?

A Yes. Certainly the Ano luevo arez was quite a

33

far distance away from the Eozgri, from the scuzhern end o

caa e LI Ere i s s e
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3'ihportant paramzater in making that éssessment.
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the fault zone., The area of the San Simeon Platform appears
to allow a comparable study area to the Ano Nuevo one in
which one could apbly the method of Weber and Lajoile, or

might apply the method of Weber and Lajoie.

Q Are thare Lerraces in the San Simeon land azaa?
A Yes,
Q And from those terraces might one-- What kinds

of studies would one do on those terraces in order to arrive
at a figure of annuai rate of sliip, the terraces at San Simeon?

A Well, one might do the same kinds of studies
that Weber and Lajole did, first to establish whether there
is any offset of the terraces and second, by dating them to
try to constrain if there were what might be tha: Late
Pleistocene rate of offset. ' |

Q And how is that information relevani in assigting
us to asgess the maximum credible earthquake capability’of
the Hosgri?

A One of the importani parameters that one needs
in determining earthquake capability of & fault is its Late
Pleistocene sliip and Late Pleistocene rate of offset. It is

certainly not enough by itself but it is certaihly a very

Q Dr, Silver, I would like to direct vour attention
to a' series of questions that were asked +¢o you by Mz, Nerton,

page 6333 of the transcript. Again you don't have the
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transcript, but I’m making the reference for purposes of Counse!

and.therBoaz o
MRS, BOWERS: Wha% page numbeilr again?
MR, FLEISCHAKER: 6333.
BY MR, FLEISCHAKER:.
Q In this set of quastions Mr., Norton used a
'criteri#, "a reasonable degree of geologic certainty.® The
qdéstion that he put to you was this:
¥*Can you state within a reascnable
degrea of geolcgic cértainty as to what the maxie
mum capability cn the Hosgri is?®
éhe answar is:
"o, I can’%t."”
My question is: Why?
A (Witness Silver)’ Becanse I don’t szz that we have
sufficient information on the Hosgri to be reascnably cariain
about such a determination.
Q What does "reasonable degxee of geologic cer-
tainty® mean to you?
A Well, in coference to this question, number cne,
1'd be reasonably certain about maximm capability if there
were an historical record of an earthquake of a given magni-~
tuég. Than X°d be :éésonably certain that thé‘§q$it was
capable of having earthguakes of that magniﬁhQé{~’f

Without that informaticn, I would 1ike docd

. s ~
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6406
information on at least the Late Pleistocene slip. and slip
rate along the faﬁit. T don't see that we have that infor-
mation, and ‘also soms information of mechanical pfoperties

of the fault zone itself, and see that we have that infor=

mation.
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I'm asking hin to list with more specificity the kind of

-raasonable degree of geologic cerktainiv.

6407,

Q ) Cogld you be mora specific and'identﬁﬁy the

kind of informaticn you believae would be nacegsary in order to
say with a reasonable Qegﬁee of geolcgic certainty, 'to
astablish with a reasonable degree of geologic osztainty vwhat
the masimum capabiiity on the Hosgri is?

MR. NORTO&; Objact. Asked and answergd. I
believe that's precisely what he just étatedL

MR, FLEISCHAKER: I’m asking him %o be mora
specific.

IR, NORTON: ¥z, Pleischaker is appawsnily noti
happy ‘with the answer. Rui he's. asked the questicn and he's |
réc;ived the aﬁswer and he's not sentitlied to keep asking it

over.

-

MR, FLETISCHAKER: I°m asking a differesnt question,
information he would need in order to meet this criteria of
HR. NORTON: Mr3. 3owers, that's excetly what he

asked him. And now he's saying tell me mcre. The guasticn

should be: Is there any more. i

MRS, BOWERS: Mr, Stasnberg?
¥MR. STAENBERG: The Staff joinsg the cbisetiorn.

uMRS. BOWERS: fThe objection ig. sustainad,

Vi avar @ 208 v motiem

. Can you xzaphrase?

MR, FLEISCHARER: Ckay.
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BY MR. FLEISCHARER:
Q Let’s move on to the saccnd guestion then.
"Can yon state with a reasonabie
degrea of geologic certainty that the Hosgri
.has nevexy produced an earthguake as large as
6.5 magnitude2”

And lat me ask you, what kind of information would

you neced in ordexr to neet this test cf resasonable degree §

of geologic certalnty in ordexr to dewonstrate tha® the Hosgri
has never produced an earthguaka as large as 6.3 magnitude?
A (Witness Silver) #ell acain, with the absence
of good historical earthquake data, the kind of infcrmation
one would neéd is good information on tge late Pleistocene
8lip rate of *he Hosgzi fgult zone, scme information on the
mechanical preperties of the fauit zone -~ which could be
rather difficult to get.

Also what would be &ifficult o get would be
information on +he magnitude of slip during any given faulth
ebant.

Now of course, to establish maximun magnitudsa
you have +o find maximuﬁ slip, it's very difficult information
to get, but to be ﬁeasonably cartain of a given magnitude,
one would have ¢o -- I would like to- see that Xind of
information.

Q S0 you've listed three things hera. Iet me -~
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- pefore going into thase three, let me ask you with respect o
the last:
"Quastion: Mr. Noxton asked yca,
'Can you staté with a vsascnable degrea off
geologic certainty that the Hosgri will pever
have a 6.5 magnitude eawthguake?”
And youxr answer is: "No."
_ Would you list the ssme thiree kindsof information
thaii;’“i{hu nave just listed?
A Tes.

b Okay, let me ask yon this.

Pirst of all, Plelstocens, information cn mevaemant:

of ¢he Plsistocsne, is +that yvour £irst categozy?

A ¥ss, the lats Plaisfocenc,
Q. What vears are we %Zalkiny akout theza?
AL Por the late Pleisteocene, generally scriething on

the order of -- well, late Pleistoesne is'commﬂnly definad

‘on the basis of younger than 700,000 years. One can get

avidence on terzaces for slip on the basis of ¢he same kind

of technigue that Webex and Lajoie used,’tha hasis of the last

1~ or 200,000 vears.
Obviouély, the younger, the more regently in
" the past you have information the ketter cff ven aze, On .
these terraces vou seem %to ba limiked +o this 310~ eox 200,000

"year data, so I wowld say that would be whefes you would wani
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to concaatrate. If you could get youngexr data, so much the
better.

Q In your study of this agea, {n your discussieas
with othes peoplé, hava you bheen able to -~- have you kescoma

awaza of the existence of information which pemniss you to

make definitiva conclusions ragarding the amount of moverent

in this late Pleistocene pericd?
A No, no & haven't¢.

You'zva zaferring to the Hosgri?

A That'’s correct.
A No, I haven’t.
Q How long have vou been studying the Hosgri?

MR. NORTON: Object. That assumes a fact not

in evidence.,

BY MR. PLEISCHAKER: ;
Q Have you baeen studying the Hosgri?
A (Witness éilvar) Yes.
Q How long?
A Well I first beagan to study the Hosgri in

November, 1972. Thié does not imply continuous study from
1972 %111 the present, but that's when I f£first became awars
of its existence.

Q Have you published articles on the Hozsgzi?

A Yes.

Q Hava you discussed the matier of evidence of

6410
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Pleistocane movemsnt with other sciontists in the community?
A Yes,.
Q Have ycu participated in pzrofessional forums

in vhich the gquestion of evidence of movement oa the Hosgri

has baen discussed?

A Yes, I essentially helped organized tWwo confersncds

on that subject.

Q What twuo confeorshcas were these?

A One was an informal confexcnce hald at Stanioxd
University in 1976 wigh Bill Dickinson and Steve Grzham,
and the second was a symposium of the CGeolcgical Scocieiy of
American held in Sacramento in April, 1977.

Q Now, ¢his 1976 --

MR. NORTON: Excuse me, is this redirec:t? Because
if it is, none of this was brought out on cross-~axamination,
Mys. Bowers.,

MR. FLEISCBAKER: “It sure was. In asking the
question about reasonable degree of c¢esologic ecertainty, Mr.
Norton asked a question about what axe his standaxrds. aad

I'm trying to determine that right ncw, exactly what his

criteria are that he appliad to these guestions. His criteria;

""may be very different frem the ore thai I dpply or the one

that some other scientist applies.
And I think that in undersianding what this

scientist means vhen he answaers the guestion: Do yer have a

.
gl ]
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reasonable degree of geologlc certainty?, you hdve to -- it's

usaful to have inéo the record information zregarding the worxk

that he's done, tﬁe information that is available and which -

he has studied and of which he is aware in reaching that
conclusion.
Otherwvise, the standard, "reasonable degrese of
geologic certainty” is maeaningless, it hasn't been dafined
in the law, it hasn't bsen defined in the common law, it means
one thing for Mr. Norton, it means one thing for Mr. Hamilton,|
it means another thing for this scilentist.
This scientist is on the stand.’ It is his standard
and I deserve -- cross-examination pexmits us %o elicit the ‘
kind ofrinformation th;t pernits us to define the ‘'standard,
"reascnablez degree of geologic certainty.”

MR. NORTON: Pirsg, Mrs. Bowers, I'm glad

which is pretty much vhat it is.

MR. PLEISCHAXBR: I've bean cross-enamining for
80 long I can't¢ zemamber where I am, .

MR. NORTON: But the point being is wﬁat hats
after now is not Dr. Silver's study of the faulk, but the
opinions of others. He's talking about meetings and so on.
Dr. Silver has already tcld us what he thought of the Hosgxzi
and what his opinions are of the Hosgri. And a redirect aow

on this witness as to what others’ cpinicns are is not proper
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redirect. That was not gotten inte 1in crozs-examination at
all.
n Now if Mxr. Pleischaker is simply going to ask
‘him some more questions about his opirions, then I aave no
real objaction. But it was ciear ¢o me, or it seemed ¢to me
that he clearly was going into the cpinions of othars.

MRS. BOWERS: Mr. Staenberg?

MR. STAENBERG: No position.

MR. FLRISCHARER: Can I address that?

I wasn’t-going into the;opinions of cthaerz, I
understand that it's Dr. Sliver who's on the siand.,

What my rediract is direated to is the kinds of

information that have bean awvailable Lo thiz sciengist, his

. participation in this guestion, the studies ia which he has

engaged, the symposia in which he has ‘angaged, that kind of
information I think is relevant in oédqr to vermit the Board
to properly measure this standard, “reasonable degzea of
gaologic cextainty." '

MR. NORTON: If that'’swhat HMr. Fleischaker is
limiting his guastions to, ao cbjestion.

MRS, BOVIERS: ¥Why don't vou proczad, Mr. -

> ' Pleischakez?

-
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BY MR. FLEISCHAKER:

Q = Dr. Silver, the second thing you discussed were

the mechanical properties. Could you define what you mean by

"mechanical propeities"?

A (Witness Silver) Essentially the strength of the
crust, the ability of rocks on either side of the crust to
store strain energy and to release strain energy. Some parts
of faults, because of their geologic propertie;, have vexy
low strength with respect to slippage and store véry little
energy. That is, they move fairly constantly. ‘

Other parts, for one reason or another, arz much
stronger, are able to store much more energy and thereifore,
release much larger earthquakes., I think there is very little
in?ormation available on the San Gregorio-Hosgri,

Q I was going to ask you with which infcrmation are
you familiar on this subject? What studies specifically
are you familiar with on this question of the mechanical
properties of the rocks on the Hosg;i? w

A I'm not aware of any that have been done for the

Hosgri,
Q How would you do such studies?
A For the offshore part of “he Hosgri it would be

very difficult.
MR, NORTON: Excuse me, Mrs, Bowers, I belisve

this is definitely an area of seismology., I don'’t know that

Y
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there is .any foundation laid that this witness has the ex-

RN

|

4 2 pertise to get into this area at ail.
N
N 7 z ” I am also a iittle confusad about the cffshore
(‘\ 5 portion oé the Hosgri. It insinuates there®s an onshore
31 portion, but I guess I interzupied the witness, but I don’t
351 think he has any experéise to get into this,
7 MR, PLEISCHAKER: I asked the question., I°d like
.
p to put the question again, And if this witness feels that
- 3 he doeen’t have the expextise to identify ¢hese kinds of

bW tests, then he would szay that on the reccrd I would expect.

i} MR,NORTON: Weil, Mrs. Bowexs, this witness®

12 opinion of his expertise is not the test as ¢o whather he is

qualified,

'
ol
We
—t

MRS, BOWERS: My, Staenberg?

Arrtmiine _smamw b es- satote

¥R, STAENBERG: The Staf? believes if the witness

S s

can answar the question within his scope of expartise we'd

P

be interested in hearing the answer,

MRS, BOWERS: Well, the Board would 1ike for the

=1
~
P, DV WP
A -

; i5.0 . witness to answer the question.

’
o '

2y WITNESS SILVER: Much of the knowladge of the

ability to store strain enerqgy on a fault such s the San

" .
. —AR W
%

210 Andreas firct of course comes frem stndiss of fault dreep
along the fault zons, from seismic energy releagsd during

*

saxrthquakes along the fault,

! wle T s . .
« - T3 D There have beenw= Im not awars of studies that
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ﬁévé béen done to measure faﬁlt creep along the Hosgriﬂor
the San Gregorio faults. There’s a fairly low level of
recorded seismicity. So I would éay that for this question,
probably the easiast kind of measurement one cculd make is
a study of creep versus non-creep. ’

BY MR, FLEISCHAKER:
Q With respect to the third factor, that is the

magnitude of slip during a specific event, how would one

measure the magnitude of a slip during a givén avent?. HoW is

ghaé determined? -
A (Witness Silver) During a given event?
Q That is related to a particular event. I think

that was the third factor that vou listed,

A Oh, Well, in the absence of earthqguakes in the
abs;nce-- I mean one can measure it during an earthquake
iéself. To go back in the historical zecord, one would have
to £ind evidence in tha sediments of disecrete sglip evenés,
in trenches across the fault and along the fault,

New such studies have been done, say in localized
places along the San Andxreas, but only in the vexrtical piane,

It is actunally very difficult to get that kind of information

" in the horizontal plane. It's not impossible but it’s e~

trenely difficult, -
Q To your knowladge, have such studies been carried

"qn with respect to the Hosgril or the San Simeon or any of the
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faults within the San Gregorio-Hcsgri fault zone?

A To my knowledge ther; has been some trenching
of these faults, but I'm not aware of detalled studles to get
at tﬁat guestion. And certainly not studies in the horizontal
plane.

Q Dr. Silver, can yocu state with a reagsonable degree
of geologic certalnty that the Hoegri has not producad an
éarthquake as large as 7.3 plus magnitude?

A No, I can't.

Q Can you state with a resascnable degiue of certainty

that the Hosgri will never producs a 7,5 plus magniiude

" earthquake?

- e szw £ ~
LR

=t ¥

- -

A - No.
' MR, FLEISCHARKZR: HNc further queations.

MR, NORTON: Mrs. Bowerz, would you like us to do
our recross, the Applicant and the Staff, kefore the Boazd
questions, and have the Board go last, or weuld you prefsw
to go before tha xrecross?

MRS, BOWERS: Well, it do2sn’t matter to us, IE
you prefer, why don't you go ahead?

MR. NORTON: All right. .

RECROSS-EXAMINATION

BY MR, NORTON:

o} Dr. Silver, this morning when we £irst started out

" Mr. Fleischaker asked you, and unfortunately I don®t have the
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- transcript in front of me so I must paraphrase as best I can,

but he asked you if indeed you had reported the conclusions
or the new gravity data, the paper that you had written,

the one we talked about which is owr Exhibit == I believe

it is 31, the papex that we discussed on cross, and that

Mr, Fleischaker discussed with you this moxning,
And you stated that yes, indeed you had told ne
about that in the deposition.

Did you volunteer that information in the deéc-

" sition?
A (Witness Silver) WNo, you asked for it.

Q Did you tell me about the conclusions that you

stated in that papex in the deposition?. |
. A I didn®t talk about the paper in the déposition.

I talked about-- I told you of the existence ¢f£ the paper.

Q . Well, let®s go to the existence o9f the paper,
I believe that’s at page 90 of the deposition, and I believe
if we start at line 3, page 90=-= I'1ll read the question
and you read the answsr, just as it is in the deposition.
All right, Dr. Silvexr?

MR, ?LEISCHAKﬁk: Im going to object to this line
of crogs~examination, I don’t see that it’s relevant, It is
clear that the witness has been through this. The witness
told the attorney, Mr. Norton, of the existence of the papex,

Unless there is some indication heremthat he has beéen
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inconsistent on the stand, I think that it is entirely in-
PR 1 v .

I P S T T ——

; appropriate for us to go throush this line of cross~
examination,

MR, NORTON: WELZ, we won't kncw un=il we go
thrdﬁgh the line of guestioning, Mrs. Bowers, as o whether
‘there ﬁas basn some inconsistency.

MR. PLEISCHAKER: I would also like ﬁéupoint out

"thatrthe witness has a duty onlv to answer the questions that
Mr, Noxrton asked dpring the depositicn. He doesn’t have the
duty to make his case for him.

MR. NORTON: All xight. e

BY MR. NCRTONs

Q Dr. Silver, would you read the aasweys as I Zsad
the quaestions?
MQUESTION: You were talking about
gravity mapping of the State of éaliforniao...“
MR, FLEISCHARER: Could I ask where we:aké?

O MR, NORTON: Page 90, line,

BY MR, NORTON:
Q Are you there, Dr. Silver?
S 3 (Witness Silver) Yes,

Q *QUESTION: You were talking abdut
gravity mapping of the State of Californis.
f£rom off the coast into the state, and I shifik

you said you wezre an authox on a paper and Xve

- s

-
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"ANSWER: No, on a map, & gravity map.”
g Excuse me. You were going to read the answer,
: - BExcuse ne, I'm gorry. Go ahead, and read it.
A "No, on a map, a gravity map.®

Q "QUESTION: Okay.

*You used the term 'author'® though.

o a "Yes,"
- Q "1ell, did .you write anything about
i that?”

A, YYes, but it’s not publiéhed,”

Q “Oh, Okay."

And then we go on, and you aéain say you had
written something,

So you didn?t volunteeyr and I asked vou. Is that

f5 -

17

18-

19

20 |

21

23 |

25

24

‘correct?
A Yes,
it Q All right,

¥

i Now let®s go back tc page 45 of the depcsition.
. . Now at line 22~-~ You kncw, previously you had
been discussing-- You saids
PThogse axe the main things that I jus:
racall offhand on the offshoxe gravity just at this
time,” -

Now the paper we've been talking about, this
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Exhibit 31, that®s onshore data; rxight?

on the extension, the poszible extension of a gravity ancmaly

A No.
Q It%s offshore and onshoze?
A I%%s offshore. I made one comment in the paper

but the title and the whole everything is based on the off-

shoxe,

Q All right,

So let’s move to page 46, line 8~= Well, let‘s

back up all the way to where the objection is,

“I think I’ve answersd the question.
"Well, I'm sorry, vou just said there’s
& wealth of data.”
And you say:
®ANSWER: On the cnshiore.
PQUESTION: Onshoxn, And I want to

know specifically what data you ara xelyin§ cn.

You know, is there a specific piece of data that

you're relying on, I mean like :hat aaromaéﬁeéic
survey you have thexe,.a pieca of gravitz éaéﬁ
that you say Well, this o me shows conclusivelily
Fact X vwhich is integral to my opinion? That's what
Im trying to £ind out.”

Now would you read your answer?

A "Okay. There’s a new UWhpublished and

—~——
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as yet unfinal =~ not in final form gravity map of
the State of California at a scale of one to 75,000
put out by a number of people of which I am co-
author for my contribution, contouring scme of the
offsho?e data. It has just been shown to me in a
new, ccmplete form and I haven®t at this time uti-
lized that map to come up with conclusions. &o
whether T will have a chance to do anyithing between
now and the hearing I don’t know,™
Q Now isn't that in fact the map which you state
your conclusions in in Exhibit 31?2

A My conclusions are basically-- Well, it did use @

of the ridge onto the onshore., The rest of it was offshore.
Q Dr. Silver, isn?t it precisely that map ugon which
you base your statement in PG&E Exhibit 31:
“The gravity data apparently conflict
with the intexpretation of large latsral offset on
the San Gregorio fault."”

MR, FLEISCHARER: I'm going to object to that
question as argumentative. We're not in a criminal trial oz
in a divorce proceeding. This is a proceeding before the
Nuclear Requlatory Commission and I think that under the
circumstances that this Counsel can ask his questions in a

tone which is less argumentative and less accusatory in nakure.
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This is a proceeding whexe we®rxe here to try to
decide something akout a nuclear pcwer plant. We’re looking
at evidence. We’re trying ¢o do it in an analytical way.

And to listen to Mz. Norton, you'd think we had a criminal

" trial going on here, so I object to the line of questioniryg

because I think it is argumentative.

MR, NORTON: I have never tried a criminzil case

" "in my 1ife so I don’t know how I°m supposed to act in a crimi-

T’ nal trial, I°n not trying to treat this in a criminal fashion

at all. I°m tzying ¢o £ind ocut what the witness nas said
that he did not state, did not draw any conclusibné‘in his
deposition. We just read that,

Now I'm asking hin if this sentence that I just

" read from that pubiication isn°% indeed a conclusion from

v et ems Thamy ass s way va -

- —o——

thq gravity data from which he told me in his“depositiona

undexr oath, that he hadn’t drawn any conclusions,

MR, FLEISCHAKER: Z hawve no objecticn 4o the
qdéstion i€ it is gsked in a manner which isn®% accusatory
in tone. Scientist? aren't brought to this proczeding to have
fingers pointed at them and waved at them.

| So if Mr. Noxton =-

MR, NORTON: I haven't wavaed my f£inger at anyone,
M{. Fleischaker.

MR, FLEISCHAKER: Verbally yocu héveo

- {Laughter.)

bee
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MR. NORTON: Well, it was a verbal fingex.
{(Laughter,)

\

We'll let the objection stand and I°11 withdraw
the question., I think the question contains the answer.

MR, STAENBERG: May w2 clear up cne thing for the
record?

I believe the witness stated in reading out line
21 of page 46 a scale of one to 75,000, I bellieve the depo—

sition reads 750,000,







ae e Fiv) -

wr

P
2}
.

v

17|

13
19"
29
21

22:

e e n

- . * .
o emmammaerm @ e avmenn e £ W a

) ¢
[P ——

6425
BY MRho MORTON:
Q Now, Dr. Silver, I would like o nove rapidiy
on to another axea,

Hava you studied, the %Horraces al San Simeon?

A (Witnass Silvar) No, L havant®.
Q Have you raviewed Dr., Hail's detailad mapping

of ¢hose texraces?
A I'va seen hiz maps, buk I haven®t ‘raviswed it.
Q- Okay.
Hava you ravieweq the FSAR data oz tha San Simsoy

area tha® was submitted in this procsedlng?

A Not in detail, T
Q Have you raviewed the ENVICOM data iZ the

‘'San- Simeon araa? .

A NOo
Q Hava you raviswed the Tugro data?
A I'vg seen the repoxrt and I’ve sean a'little bit

of the data, but not ail of it.

Q And vhen wao were talking about changing youx

B attachment, would you also address the Fugze da¥s as

respacts the 1927 esarthquake? T

A Well, I'd like %o sece == I'd like £2 havs a
chanca %0 loock a%z tha Fugro data.
Q You have no rsason at this tims go éisagxae

AT

with tha comnclusions in tha=- repor, do you?
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A I have no reason to form an opinion of that
report.

MR, FPLEISCHAKER: ExXcuse na.

For clarification, wa'va had four documents
mentionad with respact to possible studies of the San Simeon
terracas, Terraces on the San Simeon, Hall, FSAR and Fugzo,
and ENVICOM, or somsthing like that.

- Could you give us a2 more completa citation to
that?

MR, NORTOMN: I'm sorry. Are you cross—examining
me now?

MR, FLEISCHAXER: Yes, you’re questionizg this
witness as o what -- for purposes of clarificat@bn of the
record, you mentioned four studies. I don't knoWw whaether
this ENVICOM is & hypothetical study or what it is, and I
think the record ought to reflect what study you're talking
about.,

MR, NORTON: Mrs., Bowars, I'm not undexr crosse—
exaninazion at all. ZI'm not going to answer Hr, Flaischekex'’s
questions,

I don’t understand. Is this an okjection? What
are wa doing here?

MRS, BOWERS: Well, let’s chack with the witress,

The names of sgveral repcexts or data were given

to you, and you were asked how familiar you wers. Did you
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undarstand the ideatification of each one"of‘tbos§?

WITNESS SILVER: No, | -

MR, MORTOI: well; Mxs, Bowars, I first askad
him if he had studied San Sim=or and ha said rv., The next
was Hall’s detalled map, ard he said ha was awaze of it but
hadn't studied it. He said he'd sem i% but hadn’t studisd
it in dateil.

I asked him about the material in the FSAR,
which is 4in e§idence in this caza., He sald he had briefly

looked at it but hadn?t studied it. Then I askad him about

" the. ENVICCHM, B=N=V-I=C-0=M, data, and he said no, he had not

reviewed it,

To halp Mr. Fleischaker ouk,; I will read imn the
ciﬁétion vhich is in evidence iz thiz case in ithe direct
tagtimony of Dr, Jahns and Dr. Hamilton. And if'&bu’ll
look under E in the refaersnce you'll .£ind it ° ~

Mrs, Bowers, I don't undsrstand the natuxa of

- those kinds of interruptions. Thexe was no okjection ox
”dnything elsa, just a speech from My, Flaischakez that was

. not: founded in any legai manner in any ﬁayg'

MRS, BOWERS: Well, I think we've ascertained
that the witness undexstood éha docunents or thé”iéports
that were being referred ¢o.

WI'.".’I‘HSSS SILVER: Yes.

MRS, 'BOWERS: So why dox't you prcceed.

LA
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If i% was a formal objection, it's o#é;rulado
BY MR, NORTON:
Q I'd like €0 go briefly %“o tha map that you
referred to.
Did MeCulloch tell you all the data thalt they
had avail#ble +o tham, Did he sit down and give you a list

of all the data that USGS had availabla #o0 it in the area of

that map?
A (Witness Silver) No.
Q All right,
Did Mx, Waéner do that?
A NO.
Q Did thay tsli you specifically that that map

included ali of the data thay had available to them?

A No.

Q Did they tall you, for exampla, whethexr thay had
proprietary data availabie to them?

A Yes. |

Did thay tell you they didz

A Yasg,o
Q Did thay tsll you thay usad it in that nap?
- A fes,
Q Did thaey tall yoﬁiwhich pxoPriatarykdata thay
uged?
a Yes, they did.

\
Mt s - = ar - rrmen w s srie o e me= -
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mpb3s 1 Q Did they tsll yocu which proprictary data thaey
2 did not usa? '
2 A No, *hay did mo%,
C 4 Q All zight.
) g ‘ | Did thay &3l vou, foxr  exampla, that they
8" ' used all of tha pzopristary data thay had availebic to them?
. i?} . A Net in “hoss words, no.
g ?; Q Did thaey tell you what propriafary ddta thai{
. 9:“". had available ko them, aach and svery piece?
10"2" A Not zach aad avery piaca, 10, Y
i1} Q Wsll, you kaow, what I'm trying to get at is

12 howr- do you know thay told you zll of the proprictary data

13' they'ha;}d? How do you kacw thay told you akout a.Ii" of iw?
14 ‘ A Thay +old me about data sz2i&s they ha.é.o ‘
15"“: Q- Yas, but how do you know == R
i _'_!F;‘ AL But I can’'t say == they did nct i.?.aa‘::..ﬁy avary
17 ‘ - pieca. |
fé;T:f ) - Q So .yox; don’t kncw, really, whsthez "tﬁay used
& 19".‘:" aJ..I of tﬁa propriatary data they had availaﬁxé"tﬁ"%hhem or not?
207 l- a That’s correct.
2‘* Q And thexeforo you don?t know vwhether thay used

-
)
are W T wm

z2 all .the daka thoy had available Lo them, i3 %thet cozract?

_ 23 A That®s cozxract, I can’t say for certain.
24.:g Q Seismic reflection data or otherwiza?

»

o5 .h ¥: ¥es, that's right.

g

feen rme e e s - Reke a8 o wa s P T - -

e






; ‘ 6430

mpb6 1'f MR, NORTON: Wa have no further zecross,

[

MRS, BOWERS: Mr., Staanbexg?

3. MR, §TAENBERG: May wa have just a.mbmént,
e pleasa?

3 . MRS, BOWERS: Yes.

5! (Pausa,) {

il MR, STAEBNBERG: Mrs., Bowaers, Staff has no crosse

3| examination of this witnass.

51 - MRS, BOWERS: Wa'll go ahead with Our questions
io |. now, then. ’
TR » MR. NORTON: Mrs, Bcwers, may wa haVve a banch
12’" conferenca for a momant, élaasa?
'!3.- : C e MRS, BOWERS:s All right.

‘14'3‘ (Wheraupon, a bench conferanca wés dad,) .
15'% MRS, BOWERS: We're going to take a ten minute
5., Tecess at this tima, ’f:“
17$§ {Racess.) e

'183§ MRS, BOWERS: Wa’d like to procead.’
1&:? During the bench confersnca just p?ibr to thae
zbfg rq?css, the parties ware considsring the extedg‘df tha further
arzg examination of these witnesses, and also the possibility of
22:% Mr, Bettinger going on and the cross and questiong fo: hinm,
23j;" And it appears from their positions and the Boazd
24t§ that we probably will complata by 1:00 or 1330 or somathing

- like that. So we won't take a normal luncheon break at 12:00;

-
A Seas  as
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we®ll just keep going.

Are we corract that it’s now tine for Board

questions?
ﬁag MORTON: X beliove 80, Mzs, Bowars,
EZAMINATION BY THE =0ARD
BY DR. MARTIN: ‘ !
- Q My quaesticns are tutozial in néﬁuxa. Thase two

membears of tha Board are glad for #he opporiuaily o learn
morae about geclogy and salsmolicay, but we want o gst oux
principles straight if we can.

I beliava you and other wiftiresses havae indicated

wndezwacar faulks aad two gaQeral kinds <£ data tha®s couwld
be collectsd are the varicus kinds of seismic raflactlon data
and aercmagnatic data which could be collacted frocm usder-
water or land locations, eitiher one. -

I recell some statement of youws that suggastad
or made me think perhaps that nona of thess data ngwell,
lat ma backup: that the seismic reflectioca can provide evi-
dance of vertical movemant of an uﬁdaxwater‘fault:

A (Witness Silvar) Can provida, ves.
Q And wé saw illustracions that showed us what
such d%ta lookad lika.

The data of thot gort of any other sori Zhalt

gaophysicists collaci concerzing undarwader fauliss iadicana
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' would have to be vary fortunata. Ona would have ‘to see vary

. . you wara sure you werse maitching.

. thing, I think ore 0f the principal problams iz %hat in seismi
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movement along such a fault in ths horizontal direction and
later strike fault?

A It would not ba impossible to do that. But one
fortunata relationships on either side of the.fauit that

If there wara very disiinctive macmetic  pattexn
all -the way along the fauldt or very distinctive packages of
seismic reflectors. EHowever, itl's extremely difficult to do
that., 1It's rarely if ever =- g

Q Indicaticns cof slip in the horizemial diraction

would be mora or less foxztuitous f£rom that kiud of data?

Y

A Very harxd to gat, yas.
Q Not impossible, but «= -
.A No, I certainly would never usa that word.
Q == but having a low probability. ‘ '
A Yag, |
Q I sea., v
¥:\

(Witness Graham) Dr, Martin, if I can add some-

profiles in particular you're lookirg at vartical slices, so
it*s sasy £o sense things that ara happeaing vertically, but
not so easy to sense things that are happening ia a hecrizontal
plane.,

Q I appraciate that. You can sme a cliff,.

LY
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A Exactly.
Q In ¢he other thing youv have o magch up tbings
on tha twn sides that are obvicusly similaxr but out of places
A - Right.
Q Now my naxt question is mozxrs o thd"éoint:
Aze tharé any data thak you knew of concaraing
- +he Hosgri fault which are clear indications of{ﬁgvnmant ia

e .

tha horizontal plane?

A (Witness Silver) Offshors data of that scxt?
Q Yas. |

A No.

Q Tgank_you.

BY MR. BRIGHT:
Q I was glad to saee Dr, Graham got 40 say sometting
{Laughter.)

But my question is directed to ﬁra"silverz

I assumas that you ramamnber the way this particula
sassion started off, with the mova to strike Secticn 3.3 of
your direct tastimony, Dr. Silver,.

A (Witnezs Silver) Yas.

Q The problem there was onc of expaertise, I under-
stand, and qualifications foz dabbling in this particnlar araa
And we paralegals -~ (Laughtar.) == scumatimes have a problem
in detemining just what comstitutes an “expert™, |

Now my backgroumd is reactoxr physics and

®

- 4
-~ - P STEL . . o Fe “ - .



,(1



ot spira 1t

6434

J L ]
-t wrmem

mpbl2 1 i engineering, 30 1 have abéolutely ac basis to determize

L]

whether you ars truly an exper: in this araa on the basis

(£}

of what you studied when you went to schicol bacause I don’t

3

aknow what you gtudiad when you wanit %o school, '

Bui we do havs goma things in commea, aand that

Wi

()

is we use analyses and wa make calculaticres and whatevar,

1

and this is fairly standard throughomnt the techrnical  commun-

< 3{- 1itye.

. o : - So I guass my question raally be:a:c's ‘s and I
13 said make ¢ha cbsarvaticn thak 3,3 is in #he zacexrd., It
" will stay in ¢the record and nothing that you or I say kexa

>

iz fL will have anything to do with that. You ssy you used tha

. 12 | method that Dr. Smith propounded in his answer ©o‘a quesiion
proposed o him by the ¥NRC, And you :‘.d-.m’:ificd é:.nat as

5.180 W " NRC questicn 2,17, and that was bx:oughﬁ into evidenca, k3

.an -
aeemyn B D W eR W smee

5 thinlc, ag Joind Iatervenors' Bxhibit nunber 44. -

= Jdre

.
o b . .yl

7 3 ) "ow what I want to ask you is: o “
sil 7 Are you familiax with == avidantly 'You are
s os'l" Zamiliar with this answer to the NRC. d ’
v . 0‘: " A Yes. I hava a copy somaplaca hares
) YERE ** .@' ' Now, first, it says that Bruns doos: %m nagrati

”\

" the seismic moment promotion azd he propounds’ s fam&;&a

3 to datermine this, and then thers axa a number of assumpticns :

2it*  which' I made in oxdex to arriva at that formula,

255;',’..' . ) And my quastion is:
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Bave you looked at thase assumptions critically?
That is, hava you applied your expariisa to datarmine whather
in your mind they are reasonable and can be depended upen?
A Lat's scas
In viewing the assunptions I guess I would agreas
cartainly with Smith’s assertica that cartainly as ha has
applied iz, tﬁey ara conservative.
ﬁut I haven!t gone through in.a critical way
to say Was he perhaps incorrsct in moking soma of his assump-
*ions in comiag up with that formulation.
Q Well, another quastion =~

A If I could axpand onca more, essentially to

'save time becausa this was given ©o me rathor late and

. shortly baforxa the tastimony. 8o I coantacted Dz, Bruna,

talkedmto him about that, and 80 I == and so iﬁﬁ:dénling

with his assumptions, X did rely oa his opinion £or whethsx

" or ‘not this could ba used and to what dagras.

So I have not myself gone through éqd criticaily
challenged tha assumptions that Dr. Smith made. '™
T Q Then I guess I car shori~circuit a 18t of
chatter hers. i
' Would you agrae, then, that if‘ddbfﬁ&cepts
what Dr, Smith has precpoundad, would almosi aﬁg@éﬁ in the
technical commupsity with a Qorking kacwladge of“hdew to solve

equations and this soxt of thipg, be ablae to do"this

we Wt wa

..... " . — s aie W E Y s 3 et — A Fr e mem S P EE ped wemdm o =
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wpbiZy | | pz}rif:iculnr calculation? 3
z E A Oh, y@s. Oh, suxa.
T~ : .
L ‘?:i ‘ Q . Fine. Thank you.
—~ A’ g BY DR. MARTINS
| 5l . Q I have a little tuouble discoveriag which
S';’i formulation to usa in lighit of, you kuowu, what"'z%féaid in
7 "f " thase fow paragraphs in Secticn 3,3 of your writish teosii-
' a. "l mony. |
‘ N You say that using this formula, e Appiicant
29 '  zaplied to NRC Quastion 2,17, and so forth., and I have
11 ' Joint Interverozs® Exhibit 44, which secms o bg’:what you
12 have refevencs to.
;3™ o That®s the f.c‘)xmulation teat you hove referonce

14" to im your testimony?

(8 24

A (Witness Silvexr) Yes,

That is ths answer o Quasticn 2,177

-t
o)

170 . Q Yas, o
33 ” ‘A _ Yes.
~ 19:-1- I could %ell you which equaticns I used,
2) T Q Would you do that, pleasze? e
21 | ‘A Yes.
22'%" I don't have it in frop% of me, ' Eud thaze are

\_, 53 two equaticns. COne is the standarxrd sguation for deturmining

24.'_-3 seigsmic momant. That’s calculatad by multiplyiag a valua

‘ 0 25 . ©of == aeggentially assumad, but genarally an asgsumed value of
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crustal rigidity times a value for seismic slip timas an
araa. So thosa three values, the value of rigidity Zhat is
standardly assumed, in absance of any other independent data
18 3 x 101l dynes par squara cantimedax,

Q That’s the number you used?

A Yas.

Q 3 x 301 dvnes per centimeter?

' A Yas., That was given to ma by Smith and also
told to me verbally by Brune., That's the standazd number
ha usas in his publishedeces

Then tha other two tarms ara the unknowas in
the aquaticn. BEssentially if ona insaezts low valuss foxr slip ;
area, low values for seismic slip, seismic moment wiil come
out small. If one puts in high values, it will come ocut aigh.
And that basiczlly goverans tha sacond equation where Smith
datarmined estimated magnitude by an aquation which was the
log of .33 times the seismic momant mipus 17 divided by 1.33.

He went into a aumber of assumptions of how ha
detarm;ﬁéd these constants =-- a discussion, I'm sorry, about
how he daterminaed thesa constants.

I don't have this diracily in front of ma, I’m
racalling this from mamoxy,

Q Than in your testimony vou list inpue vaiuaes,
A Yeas, "

Q You've got an input valus for fauli lemgth, I

.
1)
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appraciace tha%., But the area would ks leagth ﬁimgs width
or depth, wouldn't it?
A Oh, yes, ‘
Q And .I doa’t see in your tssiimony whald value
you havg, we '
A That was ny oversiaht, I assumed a dspth of

15 -kilomatars.

Q 15 kilomatars.
A Yes,
Q Yhera dons tha duraition of 2040 ydéﬁs Fersus

10,000 yeaxs come into the calculation?
Al That was simply arbitrazy on my pari., I agresd
with Dx, Smith chat Zhis w7as a vezy consarvativg meothod,
espaci#lly over a pericd of 10,500 years. Assumiig that --
' even 1000 iz somawhat conservaiiva, ‘Assuming l?égbo YRaArs,
thﬁé‘aasumas that soma &ime in that zims paxiégéjér 1900,
that soma ¢ima in that tims period tﬁera has ﬁaﬁﬁibne eaxthe

¥ > .
i J5
a

quaka of this maximum magnitude.

And now wa’rs asitiag about a gmcoaé?éaxthquakao
So tha calculations essantially say, Ltaik abcdt’@ﬁe nagniiuds §
of o earthquakas in that time paricd, ad g
. So my faaliing was Lo usa 1000 yed&ﬁzj'mhat would g
agsuma two eaxthquakas in 1000 years, the second ¢ha uob §

having yet occurxad. That is the hypothelical sifectasd sarghe

quaka. That would be a less conservative valud. 'But the
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1000 §aars wag just arbitrary on my part.
Q Okay.
And this duration, whara does this Quration,.
this timg, eptar into Dr, Smith's fozmulaticn?
a Well, the tims would govera thoe value of the

slip one would use, That is, I used the nwiber, *he mazimum

‘aumbexr of Waﬁer and Lajoia of 1.6 centimatq%s per y=ar. Aand

that was based on the portharn end-~or the central part of
the San Gregorio fault. The amount of glip ~= I used this
bacausze I had no other basis on which to pick a number,
With the slip rate, <he amount of a%ip that
would occur would depand on the tima interval cné chosea.
So with iC00 years th;s gavs, say, 1€ nstars,
This weuld giva a valua of 15 matars, and I pui that into the
uppar aequation,
So that would govara a vaiue of siip ‘since that
was using a 3lip rata,
Q All right,

So tha duration was used to estimate the amouat

of slip.
A Yas, that's right.
Q And {it's tha amount of 3lip that goas into tha

equation for momant.
A That's corract,.

Q okaye.







0 2D agbl

g

)

Co

dw

T e

.t
R Y1)

. A

- ——

sa s e e

amre o

6440

And vhat is the function thait relates moment
and magnitude? Is it simply proportional?

P Ie's rolated ~~ it's in a log relationship. The
sacond ona that he used gives the log 0f the ccnstént times
the seismic moment minus a constant, in this case 17
divided by a constant, so it's a lcgaxithmie relationship.

Q@ Isita constant? “

% mean, 8O many gynes/cm. equals éﬁcﬁ'bnd auch
nagnitude?

A No.

Well, assuming -~ yes, assuminq all these other -

values constant, which he hag =~

Q I asked only for the roclationship between magnitude

and moment.

A Yes, that's correct.
Q -~ for a given mcment, what is the magnitude?
A Yes, and that would ke the only variahle in that-

equation, the moment would bs the only variable, So kncwing
the moment, then one can diractly calculate the magnifude.:
Q You just multiply the momenz by a ceastant.
And I'm asking you, what is the'conétant?
A  Well it's the lcg of a coastant times the moment

go -- of the log im this case of 0.33 times the moment,

‘minus 17, and that gquantity divided by 1.33.

I'm doing this from memoxry.

-

- v artm oo

-
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-

Q Okay. Now I'm with yon. Thanks.

Your input is 400 kilomeﬁers, which is different
from Applicant's, is that correct?

A Yes, and that would be certainly a maximum
relationship as would the seismic slip, the 1.6 ceniimeters
a year would be a maximum number proposed for that. But it's
simply very easy to tabulate the rasults of using this eguatio:
to a variety of inputs.

Q Thank you very much.

MRS. BOWERS: fThe Board has no furiher questions
at this timae.

Mr. Fleischakex, did the Board's quastions raise
gquastions on the part of the parties?

MR, FLEISCHAKZR: May I have one moment?

{Pausa.} |

MRS. BOWERS: We'd like to interxrupt your
consultation for a minute, Dr. Martin has fuzrth2r questions.

BYZ DR. MARTIN:

Q Yes, I was using Mr. Bright's copy »f your
testimony and I found mine_;nd I found I had marked anothar --
one nore question on it.

One of your inputs, a critical one, in determining
or in estimating the 16 meters in 1000 veaxs of slip is
Weber and Lajole'a revised estimate of a mean slip of 1.6

centimeters per yeaxr.
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i ' : .
ﬂ agb3 X A (Witness Silvar) Yes, that'’s cozrect.
Er 3 R
(“\ Q Now did they make their estimate for the San
./' )
Gregorio=Eosgyri fault -- in other wovds, d4did they zecognluze
-~ + . .
'2 ‘the existance of this being a connected fault in arriving at ;
‘3 i . i "
't their 1.5 estimate?
- | .
3
% A No, they didn'%&. That's my own iuzfersnce. Theirsi
7.1 :
~ """ only appliss to the northexn part, to the San Gzegorio, three
. . .
#E'" styrands along there. In fact, more technically, ouly to “the 5
- 3 ! LY
! small area of Ano Nuevo,
N ' 7
‘ Q I see, it applies to a small portion of the San
i,
’ Gregorio?
121 !
A That's correct.
13
" Q And you used it to apply it %o the Zull 400 "+ -
: 14
i kilometers?
5 |
7 A That's correct. Unfortunately, X had no other
15,
v pumbers.
17 4
. Q X see., Okay.
13..
(I ¥hen an earthquake occurs, does a fault slip
\N '\
‘ mh
- i along its entire length? 5
Z9 p
h f‘ A Generally no. i
{ t
. 21.. . i
?'.i Q So would you say that you are sort of reaching {
%T hera to extend it over 400 kilometere? 1
s %%A A Yes, that would ba an absoluta nmaskinunm. ?
B n}; 0 Now I've run ouz of quesntions, 3o I'm finished. %
v ' . " amm - '
{'I. 5 ; !
25 3 Thank you. Lo
\ P
it i
\ ;
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MRS, BOWERS: Mr. Fleischakez?
MR. FLEISCHAKER: I have aco further questions,

MRS, BOWERS: My, Norton?

MR, NCRTON: I think the’'sStaff goes next. We getA

the last bite.
MRS, BCWERS: Mr., Stasnbazg?
MR. STAENBERG: The Staff has no guesticns. :
MR. NORTON: I have. cne guestion that was raised
by'Dr. Martin's questions and Dx. Bright’s guestions.
CROSS—-EZAMINATION CNM BCARD QUESTIONS
BY MR, NORTON:

Q Dr. Silvér, do you know that, in deriving hnis
formula, whékhe: Dz. Smith was locking at fault length ox
fault zone length? _

a (Witness Silver) In talking about -~

Q Excuse me, could you anzwer ¢hat yes oxr no, deo
you know, and then you 2san explain, but my question is do

you know?

MR, FLEISCHAKER: I'm going to object on the hasis

" that we have yet «o establish as between this quastion --

in the context of this gquestion or between %hiz witnass zhat
they have arrive& at a definition of fault lenag%h versus
fault zone length; Thare’s been a lot of estimony in

this proceeding and we hava several defig}tions.

MR. NORTON: Fine.

LYY
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*" the little faults that may be aloag ¢hat -- it's two &o three

PN R T —

Xilometers wide, I believe you said. 2And in the case of the -

" San Gregoxrio, it may be divectly connected -~ the San Gregorio-

‘fault zone would imply a continucue crustal braak but not

. I say a fault and you know what I’m talking about when I say

6444

BY MR. NCRTON:

Q You and I have gone over this-in the depoaition,

Dr. Silver, and I think we’'re very clear in my understanding.:
]
Tell me if I'm wyong in my understaading of #he difference g
i
hatween fault and £fault zone, as used by you. §

Faule is one distinct fault. Fault zone are ali

Hosgri fault zone, it may, be directly connected or it may not,
but it goes along the sama general conzse and thsra's a lot
of diffarent integral faulis that are interrelated.

oow

A (¥itness Silver) That's almoét right. That is,

necassarily a discretely mapped byeak alon§ the goound.
If I could get to your =-- First of a2ll --
Q No, excuse me, I'd like to-'go back tq my question.
MR. FLEISCHAKER: We have yet td esablish the
difference between féult ggg_gg and fault zonsa. :i'thing
there may be some misunderstanding.
BY MR. NORTON:

Q Dr. Silver, you kaow what I’m talking abou: when

a fault zone, doayou not?

A (Witness Siiver) I .think yes, ian g¢onexal.

vt

L e
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Q ‘ e went throuch this in the deposition at rather
graat length, didn’t wa, and you defined them for us, dicd }ou
not?

A ¥Yes, I gave my impression of what thay wers,

Q Dr. Silver, that’s t¢he definiticn I'm using in
my questions, all right?

MR. PLEISCHAKER: ZI'd like to have a cite to the
deposition where that's been defined.

MR. NORTON: Is that an objaction or a raguest?

MRS. BOWERS: Will it shorien this just to simply
have the witness define them now?

MR. FLEISCHAKER: I think so.

MR. NORTON: I think he just did, hut he can do
i¢ again.

MRS. BOWERS: Well he agreed with ycur definition,
with minor exceptions. |

‘ MR. PLEISCHARRR: I agree it would shortsn it
20 have him give hisz definition of these two terms that we're'
using in this question.

MR. NORTON: I found it in the degozition, Dr.
Silver, believe it or not, I cpened the bock and there it was.

MRS. BOWERS T can’t bhelieve iz.

1Y mcsalndaman

BY MR. NORTON:

Q Page 82, Line 19:
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i tinc tions, and that’s not the point of my questiocd, L'm not
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“Ouestion: Again will you define

fault zone and fanle?

"Answer: PFault zone zefars o a
break in the crust, an offges of tha crusts
along which alip occurs., A éauit sone may heve,
of¢en does have, a f£inite wideh.

®Within a fanlt some at any sne

-
-

dve .
© time, .a dlscrete break will cccur on a faulk. Vet

So a faul: would bz dafined au apdisqyaée e T
braak %ithin a favit gone, .
v "New one could imagiza a fault and.

a fault zone baing 4he same thiig whera the

faule zoze had almost Sero width, very narrow

width. But, in general, fault zones such as
the San 2Andreag, San Gregoriu-Hosgzi have & -
o ‘finite width and within that zone one cen map g
discrets breaks called fauiis.”
Now that's the definition that I'm oparéting
under, Dr. Silver, éﬁ you have any prqblems,with éhaﬁ?r
A (Witness Silver) That's éine.'
Q Okay.

And I believe that's gencrally the same definition:

as given by the previous witnasses, geclogists and seismologists

in these hezrings. I doa's believe there iz any great dis-

h——— -

s hem A A

.
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trying to trick you in that sense. 2All right?

[ €%)

Now my question is, are you aware of whether

W

Dr. Smith, when he did this, was talking about faults or

FEN

fault zones? Yes or no.

? A Well Im not aware -- No, I'm not awvare cf exactly:
. what Dr. Smith did, but I am aware ofvthis derivétion of thne
-i" moment relationship. I should say nc. Tt i
® Q Now Dr. Smith was indeed analyzing Faults as
g; opposed to fault zones. Then what you did woulid have no
0 | meaning, isn't that correct, in relationship tc what he did?
Fi MR. PLEISCHAKER: I object, that’s a hypothetical,
i% I don't think there's a basis in the record vet.
¥, MR. NORTON: WEll Dr. Smith's paper is in the recoxd
i% and I certainly believe thare is a basis for the guestion,
5% 'it's not a hypothetical, it does not assume then anything .
]? " that isn't in evidence. . ’
7 MR, FLEISCHAKER: Just oue momeat, I'd like to
18 gee that paper.
{9 % MR, NORTON: Joint Intervenors’' Exhibit 44.
2 MR, BREIGHT: Mr. Pleischaker, would you like %o
ZE ? loock at mine? |
2% b MR. FLEISCHARER: I°'Q appreciate that very much, :
2 thank you.
2?' : (Document handed %o Mr. Fleischaker.)
Zi{ MR. PLEISCHARER: Well I'm looking 2t this paper
: ]
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and a3 I recall -~ and .l thizk I rooeil

has applied this equaticn %o -~

MR, NORICiI:

M. Pleischalker’s intespratation of ghis

MR, PLEISCHAKER: I&'s
1'd diract the Beoard's

-

an Gragorio, length 160 o 320 kilor

£anls cof the southern Coagti Range, San Saw

and Riaconada, 80 ¢o 160 :

Now I think i is inceonsis

sistinctlions you're Lyying Lo dxaw

MR, NORTCH:

P

Buecuse me, I don’t wand

apar ~-

an objaecticn-

atanticn to Page 1§ of

q thewe this aguation

-

7as beer applied to firsi-ozder branches,

Calaverag, Hayw

RELANE ;T SAOLN

rant

Iomatars, and ¢hizxd o

and 242, o
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hers *hat ¢hls

May we aava an

d=oweday
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=der f£axd

e
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gbijecticn and

e

gsome of Mr. Floischaker's argumants a3 ¢o whaz this document

3ays.

" MR, FLEISHHRXER:

1ot vet bazn established in the reco

i2nplied only to faulss., I4's

4his document %that he was appl

" 160 to 320 kilomstersz in lenoth,

4R, WORTG: Woll iMrs.

have Mr. FPleischakerfs attention di

Numbex Feour. Ho gald:

»

" The ohisatloen

.
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La ¥

vd that tris
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the geologic information on tofal fault length o

and total slip within a specified time period

to determine the total geismic moment characteristic

;f a particular feult" -~ not f£ault zone or fault
system.

And yet over on the preceding pade, where he’s
talking abouk the area, he's ¢aliing abourt the awea of the
fault system.

New it may wall, indced, be that Mr., Silver is
just wrong amg has not usaed .the xight‘assumptions. He's
taking the measurement of the Hosgri -~ the San Gragorioc-
Hosgrl faulf zone where, -indead, it appears thai Dr., Saith
was using lengths of discrate faulis.

If that’s the case then Dx. Silvexr’s calculations
are worthless, and I have the 2ight o cross-examine Dx.
Silver on wpether or not ha did faulis lengths o fault zones.

MR. FLEISCHAKER: %he issug in.the objeciion
is not whether Dr. Silver is wrong, but ﬁhééhe;ﬁé;, Norton's

interpretation of this document is wrong. And I think the

document ‘on its face quite clearly estabiishes that, with

" . zespect to this particular ealculation, Dr. Smith has mixed

the terms fault and fault zone as they have been defined by
this witness.,
Ze has used hisz calculations hers with respect

to faults or fault zomes in the lsngth of 2160 ¢o 329

s ens Ao watwA

L P A Y K ]
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kilometers and I don': belisve there is any avidence from

"

this witness that deronstrates or supports the assumpiion --

WA B S | AP AS A TSR = Pub i, s

: the conclusion that the Calveras, the Hayward and the San ’
”;" Gregorio are a single break, a single Faulz, in the length of

- 160 ¢o 320 kilcmeters, i :
> So it's zlear from the fazz »f this papexr that f
“ -
" tuis eguation was’ appiiecd to fault zones, az that has just i

B, P
: baen defined hexre today. i .
* ‘MR, NORTON: NMrs3, Sowers, you Xnow, Mz, ?Eei$chmkeé '
"~ and I are not the ones to dacide vwhat the ducama:nt say3. L& %

i says what it 3ays ard it means what Dr. Smith cays L& weasns, g

E seeing as hcow ne’s the authoz, %

: i
B DR. MARTIN: Which document arze we taiking about? ;
RS : MR. NORTO: We'wvs talking about Dr. Smih's g

- I
e Joint Intervenozs Exhibit 44, that's the answer to gquestion ; :
2> from the Staff 2.17. b
i DR. MARTIN: Would you mind readiag &he first b
N
i sentence or two of the second pavagrapae? “u : é ’
\ {
s MR. NORTOM: Whoze are wa?
£ DR. MARTZN: Beginning: "Suzing 15658...7 . a
2 _ MR, NCRTCN: Thaz's Brune introducing the importané
22 concapt of usiné aeismic wmemeant to dsisrmine 3verage Dates é
25‘? of 3iip on majcr faul: zones, thot’s not what wa’lua Salkiag 3
2%%‘5: s . %

- about on the next paga. %
zsy% DR. MARTIN: Selomic monenmt as applies %o zones. g

ki |

*s |

o s e

-
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0agb12 MR. NORTOPS: But that's not what welre tallking
(f\ % about on the next page.
) 2. DR. MARTIN: Seismic mcment i3 used in the rest
! of the formulati&n.
?~ MR. NORTON: But the rest of the forumulation
¢ takes a length, and the question is whether that‘s‘th; length
LY n ! of a fault or the length of a f£ault zona. I don't know.
’ It says fault in the paper. And Z'm trying ¢ f£ind cut
9: whether this: witness knows whether Drx., Smithk meant fawnli or ;
17 i
fault zone, i
r DR., MARTIN: Okay. :
= MR. NORTON: And you know, I don't think we're
0 b +he people to determine what {t means, That's up %o Dr. Smith

and other qualified peopla. But I'm rying o find out if
zhis witness is one of thosa qualified peopla, if he fdoes
indeed know what he meant by length of the faull.

WITNESS SILVER: Can I answer that?

MRS, BOWERS: Just a2 miauta. !

Do you plan to bxing Dxr. Smith back, Mr., Norsoa?
* 1 MR, NORTON: We may brinc him back for rzbuttal,

we may not, we haven't made that decision.

22" '
MRS. BOWERS: Mr, Staeaberg, dces the Staff have
31
% 2 a position in this mattar?
24,
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gmg STAENBERG: The Staff’s position is that I .
4hink we spend #oo nmuch time listening to avgumants onr ¢he
substance betwcen Ccunsal.
The iniwial xeaétian of Sta£f was that the
obﬁacﬁ;on made by Inkervenor was zob wall takea. Thz quastion
whethaer on its meriis could bz answered by the witnass was a !
- gtralghtforwvaxd gquasticn and was not objéctionab;é‘an tha
basis of no foundaticn having been laid. Aad wgfqomld oace
- again leave it to tha witnaess 4o caswer if it céﬁ ba answered,

It saems to me =~ we don’ts want %o'éngage ia
the zame argument con the marits that Counsel for Iatervencr
and épplicant have baesn 80 engagad; Hul 3% seers S0 us that
he witngss i3 capablae of defining the tarms. Ee's bean
invited to define the terms anrd answer it 2long Egoae 1linas,

MRS, BOWERS: Wail, the objectioa is Bvarkuledo

We would like to hearx f?om this witnzse cn this
point as to vhat ha used in his testimony.

BY MR, NORTONS

Q Did vou use fauld langth or faullh zcna lengih?
A {Witnegs Siiver) Okay.

Lak me say how secismic nemand is dazrivad, IR’s
derived on t¢ha basis of the slip thad ocours dvying the ime
of a gingls earthquake. So that thaess wvaluss thad ao iz the
area, the rigidity and the amoun® of siip, wafer €O #he arsa

cf the rupture zore during tha 3lip of the eazihguala, ths

B N
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—a

amoun® of seismic slip, the amount of actual movemant of

the ground that occurs during the eaxthquaka, and ths proper-
tias of the material in the zone,

So when you usa the Zzarainolegy 0% seignmic
moment; you're taliking rigorously about slip eéat‘wculd ogcur |
du:ingga singls movemant, a 3ingle ecarthquaka.

Now in my use of this to arrive at an outside
maximum I had no independont kunowiedge of tha langth of slip
during a given earghquakas So I said ie’s unlikaly ¢hat the
fault would ba == that slip weuld occux albng a graater langih
{
Now that®s obviously ¢tha maximum cage ona can

take for the mapped lengih of the Hosg:i fault zona. So one

will not have during an aearthquake breakaga aleong tha whois
langth and ovar the whole width of twe ox threaggilomatarso
Ona will have braakaga alocang a discrate plaée'fdgfwhatavar
lg#%th that earthquakae occurs,. o

So getting to that, I would say thiahwéuld po¥.
tha maximum length of a hypothetical fault that might oczur,

It'3 not a mapped faults but it would not ba bhzsakace across

the whola fault zona, And in any case, any earzliduake “hat

* v e

would be applicabla %o this would be talking akdig a discrate |

wzas s
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MR, NORTON: WNo Zurther questions,

MRS, EOWERS: We have nothing furthar, no further

questions for these witnesses,

Co you want them excused? .

MR, FLEISCHARER: Yas,

MRS, BOWERS: Any‘objectieq £0 thera baing ex~
cused?

MR, STAENBERG: No objaction.

MR; NORTON: No objeckion.

MRS, BOWERS: The witnesses will Be excvsed then,
énd thank you.

(Vitness panel excused.)

MR. FLEISCHAKER: Mrs, Bowers, I requesdt o be

": emcused. Mr. Kristovich is going to be here for croeg=

aexamination of Mrx, Bettingesr,
MRS. BOWERS: All righi,
MR, FLEISCHARER: Thank you. “
MR. NORTON: The applicant would like to call
Mr, Bettinger to the stand. ‘
Whereupon,

RICHARD V. BETTINGER

was called as a witness on behalf of the Applicant and, having

been f£irst duly sworn, was examined and testified aos f£ollowss

-

- -
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DIRECT EXAMINATION
BY MR, NORTON:
Q ) Mr. Bettinger, do you have in front of you a
Ccopy of your personal qualifications =- professional guali-

fications that were submitted in these hearings?

A Yes, I do.‘

Q Are there any corrections to be made to %Zhose?
A No.

Q Are they a true mad correct copy of your profes-

sional qualifications?
A Yes,
Q All right,
Could you briefly summarize your prefessional
qualifications and experience that lead you o b2 hexe tcday?

A Ive been with Pacific CGas and Eilectric since

in 1947, with a bachelor of science in civil engineering,
ANd since that time I've worked on all types of ‘power plants
for the company, in designing and obsexving the construction
and making certain that the construction was done in accordance
with our drawings.

This included hydro plants, geothermal plants,
steam powey plants, and nuclear power plants. It aiso in-
cluded power design and the design of substations and sube~

station structures.
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That in general I think is my experience.

MR. NORTCNs Mrs. Bowess, we would asi: that the
professiocnal qualifications of Mr, Bettinger be biaced in the
racord as though xead at tals place in the &zanscript,

MRSQ.BOHERSs Thay, like “he othexr3, hays bheen

' admitted into evidence e-
MR, NORTCNg Yes,

MRS, BOWERS: == ag pawxt of Bxhibit 7. So the

professional qualifications of My, Beitinger will be physicallﬁ
' 3

ingeztad in the txanscript as if read,

(The dccument follcocwss)}
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

Docket Nos. 50-«275
50-323

In the Matter of

Applicants Ex. No. 7
(Diablo Canyon Nuclear Power '

Plant, Units No. 1 and 2)

)
)
PACIFIC GAS AND ELECTRIC COMPANY )
)
) December 1978

PROFESSIONAL QUALIFICATIONS
OF WITNESSES FOR
PACIFIC GAS AND ELECTRIC COMPANY

Name: Richard V. Bettinger

Title or Position: .Chief Civil Engineer

Degrees: B.S. in Civil Engineering, University of California

; 1947.

Professional Experience: Employed at PGandE since 1947.
1963 - Supervising Civil Engineer for.Civil-
Structural Design.. :

1971-1978 - Chief Civil Engineer.

Major projects in which he has participated
include Cresta Powerhouse; San Mateo 230 kv Tower
Line Crossing; Pit No. 4 Powerhouse; Units 5, 6 &
7, Pittsburg Power Plant; all of the Geysers Power
Plant Units; Units 3 & 4, Morro Bay Power Plant;
Units, 6 & 7, Contra Costa Power Plant; Unit No. 3,
Potrero Power Plant; Units 6 & 7, Moss Landing

Power Plant; and Units 1 & 2, Diablo Canyon Nuclear
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Power Plant. Mr. Bettinger is chairman of the

American Nuclear Society Committee ANS-2 on site

. evaluation.

A member of the American Society of Civil
Engineers Task Committee on Nuclear Standards, he
served as a member of the joint American Concrete
Iﬁstitute - American Society of Mechanical
Engineers Code Committee which produced Division 2
of Section III of the ASME Code for Concrete for

Nuclear Service.
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MRS, BOCWERS: We have cne quastion. We think we
have seen you paforxa., Did you testify iﬁ the NEPA proceeding
for Unit 2?
THE WITWESS: No, I didn‘t,
MES. BOWERS: Mayvbe it’s another Hollywood siax,
THE WITNESS: A gix)l in India misitock me for Bing
Crosby once.
MR, NORTCH: Wa're starting out on <he wrong foot,
Mr. Bettinger.
{Laughtexr,)
BY MR. NORTON3
Q Mr. Bettinger, do vou have a copy of your testi~
mony thexe in f£ront of yvou, vour prepared testimeny?
A Yes, I do.

0 Do you have any corz=cticns, typaéraphical, o

meake to that?

A Right, There am® a few little omissions here.

On page 3, about line 10, zight after <he nuweral *

3, the woxrd “Detsrmina® should be added.

Q All .’fight.

A On page 4, line 3, zight aftor the word “because,?

" there should be an inzertion of the woxd “of,?

Cn page 11, line 7, toward the end of that line
after the vord "to? tha word “a® should be added. -

And on page 15, the last twe lines, the laat

® e e
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paragraph on lines 12 and 13 should e amended o read:
"The seismic re—-evaluaticn has been
completed in a conscientious and exhaustizraly-

detailed manner,®

Q Well, let's back up on that cne a little bit.
A Do wocu want the woxrds by <~
Q In other words you would strike the last sentence

of the testimony?

A And add the one that I zead.

Q Would you repeat that onz again?
A Strike lines 12 and 13 and in their place insert:

*The seismic re-avaluation has been
completed in a conscientious and exhaustivaziy-
detailed mannex."

Q Well, then, perhaps for the record only line 12
would have to be struck and in its place insext the woxds
“The seigmic re~evaluation has been completed,”

A That's correct,

Q All rlght,

At this tima, Mr., Betiinger, could you biiecfly
summarize your prepared testimony?

A Yes.

My testimony deals with the investigation, studies
and analyses conducted by the cempany and our consuli:ants

concerning the geological and seismological aspecis of Diablo

Cwn
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eb3 1 Canyon.
0 2 : The initial phase of the investigation of the
(v> - geoloéy and gseismology commenced in late 1965, The principal
RN 4% consultants wexe Elmar Mexliave, who is now deceased, and

‘Dro Richard H, Jzhns,

(4]

In seismoloygy we had Dr. Wugo Benioff, who is now !

[+]]

daceased, and Dr. Stewart Smith.

~1

A h
82 ) From an engineering standpolnt we had Dr. dchn A, -
. gf Bluma and Mr. Edward Keith.
10 These cconsultants nave been assisted by others:
, ;1;:‘bro'3ahns by Mr. Douglas Hamilton and hiz staff at Eaxth
12? Sciencos; Dr. Smith by university colﬁeagues. =ough TERA
l 13 ; Corporation; and Dr, Bliuma by the substantial staff of his
) ‘ 14i% own consulting engineezing firm.
-ﬁ;%< In addition, during the Hosgri re~analysis, we
153; ;al{ed upon ANCO Engineexrs, Barthquake Engineeriﬁg:Services,
' 1?§;'éns Nuclear, Harding-Lawson Associates, ¥Wyle Laboratoriss,
,.'33 : Dr, Jack Benjamin, Dr. Bruce Bolt, Dz, Ailin Coxnell, Dr., John
< ,ggz:nysmer, and Dr. H. Bolton Seed.
2@§§ .5 Their task was to determine the magiqgw aaxthouake
*zt%? shaking motibns that can be expected at the site;
'3
. zgiﬁ 2, ZIatablish structuxal declign critexria for
b : éais buiidings and equgément such that‘tgay yill qccommoéate these
i g;;? metions with a margin of safety; and

3. Determine whether the probability'cf surface
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faﬁ%?,rpptu;e through the site was sufficiently remote that
it could be disregarded in the design, |

The 1966 investigations established thaé the site
is in an area of ralatively low seismicity, a conélusion
which remains valid today.
' Because of the absence of seismic activity that

would indicate a neawby significant qffshore‘faulé and the

conservative assumption of a large earthquake anywliere in the

region, including one directly under the site, offshore

f;, exploration did not seem necessary.

The major faults identified at that time by
Dr. Smith as governing the seismicity cf the regionuwere tﬁe
San Andreas Fault 48 miles northeast, the Nacimiento Fault
20 miles northeasé, and the Sant Ynez Fauit 50 miles to the
south, |

For each of the controlling faults, Df, Smith
postulated the most severe earthquake which he bglieved could
occur, In addition to the postulation of very large earth-

quakes on these faults, allowance was also made for the

"Aéoseible occurrence of a large earthquake not associated with

any fault, and this was the assumption of a 6.75 magnitude
fault directly under the site.

Evaluation bélthe information on tha contxolling
earthquakes, together with the distance of the bité from the

faults, the characteristics of the rock at the site, and
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3
i other factors, enabled Dr. Blume tc spscify the corresvponding !
' H
2} Complex pattern of vzbratzons Wha?h conprise the ground motion!
3 at the site, :
4 Although t¢he postulated Zon Andraoas ewvent ~ould
P
5%  be a significant earthgunake, T, Blume fiund that its dige !
- - . . i
5 tance from the site was graat enough 0 xesuli in the .
7% . ilacimiento event and the afiershock undes the site becoming
3! "#he =events which controlled the sign. !
W
9} The detailed invesiigaiticns abt the site izaell
KN . . . . NPT
10;1, were ccomplaita and withcut pracadent ian their sxient anl dutail,
ar ’ 1
d 5 . . o 2 :
11 2 "This owxk demonstrated that tha site had ach bomm alfested by !
114" asignificant favlt rovements. Reprasoatacives ¢Ff both he i
. . j
13 ¢+ Atomic energy Commigsion and the U. S. Caelogieal Suewvey §
' i
< e . R 9 - !
1 cted the gite an 2 axploratica ‘hrsnchies, ad zhe {
14 * dinspect 2 git A the emploratica 'hrenchas. and shey ;
! i
- ;t;:' - Py » [ !
154} agreed the exploraticn cecnfirmed the absance of anyv simificent
A~ ‘ i
15;' faulting at or near the site. :
17??’ The seismic design criteria waich we propcsed to usze
18 5, were approved with only minor modifications, and siers ine :
i
jo i - coxporated into the construction permits for the two nuclear
LGB ;
20° 7 units.
L \ - - .
21 i In 1972, Mz, Hamilion leazneld cof an airticie in ;
H 3
22:.0 Hemoir Numwber 15 of the Emerican Asscoiaticn of FPetuslawn :
. . !
23 It Beologizts published in 1971, which indicatad “he presenes i
. v ) :
. e - * - g i
‘24 -+ of a fault which has since been named the Heegud Fawlt, sowe !
25,; four to Tive miles frem Diablo Canyon. Ths article was
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authored by Ernest G, Hoskins and John R. Griffiths, Shell
01l Company geologists.

Mr, Hamilton called our attention to the papex
and its map. And then Mr, Hamilton later was able te contact
Mr., Hoskins and discuss the Shell suzrveys.

Later, Mr, Hamilton visited the Shell office in
Los Angeles and raviewed some of the Gata used in the pap=2l,
These data suggested that the fauli:inu desciribed by Hoskina
and Griffiths was zalatively old and sixnce the se?smic
raecord in the area also suggested at most a low level of
ceismic activity, the allowances made in the design for an

assumed large earthquake beneath the site were judged to e

fully capable of accounting for any events associated with this

neow feature.

When we submitted our FSAR in the summar of 1973
to the AEC, it included a description of the offshore :laul-:
map by Hoskins and Griffiths, incinding the indicationu of
minoy seismic activiiy poseibly asscciated with it,

PGSE lsarned in mid-November of 1973 that USES
offshore exploration work has suppesedly discloged indica~
tions of surface faulting at the seca floor. AFtsxy consulin=-
tion with USGS, we ccmmissicned our own survey to supplemeat
their information and to clear up possiblz confusion over e
nature of the sea floor scarp identified in the press as

a "surface fault."

- arrwca
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5 4 our findings and those cf the USGS wers raviewsd |
'f[‘ N

2} At a meeting with the AEC Staff in Janvaxzv 1974, specificelly |
. |

3| in 22laticn to three local faulis mapped by the USGS. '

4“‘ In its zaport: of that meeting, the 54aff concluded

z. that ona of t¢hose faults might be related to the larger

e Aws P mnmiRrem  awsv

+ 3 . 3tructurs mapped by Hoskins and Griffiths, "However they
r 4 felt any ground motione producsd at the aite by 'axtl"ear*a:nquake :
) |

on any of these faults would be well within the limits for

rermaty e o
. A w81 s - RS

, . a° vhich the plant was designed,

In December 1974, after w2 had rosponded & RAEQ

11 . duestions about the Hosgri faule, the AERC 00k ‘he pasiticn

12 that the Hosgzl Fault could affech tha selismiz fesign kasia ,

ﬂ " 3 of tihe plant. It thereforzs raquested that e plant be &
14 ' shecked for a site grocund motlon somewadt gzreater than that ' N

v i . . 3

.5 ‘ tpecified by us in the original design. " §

’ i5 ”“. Then in Januvary 1975, the USES evei_luait:i:’:on cf the :

17; Zosgri Fault was forwarded to the NRC, The evaluation tock g

. ,Bk‘khe position that the new, higher ground motion 1@?@1 specie (

K 19 l‘ fied by the NRC was still inadecuate, This (scnc}.us_':i:on as '

255 apparently largely influenced by =z univezsity s:-:ni_bi" 22p02s

" 2 1 Sponsored by the USGS, ' h o .
25 1‘ ’ This senior xzpori, by studsat ¥William Gawithyep,
i
23 ralsed the pozsibility +tha® the cxigin 98 the 227, 7.3

.
s

- = L Yoa e - . 5 e e
Beamaln 4N 2 T e et 90 20 P s & e Sn i
¥
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magnitude Lompoc earthquake cculd be veassisnad Lo the

n
Y

-
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southern end of the Hosgrl structure rather thas to a favls

N
O

e

further offshoza.
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) 2F wbl 1 g The Gawthrop paper ;;;\open;filed in May 1975.
2 : After extensive raview and analysis, the
k:: 3 ? Company's consultants determined that Mr. Gawthrop's con-
(,\ 4 . tention could not bz supported by eiiher the seismological ox
) 5 : geological data.
6 ; The NRC requested additional information about the
7li 1927 earthquake and other matters in light of +ihe USGS
& 8 g evaluation of January 1975, This information was developad
9~; using further offshore data which nhad subsequently been
, 10 E open-filed by the USGS and propreitary data which was
11 g“pﬁrchased, together with additional seismological studies
12 E by Dr. Smith.
‘ 13 ; In April of 1976, after we had submitted to the
< 14 1 .NRC considerable additional information and had participated
i5 i in numerous discusglons with the staff, a furthaer USES
16 § evaluation was gigéh to the MRC. IN this evaluation USGS
17 ; repeated its posi%ion as set forth in January of 1975 but
18 é this time recommqued a specific basis fo;’estimating
‘f, 19 i earthquake paraméters. The NRC accepted this April 1976
20 i -assessment anq aéked us to provide an appropriate evaluation
) 21 ; of the plant. “
t
20 ? The Cbmpany, reinforcad by fthe exhaustive
23 ; studies and opinions of its consultants, believs tha: the
- 24 % earthquake parameters selected by the USGS and the resuliing
25 ; ground motion values are unregsonably high and thereture
j
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i’ result in conservatisms far in excess of that which should
2 be reasonably required.
34 On May 11, 1976 the NRC iszued Supplement 4 to
4 the Safety Evaluation Report wherein they establigﬁed tha

.
s

additional szismic design basis to provide fer the eanthauake |

potential of the Hosgri Fault. That report alco establiszhed

P Acanr Rt N B MR T A e A P

7 ;tbe'proceﬂuras to be uéed in evaluating the plant®s capazility
8 i “Po.wiﬁhsténd the postulated Hosgri ecarthquake.

3 é | Accordingly we developed the vogponse sp20tra

10.2 and associated acceptance criteria based on the Safety

i1 § Evaluation Repori of May 1llth, 2976. 2aAnd then we docketed

2 I the material in July of 1975.

gj o The NRC issued Supplement No. 5 to the SER on

id ; Sépﬁem§er 10th, 1976. This supplicment accepted the use oi

5 ; eithér Dr. Newmark's spectra br thcse_pzopose& by oun con- §
15 ; ésultant, Dr. John A. Blume, as a basis for :e~evaiuaﬁicn. §
17 ; Howevexr ghe NRC staff requirad scme changes in the%dethils j
18 " of the Blume spectra and stipulated that they not £all kalow
19 the Newmark spescira at any frequency.

20 Lo | On February 4th, 1977 Company repzasentatives

21 | ing”cohsultants met with the NRC staff to f£inalize the

22 ; :épecifications for a seismic reviesw of major gtructures oz

23 ; a 7.5 magnitude Hosgéi eaxrthquake vwhich keccane thé basis for |
24 f our review. This seismic re~evaluaiion has been completed

25 f in a conscientious and exhaustively detailed manner.
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‘MR. NORTON: I would say to the Board, of course,.
this presentatién was to come at the keginning, but;because
of scheduling problems we had, it is, of course, almost an
after-the-~fact chronology. However I think it does saxve to
put in perspective the sequence of gvents thut: have bkzxoucht
us here. And it's unfortnnate we cculdn't have had it
before we started hearing all the testimony.

We really have no further hirec£ and would turn
Mr. Beéttinger over for cross at this time.

MRS. BOWERS: Mr. Kristovich.

MR. KRISTOVICH: I just nave a few questions.

MRS. BOWERS: Go ahead, please.

MR. NORTON: uwcuse me £or interrupting.

We woulé ask that the testimony be placei in
the transcript as though read.

MRS. BOWERS: Any objection?

MR. KRISTOVICH: WNo objection.

MR. STAENBERG: No objection. .

MRS, BOWERS: The testimony will be inserted in
the transcript as if read.

¢

(Pestimony of Richard V. Bettinger follows)







1 TESTIMONY OF
RICHARD V. BETTINGER
.2 ON BEHALF OF
PACIFIC GAS AND ELECTRIC COMPANY
3 DECEMBER 4, 1978 ’
DOCKET NOS. 50-275, 50-323
4
5
6 My testimony deals with the investigation, studies
7 and analyses conducted by the Company and our consultants
8 concerning the geological and seismological aspects of
9 Diablo Canyon.
10 The initial phase of the investigation of the
11|l geology and seismology of the Diablo Canyon area commenced
12 in late 1965. Our first step was to retain the best consulting
13 expertise available to us to advise as to the suitability of
14 the site, define the invéstigation required, and to provide
15|] criteria to assure a safe design. The principal consultants
16 initially retained were:
17 Geology
18 E. C. Marliave - Consulting geologist.
(deceased) Formerly held the position
19 of Chief Engineering Geologist
for the State of California.
20
Dr. Richard H. Jahns - Dean of the School of Earth
21 Sciences, Stanford University.
22 || Seismology
23 Dr. Hugo Benioff - Consulting seismologist.
(deceased) Formerly Professor of
24 : . Seismology at California
Institute of Technology.
25
Dr. Stewart M. Smith - Chairman, Department of
26 Geophysics, University of
wWashington.







\ 1 Engineering
- 2 Dr. John A. Blume = - Consulting structural engineer
and head of J. A. Blume &

o~ 3 Associates.

4 Edward Keith - At that time Associate of
. J. A. Blume -

5 Now with EDS Nuclear
6 These consultants have been assisted by others:

A .

S 7|l Dr. Jahns by Mr. Douglas Hamilton and his staff at Earth

. 8 Sciences Associates; Dr. Smith by university colleagues
9 through TERA corporation; and Dr. Blume by the substantial
10 staff of his own consulting engineering firm. In addition,
11 during the Hosgri reanalysis, the following consultants were
12 called upon:

ANCO Engineers

“
=
W

14 " Earthquake Engineering Services
15 EDS Nuclear
'15 ﬁarding : Lawson Associates
17 Wyle Laboratories
18 Dr. Jack D. Benjamin
Qv 19 Dr. Bruce Bolt
20 Dr. C. Allin Cornell
i 21 Dr. John Lysmer
22 Dr. H. Bolton Seed
23 Initially, our consultants were requested to
24 define the scope of the investigations required to enable
) 25 the Company to cgnstruct.a nuclear power plant at Diablo

\%
N
(0]

Ccanyon that would be safe in. earthquakes. It was decided
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that it would be necessary to:

1. betermine the maximum earthquake
shaking motions that can be expected
at the site.

2. Establish structural design criteria
for buildings and equipment such
that they will accommodate these
motions with a margin of safety,
and \

3. Whether the probability of surface

" fault rupture through the site was
sufficiently remote that it could
be disregarded in the design.

At the time the purposes and scope of the investi-
gations were established, no AEC criteria had been published
for such investigations. For Diablo Canyon, our consultants
determined the extent of work required, with Company engineers
assisting and coordinating. The work was of course subject.
to subsequent review by the AEC and its consultants. In
1967, the AEC commenced preparation of geologic and seismic
criteria for nuclear power plénts. We and our consultants
have followed development of these criteria in connection
with the Diablo Canyon work. The criteria were published on
November 13, 1973.’

The 1966 investigations established that the site

is in an area of relatively low seismicity, a conclusion







which remains valid today. The regional geology, as

- evidenced on shorg; was used to identify which faults could
generate major earthquakes. Because the absence of seismic
activity that would indicate a nearby significant offshore
fault and the conservative assumption of a large earthquake

-anywhere in the region (including one directly under the

4

O -

site), offshore exploration‘did not seem necessary.

The major faults identified at that time by Dr.

O O NN 6 ! bk W NN

Smith -as governing the seismicity of the region were the San

Andreas Fault 48 miles northeast, the Nacimiento Fault 20

e
= o

miles northeast, and the Santa Ynez Fault S0 milgs to the

south. This permitted definition of the most severe earth-

=
N

quakes that could occur in the region.

14 For each of the controlling faults, Dr. Smith
15 postulated the most severe earthquake which he beiievedv
‘15 gould occur and that the event would start at the points on
17{] the faults nearest to the site. The events were described
18 in terms of the length of fault rupturing during the earth-

quake, the amount of fault displacement, the duration of

Q;
o

20 || ~shaking, and magnitude. In addition to. the postulation of
(e 211l - very large earthquakes on these three faults, allowance was
22 made for the possible occurrence of a large earthquake shock
23 not associated with any fault (6.75M5 directly under the
24 site. This element of conservatism was necessary because
- 25| the state-of-the-art in seismology did not permit a conclusion

"that the absence of surface faulting would preclude the

N
(0]
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1 occu:rean of a large earthquake, or aftershock anywhere in
e 2 the local site areé, Dr. Smith will discuss this in greater
s 3 || detail in his -testimony.
4 Evaluation of the information on the contfolling
5|| earthquakes; together with the distance of the site from the
6 faults, the characteristics of the’rock at the site, and
@ 7 other faétors, enabled Dr. Blume to specify the corresponding
. 8 cémplex pattern of vibrations which comprise the ground '
9|| motion at the site. The specification is in terms of maximum
10|l displacement, velocity, acceleration, frequency, and duration.
11 The various events. and corresponding maximum
12 groundvaéEelerations at the site as recommended by our

consultants are summarized below:

[
W

Closest  Length of Maximum Max. Ground

14
Point Fault Displacement Accelera-~
15 ‘ . to Site Rupture on Fault Richter +tion at
. Fault (miles) (miles) (feet) Mag. (g)
16 '
San Andreas 48 200 ) 20 BHoriz. 8.5 .10
17 3 Vert.
18{| Nacimiento 20 60 6 Horiz. 7.25 .15
A 19 Santa Ynez 50 80 10 Horiz. 7.5 .05
v‘\s“\‘
20| Under site - - - 6.75 .20
(not a fault
* 21 || breaking the
surface, and
22 perhaps not
caused by an
23 event on a
fault.)
24 !
o’
25 Dr. Blume's recommended design criteria took into

%
N
)]

account the fact that earthquakes starting from remote
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sources can cause ground shaking with different characteristics
than those starting from nearby sources. The ground motion
specified is an "envelope" of the most severe characteristics
from the various earthquakes studies.

Thus, a great earthquake similar to the San Francisco
1906 event on the San Andreas Fault, which had a magnitude
estimated to be on the order of 8.25 together with the major
aftershock under the site, was considered in determining the
most severe shaking at the site. Although the postulated
San Andreas event would be a significant earthquake, its
distance from the site was great en%%gh to result in the
Nacimiento event and the aftershockkander the site becoming
the events which controlled the design. .

Dr. Blume specified that normal working stresses
(without the customary increase in allowable stress ordinarily
permitted for earthquake design) should be used to design
the structures and equipment at Diablo Canyon. To assure
adequate energy absorbing capability, he further specified
that the design be checked using ground motions twice as
severe as those calculated from the postulated maximum
earthquakes. (The resulting maximum ground acceleration,
0.4g, termed the double design earthquake, corresponds to
the concept of "Safe Shutdown Earthquake! subsequently used
by the AEC in its criteria released on November 13, 1973.)

The detailed investigations at the site itself

were complete and without precedent in their extent and
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detail. They invqlved detailed geologic mapping of existing
features and aerial photography. Almost 2 miles of inter-
connecting exploration trenches, up to 40 feet deep, were
excavated through the area proposed for the reactor and
related plant structures. The trenches permitted detailed
examination of the bedrock structure, ancient wave-cut
coastal ferraces and overlying sedimentary deposits. This
work demonstrated that the site had not been affected by
significant fault movements. The geologic relationships
present there showed that the probability of the site being
affected by surface fault displacement was so infinitely
remote that it could be disregarded in the design of the
plant. Representatives of both the Atomic Energy Commission
and of the U.S. Geological Survey inspected the site and the
exploration trenches. They agreed that the exploration work
confirmed the absence of any significant faulting at or near
the site.

The U.S. Geological Survey transmitted a supple-
mental geologic report on Diablo Canyon Unit #2 to the
Atomic Energy Commission on June 5, 1970. Part of the
conclusions in that report were:

"It is concluded that some new data are available
now that were not available at the time the initial reviews
were made of the geology and seismology of the Diablo Canyon
site. These data include some .recent, but largely unpub-

lished, geologic mapping of the Edna fault zone, and some
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data on recent seismicity on the continental shelf offshore

from the reactor site. However, none of these new data

‘appear to affect the earthquake potential of the site area,

and hence do not constitute any threat to the safe construc-

" tion of a nuclear facility at the Diablo Canyon plant site."

The geologic and seismologic studies were reviewed
by AEC, 5y USGS, and by the Coast and Geodetic Survey. In
1970, government scientists made use of their offshore geo-
physical surveys in evaluating the Company's submittals.

The seismic design criteria which we proposed to
use were approved with only minor modifications, and were
incorporated into the construction permits for the two
nuclear units. )

In 1972, Mr. Hamilton learned of an article in
Memoir #15 of the American Association of Petroleum Geol-
ogists, published in 1971, which indicated the presence of a
fault (since named the Hosgri Fault) some 4-5 miles oftshore
from Diablo Canyon. The article was authored by Ernest G.
Hoskins and John R. Griffiths, Shell 0il Company geologists.
They reported on offshore surveys done in connection with
oil exploration performed by Shell during the mid-1960's
along the central and northern Caiifornia coast. The work
was a survey of conditiqné at considerable depth beneath the
ocean floor to study large offshore basins. Mr. Hamilton

called our attention to the paper and its map.
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13
14
15

"16

17
18
19
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22
23
24
25
26

Given the information developed in our earlier |
geologic and seismologic investigations, these features did
not appear significant in terms of the design criteria for
the plant. Nevertheless; investigation continued.

Mr. Hamilton was able to contact Mr. Hoskins and
discuss the Shell surveys. Mr. Hamilton then visited»tﬂe
Shell office in Los Angeles and reviewed some of the data
used in the paper. These data suggested that the faulting
described by Hoskins and Griffiths was relatively old.
Since the seismic record of the area also suggested, at
most; a low level of seismic activity, the allowances made
in the design for an assumed large earthquake beneath the
site were judged. to be fully capable of accounting for any
events associated with this new feature.

Hoﬁever, the Hoskins and Griffiths work was addi-
tional relevant geologic information and when PGandE's FSAR
was submitted to the AEC during the summer of 1973, it
included a description of the offshore fault mapped by
Hoskins and Griffiths, including the indications of minor

seismic activity possibly associated with it.

During the AEC's review of the FSAR, they requested

further information about the faults that had been mapped by
Hoskins and Griffiths.

PGandE then learned that the USGS, in connection
with an ongoing program of coastal reseérch funded by the

AEC, was planning on conducting survey work specifically
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directed to the central California coastal region, including

"the Diablo Canyon vicinity. This work was in fact performed

by the survey ship Kelez in October-November 1973. PGandE
learned in. mid-November ‘that the USGS work supposedly dis-
closed indications of surface faulting at the sea floor.

After consultation with the USGS, we commissioned our own

_ survey to supplement their information and to clear up

possible confusion over the nature of the sea floor scarp
identified in the press as a "surface fault". Our findings
and those of USGS were reviewed at a meeting with the AEC
staff in January 1974, specifically in relation to three
local faults mapped by the USGS. 1Ih its report of that
meetiné, the staff concluded that one of those faults might
be related to 'the larger structure mapped by Hoskins and
Griffiths; however, they felt that any ground motions
produced at tﬁe site by an éarthquake on any of these faults
would be well within the limits for which the plant was
designed.

In December 1974, after we had responded to AEC
questions about the Hosgri Fault, the AEC took: the position
that the Hosgri Fault could affect the .seismic design basis
of the plant. It requested that the-plant be checked for a
site ground motion somewhat greater than that specifiéd by
us in the original design.

In January X975, the ‘USGS .evaluation of the Hosgri

Fault was forwarded to the NRC. The evaluation took the

-10-







position that the new, higher ground motion level specified
by the-NRC was still inadequate. This conclusion was
apparently largely influenced ﬁy a university senior report
sponsored by the USGS.. This senior report, by student
wWilliam Gawthrop, raised the pqssibilit& that the origin of
the 1927, 7.3M Lompoc earthquake’could be reassigned to the
southern end of the Hosgri structure rather than to fault

further offshore. The Gawthrop paper was open-filed in

W O NN kW N

May 1975.

After extensive review and analysis, the Company's

[
o

consultants determined that Mr. Gawthrop's contention could

-
=

not be supported by either the seismological or geological

4=
(M)

data. They instead assigned the Lompoc earthquake to a

‘
=
W

14 fault referred to as the "offshore Lompoc fault" located
15 southwest of the Hosgri Fault.
'15 The NRC requested ;dditional information about the
17{| 1927 earthquake and other matters in light of the USGS
18|| evaluation of January 1975. This information was developed

- 19 using further offshore data which had subsequently been

' 20 open-filed by the USGS and proprietary data which was

- 21 purchased, together with additional seismological studies by
22 Dr. Smith. -
23 In December of 1975, Dr. Clarence Hall published a
24 paper which suggested extensive movement along the H&sgri

i 25 || Fault. Our consultants reviewed this paper and did additional

field work to check some of the evidence cited. They were

S
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then able to conclude that his postulation of large movement
was precluded by other evidence. |

In April 1976, after we had submitted to the NRC
considerable additional information and had participated in
numerous discussions with its staff, a further USGS evalua-
tion was given to the NRC. 1In this evaluation, the USGS
repeated'its position as set forth in January 1975, but this
time recommended a specific basis for estimating earthquake
parameters. The ground motion at the site from this postu-
lated earthquake was substantially more severe than the
already higher values studied in December 1974, at the AEC's
request. The NRC accepted this April 1976 assessment and
asked us to provide an appropriate evaluation of the plant.

The Company, reinforced by the exhaustive studies
and opinions of its consultants, believe that the earthquake
parameters selected by the USGS and the re§ulting ground
motion values are: unreasonably high and therefore result in
conservatisms far in excess of that which should reasonably“
required.

On May 11, 1976, the NRC issued Supplement 4 to

the safety Evaluation Report wherein they established the

"additional seismic design bases to provide for the earth-

quake potential of the Hosgri Fault. That report contained
the following statement:
"The ground motion values recommended by

the U.S. Geological Survey are based on

-12-







instrumental data insofar as possible
and do not reflect the presence of
structures. These values must be
translated into quantitative measures of
effective acceleration for design
purposes. To develop an effective
acceleration for Diablo Canyon, we have

obtained the advice of our consultant in

O O NN o0 U b b M

this area, Dr. N. M. Newmark of N. M.
Newmark Consulting Engineering Services.
He has recommended, and we have accepted,
that an effective horizontal ground

acceleration of 0.75g be used for the

—

- 14 development of design response spectra.
15 We will provide additional discussion of
‘15 this matter, and a report from our B
17 consultant, Dr. Newmark, in a future
18 supplement'to the safety Evaluation
. 19 Report."
| 20 That report also established the procedures to be
. 21|| used in evaluating the plant's capability to withstand the
22 || postulated Hosgri earthquake. Those procedures are as
23 follows:
24 1. A magnitude 7.5 earthquake on the
- 25 Hosgri Fault should be assumed with

horizontal ground response spectra

—
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normalized to an effective value of
0.75g for engineering reevaluation
of the plant.

A fevision of the design response
spectra will be accepted depending
on the equivalent length of the .
foundations of individual buildings.
This revision recognizes that
ground motion waves are not syn-
chronized underneath .structures
during earthquakes. In other
words, different points in the
foundat?on base slab will not
experience the maxima in the ground
motion at the same time.

Where such revision in response

spectra is used, appropriate

allowance for tilting and torsion,
which may result from the non-
synchonized earthquake motion
considered in item 2 above, will be
required.

In reevaluating the capability of
the plant structures, systems and
components, inelastic behavior may

be relied upon to absorb the ground

-14-
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motion energy. Where such behavior

is relied upon, a ductility fatio

not exceeding 1.2 is acceptable in

determining seismic loads and

motions, For each particular

structure where inelastic behavior

is utilized, justification and

bases will be required for assuring

that the additional strains and

deformations will not affect the

safety functions of the plant

systems and structures. The use of

a ductility ratio is permissible

only for near-field earthquakes, " 1

such as the éarthquake postulated

for the Hosgri Fault.

Accordingly, we developed the response spectra and

associated acceptance criteria based on the Safety Evaluatiqn
Report of May 11, 1976. This material was docketed in

July 1976. Based on review of this submittal and of addi-

" tional information which we provided in August and September

of 1976, and also based on the recommendations of Dr. Newmark,

the NRC issued Supplement No. 5 to the S.E.R. on September 10,

1976. This supplement accepted the use of either Dr. Newmark's

spectra or those proposed .by our consultant, Dr. John A.

Blume, as the basis for reevaluation. However, the NRC

-15~-"
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staff required some changes in the details of the Blume
spectra and stipulated that they not fall below the Newmark
spectra at any frequency.

Inelastic response was generally allowed in applying
the Blume spectra to the buildings, whereas only limited
instances of inelastic response was acceptable with the
Newmark épectra.

On February 4, 1977, Company representatives and
consultants met with the NRC staff to finalize the Specifi-
cations for Seismic Review of Major Structures for 7.5M
Hosgri Earthquake which became the basis for our review.
The plant and its seismic evaluation have been so reviewed

in a conscientious and exhaustively detailed manner.

-16-




&




&)

4

[$ 1]

()]

17

i8

19

P Xl T I I o L T T R A e R TI P

-

5467
MRS. BOWERS: Go ahead, Mr, Kristovich.
CROSS~-EXAMINATION
BY MR. XRISTOVICH:

Q Mr, Bettinger, do you kncw when in 1971 thre
Hoskins and Griffiths article appeared? ~-was published?

A What did you ask? I'm sorry; I didn't hear the
first part of the gqueston. «

Q ~ When i; {971 vas the Hoskins and Gxiifiths
article puklished?

A I don't know the dake, nc.

Q Do you know when in 1972 Mr. Hamilton became
avare of the article?

A qo. It's a littie bi% back there, %We could
dig it out of the record, I'm sure. We know eilzctliy the
time he tcld us but I don’t have it at the £ip of ry tongue,

Q Was it early ia 1972: Januvazy, February: or
late, December, séy, or November?

MR. NORION: Objection. Asked and answered.

THE WITNESS: Y said I donft know.

MR. NORTON: Object. Asked and ansqered. He
said he doesn’t know.

We'd be happy to provide the inforration to
Mr. Kristovich, however, if nes needs ié.

MRS, BOWERS: Objection sustained.
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. BY MR. KRISTOVICH:

Q Do you know who Mr. Hamilton informad of the
article?

A Well I believe he informed ne.

Q And what 3teps did you take after learning of

the article?
A Well,as I stated, Mr. Hamilton made e?forts <o
look at the information. It would be bestter te ask

"Mr. Bamilton the steps that he took in talking with those

- people, however.

Q I'm asking what steps did you take wnen voun
» learned of the article. ‘
aA We asked what implication this might‘have, and
we discusced it with our consulfants, and it was felt it
was well within the capability of the plant design; that is,
"the new informatiorn. about a possible Hosgri eartﬁéuake ddid
;apt change our opinion, that our design was adequatef‘
' Q  And which consuléants are those?
A Well it would have been Dr. Jahns znd Hr.Eamilton

-and_Df. Smith and Dr. Blume.

Q Mr. Bettinger, when did you begin development of
. ¢the current response specktra for the re-analyszis of the
: plant?

a The one that is cuzrgntly in use was one that

was accepted in early '77. and Dr. Blume had beaen viczking on
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wb3 1 ; that sometime in '76. But I don'tknow exactly the chronology
Q 2 E of when that was done. And there again, we can get out our --!‘ ”
| 3 = the chronology. There's a chronology in the SER that
- 4 ' periodically goes along. And I think you can fiand dates in
: 5 there when we discussed with the Staff various spectra.
6 t . Q Do you know when modifications began baged on
o 7 u: the current responsa spectxra?
w@ 3 ; A Modifications of the plant?
3 9 * Q Yes.
10l A Let's see:~-- Well, I don't know exactly what
11 l date we started reconstruction, or doing mcdifications.
12 . We have discussed a number of differsnt modificatiomns and
- 13 |, the need for them with the Staff, and I would have to get
‘ 14 ' the chronolegy to know anything very finite.
15 ' the first thing that had to be done was a re-
16 analysis based on the criteria that was established eazly
17 in 1977. and I don't know at this point that I know exactly
‘ 18 ‘ when we started in the field actual construction on the
\i} 19 " yarious pieces, or works of modification.
0 0 Do you have such a chronology?
> '
21 [ A Well I would suppose that we could go back and
22 | find when we issued certain drawings, ves. That's about the
23 best I could do.
T 24 3 Q Well is there a comprehensive list in the FSAR
25 ‘ which would have a list of the modifications and when <heay
|







6470
were done?

A I don't knov of ¢he existence of such a list.
MR.'KRISTOVICHz Mo furth;r questions.

MRS. BOWERS: Mr., Staenberg?
MR. STAENBERG: The Staff has no questions.
MRS. BOWERS: Do you wantany Board questions now?
MR. NORTON: If you have any Board guestions,
fine, I have no redirect based on vhat’s happened so favr,
BXAMINATION BY THE BOARD
BY MRS, BOWERS:

Q The only gquestion I have is: In developing the
chronological history vou've gone down through Supplemant 5
fto the %ER igsued Septembér 10¢h, 1976, Now we lkuow S5, 7 and
8 have also been izsued.

A That's right. I would expeci that when
Mr. Hoke gives his:'testimony, he baing the Plant Engineex;
would deal wita the issuénce of these SERs.:

MRS. BOWERS: We have no further guestions.
MR, NORTON: No redirect. )

MRES. BOWERS: May the witness he excused?

MR. NOKRTOM: I think he would enjoy that very

much, so he could get kaclk to woxk.

rars s -

MRS. BCWERS: Well, :he wiitness is excused.
Thank you. You've baen very patient.

{Witness sxcused)
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MRS. BOWERS: Well, since we have no further
evidence to listen to today we'll rescess and raconvene
tomorrow morning at 8:30;

{Whereupon, at 12:20 p.m., the hearing in the

abova-entitled matter was recessed, to reconvene

at 8:30 a.m., the follcwing day.)
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