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Introduction

Issue (1) of the show cause order provides that

the issues considered shall include:

(1) What the proper seismic and geologic design

bases for the facility should be.

At the conclusion of its review of the GETR

geologic and seismic investigations, the NRC Staff
recommended the following design bases as being appropriate

for the GETR site:

1. The Regulatory Guide (R.G.)

1.60 spectra anchored to 0.75g
'

as the maximum effective

vibratory ground motion at the

site. This is set by motion

on the Calaveras fault.

2. A surface displacement of one

meter of reverse oblique net

slip along a fault plane which

could vary in dip from 10 to

45 degrees and which could
! occur on a Verona fault zone

strand (splay) beneath the

GETR during a single earth-

quake event.
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3. An effective vibratory ground

motion of 0.6g anchoring the

R.G. spectra, together with a

fault displacement of one

meter as described in 2.

above.

The testimony presented by Dr. Jahns, Mr. Harding,

Dr. Reed and Mr. Meehan addressed the conservatism of the

second subelement of the foregoing design bases (1.0 meter

surface offset) from the standpoint of the relevant

geologic, probabilistic, and soll/ structure considera-
tions. This testimony, which will be sponsored by

Mr. Gilliland and Dr. Kovach, and supported by contributions

from Dr. Richter and Mr. Kost, will assess the conservatism

of all three elements of the above mentioned design bases

from the standpoint of seismic considerations. In short,

this testimony takes certain geological input parameters and

presents the seismologist's point of view concerning the

design bases. In what follows the criteria will be examined

in the light of:

1) An overview of the governing state-of-the-art

seismic principles and regional seisedcity in

order to establish a firm perspective for

assessment of seismic activity along the

postulated Verona fault.

-. . .
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2) Analysis of postulated Verona fault charac-

teristics based upon correlations of world-

wide data regarding fault length, width and

magnitude to establish the magnitude of a

design basis event on the Verona fault.

3) Analysis of Verona fault characteristics

based upon correlation of earthquake magni-

tude and seismic moment in order to inde-

pendently measure the conservatism of the 1.0

meter offset criterion specified for the

postulated Verona fault.

4) Analyses of peak acceleration data from such

earthquakes as the 1979 Coyote Lake, 1979

Imperial Valley, 1978 Gazli, USSR, 1978

Tabas -e-Go lshan, Iran and 1972 Kern County

earthquakes to establish the expected peak

instrument accelerations for design basis

events on the Calaveras and Verona faults.

--*/ Seismic moment has come into common use in seismology
as a means of characterizing the size of an earthquake.
The dislocation caused by an earthquake in a medium can
be mathematically represented by pairs of forces that
would have to be applied to produce the same elastic
displacements throughout the medium. The moment of
these forces can be shown to be the product of the
average slip, the fault area and the rigidity of the
medium. Seismic moment can be empirically related to
earthquake magnitude, thus making it possible to relate
geologically observable quantities to seismological
data.

t
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On the basis of these seismic considerations it will be
shown that the NRC Staff's design bases are conservative.

1. Overview of the Seismicity in the Vicinity of the GETR
Site and the Surrounding Region

Studie's of the seismicity of the Liver = ore Valley

and the Vallecitos region have been done by Bolt and Hansen
*/

(1980; reference 49)-- and Ellsworth and Marks (USGS Open

File Report 80-515) . The region under consideration is

shown in Figure 1.

.
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Figure 1. Epicenter Plot

*/ References identified throughou: this testi=ony are as
listed in A :ach=en: A to the Fe'c . 25, 1981 Licensee's
Supplemental Response to Intervenor's Discovery.
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It is roughly bounded by the Hayward (the most westerly
shown in Figure 1) fault zone on the west and thefault

Greenville fault zone on the northeast.
Before discussing

the seis=icity of this region, a few introductory co==ents
that

are in order. Dr. Charl'es Richter correctly points out
Care should be taken not to give undue weight1)

to the records of highlf sensitive equip =ent,

set up to record small earthquakes along a
,

known or suspected fault line. Such observa-

acceptable evidence unless i:tions are not

can be shown that similar seiscicity is not

going on els ewhere in the area.
Occurrence of stall earthquakes along an2)

identified fault line is not evidence of its
The entirecapability for large events.

region is under distorting strain, producing
=any minor displace =ents along pre-existing
lines of weakness, which only lightly affect
the stress pattern and indeed may partially

relieve stress and thereby delay larger

events.

The earthquake epicenters in Figure 1 show tha:

the pattern of seiscic activity is generally diffuse and
The events

many epicenters are unrelated :o =apped faults.
shown are mostly s=all earthquakes wi h =agni:udes of

.
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approximately 1. On the other hand, there are some clusters

of earthquakes which can be related to mapped tectonic

features. There is a dense concentration of earthquakes

along the Hayward fault and a clustering of events to the
east of the Calaveras fault at the southwest portion of the

map. Another concentration of events occurs at the east

boundary of the map in the vicinity of the Corral Hollow

fault. A turther clustering of events (not shown in Fig. 1)

is associated with the Greenville fault zone from an
earthquake sequence which took place in January 1980. No

apparent alignment or clustering can be associated with the

Verona fault.

It is particularly informative to re=ove from

Figure 1 all events having magnitudes less than 4.
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This would suggest activity along the Calaveras, Hayward,

Livermore, and Greenville fault zones, but no corresponding

association of activity along the Verona fault zone.

In the absence of seismia activity associated with

the postulated Verona fault, it re=ains to consider whether

the Verona fault can be characterized as active on other

grounds. Existing seiscographic coverage does not permit

the unambiguous classification of the Verona fault as an

active fault. Indeed, Ellsworth and Marks have stated (p.
'

19, Open File Report 80-515) that " inadequate seis=ographic

coverage prevents the unambiguous classification of this

fault as. active." It is also particularly significant to

note that within about 6 km of the GETR site no earthquakes

above =agnitude 3 have occurred in the last decade and no

earthquakes above =agnitude 4 have occurred during the past

37 years (referenci 49).
Where seiscographic evidence does exist, one can

attempt to draw inferences about the nature of faults from

seis=ographic readings. From the polarity of first ocions

as recorded on seis=cgraphs, it is possible to infer the
mechanism of faulting which occurred, such as strike slip

faulting or thrust faulting.

.
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i

Strike slip faulting such as that observed for the Calaveras-

fault gives a characteristic quadrantal pattern of
compressions and dilatations, whereas thrust faulting, such

as that hypothesized for the Verona fault, produces a
!

different pattern. One can analytically relate seismograph

readings to fault =echanis=s by =eans of focal plane

solutions. It is necessary to emphasize, however, that
4

these focal plane solutions, by themse' na. do not give a

unique determination of the fault ,,: v4 acause cocions on'

an c:thogonal plane (the auxiliary plane) vill produce an

.
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identical pattern of first motions. In other words, focal

plane solutions are inherently equivocal. One can only. test
,

a given solution for compatibility against a geologically

mapped fault or a particular hypothesized fault. One cannot

use a focal plane solution to demonstrate the existence of.a

given fault.

Ellsworth and Marks (1980) have argued on the

basis of very limited data and analyses.that earthquakes in

possible association with the Verona fault have focal ~
mechanism solutions in agreement with north-over-south

thrust movement on the fault and demonstrate that thrusti

faulting with a dip angle of 45* extends into the center of

Livermore Valley.

Several comments are in order to place the

Ellsworth and Marks argument in perspective. The strike and

dip of any determined nodal plane may be uncertain by 10* or
,

more, because of inadequate sampling of the radiation

pattern and/or incomplete knowledge of crustal structure.

Therefore, precise statements concerning the dip of the

; postulated Verona fault are not possible based on seismo-

logical evidence.
i

i
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Ellsworth and Marks derived six focal plane

solutions for the Vallecitos region. These solutions are

shown in map view in Figure 4 and cross section in Figure 5.
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Ellsworth and Mark's solutions are labelled I-

VI. The four points labelled "T" represent a thrust fault

solution (III, IV, V, and VI), and those solutions are said

to align with the 45* dip plane of the Verona fault. The

two points labelled S-S represent strike slip solutions. If

l
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one examines the four points representing thrust fault

solutions, it is clear that these focal plane solutions are

equivocal for demonstrating solely thrust faulting.for the

Vere 2 Fault. Two thrust fault solutions (T IV and T III)
are shown which can be associated in location and depth with

the Calaveras - Sunol fault zone, a well known_ observed

strike-slip fault. In any event, solutions III and IV are
<

located at too great a depth to be associated with the

postulated Verona. fault (see Figure 5) . Ihe remaining two

cases, points V and VI, have thrust fault mechanisms, but

Event VI could equally well be associated with the Livermore
fault zone'rather than the postulated Verona fault. This

would leave one solution as the basis for associating thrust

faulting with the Verona fault.
It appears that Ellsworth and Marks have now

modified their analysis. A letter dated October 22, 1980

| from William L. Ellsworth to Professor John C. Maxwell

( states:

| One difference that should be noted, and
which has some impact on my earlier'

evaluation of the Verona fault comes
from our re-interpretation of the
original seiscograms for events 6 and 17
in the attached sheets. We now find
that either strike slip or thrust fault

| */ This letter was first brought to GE's attention by
means of an April l ', 1981 letter from Nelson (NRC) to~~

'

Darmitzel (GE), which was received by GE on April 17,
1981.

|

|

!

I
I
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plane solutions fit the observations.
This weakens the case for the
identification of the Verona as a
"probably" active fault on the basis of
seismological evidence. however, the
evidence is still permissive and other
focal mechanisms indicate compressive
tectonics. I would now classify the
Verona f ault as "pos sibly" active, based
on the microearthquakes and criteria
defined in Open-File recort 80-515. In
view of the fact that the same criteria
and data set classified the Greenville
fault as possibly active prior to the
January 1980 earthquakes, I find little
comfort in the revised classification
for the Verona fault (emphasis added).

Events 6 and 17 referred to by Ellsworth

correspond to the solution labelled V in figures 4 and 5
(Events 6 and 17 have nearly identical hypocenters so only

one focal mechanism is shown.) Thus, the only solution

which can be associated with the postulated Verona thrust

fault is also compatible with a strike-slip fault

mechanism.

Professor Maxwell responded to this =odified

analysis, by letter dated December 3,1980, as follows:

In reviewing the geological and
seismic evidence available at the time
of our Sunol =eeting it seemed to me
that the major teis=ic danger definitely
lay with the Calaveras Fault to the west
of the GETR reactor. The major threat
posed by a Verone Fault is-that a large
displace =ent (z-3 reet) c1zac occur
beneath and intersectinz the base of the
GETR reactor. Considering the thickness
of sediments overlying base =ent rocks
down dip to the northeast from the
reactor site, this would seem to require
a well-organized thrust fault surfacing

. . _ . . _ . _ . _ _ . . _ _ . _ . . _ . _ _ . .
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directly beneath the reactor. The data
now avai' able on this point -- mainiy
the general lack of agreement among
workers as to the precise location of
the Verona Fault, the trenching in the
reactor area, and the mix of strike slip
and thrust faulting at various, perhaps
random, depths throughout the area shown
on your figure 8 -- suggest a response
to the regional north-south compression
by shearing on widely dispersed planes,
rather than well-organized thrusting.
The possibility that a major thrust
would develoo beneath the reactor,
breaking through unsheared ground, seems
to me to be exceedingly remote, and I
therefore continue to believe that the
overriding seismic danger which must be
considered is that relating to the
Calaveras Fault (emphasis added).

In my opinion, and upon review of the additional analysis by
Ellsworth and Marks, th.e available seismic evidence would

support the view expressed by Professor Maxwell.

In su= mary, a review of the available seismic

evidence supports the following conclusions:

1. The pattern of observed seismic activity, in
spite of the limitations on seismographic
coverage, does not correlate with activity
along the postulated Verona fault and there-

;

I fore this fault cannot be uniquely classified

as an active fault.

2. The focal plane solutions for the Vallecitos

region show a mixture of strike-slip faulting
and thrust faulting and do not unambiguously

.

=**-e*****=****
,

_,, .,,,.,9
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demonstrate that thrust faulting is pervasive

in this region.

3. The theoretical assignment of earthquake foci

to a postulated f ault is not independent

evidence for the pos tulated Verona fault.

The Verona fault can only be assumed to be

active , if at all, for reasons apart from the

available seismological evidence. The

Calaveras fault would appear to be the

dominant seismic - feature for the GETR site
'

area.

2. Expected Earthquake Magnitudes for the Verona Fault

On the assumption that the Verona fault is an

active fault one can characterize size through the use of a

magnitude scale. The magnitude scale is based on the simple

premise that if two earthquakes occurred at the same place

and were recorded on seismographs at a station, the larger

earthquake will produce larger a=plitude seiscograms at that

station. There is roughly 31.5 times as much energy

released for each ful'. step increase in earthquake

magnitude.

Empirical correlations exist between fault area

(the product of fault rupture length and width along dip)

and earthquake magnitude. The data are sparse for inferring

the precise length and geometry of the postulated Verona

.

_____ _ __________ __- _ _ _
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fault, but a length in the range of 7 to 15 km would seem

appropriate,* based upon the testimony of Dr. Jahns and
Mr. Harding. )

The depth of the pos tulated Vertaa fault is also
not well known, but an examination of earthquake focal

depths (see Figure 5) shows that the majority of focal

depths are confined to depths of less than 6 km or so.

(Focal depths are defined as the depth at which rupture

commences.) Assuming a dip of 45* for the Verona fault, one

arrives at a maximum width along dip for the Verona fault of

about 8 km. However, an earthquake fault zone does not

rupture over its entire length, and it is conservative to

assume that one-half the total length of a fault will

rupture during a single earthquake. Therefore, fault

2rupture areas ranging from 14 to 60 km would be a

reasonable scenario for the postulated Verona fault.

A regressional analysis of world-wida data, which

cons:.lers the probable errors in the data, shows that

M-4.402+0.929 log A where M is earthquake magnitude and A is

the fault area in km2 (Singh, Bazan and Es teva, 1980):

*/ In contrast, it should be noted that the San Fernando
range tront fault has a total length of about 100
miles.

**/ As one exa=ple, in 1971 the 100 mile long San Fernando
fault, ruptured along a 12 mile segment.

.. _ . - . . . . . _ - . . . . .
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FAULT LENGTH WIDTH AREA MAGNITUDE

23.5 km 4 km 14 km 5.5
23.5 km 8 km 28 km 5.8
2

7 km 4 km 28 km 5.8

27 km 8 km 56 km 6.0

2
15 km 4 km 60 km 6 .1

2 6.315 km 8 km 120 km

It can be seen that the expected earthquake magnitudes for

events on the Verona fault would range from 5.5 to 6.1 with

the m$st likely value in the range of 5.8. As the last

entry in the table shows, even if the highly unlikely event
of a rupture along the entire length and width occurred, the

magnitude would be 6.3. Therefore the assignment by the NRC

Staff of the possibility of magnitude 6 to 6.5 event on the
.

Verona fault is conservative.
i

3. Seismic Moment'

Empirical studies have been made of the correla-
,

tion between earthquake magnitude and seismic coment (the

product of the shear modulus (the resistance to shearing),
;

; the fault rupture area, and the average displacement or

I offset which occurs as the result of the seismic event) .
!

! Recent correlations reveal a relation of the form M=0.67 log

Mo-10.57 where M is magnitude and Mo is the seismic coment

in dyne-cm:

I
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MAGNITUDE MOMENT

245.5 1.3 x 10

245.8 3.6 x 10

6.1 1.0 x 1025
256.3 2.0 x 10

Using values for the seis=ic co=ent, the fault rupture area,

and a shear modulus of 3 x 10 dynes /cm2 (an appropriate11

value for the rigidity of rocks), one can esti= ate the

amount of expected average net offset for an event on the

Verona fault:

MAGNITUDE FAULT AREA DISPLACEMENT

25.5 14. km 0.31 meters
9

5.8 28 km' O.43 meters -

26.1 60 km 0.56 =eters

6.3 120 k=2 0.56 =ecers

i

On the basis of these empirical correlations it can be seen
that 1 meter of net offset on the postulated Verena fault is

a conservative asst =ption.

|

4 Instru= ental Peak Ground Accelerations

The NRC has specified that the =axi=um vibratory

! ground cotion at the GETR site sould result from a =agnitude
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7 to 7.5 earthquake on the sector of the Calaveras fault
nearest the site and that peak accelerations in excess of Ig

could be anticipated. Near field acceleration data from the

magnitude 5.7 Coyote Lake 1979 earthquake and the magnitude

6.6 Imperial Valley 1979 earthquake significantly expand the

data base for the prediction of near field strong ground

motion. These peak acceleration data, when plotted against
the nearest distance to the causative fault, exhibit a

distinct curvature for distances less than 10 km, .

emphasizing that, in the near field, peak horizont.1

accelerations ' flatten' for distances close to a causative
fault (Figure 6). The data frce the above earthquakes

i=plicitly contain any effects of focusing on peak-
accelerations and are therefore distributed with equal

likelihood throughout the data bcse.

The 1979 Coyote Lake and 1979 Imperial Valley data
I

were examined to determine whether these recent data had an

impact on the stated seismic design criteria. The data were

subjected to a non-linear regressional analysis by =e to
esta'elish an appropriate functional for= which describes the

|

|
t

|
|

\ .

!
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mean ' behavior of the data both in the near and far-field

(Figure 6).
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1

The uppermost curve represents the fit to the

Imperial Valley data, whereas the lowermost curve represents

the fit to the Coyote Lake data.

This functional relationship was, in turn, tested

against data from earthquakes such as the magnitude 7.7 1952
'

Kern County earthquake, the magnitude 7.0 1976 Gazli shock

and the magni tude 7.7 1978 Tabas, Iran shock, earthquakes

.. - ._, - ,_ . _ . .__ ._ - _ - . -
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for which we have strong motion data in the magnitude range

of 7 to 7.7 (see Figure 7) .

'
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Figure 7.

.

.

The credicted values shown in Figure 7, and

represented by the solid line, are in agreement with the

data in the magnitude range of 7 to 7.7. The GETR is

located approximately 3.5 km from the closest reach of the

Calaveras fault. Thus, mean horizontal peak accelerations

ranging from 0.57g to 0.74g are appropriate for a magnitude

7 to 7.5 earthquake on the nearby Calaveras fault. These

P00RORRNE
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acceleration values are instru= ental free field values and
do not incorporate factors dependent upon behavior of a
structure, which would reduce the free field value for

structural design purposes.

It is custocary -- and the NRC Staff has taken

this approach in regard to GETR -- to translate peak

instrc= ental values of acceleration into an effective
accelerat '.on for the purpose of anchoring the response

spectrum (here the spectrum of Regulatory Guide 1.60) used

in structural design and analysis. The NRC Staff has

recoc= ended .75g effective and .6g effective for events
correlated with ;'te Calaveras and Verona f aults ,

respectively.

In this particular case for the Calaveras fault,

the peak instru=en near field acceleration has a =ean value

ranging froc .57g to .74g, and the effective value would be

less. Thus, che 0.75g value of effective acceleration

reco== ended by the NRC Staff is a conservative anchorpoint

for the design response spectrum (irrespec:ive of the

distinction between peak instru= ental and effec:ive

accelerarion).
A cagnitude 6 to 6.5 event has also been pos tu-

laced :o occur on the Verona fault. It is believed, based

; on the seismic :ocent considerations stated earlier, that a

=axi=uc =agnitude 6.5 event is rather high, given the

,
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postulated dimensions of the Verona fault. (5.5 - 6.1 is

more appropriate.) Utilizing the same functional form as

was applied to the Calaveras fault in the foregoing

analysis, a value of about 0.4g is an appropriate value for
,

an earthquake on the postulated Verona fault in the vicinity

of the GETR site. As before, this is an instrumental free

field value, and the effective value for design should be

less. Thus, one can conclude that the NRC Staff's recom-

mended values of .75g effective (Calaveras), and .6g effec-

tive (Verona) are conservative.
Two additional points deserve mention. The

intervenors have recocmended that the proper design basis

for vibratory ground motion at the site be greater than

1.15g horizontal acceleration and greater than 1.74g

vertical acceleration. It is important to put theae values

in their proper perspective.

First, che 1.15g horizontal acceleration was

recorded during the San Fernando earthquake of February

1971. However, it is now known that this value is strongly

biased by topographic a=plification and USGS Circular 795 -
Estimation of Ground M.otion Parameters , 1978 by Boore et al.

states (p. 25) that "the acceleration (at Pacoima Dam) may
,

have been amplified by as much as 50 per cent."

Second, the 1.74g vertical acceleration recorded

strong motion array station #6 during the October 15,at

. -_
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1979, Imperial Valley earthquake was due to a very local
site effect in a wedge between the Imperial and Brawley

faults (Mueller, C. S. and Boore, D. M., Site Amplification

at El Centro Array Station #6, Earthquake Notes, vol. 52,

#1, January-March 1981, p . 84) . Therefore, it would be

incorrect to use either of these values as a design basis

acceleration.

CONCLUSIONS:

1. The available seismic evidence does not

support the classification of the Verona fault as an active

fault. This must be assumed for reasons apart frca seismic

evidence. The available seismic evidence indicates that the

Calaveras fault is the dominant seismic feature for the GETR

site area.

2. Assuning that the Verona fault is active,

correlations of earthquake magnitude with fault area, based

upon the available world-wide data, would support a

magnitude for the Verona fault ranging from 5.5 to 6.1, with
a most likely value of about 5.8 On this basis, the NRC

Staff's recom= ended values of magnitude 6 - 6.5 for events
I associated with the Verona fault is conservative.
|

| 3. Given the above range of magnitudes
!

|
calculated for the Verona fault, correlacions of earthquake

magnitude and seismic moment, based upon available world-

wide data, yield average net offsets for the Verona fault
|
|

i

(

I
. - . --. . _
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ranging from .31 to .56 meters, with a cost likely value of

.43 meters. On this basis the NRC Staff's recommended value

of 1.0 meter is conservative.
4. Correlations of near field peak instrenent

acceleration data for the 1979 I=perial Valley and Coyote

Lake earthquakes (magnitudes 6.6 and 5.7, respectively)

yielded a functional form in agreement with available world-
wide data for magnitude 7 - 7.7 events. This functional

form would yield peak instrument accelerations at the GETR

site of .57 .74g for a magnitude 7 - 7.5 event on the

Calaveras fault, and .4g for a magnitude 5.5 - 6.1 event on

the Verona fault. On this basis the NRC Staff's recoc= ended

values of .75g (Calaverae) and .6g (Verona) for anchoring-

Eagulatory Guide 1.60 Response Spectra are conservative.

5. The NRC Staff's recommended seismic design

bases are conservative.

_-
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